Johnson
Pochop & Bartling

ATTORNEYS AT LAW

August 29, 2016

Secretary Steven M. Pirner

Dep’t of Environment & Natural Resources
Feedlot Permit Program

Foss Building

523 E. Capitol Ave.

Pierre, SD 57501-3182

Re: Witness List & Exhibits

Dear Secretary Pirner,

Stephanie E. Pochop
George F. Johnson
Amy R. Bartling
Kelsea K. Sutton

Please find enclosed with this letter a disc containing the exhibits my client intends to
offer at the contested case hearing in September. I additionally provide the enclosed list of

witnesses we intend to call during the hearing.

- We will provide hardcopies of the exhibits in the following manner: one set to Judge
Duenwald prior to the hearing; one set to be marked as exhibits at the hearing; and one set to the

hearing for Secretary Pirner.

Sincerely,

Kelsea K. Sutton
Attorney for Dakota Rural Action

Ce: Client
/Enclosures

Johnson Pochop & Bartling 405 Main Street | PO Box 149
offioe; (603) S33- 4001 Gregory, South Dakota 57533

email: office@rosebudlaw.com
fax: (605) 835-8742



STATE OF SOUTH DAKOTA
DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES

IN RE HEARING FOR REISSUING
THE GENERAL WATER POLLUTION
CONTROL PERMIT FOR
CONCENTRATED ANIMAL
FEEDING OPERATIONS

WITNESS DISCLOSURE

N N N N N N N

Pursuant to the Procedural and Scheduling Order dated March 15, 2016, the Intervener
Dakota Rural Action designates the following individuals as their expert witnesses and witnesses
for the hearing scheduled for September 27-29, 2016.

Kathy Martin expert curriculum vitae, disclosure and report attached
Don Kelley expert curriculum vitae and bibliography attached
Glenn Mayer

Laura Krebsbhach
Kennette Rogers

ISAE A

Interveners reserve the right to call additional witnesses or present any other exhibits to
rebut any testimony which has not yet been disclosed.

JOHNSON POCHOP & BARTLING

/s/Kelsea K. Sutbton

Kelsea K. Sutton

405 Main St. | PO Box 149

Gregory, SD 57533

(605) 835-8391

kelsea@rosebudlaw.com

Attorney for Intervener Dakota Rural Action




CERTIFICATE OF SERVICE

The undersigned certifies that on the 29th day of August 2016, she served a copy of this
Witness Disclosure, Exhibit Disclosure, Letter and Exhibit Disc by U.S. First Class mail and
email upon the following parties of record:

Steven M. Pirner
Secretary of the Dep’t of Environment & Natural Resources
Foss Building
523 E. Capitol
Pierre, SD 57501-3182
Steve.Pirner@state.sd.us

Ellie Bailey
DENR Feedlot Permit Program
1302 E. Highway 14, Suite 1
Pierre, SD 57501-8501
Ellie.Bailey@state.sd.us

Anthony Helland
1013 W. 20th St.
Sioux Falls, SD57105
tony.helland@gmail.com

David & Lisa Nehring
27551 452nd Ave.
Parker, SD 57053

nehringd@crown.edu

George Bogenschutz
46135 222nd St.
Nunda, SD 57050

mtnmach@itctel.com

Meghan Jarchow
2523 Princeton Ave.
Vermillion, SD 57069
meghann.jarchow@usd.edu

Roger & Ann Loeschke
48464 155th St.
Milbank, SD 57252
arloe@tnics.com

South Dakota Cattlemen’s Ass’n and
South Dakota Dairy Producers



WILKINSON & WILKINSON
103 Joliet Ave., SE | PO Box 29
De Smet, SD 57231
todd@wslawfirm.net
cc: sddairyproducers@gmail.com

South Dakota Pork Producers Council and
Sonstegard Food Company
DoNAHOE LAW FIrRM, P.C.

401 E. 8th St., Suite 215
Sioux Falls, SD 57103
brian@donahoelawfirm.com

William Powers
512 W. Main St.
White, SD 57276
wjp@swcp.com

/s/Kelsea K. Subttown

Kelsea K. Sutton



STATE OF SOUTH DAKOTA
DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES

IN RE HEARING FOR REISSUING
THE GENERAL WATER POLLUTION
CONTROL PERMIT FOR
CONCENTRATED ANIMAL
FEEDING OPERATIONS

EXHIBIT DISCLOSURE

N N N N N N N

Pursuant to the Procedural and Scheduling Order dated March 15, 2016, the Intervener
Dakota Rural Action designates the following as their list of exhibits for the hearing scheduled
for September 27-29, 2016.

1999 Zoning Setback Waiver
2008 Feedlot Expansion Building Permit & Variance/CUP Application
2008 Planning & Zoning April 24th Meeting Minutes
Notice of Appeal of Planning & Zoning Decision
2008 Board of Adjustment May 16th Meeting Minutes
2008 Memorandum Decision Mayers v. Buffalo County, Civ. #08-08
2008 Board of Adjustment November 6th Meeting Minutes
Odor Setback Radius Exhibit dated November 3, 2008
2009 Court-Ordered Variance Filing
. 2012 Lynn Mayer Animal Waste Management System Engineer Report/Expansion App.
. L13-5-7 from Samp to DENR with Complaint to DENR dated September 7, 2012
. Complaint to DENR dated September 7, 2012
. L13-9-3 from DENR to Glenn Mayer with Inspection Reports
. DENR Inspection Reports 2008-2012
. L13-10-9 from Samp to Denver Regional EPA Office
. L13-11-4 from Denver Regional EPA Office to Glenn Mayer
. L14-6-4 from Denver Regional EPA Office to Samp
. E12-8-14 from DENR to Glenn Mayer
. Letters from DENR to Lynn Mayer 1998-2012
. L15-8-27 from DENR to Glenn Mayer with Water License No. 7157-3
. Application Form for 2011 1zaak Walton League Wildlife Habitat Award
. Complaint to DENR dated June 1, 2008
. Complaint to DENR dated October 24, 2008
. Complaint to Buffalo County dated November 6, 2008
. 2010 Signed Landowner Permission form for U.S. Geological Survey
. 2010 Photos from EPA
. E11-6-14 and E12-11-6 from EPA to Glenn Mayer
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28.
29.
30.
31.
32.
33.
34.
35.

36.

37.

38.
39.
40.

41.

42.

43.

44,

2008 Water Sample Results from Crow Creek River
2010 U.S. Geological Survey Water Samples from and near Glenn Mayer Ranch
SDSU Extension Extra: “Surface Water Pollution from Livestock Production”
L16-8-24 from Samp to EPA and DENR
Photograph, 3/23/10 Foam at Water Testing Location #3 (son taking sample)
Photograph, 3/17/11 Drainage from Glenn Mayer Dam Pipe to Crow Creek (looking
north, overflow from first spring after dam construction)
Photograph, 4/8/11 Lynn Mayer Feed Yard, Testing Location #1 (looking northwest from
road, visible standing water and algae)
Photograph, 4/8/11 Water Testing Location #1 (looking east from road, visible standing
water and algae)
Photographs, 6/12/11 Fish Kill (right after dam was constructed and stocked)
a. Close up fish and foam
Distance fish and foam
Close up fish and foam 2
Distance fish and foam 2
Close up fish
Distance fish
Shoreline and foam 1
h. Shoreline and foam 2
Photographs, 6/17/11 Fish Kill (right after dam was constructed and stocked)
a. Close up fish
b. Distance fish
Photograph, 3/12/12 Aerial of Lynn Mayer Feedlot (taken sometime in 2012)
Photograph, 3/15/12 Big Dam (from beach area looking east, no cattails)
Photograph, 5/28/12 Dam Entry Point Water Testing Location #3 (visible algae)
a. North side of the dam facing south
b. Looking southwest from inlet of dam
Photograph, 7/4/12 Water Testing Location #3 (Inlet side of dam close up)
Photographs, 12/26/13-8/7/15 Dam Recreation
a. Ice fishing
b. Sledding
c. Four wheeler paths
d. Summer fishing
Photograph, 4/18/16 Water runoff from where second lagoon should be (looking
northwest from road, visible standing water)
Photographs, 4/18/16 Water Testing Location #1 (water runoff and foam)
a. Distance looking northwest from road
b. Distance 2 looking northwest from road
c. Close up west of road
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45.
46.

47.

48.
49.
50.
51.
52.
53.

54.

55.

56.

57.

d. Close up 2 west of road

e. Close up 3 west of road
Photograph, 5/30/16 Water Testing Location #3 (cattails in big dam close up)
Photographs, 7/30/16 Big Dam (sprayed cattails encompass entire dam)

a. Northeast side of dam facing southwest (only other adjacent field, no runoff)

b. Southeast corner of dam facing southwest

c. Northeast side of dam facing southwest

d. Northwest corner of dam looking west
Maps of Glenn and Lynn Mayer Property

a. Points of Testing

b. Seepage south of original lot (entire southeast draw full of water, dam is pure
algae)
Close up of Lynn’s new lagoon (dark edges are cattails, turquoise is algae)
Seepage on east side of lagoon and road
Glenn’s big dam (algae build up)

f. Full feed lot (Lynn) and full dam (Glenn)
Kathy Martin Curriculum Vitae
Kathy Martin Expert Witness Testimony and Deposition History
Kathy Martin Report, SD Permit Comments
U.S. DEP’T OF HEALTH & HUMAN SERVICES, CENTERS FOR DISEASE CONTROL &
PREVENTION, Antibiotic Resistance Threats in the United States (2013).
PEw COMM’N ON INDUSTRIAL FARM ANIMAL PRODUCTION, Silbergeld, E.K., Price, L.,
and Graham, J., Antimicrobial Resistance and Human Health (2008).
Food Marketing Institute, FMI Backgrounder, Low-Level Use of Antibiotics in Livestock
and Poultry (2004).
Consumers Union: Policy & Action from Consumer Reports, “The Overuse of
Antibiotics in Food Animals Threatens Public Health (2013), available at
http://consumersunion.org/news/the-overuse-of-antibiotics-in-food-animals-threatens-
public-health-2/.
Storteboom, H., Mazdak, A., Davis, J.G., Crimi, B. and Pruden, A., Tracking Antibiotic
Resistance Genes in the South Platte River Basin Using Molecular Signatures of Urban,
Agricultural, And Pristine Sources, ENVIRON. Scl. TECHNoOL. Vol. 44 Issue 19, pp. 7397-
7404 (2010).
Pruden, A., Mazdak, A., and Storteboom, H., Correlation Between Upstream Human
Activities and Riverine Antibiotic Resistance Genes, ENVIRON. Sci. TECHNOL. Vol. 46
Issue 21, pp 11,541-11,549 (2012).
Amy R. Sapkota, Frank C. Curriero, Kristen E. Gibson, and Kellogg J. Schwab,
Antibiotic-Resistant Enterococci and Fecal Indicators in Surface Water and
Groundwater Impacted by a Concentrated Swine Feeding Operation, ENVIRON. HEALTH
PERSPECTIVES Vol. 115 Issue 7, pp. 1040-45 (July 2007).
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58.

59.

60.

61.

62.

63.

64.
65.
66.
67.
68.
69.
70.
71.
72,
73.
74,
75.
76.
77.
78.
79.
80.
81.
82.

Deniza Gertsberg, Antibiotic Resistance Threat and CAFOS, GMO Journal: Food Safety
Politics (Jan. 15, 2014), available at http://gmo-journal.com/2014/01/15/antibiotic-
resistance-threat-and-cafos/.

Juan Li, Thanh Wang, Bing Shao, Jianzhong Shen, Shaochen Wang, and Yongning Wu,
Plasmid-Mediated Quinolone Resistance Genes and Antibiotic Residues in Wastewater
and Soil Adjacent to Swine Feedlots: Potential Transfer to Agricultural Lands, ENVIRON.
HEALTH PERSPECTIVES Vol. 120 Issue 8, pp. 1144-49 (Aug. 2012).

Martin, M.J., Thottathil, S.E., and Newman, T.B., Antibiotics Overuse in Animal
Agriculture: A Call to Action for Health Care Providers, AM. J. PuB. HEALTH Vol. 105
Issue 12, pp. 2409-10 (2015).

Gilchrist, M.J., Greko, C., Wallinga, D.B., Beran, G.W., Riley, D. G. and Thorne, P.S.,
The Potential Role of Concentrated Animal Feeding Operations in Infectious Disease
Epidemics and Antibiotic Resistance, ENVIRON. HEALTH PERSPECTIVES Vol. 115 Issue 2,
pp. 313-16 (Feb. 2007).

Burkholder, J., Libra, B., Weyer, P., Heathcote, S., Kolpin, D., Thorne, P.S., and
Wichman, M., Impacts of Waste from Concentrated Animal Feeding Operations on
Water Quality, ENVIRON. HEALTH PERSPECTIVES Vol. 115 Issue 2, pp. 308-12 (Feb.
2007).

Willy Blackmore, “The Meat Industry Can’t Stop Buying More and More Antibiotics,”
Takepart.com (Apr. 2015), available at http://www.takepart.com/article/2015/04/10/
antibiotics-sales-livestock-rise.

Don Kelley Curriculum Vitae

Photograph, 3/6/15 Rogers Cattle

Photograph, 4/19/16

Photograph, 4/29/16

Photograph, 4/19/16

Photograph, 4/19/16

Photograph, 4/19/16

Photograph, 4/19/16

Photograph, 4/19/16

Photograph, 4/29/16

Photograph, Spring 15

Photograph, 4/19/16

7/27/15 - Water Sample Test Results from SD Department of Health - North Dam
7/27/15 Water Sample Test Results from the SD Department of Health - South Dam
6/20/16 Water Sample Test Results from SD Department of Health - North Dam

Aerial View of Rogers and Waring Farm

Aerial View of Rogers and Waring Farm

Photograph, 7/4/16

Photograph, 4/4/15



83. Photograph, 11/3/15

Interveners reserve the right to call additional witnesses or present any other exhibits to
rebut any testimony which has not yet been disclosed.

JOHNSON POCHOP & BARTLING

/s/Kelsea K. Sutbton

Kelsea K. Sutton

405 Main St. | PO Box 149

Gregory, SD 57533

(605) 835-8391

kelsea@rosebudlaw.com

Attorney for Intervener Dakota Rural Action




CERTIFICATE OF SERVICE

The undersigned certifies that on the 29th day of August 2016, she served a copy of this
Witness Disclosure, Exhibit Disclosure, Letter and Exhibit Disc by U.S. First Class mail and
email upon the following parties of record:

Steven M. Pirner
Secretary of the Dep’t of Environment & Natural Resources
Foss Building
523 E. Capitol
Pierre, SD 57501-3182
Steve.Pirner@state.sd.us

Ellie Bailey
DENR Feedlot Permit Program
1302 E. Highway 14, Suite 1
Pierre, SD 57501-8501
Ellie.Bailey@state.sd.us

Anthony Helland
1013 W. 20th St.
Sioux Falls, SD57105
tony.helland@gmail.com

David & Lisa Nehring
27551 452nd Ave.
Parker, SD 57053

nehringd@crown.edu

George Bogenschutz
46135 222nd St.
Nunda, SD 57050

mtnmach@itctel.com

Meghan Jarchow
2523 Princeton Ave.
Vermillion, SD 57069
meghann.jarchow@usd.edu

Roger & Ann Loeschke
48464 155th St.
Milbank, SD 57252
arloe@tnics.com

South Dakota Cattlemen’s Ass’n and
South Dakota Dairy Producers



WILKINSON & WILKINSON
103 Joliet Ave., SE | PO Box 29
De Smet, SD 57231
todd@wslawfirm.net
cc: sddairyproducers@gmail.com

South Dakota Pork Producers Council and
Sonstegard Food Company
DoNAHOE LAW FIrRM, P.C.

401 E. 8th St., Suite 215
Sioux Falls, SD 57103
brian@donahoelawfirm.com

William Powers
512 W. Main St.
White, SD 57276
wjp@swcp.com

/s/Kelsea K. Subttown

Kelsea K. Sutton






Glenn Mayer Exhibits 1 through 47f


nrpr15670
Text Box
Glenn Mayer Exhibits 1 through 47f


I hereby acknowledge that I have been advised by Lynn Mayer that
he proposes to construct an animal feeding operation that may be within
two or four miles of g residential site owned by me.

I hereby waive any objection to the construction of such operation
and request that the Planning Commission and -County Commission waive
any restriction they may have in regard to loecation Sf such operation

within any distance of my residence.

Dated: #/«Cf‘f . Signed: _ﬂ&méh@%\




BUFFAILO COUNTY
APPLICATION #: _©8~00/_

ins or Type) , r
g\:’NEJZ;{ /]’1ff‘~vue:- Rancles Fac.

OWNER’S ADDRESS: 22%5 Pheasant Lo Pl en xSl

T2 0

OWNER’S DAYTIME PHONE #; — £/ = r6~tpeqo
DATE OF BUILDING PERMIT REQUEST: L/.6/28

DESCRIPTION OF BUILDING PERMIT: — [os.ed o7
REASON FOR BUILDING PERMIT DENIAL:

DATE OF DENIAL:

JOB ADDRESS:

LEGAL: — /B~ 4

TOWNSHIP: _/06-67 SECTION: —£.0
EXISTING USE OF PROPERTY: — fasm fonl  Hq
PRESENT ZONING CLASSIFICATION: Aq

PROPOSED ZONING CLASSIFICATION: — /tq.
SECTION OF ZONING ORDINANCE: 5 /S
REASON FOR REQUEST: — fecl /o

LIST SPECIFIC HARDSHIPS:

Applications will not be accepted nor acted upon until the following information has been p__roﬁded by
the applicant:

A} Detailed Site Plan (Refer to handout)
B} Location and Use of Adjacent Structures
C) Application Fee(s)

SCHEDULED FOR PLANNING COMMISSION ACTION (Date): _©O3—206-0§

SCHEDULED FOR BOARD OF ADJUSTMENT ACTION (Date):
*TENTATIVE DATE (IF APPEALED): Final date announced at Planning Commission Meeting:

H<

APPLICATION FEE: /O = .CHECK #: S58¢ (G RECEIPT#: 738 ¢




P

»%%%%@ﬁmﬂwmm%%

Lttt Fend ey 1.

Lyna hayer Foodiot
Bufislo Counly, 5D

T

[

S

o mw. is \M&\x\\\\.\&&h

A= _ﬁﬁﬂﬂﬂ?!

TeAH

-
R - i
I . 1
pre H\s\ I — » #. = B » ) L
2
TG N EER S :
’ % . ¥ i
A _ ot S e ___/ o Bm_;"/ & B R B
1| 'PasaratF o | * T
g 2, | Eﬁzy ¥ T = I
RRW | ruw
Lozation Map
Dk 130 - ke

=
E
g

GRAPHIC SCALE

,a e w
o
— {

1M roery
©ingh w100 B,

*Shrinkags Hobe:

Cutand bouoy raniage fatrs of i Birtort torstiviicn
‘hedin e byt b bR . Douod en
ol kel a3 i s
2.3, puta b . b il i

ey, ....Saa}:. Ipaalsh ki bleg el
e At el s cbuara it e 1 mpactbeadine

Lynn Mayer Feedlot
NE 144, Seclion 20, TN, REaw
Bidffale County, SD




BUILDING PERMIT APPLICATION
EACH BUILDING SITE MUST HAVE A SEPARATE SITE PLAN g 5
52 ]
gz
2
Applicant to complete numbered spaces onlp: .
(7]
; ./\ 4 -~ N\ - . LY
dub Address /‘? /Z / /]a",?’ ) C; ﬁit /( v i P /]u- /(’. / 7} Vs
Legnl Township Sectica Legai . - .
1. Deseription P_Lh_ Z c / 0l ~ é 6/ .
Owner Mail Addren Zip Phome
Ny Moo K Lo £6 Pl wana 7572 A AR AAY)
Contractor Mzil Address Zp Fhone
w1
Architect or Designer Mai Address Zip FPhome
[ton Reol, 5§70 3.0 4o Broobpuss L7006 697~ 375%
Use of Building 7
s..
=
6, Class of Wark (Clrcle Onc) NEW ADDITION ALTERATION REPAIR MOVE REMOVE
7. Describe Work: pif)‘f( p?d Em [ b ;MU,H’7L ,:Lc,,./< /Vc’L‘%(}L/ﬂa,/
/’va}(z’ i ¢ 87 (LFﬂlﬂhﬁz«‘m!{ 74._1.&(}( /a”/‘ //&h-
78-4
MAYER RANCHES, INC. g1 188 3347 ¢
] RA. 1, BOX 56 PH. 605-894-4440 18801365 e
; PUKWANA, SD 57370 /
: DATE .2, / 7/ 7 7
PAY TO THE ‘ :
! OR@% H 74 /13 Car | $ /0...,—70—,7
2 a«/ //y Qe  ——_DQLLARS Bl !
'..l= .... Norwest Bank South Dakota, N.A. ‘_——-'
NanWESToANKS f,oé s;: :hzgf:m |
| ..'Q.. Chamberiain, SD 57325
MEMO 24 E'l}; ;Ju-‘h.;‘f‘ : |
) v
! -
" NOTICE Typeol Storm Witer Certiflcation
' ) Const. .
THIS PERMIT WILL EXPIRE I¥ WORK OR CONSTRUCTION
AUTHORIZED IS NOT COMMENCID WITHIN (NINETY) 98 DAYS. (Tutad) Sq. FL No. of Stories
IF WORK OR CONSTRUCTION IS NOT SURSTANTIALLY
COMPFLETED WITIUN D) 2 YEARS OF ISSUANCE, THIS
PERMIT WILL :xpmg_(rw ' Use . Anirasl Waste System Certificaiion
. Zome
t IIERl[BY CERTIFY TIUAT 1 {IAVE READ AND EXAMINED T1H1IS
APTLICATION AND KNOW TUE SAME T0 BF. TRUE AND No. of : H
CORAECT. ALL PROVISIONS OF LAWS AND ORDINANCES D:',m,' Usis OFF-STREET PARKING SPACES
GOVERNING TINS TYPE OF WORK WILL B COMPLIED WITH Covered Uncovered
;VIIE’HIER SPECIFIED HERZIN OR NOT. ﬂllw OF A
ERMIT DOES NOT PRESUMY, TO GIVE AUTIOR
VIOLATE QR CANCEL THE PROVISIONS OF ANY OTIIER STATE FOR COUNTY OFFICIALS USE ONLY - :
TL.RFURMANCE OF CONSTRUCTION.
THE ABOVE APPLICATION ISHEREBY APPROVED
BUILDING PERMIT NUMBER:
Signatwre of Contracter sr Autherized Agent Dawe
Signature of Qwner (If Omaer Builder) Dant Zeaing Adminbitrater sv Autherizad Representative Date
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BUFFALO COUNTY 2935240

BUFFAT.O COUNTY

Evelyn Wullf, Director of Lqualization

P.O. Box 175
Gann Valley, SD 67341
PH. - 605/293-3286

FAX -~ 605/293-3240

ATTH: . (4 ':\? -—(5;(.«&)&? £ ey

COMPANY: LO S P LB DD T
g

FROM:  Foely g

DATE: é,“\s —_'Q&__,.._«

NO. OF PAGES: 4

(incl. cover sheet)

MESSAGE:
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BUFFALD, COUNTY 2935240

MINUTES OF THE PLANNING AND ZONING BOARD, April 24, 2008.

Chairman Clayton Kuippling brought the taeeting to order with Board members Allen
Fucgen, Jack Abernathy, Linda Ness aud Lloyd Lutter present. Also attending were
States Attorney Steven Fox and approximately twenty citizens present.

Lloyd Lutter explained purpose of meeting. States Attorney Fox explained rules and
regulations of Zoning Board and stipulations of what they can do. The Board needs to
approve or deny the requested conditional use pexmit and approve or deny a variance to
allow a distance of below the two mite minimum o other residential dwellings.

Lynn Mayer presented feedlot expansion plans and showed maps of proposed feedlot and
wind and odor projections. He explained methods of containing waste products and
stated there is no deainage with system he is using. There is no shallow aquifer or water
in arca of feedlot, At the preseut time he does not have cattle jo the feedlot during the
summer mounths but is possible to do that.

Glenn Mayer stated he owns Jand with a house located within the two mile limit. He is
very concerned that the value ofhis land would decrease with feed yards on two sides of
his land. He is also concerned with the road traffic, what it will do to the county roads
and regulations as per the Buffalo County Zoning Ordinance. His son raises pheasants
and the neighboring feedlot would be a detriment to the sport xecreation business. He
indicated he has retained counsel and will do what he has to do to maintain his land
value,

Other comments from the public present at the meeting included limiting a family to
current practices would hinder county growth; liability and responsibility if regulations
are not followed, and whether spreading roanure needed neighbor’s written agreement.

The Board discussed legal ramifications of their decision and whether approvai varance
affected future Zoning requests.

The Planning and Zoning Commission specifically finds that public notice and all other
notice was given as required under the zouving statutes and the public was fairly and fully
informed of the hearing,

The Planning and Zoning Commission. specifically finds that a written application for
variance and conditional nse was submitted and the applicant has demonstrated special
conditions and clrcumstances, which exist, which axe peculiar to the Jaud involved and
are not applicable to other land struchires or buildings in the same district, that literal
inierprelation of the provisions of this ordinance would deprive the applicant of rights
commonly enjoyed by other properties in the same district under the terms of this
ordinance and that special conditions and circumstances do not result from the actions of
the applicant and the granting of the variance or conditional use request will not confer
on the applicant any special privilege that is denied by this ordinance to other lands in the
same district.




BUFFALO CQUHNTY 29332401 FP.a3

Adfter having covsidered all the factors, having found that those factors support the
granting of the variance and the conditional use, and after having copsidered the
testimony aud the facts and the evidence offered the Commission. finds the variance is
Justified, which would altow the animal waste facilitics and/or feedlot closer that two
miles to a residential dwelling of another landowner. :

The Planning and Zoning Commission after having considered the testimony, the facts,
and the evidence offered does hereby grant the variance subject to fulfilling all Scction
515 requirements as set out below, allowing the feediot application and particularly
allowing it under facts where waste facilities would be closer than two miles (o a
residential dwelling of another landowner. A motion to grant the variance subject to the
Section 515 condition was made by Allen Fuegen and seconded by Lloyd Lutter
concerning the application of Lynn Mayer, d/b/a Mayer Ranches, Inc. Vote: Fuegen-
Aye, Lutter-Aye, Abernathy-Aye, Ness-Aye, Knippling-Aye. Motion carrjed,

A motiou to grant the conditional use subject to fulfilling all Section 515 requirements,
after granting of the above vaniance was made by Lloyd Lutter scconded by Allen Fuegen
concerning the application of Lynn Mayer, d/b/a Mayer Ranches Inc. and the Planning
and Zoning Commission specifically finds from the testimony and the evidence and the
facts offered that granting the application of conditional use is supported by the facts and
the Planning and Zoning Cormuviission has cousidered each of the applicable requirements
in the Buffalo County Zoning Ordinance and all of the requirements set out in the zoning
ordinance for Buffalo County that are required before the granting of the conditional use
and such conditional use is granted after considering each of those issues and the facls
and evidence presented at the hearing. Vote: Lutter-Aye, Fuegen-Aye, Abernathy-Aye,
Ness-Aye, Knippling-Aye. Motion cartied,

The granting of the variance and the conditional use are specifically done conditioned
upon the applicant fulfilling the requirements of the Department of Natural Resources,
including those set out in Section 515 of the Buffalo County Zoning Ordinance that each
of the factors nnder Section 515 was discussed with the landowner and provisions have
been made, will be fulfilled as required by the Department of Natural Resources, or are in
the process of being made bascd upon the zoning conditional use being approved and
variance being approved, and that the landowner understands and is aware that each of
those requiremnents must be fully met as a requirement for conditional use approval and
variance.

The Commission specifically finds and certifies compliance with the specific rules
goveming individual eonditional uses and that satisfactory provision and arrangement has
been made concerning all applicable subsections of Article 10, number 6, and specifically
the variance and conditional use is in general compatible with adjacent properties and
other properties in the district.

The Commission finds granting of the variance and the conditional use is based upon a
finding that the strict application. to the ordinance would produce undue hardship, such
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hardship is not shared genetally by other properties in the same zoning district and the
same vicinity, the authorization of such variance and conditional use will not be
substantial detriment to adjacent property and the character of the district will not be
changed by granting the variance and conditional use, and the granting of such variance
and conditional use is based upon reasons and facts presented at the hearing and the
demonstration of exceptional hardship of the tandowner including but not limited to the
fact that adding to the present feedlot is the only environmental, feasible and reasonable
way to procecd, that the use of the xoads is reasonable, that there is no evidence of &
meavingful change in the odor present or that odor would increase to the detriment of
other landowners since there is presently odox from other operations or previously
approved {cedlots and the Jandowners own use of their propetty, and the Comumnission
{inds the variance is granted based on the facts as distinguished {rom purposes of
convenience, profit and caprice or speculation and possible future use of other Jand in the
area.

The Planning and Zoning Commission further finds the condition or situation of the.
property or the intended use of property concerned is not of so genera} ot recunting natore
as (o make reasonably practical the formulation of a general regulation to be adopted as
an amendment of the ordinance.

By graniing this variance, the Commission finds that granting this variance does not
confirm on anyone in the futnre the xight to consider this variance as grounds for the
recommendation or issuance or approval of any other futute variances.

In granting the variance and this conditional use, the Commission finds that granting such
variance and conditional use are not adverse to health, safety and welfare of others in the
county based upon the facts and evidence presented to the Commission.

The Planning and Zoning Conumnission finds that it was and is empowered under the
ordinance to recommend approval, approval with conditions, or denial of the conditional
use ot any variance. The Commission specifically finds its recomumendation will not
adversely affect the public interest.

A Board of Adjustment Meeting was schednled for May 16, 2008, at 8:00 P.M.

Fuepen moved to adjourn the raeeting, scconded by Lutter, motion carried, with ail
voting aye.

Filaine Wulff
Acting Secrctary
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MINUTES OF BOARD OF ADJUSTMENT MEETING, May 16, 2008

Chairman, Ronald Petersen called the meeting to order at 8:00 PM with members Donita
Loudner and Lloyd Lutter present. Others attending were States Attorney Steven Fox
and approximately twenty citizens.

Lynn Mayer d/b/a Mayer Ranches, Inc. presented information for their proposed feedlot
expansion project located in the NI Y Sec. 20, Twp, 106 Rg 69.

Glenn Mayer and family preseuted their opposition against the proposed feed lot,

The Board of Adjustment specifically finds that public notice and al] other notice was
given as required under the zoning statutes and the public was faitly and fully informed
of the hearing.

The Board of Adjustment specitically finds that a written application for variance and
conditional use was submitted and that the applicant has demonstrated special conditions
and circumslances, which exist, which are peculiar to the land involved and are not
applicable to othex land structures or buildings in the same district, that literal
interpretation of the provisions of this ordinance would deprive the applicant of rights
commonly enjoyed by other properties in the same district under the terms of this
ordinance and that special conditions and efrcuinstances do not result from the actions of
the applicant and the granting of the variance or conditional use request will not confer
on the applicant any special privilege that s denied by this ordinance to other lands in the
same district. '

After having considered al} the factors, having found that those factors support the
granling of the variance and the conditional use, and after having considered the
testimony and the facts and the evidence offered the Board of Adjustment finds the
variance is justified, which would allow the animal waste facilities and/or feedlot closer
than two miles 1o a residential dwelling of another landowner.

The Board of Adjustment afier having considered the testinony, the facts, and the
evidence offered does hereby mant the variance subject to fulfilling aff Section 515
requirements as set out below allowing the feedlot application and particularly allowing it
under facts where wasts facilities would be closer than two miles to a residential dwelling
ot apother landowner, A motion to grant the variance subject to the Section 515

application of Lynn Mayer, d/b/a Mayer Ranches, Inc. Vote: Lioyd Lutter-Aye, Donita
Loudner-Aye, Ronald Petersen~Aye. Motion carried,

A motion 1o grant the conditional use subject to fulfilling all Scction 51 5 requitements,
after the pranting of the above varjance was made by Lloyd Lutter and seconded by
Ronald Petersen concerning the application of Lynn Mayer, d/b/a Mayer Ranches, Inc.,
and the Board of Adjustmen specifically finds from the testimony and the cvidence and
the facts offercd that granting the application of conditional use is supported by the facts,
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and the Board of Adjustment has considercd each of the applicable requirements in the
Buffato County Zoning Ordinance and all of the requirements set out in, the ZOoning
ordinance for Buffalo County that are required before the granting of the conditional usc
aud such conditional use is granted after considering each of those issues and the facts
and evidence presented at the hearing, Vote: Lioyd Lutter-Aye, Donita’ Loudner, Aye,
Ronald Petersen-Aye. Motion earried.

The granting of the variance and the conditional use are specifically done conditioned
upon the applicant fulfilling the requirements of the Depattment of Natural Resources,
ineluding those set out in Section 515 of the Buffalo County Zoning Ordinance. That
cach ol the factors under Section 515 was discussed with the landowner and provisions
have been made, will be fulfilled ag required by the Department of Natural Resources, or
are in the process of being made based upon the landowner wnderstands and is aware that
each of those requirements mnust be flly met as a requirement for conditional use
approval and vartance,

The Board of Adjustment specifically finds and certifics compliance with the specific
rules governing individual conditional uses and that satisfactory provision and
arrangement has been made concerning all applicable subsections of Article 10, nurmber
6, and specifically the variance and conditional use is in general compatible with adjacent
bropetties and other propertiss in the district.

conditional use is bascd upon reasons and facts presented at the hearing and the
demonstration of exceptionat hardship of the landowner including but not limited to the
fact that adding to the present feedlot is the ouly environmental, feasible and reasonable
Wway 10 proceed, that the use of the roads is reasonable, that there is no evidence of a

other landowners since there is presently odor from other operations or previously
approved feedlots and the landewners own use of their property, and the Board of
Adjustment finds the varianece 15 granted based on the facts as distinguished from
purposes of convenience, profit and caprice or speculation and possible future use of
other land in the area.

The Board of Adjustment further finds the condition or situation of the propetty or the
mtended use of Property concesiied is not of so general or recurring nature as to make

reasonably practical the formation of a general regulation to be adopted as an amendment
of the ordinance,
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By granting this variance, the Board of Adjustment finds that granting this variance does
ot confirn on anyonc in the future the right to consider this variance as grounds for the
recommendation or issuance or approval of any other firture variances.

fecommend approval, approval with conditions, or denial of the conditional use or any
vatiance. The Board of Adjustment specifically finds its recommendation will not

A motion to allow Altomey Fox; to advise decretary Evelyn Wulff with the legal wording
for the variancc and conditional use motions was made by Lloyd Lutter and seconded by
Donita Loudner. Vote: Lloyd Lutter-Aye, Donita Loudner-Aye, Ronald Petersen-Aye.
Motion carvied,

Donita Loudner made a motion to adjourn seconded by Lloyd Lutter. Vote: Donita
Loudner-Aye, Lloyd Lutter-Aye, Ronald Patersen-Aye. Motion carried.

Lvelyn Wullr
Secretary

T
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STATE OF SOUTH DAKOTA ) IN CIRCUIT COURT

:SS

COUNTY OF BUFFALQ ) FIRST JUDICIAL CIRCUIT
* £ £ * * * £ * £ * £ *
GLENN J. MAYER AND DELILAH MAYER, *  (CIV.08-8

Petitioners, *
V. * MEMORANDUM
BUFFALO COUNTY BOARD OF COMMISSIONERS = DECISION
(ACTING AS THE BOARD OF ADIUSTMENT), *

Respondent. *
* i EJ & * * % * % * % £

This matter came before the Court for trial on the Petitioners’ Petition for Writ of
Certiorari on the 21* day of August, 2008, at 9:30 a.m. at the courthouse in Chamberlain,
South Dakota. The Petitioners appeared with their counsel, A.J. Swanson, attorney at law
of Canton, South Dakota. And the Respondents appeared with their attorney, Albert
(Steven) Fox, attorney at law of Chamberlain, South Dakota.

FACTS
The Court makes the following Findings of Fact.

In 1997 Buffalo County adopted a Comprehensive Plan and Zoning Ordinance in
accordance with South Dakota statutes. This ordinance was passed in response to fear
that out-of-state interests were plannin g on purchasing, or had already purchased, land in
the county in order to commence operation of large-scale animal feeding operations,
Prior to 1997 Buffalo County had not passed any zoning or other land use conirols.

The zoning ordinance that was passed was admitted into evidence as Exhibit 1,
The Ordinance was amended in 1999 and those amendments are attached to the exhibit,

The Petitioners in this case, Glenn and Delilah Mayer, own and farm rural
agricultural land adjacent to Glenn’s brother, Lynn Mayer. Prior to the adoption of the
Zoning Ordinance Lynn Mayer operated a cattle feeding operation on his property in the
Northeast Quarter of Section 20, Township 106, Range 69 in Buffalo County, South
Dakota. The Petitioners’ property is located in the Southwest Quarter of Section 21

adjacent to the east of Lynn’s property.

Shortly after passage of the Zoning Ordinance in 1998 I ynn Mayer proposed to
build an animal feeding operation near his original feedlot area in Section 20. Glenn
testified that this operation was something that was done so that Lynn could move his
existing cattle feedlot out of the creck and that Lynn had obtained grant money for that
purpose. To get this done Lynn was required to apply to the county zoning officials to
obtain a building permit and other approval by the zoning authorities for the construction
of the new feedlot. As part of his request Lynn submitted a signed statement from Glenn




Mayer whereby Glenn acknowledged that Lynn as going to construct an animal feeding
operation within two or four miles of a residential site owned by Glenn and waived any
objection to the construction of that feedlot. (See Exhibit A) The county officials granted
Lynn’s request to construct his feedlot in 1999.

Section 515 of the Buffalo County Zoning Ordinance provides regulations on
commercial feedlot and animal feeding operations (hereinafter AFQ). Among the various
requirements for an AFO is that such facility shall not be located within a certain distance
(hereinafter the “separation distance”) from any residential dwelling. As to the above-
mentioned separation distance, Section 515 fwas amended in 1999 to read as follows:

“Animal waste facilities shall be located no closer than four (4) miles
from any residential dwelling for swine operations and two (2) miles
for cattle feeding operations. Qne (1) dwelling unit is allowed on the
facility site. The owner of a residential dwelling may request the
planning commission to review th@ii and the commission may,
by variance, waive or decrease the required separation distance. The
waiver must then be recorded with the county register of deeds in order
that any fature owners can be informed. The distance provided for
herein shall be measured as a radius from the waste facility.”

In 2008 Lynn commenced plans to expand his cattle feeding operations. O

8, 2008 he filed an application for variance and conditional use permit with the county.
(See Exhibit 4) Under Section 507 of the ordinance a conditional use permit may be
granted in an agricultural district for an animal feeding operation. In the definition of
terms on page one of the ordinance, animal feeding operation is defined and the proposed
feedlot of Lynn Mayer fits within that definition. Under Section 1003, the Planning and
Zoning Commission has the authority to “recommend for approval or denial” any request
for a conditional use or variance as well as other special questions upon which the
Planning and Zoning Commission is authorized by the ordinance to decide. Since Lynn
Mayer’s proposed feedlot required both a conditional use and a variance, the application
that was filed (Exhibit 4) was heard by the Planning and Zoning Commission on April

24, 2008.

Lioyd Lutter, a Buffalo County commissioner and a member of the Planning and
Zoning Commission testified that he attended the Planning and Zoning Commission
hearing on the variance and conditional use request. He testified that there were a
substantial number of people present at the meeting. He further testified that hey gave
ainple opportunity for all sides to express their positions in favor of and against the
proposed feedlot expansion, and provide evidence to the commission supporting their
positions. None of the participants on either side were limited, in any way, as to
presentation of their positions. He testified that it was his opinion, based on a reading of
the ordinance, that the commission could reduce the separation distance required in
315(f) by one of two ways, those being a written waiver by any owner of a residential
dwelling within the separation distance, or by the commission granting a variance based __—
upon a request of the landowner and on all of the circumstances.
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Glenn Mayer also testified at trial in this matter as well as before the Planning and
Zoning Commission in April and the Board of Adjustment in May. He testified that he
was not limited or confined in any manner as to his comments or presentation of evidence
on the issues before either the board or the commission. He testified that the new feedlot
proposed by Lynn would be only 3,000 feet from his current residential property in
Section 21, He further provided testimony that in 1972 he lived on the property in
question but moved to Chamberlain so that his children could go to school there.
However, he still continues to farm the land adjoining the feedlot; maintains residential
buildings on the property; and spends a substantial amount of time there. There is also
another residential dwelling that his hired hand resides in. There are phone lines, water,
Sewer, anthzgl}gmlmgs for both residential buﬂdmgs Glenn applied for a building

--~~permit on April 8, 2008 in order o build a new hiome on the property in question, and

testified it had been, and continues to be, his intent to build a permanent residential
dwelling on his property. (See Exhibit D) Previously he had installed water and electric
lines on the property in anticipation of building his new home.

There are two other large feedlots-in-the immediate.area of Glenn’s property, one
being a 5,000-head operation that is exactly two miles from his property. The Planning
and Zoning Commission also considered materials provided by Lynn from the DENR,
plans, various maps, and the testimony from an air-quality expert from South Dakota
State University in making its recommended approval.

Following the meeting of the Planning and Zoning Commission on April 24" the
commission approved the conditional use and variance request. In their minutes (Exhibit
2) they stated their findings. Notable is the fact that the commission made, among others,

the following findings:

“Applicant has demonstrated special conditions and circumstances, which exist,

which are peculiar to the land involved,
FEE

Authorization of such variance and conditional use will not be substantial -
detriment to adjacent property and the character of the district will not be

changed; and
Hkok

There is no evidence of a meaningful change in the odor present or that
odor would increase to the detﬁment of other landowners since there 1s

.....

and the landowners’ own use of their p property

The commission further found that granting the variance was not adverse to the
health, safety and welfare of others in the county based upon facts and evidence
presentéd to the commiission,

Immediately after approving Lynn Mayer’s request the Planning Commission set
a Board of Adjustment meeting for May 16, 2008. The Board of Adjustment met on the




date set. Once again, all of the parties involved were allowed o present their positions,
including any evidence that they had. The Board of Adjustment made findings similar to
the Planning and Zoning Commission,

At trial on this matter, Lloyd Lutter testified that it was his understanding of the
ordinance that the Planning and Zoning Commission could hear variances and make
recommendations to the Board of Adjustment. It should be noted that despite the fact
that the Planning and Zoning Commission immediately set a hearing with the Board of
Adjustment following its decision on Lynn’s application, the Petitioners filed an appeal
of the Zoning and Planning Board’s decision on April 24™, (Sec Exhibit B) Glenn
testified that he handed Exhibit B to the director of equalization within days following the
Planning and Zoning Board’s decision. He further testified that no one on behalf of the
county has ever responded to the appeal letter set forth in Exhibit B. Moreover, the
Board of Adjustment hearing was set for May 16™ during the Commission hearing on
April 24™ prior to the time Glenn had filed Exhibit B

Following the decision of the Board of Adjustment on May 16, 2008, Petitioners’
filed this Petition for Writ of Certiorari.

DECISION

Appeals from boards of adjustment are considered by circuit courts under writs of
certiorari, and therefore, judicial review is limited. Elfiot v. Board of County
Commissioners of Lake County, 2005 SD 92, 703 NW2d 361, 367 (see also SDCL 11-2-
61 and SDCL 21-31-8). On a petition for certiorari the Court’s review is limited to
deciding whether the Board of Adjustment had jurisdiction over the matter and whether it
pursued in the regular manner the authority conferred upon it. A Board’s actions will be
sustained unless it did some act forbidden by law or neglected to do some act required by
law, Jensen v. Turner County Board of Adjustment, 2007 SD 28, 730 NW2d 411.

WAS PROPER PROCEDURE FOLLOWED BY THE COUNTY?

The ordinance in the present case provides that, as to commercial feedlots and
animal feeding operations, certain performance standards must be met, Most important
in this case is Section 515(f) that prohibits the construction or operation of a feedlot or
animal waste facility for cattle feeding operations within two miles of a residential
dwelling. This Court found on the record at trial that the property belonging to Glenti ™,
Mayer is considered a “tesidential dwelling” as contemplated by the ordinance. "

The Planning and Zoning Commission has authority to hear and recommend for
approval any request for a variance as per Section 1003 (B). Under Section 1107 (C) the
Board of Adjustment has the power to hear requests for variances. Under the ordinance
then the Board of Adjustment has the final authority and decision on any request for a
variance. SDCL 11-2-53 provides that the Board of Adjustment shall hear and decide all
appeals and authorize variances in specific cases. Section 1003 (A) of the ordinance
grants the Planning and Zoning Commission the power to hear and make




recommendations on requests for conditional uses and recommend their approval or
denial. SDCL 11-2-17.3 provides that a county zoning ordinance that authorizes a
conditional use shall specify the approving authority to hear and decide requests for such
conditional uses,

In the present case under South Dakota law the Board of Adjustment was required
to hear and decide the variance request and the Planning Commission was authorized to
hear and recommend approval or denial of the conditional use permit request. That is
apparently what happened based upon the evidence that was presented in this case. The
Platming Commission met on April 24, 2008, and took extensive evidence and public
comment concerning the request for the conditional use permit and the variance. They
approved both subject to certain safeguards and conditions being met. The Board of
Adjustment then convened on May 16™ and heard additional evidence and public
comment. Thereafter the Board adopted the Commission’s recommendation and
approved the variance and adopted the recommendation of the Planning and Zoning
Commission to approve the conditional use permit. This Court finds that according to the
ordinance both Boards had jurisdiction and there is nothing illegal about the procedure
that was followed, as the Board of Adjusiment ultimately made the final decision on the
variance request. This court sees nothing in South Dakota law that prohibits
consideration of the conditional use by both boards as was done in this case.

Petitioners further claim that Section 1107(f) of the Zoning Ordinance is contrary
to state law because it authorizes and appeal of the Board of Adjustment decision to the
Buffalo County Contmissioners. This ordinance has not been updated to comply with the
legislative changes in 2000, which provided that appeals from the Board of Adjustment
were to go to the Circuit Court by way of a Petition for Writ of Certiorari. {See SDCL
§§11-2-61-62) Petitioners also claim that there is some confusion as to the original
jurisdiction conferred upon either the Board of Adjustment or the Planning and Zoning
Commission. This Court finds that the ordinance in question allows for the Planning and
Zoning Commission to hear and make recommendations concerning variances and
conditiona] use permits. The Board of Adjustment may “authorize upon appeal in
specific cases such variance from terms of the ordinance as will not be contrary to the
public interest.” SDCL 11-2-53.  Glenn Mayer had filed an appeal shortly after the
Planning and Zoning Commission made its decision in April 2008.

The fact that the ordinance continues to provide for an appeal to the County
Commissioners 1s of no consequence in this case because the Petitioners properly
followed the revised statutes, particularly SDCL 11-2-61 & 62.

WHETHER GLENN WAS REQUIRED TO CONSENT TO THE VARIANCE
BEFORE IT WAS GRANTED

The language m 515 (f) is difficult to interpret and this court stated on the record
at trial it’s opinion that it was poorly drafied. It generally provides that an animal feeding
operation for cattle may not be located within two miles of a residential dwelling. It does
provide for an exception by variance. The confusion arises from the language that




provides that “the owner of a residential dwelling may request the commission to review
the facility and that the commission may, by variance, shorten the separation distance
required”.

The County argues that the ordinance provides that an animal feeding operation
may not be located within a certain distance of a residential dwelling and that the
Planning and Zoning Commission and the Board of Adjustment may, by variance, waive
or decrease the required separation distance. The Petitioner claims that the langnage
requires consent by a landowner who lives within the stated separation distance, that .
distance depending on whether the AFO is for swine or cattle.

In interpreting statutes the Court is confined to follow certain rules of construction
and interpretation. The language expressed in the statute is the paramount consideration
in determining a statute’s meaning. Goetz v. State, 636 NW2d 675 (SD 2001). Ifthe
words and phrases in a statute have plain meaning and effect, the Court should stmply
declare their meaning and not resort to statutory construction. /4. The ordinance in
question is vague and unclear. The Court is also required to consider the ordinance as a
whole in its interpretation.

When considering Section 515 (f) of the Zoning Ordinance, the Court must
determine if it is required that the owner of a residential dwelling located within the
separation distance of two or four miles must request the Planning Commission to review
this facility before a variance request can be considered, or if the County can simiply
constider a variance without an adjoining landowner having made a request. The Court
must also determine if the language in the statute concerning “owner of a residential
dwelling” includes a person such as Glenn Mayer or if it could include the owner of the
feedlot, Lynn Mayer, who also resides within the separation distance. In the present case
the County interpreted this ordinance in question to mean that a variance could be granted
in one of two ways, the first being by consent of the neighbor, and the second being by
the operator’s request that the Commission consider the variance in the absence of such

__ consent.

In the administrative agency context, decisions of an administrative agency
concerning the interpretation of its own regulations need not be accepted if the
interpretation is inconsistent with the statute under which the regulations were
promulgated or plainly inconsistent with the wording of the regulation. Oglala Sioux
Tribe v. Andrus, 603 F2d 707./However, the Court is unaware of any decisional authority
or rule which would apply to a County’s ability to interpret its own ordinance and
whether or not the Court should give any deference to that interpretation. 7

When the Court considers the proposed interpretation by Petitioners, it would
appear that the only way an ATFO or animal waste facility could be located within the
separation distance provided by 515(f) is if the neighbor “residential dwelling” owner
requested the Commission to condnct a review of the facility to determine if a variance
could be granted. Petitioners’ interpretation of this statute requires that with respect to
the phrase concerning “residential dwelling owner may request” be read conjunctively
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with the phrase “the commission may, by variance waive or decrease” the separation
distance. That is, the neighboring landowner would be required to request a review of the
facility and the County would approve a vatiance. The words “and” or “or” are often
misused in drafting statutes. Sutherland provides the following passage:

“Where two or more requirements are provided in a section and it is the
legislative intent that all of the requiremnents must be fulfilled in order
to comply with the statute, the conjunctive “and” should be used.
Statutory phrases separated by the word “and” are usually to be
interpreted in the conjunctive, When a failure to comply with any of
the requirement imposes.liability, the disjunctive “or” should be used.
Generally, courts presume that “or” is used in a statute disjunctively
unless there is clear legislative intent to the confrary. *** While there
may be circumstances which call for an interpretation of the word
“and” and “or”, ordinarily these words are not interchangeable. The
terms “and” and “or” are often misused in drafting statutes. The
inappropriate use of these words is found in many statutory enactments.
The literal meaning of these terms should be followed unless it renders
the statute inoperable or the meaning becomes questionable.” 1A
Sutherland Statutory Construction §21:14 (6™ Ed.)

In this case using a conjunctive interpretation brings the meaning of the ordinance
into question. The statute does not clearly show an intent that a neighboring landowner
would have the right to veto a neighbor’s use of his property. A reasonable interpretation
of the ordinance would allow the owner of a proposed animal {eeding operation to apply
for a variance with or without the consent of the landowner. At least an owner of an h
AFO or ammal waste facility should be able to initiate the process to obtain a variance as
opposed to a neighboring residential dwelling owner requesting the Commission to

~

)

“review the facility” before any action could be taken to exploit economic opportunity on -

the property.

This peculiar language does not indicate who may be considered the owner of a
residential dwelling in the context of the entire Section 515 (f). Many questions are left
unanswered by this language such as what would happen if, such as in this case, there are
multiple persons who own residential dwellings within the separation distance, Can any
one of those multiple owners initiate the process for a variance request without the
consent of the other adjoining residential dwelling owners? Can the proposed AFO
owner, if he also has a residential dwelling in the separation distance, make the request?
Could Lynn and Glenn Mayer’s father, who lives in the separation distance, request the
review to initiate the variance request process? It is worth noting, for interpretation
purposes that “owner of residential dwelling” is stated in the singular as opposed to the
plural, leading this court to believe that any residential dwelling owner in the separation
distance could commence the process for a variance request. Once the process is
commenced in such a fashion, it appears the Board has the authority to grant the variance.,
Based upon the language of 515(f) as a whole, the answer to the above questions would
be in the affinmative. Consequently, this Court determines that Lynn Mayer, as the
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owner of a residential dwelling in the separation distance is authorized to request the
review of the facility.

This Court finds that the intent and interpretation of the ordinance s as proposed -
by the Respondent County in this case, and a variance may be obtained by being granted,
following a hearing, by the Board of Adjustment, or by consent of the neighboring
landowner who owns a residential dwelling within the separation distance.

Consequently, the Court finds that the County had proper jurisdiction when it considered
the variance request without the consent of Glenn Mayer and that it did not act
improperly or illegally.

WHETHER THE FINDINGS OF THE COUNTY BOARD OF ADJ USTMENT
AND THE PLANNING AND ZONING COMMISSION WERE SUFFICIENT

~ Detitioner also raises the issue that the minutes of the Planning Commission and
the Board of Adjustment contained nothing more than legal conclusions, Further, the
Petitioner argues that since the minutes are inadequate to show the County’s reasoning
and basis for granting the conditional use and variance, this Court is not able to properly
review whether the actions of the County were proper,

There is nothing in South Dakota law that specifically provides what detail is to
be included in the County’s findings in granting a conditional use or a variance. This
Court is of the opinion that the county officials present at the meeting were best suited to
determine if the elements necessary to grant a variance or conditional use permit were
properly presented at their hearings. Although a verbatim transcript of their discussion
and {indings as well as the evidence of the proponents and opponents to the proposed
feedlot would be beneficial to the Court, such is not required under the current statutes of
South Dakota, nor will it be required by this Court.

This court is prohibited from usurping the Board’s administrative fimction and
expertise in dealing with zoning problems of the community. Cole v, Board of
Adjustment of the City of Huron, 616 N.W.2d 483,488 (SD 2000); and Falvo v, Kerner,
222 AD. 289, 225 N.Y.S, 747, 749 (1927) (stating that “[t]he determination of the hoard
was an administrative function, which should not be interfered with by the courts in the
absence of proof that the board had abused the discretion with which it was clothed by
the ordinance creating it.”"); American Fletcher, 205 N.E.2d at 324 (noting “it must be
recognized by the trial court that the Board is an administrative body especially
expertise in the zoning problems of its particular jurisdiction,”).

The Board has wide discretion in deciding whether or not to grant a variance to a
zoming ordinance, and in reviewing that decision, the circuit court may not substitute its
discretion for that of the Board. Cole. This limitation on scope of review prevents ~»
“courts from usurping policy decisions from other branches of government,” Bell-v
Township of Bass River, 196 N.J.Super. 304, 482 A.2d 208, 212 (Ct.Law Div. 1984).
Thus, courts must not review the merits of a petition or evidence in the absence of a
showing that the Board “acted frandulently or in arbitrary or willful disregard of




undisputed and indisputable proof.” Cole, 1999 SD 54, 9 10, 592 N.W.2d at 177 (citing
Willard, 75 S.D. at 298, 63 N.W.2d at 801).

The Commission also found that both prongs of the variance and conditional use
requirements were met, that being that granting the variance will not be confrary to the
public interest and that special conditions existed under which a literal enforcement of the
ordinance would cause unnecessary hardship. Hines v. Board of Adjustment of the City of
Miller, 675 NW2d 231 (SD 2004). Furthermore, certiorari cannot be used to examine
evidence for the purposes.of determining the correctness of a finding, Peters . Spearfish

ETJ Planning Commission, 1997 SD 1005 1 5, 567 NW2d 880,883,

Consequently, the Court finds as to applying the appropriate law as well as the
requirements of the Buffalo County Zoning Ordinance, the Board of Adjustment did not
act illegally or in excess of its jurisdiction.

IS REMAND REQUIRED TO PROVIDE MORE DETAIL IN THE WAIVER TO
COMPLY WITH SECTION 515(f)?

The Petitioner argued at the hearing in this matter that when it comes to AF O’s,
size and distance malke a big difference. In this case they argue that the Board failed to
comply with 515(f) because it failed to set a radius for the variance, failed to mention a
specific size (as to total head allowed) for the feedlot, and failed to provide a proper
resolution or waiver that could be recorded as required by such ordinance.

The ordinance is clear that the waiver must me made by radius and must be in a
form that is recordable in the local Register of Deeds office. Such was not done in the
present case. The County has not provided sufficient explanation or argument why they
should not be required to comply with these requirements. Based upon the language of
the minutes of the meetings of both the Planning Commission and the Board of
Adjustment there is no way to determine the extent of the waiver, the extent of the
conditional use permit as fo the size of the feedlot allowed or the extent of the variance of
the separation distance. By failing to so act the Board acted illegally in failing to do
something they were required fo do by law. Consequently, this matter is remanded to the
Board of Adjustment with the directive that they enter the appropriate resolution, waiver
and/or conditional use permit that shall:

1) set a specific limit on the size of the facility (number of head 4 7\f
allowed) in accordance with the request made by the landowner ~ A4 / %W /
and the ordinance; v
2) set the appropriate waiver or variance radius required by 515(f);
and
3) lay out the resolution or waiver/variance in appropriate form to

be recorded in the Register of Deeds office.




The Court has also considered all of Petitioners’ other claims and denies the same,
CONCLUSION

Based upon all of the above and foregoing, the Petitioners’ request for certiorari is
denied with the exception that it is granted as to the last section of this opinion and
remanded in accordance therewith.

This Decision shall constitute the Court’s Findings of Fact and Conclusions of
Law in accordance with SDCL 15-6-52(a). Judgment will be entered accordingly.

Dated this Q?ﬂ day of September, 2008.

BY THE COURT:

ATTEST: - %/———\

Honorable Bruce V. Anderson
Cirenit Court Judge

Clerk of Courts
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MINUTES OF BOARD OF ADJUSTMENT MEETING
November 6, 2008

Chairman Ronald Petersen called the meeling to order at 2:30 P.M. with
members Donita Loudner and Lloyd Lutter present. Others attending were
State’s Attorney Steven Fox, Auditor Elaine Wulff, Zoning Adm. Evelyn
Wulff, Hwy Supt. Kenneth Wulff, Darla Viereck, Lynn Mayer, Glenn
Mayer, Delilah Mayer and Adam Mayer.

State’s Attorney Fox explained that a Memorandum Decision had been
received for the Glenn J. Mayer and Delilah Mayer vs. County Board of
Commissioners acting as the Board of Adjustment Court Case and while the
original hearing was for a variance allowing an additional 975 head to the
existing feedlot and the original hearing had a specific location of the feedlot
to be constructed the Court had ordered the Boatd of adjustments to:

1. Set a specific limit on the size of the facility (number of head
allowed);

2. Set the appropriate waiver or variance radius required by 515(f);
and. =

3. Lay out the resolution or waiver/variance in appropriate form to be
recorded in the Register of Deeds Office.

A letter was discussed from Attorney A. J. Swanson representing Glenn and
Delilah Mayer and sent to Evelyn Wulff, Zoning Administrator, State’s
Attorney Fox and Board Members Petersen, Loudner and Lutter objecting to.
the Board of Adjustments acting on the application of Mayer Ranches, Inc.
before the Court’s decision has been formally entered.

A motion was made by Lloyd Lutter to set the limit of head of catile at 975,
the number requested at the hearing before the Board of Adjustment,(this is
“in-addition to the 999 head approved for the feedlot in 1999) seconded by
Donita Loudner, Vote: Luiiter, aye; Loudner, aye; Petersen, aye. Motion
carried. ‘

The Board reviewed and discussed the distance/radius maps that were
presented from Lynn Mayer and a University study on odor report that was




presented by Glenn Mayer. After a lengthy discussion a motion was made
by Lloyd Lutter to set the radius at 2,640 feet from the corner of the
proposed feedlot on the Mayer Ranches, Inc. property to any dwelling
existing at the time of the application, seconded by Ronald Petersen. Vote:
Lutter, aye; Loudner, aye; Petersen, aye. Motion carried.

A motion was made by Donita Loudner to direct State’s Attorney Fox to
draw up an appropriate notice form that can be recorded in the Register of

Deed’s Office, seconded by Lloyd Lutter, Vote: Loudner, aye; Lutter, aye,
Petersen, aye. Motion carried.

Next on the agenda was an application from First American Power LTD for
a conditional use/variance to build two meteorological towers on designated
property in Grey Hill Township. First American Power presented letters,
maps, and tower information for the Boards review. Discussion followed.
Donita Loudner felt that they should have specific site location before
approval. Lloyd Lutter made a motion to approve this application for the
sites listed in the application, seconded by Ronald Petersen. Vote: T utter,
aye; Petersen, aye; Loudner, nay. Motion carried.

With no further business before the board Donita Loudner made a motion to
adjourn seconded by Lloyd Lutter. Motion carried, with all voting aye.

Huik Wl

Evelyn Wuff, Secretary
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Chamberlain, 5.D. 57325

Misc. Records 14 Page 219

~ FILED FORRECORD -
sofH5 5o B e
“désy- 2009 a Ll £ M. ’ Recm‘/‘g
RECORDS ON PAGE ' indexied - €
Prepared By: ____REG.OFDEEDS | Grantor ¢
Albert Steven Fox Ao g G?ﬁﬁaﬂ R
States Attorney, Buffalo County ‘?frg ‘ Y Fm ) §
P.O. Box 547 j-w ’ ¢

D '3{8‘ W N G e R

Tele: 605-734-6515

Buffalo County has granted a variance/waiver to operate a feedlot as indicated on
the attached map with 1,974 animal unit in the Northeast Quarter of Section Twenty,
~ Township One Hundred Six, Range Sixty- nine West of the Fifth Principal Meridian in

Buffalo County, South Dakota. By this document notice of the location of that feedlot
is registered in the Buffalo County Register of Deed’s Office.

~ Dated this 28" day of May, 2009,

1
M — L(_}LL&’_M

Evelyn V\;ulff, Zoning Administrator

State of South Dakota)
55
County of Buffalo )

On this the 28" day of May, 2009, before me the undersigned officer, personally
appeared Evelyn Wulff, known to me to be the person whose name is subscribed to the
within instrument and acknowledged that she executed the same for the purposes
therein contained.

In Witness Whereof, | have hereunto set my hand and seal.

MUM

Flaine J. Wulfﬁ?céuffa@@gunty Auditor
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Animal Waste Management System
Engineering Report

located in the
NI 1/4 of Section 20,
T106N, R69W,

Buffalo County, SID
CEIVED |

Designed by: JUL 17 2012

SURFAGE WATER PROGRAV

Professional Engincers & Surveyors

July 2012

E/A Project No. YO3167.D85




Fr-aned
Professional Engineers & Surveyors
{nnovative Solutions Long Term Value
July 13, 2012 o
Revised: July 25,2012 R E CEPVE D
SD DENR JUL 27 2
Surface Water Quality Program ‘
e SURFAGE WATER PROGRAM

Joe Foss Building

Attn: Kent Woodmansey
523 Gast Capitof

Pierre, SD 57501-3182

RE:  Lynn Maver Feedlot — Buffalo County, SD
E/A Project No: Y03167.D85

Mr. Woodmansey:

Enclosed are the plans, specifications, computation sheets, and revised CPA-7 for the revised permit
application for Lynn Mayer. The facility is located in the NE Y1 of Section 20, TI06N, R69W in
Buffalo County. The contact information is as follows: Lynn Mayer, 23438 Pheasant Lane, Pukwana,
SD 57370, (605) 894-4440.

The existing facility currently has permit coverage with the SD DENR. The proposed addition is for an
additional 975 head pen system located cast of the existing feedlot. The proposed improvements
include pen space, two sediment basing and a holding pond. An 18" pipe will connect the existing
holding pond to the proposed west sediment basin. There will be two valves instalied on this pipe to
prevent accidental refease of liquids. The purpose of the pipe is to allow the operator to drain a portion
of the west pond into the new pond (by way of the west sediment basin) when the system is being
dewatered. The design of the east holding pond system accounts for minimal evaporation and has
additional capacity. However, it is not the intent of the producer to utilize the new pond as a storage
basin for both feedlot systems.

The revised CPA-7 was provided to us by Stacy Turgeon, SD NRCS in Chamberlain, SD. Her contact
information is as foliows: Stacy Turgeon, S NRCS — Chamberlain Field Office, 200 S. Paul Gust
Road, Suite 111, Chambertain, SD 57325. Should you require additional information or have questions
regarding the NMP, please contact Stacy.

If you require any additional information or clarification, p]easc contact my office. It is the intent of the

producer to complete construction this fall. Your timely review of the sut‘bgujl%al is greatly appreciated.
by

Thank you. N

Sincerely, e
EISENBRAUN & ASSOCIATES, INC, N 4 i Y o

R FAISEARE

Brad Woerner, PE
Project Manager

213 Walnut Street Visit our web sife or e-mail us @ www. eaweﬁ on
Yankton, SD 57078 7 /‘_;/25/ J'-’-(“
Phone: 603-663-8092 1-800-888-8307 Timend

Fax: 603-663-0523

{3
f:".* P
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TABLE OF CONTENTS FOR

LYNN MAYER FEEDLOT
DESIGN REPORT

Description

Cover Letter

Design Computations
Technical Specifications

RECEIVED

Nutrient Management Plan JUL 17 201
SURFACE WATER PROGRAN

Site Plans and Details

I hereby certify that this engineering document was prepared
by me or under my direct personal supervision and that I am a
duly licensed Professional Engineer under the laws of the
State of South Pakota,

/3 ooz
LA sighdede® (date)

Bradley S. Woerner, PE
#7954

My license renewal date is February 28, 2013

Pages or sheets covered by this seal:
Items 1 through 4 as Hsted above.




Professional Engineers & Surveyors
Innovative Solufions Long Term Value

July 13, 2012

SD DENR

Surface Water Quality Program
Joe Foss Building

Attn: Kent Woodmansey

523 East Capitol

Pierre, SD-57501-3182 REQEHVED

RE:  Lynn Mayer Feedlot - Buffalo County, SD
E/A Project No: Y03167.D85 , JUL 17 201

Mr. Woodmansey: SURFAGE WATER PROGRAM

Enclosed are the plans, specifications, computation sheets, and revised CPA-7 for the revised permit
application for Lynn Mayer. The facility is located in the NE % of Section 20, T106N, R69W in
Buffalo County, The contact information is as follows: Lynn Mayer, 23438 Pheasant Lane, Pnkwana,
SD 57370, (605) 894-4440.

The existing facility currently has permit coverage with the SD DENR. The proposed addition is for an
additional 999 head pen system located east of the existing feedlot. The proposed improvements
include pen space, two sediment basins and a holding pond. An 18” pipe will connect the existing
holding pond to the proposed west sediment basin. There will be two valves installed on this pipe to
prevent accidental refease of liquids, The purpose of the pipe is to allow the operator to drain a portion
of the west pond into the new pond (by way of the west sediment basin) when the system is being
dewatered. The design of the east holding pond system accounts for minimal evaporation and has
additional capacity. However, it is not the intenf of the producer to utilize the new pond as a storage
basin for both feedlot systems.

The revised CPA-7 was provided to us by Stacy Turgeon, SD NRCS in Chamberlain, SD. Her contact
information is as follows: Stacy Turgeon, SD NRCS ~ Chamberlain Field Office, 200 S. Paul Gust
Road, Suite 111, Chamberlain, SD 57325. Should you require additional information or have questions
regarding the NMP, please contact Stacy.

If you require any additional information or clarification, please contact my office, It is the intent of the
producer to complete construction this fall. Your timely review of the submiital is greatly appreciated.
Thank you,

. \\\\H”“HH&‘ k
Sincerely, o ot ESS10y vy,
EISENBRAUN & ASSOCIATES, INC. SR eenece, e

. = ke Bp "o, g
%r, PE =
Project Manager =X
215 Walnut Street Visit our web site or e-mail us & www.caweb.com
Yanlton, SD 57078
Phone: 6(5-665-8092 1-800-888-8307

Fax: 605-6635-0523




AWMS Computations for
Open Feedlois

Address: 23438 PheasantLn
Pukwana, Sb 57370
Phone: (605) 894-4440

Producer: Lynn Mayer County: Butfalo.
Location: NE 1/4, Section 20, T106N, R69W

L 4

‘E/A Project No. Y03167.D85

woiDater S 2-Jul2 L

Average Normal Rainfall

Average Annual Precipitation & Evaporation
NOAA Climatological Data Reports, Win TR-55 (USDA)

19.46 inches

Potential Evaporation

Percentage of May-Oci. Evaporation Considered:

35.88 inches

Evaporation Used 10.76 inches
25-year 24-hour Storm Event
25-yrf24-hr Rainfall Event

420 inches

Summary of Holding Pond Galculations

Annual Runoff Storage Requirements

Net Annual Pracipitation Volume:

Evaporation Volume: ___ (78,400) ft®

284,500 t*

Type Arga, 8F| Area, AC CN
Roof G 3,000 98.0
Concrete 0 0.000 98.0
Farmstead 0 0.0G4 85.0
Earth 425,000 9.757 90.0
Drainage Area* 426,000 9,757 90.0 Weighted ON |
Inside Tap of Berm Area: 145,000 it
NRCS Earthen Feedio Runoff: 18.3%
NRCS Concrete Feediot Runoff: 48.5%
Annual Precip Runoff Volume: 126,100
Annual Precip On Pond Volume: 236,800 ft
Evaporation Surface Area @ 467.4 87,368 it*

*Drainage area includes all drainage areas that ultimately flow into the holding pond

28yri24hr Storage Requirements

NRCS Weighted 25yr24hr Rainfall Runoff:
26yri24hr Ralnfall Runoff Volume:
25yriZ24hr Rainfall on Pond Volume:

Total 28yrf24hr Volume:

311 in.

110,100 f°
51,100 ft°

161,200 ft°

ravn and Asscciales
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BUn and Associales

Helding Pond Requirements

Volume Required

Volume Provided

Annual Precip & Runoff Valume: 284,500 f* 586,980 ft'

25yrf24hr Storm Event Volume: 161,200 235,190 f°

2nd 25yr/24hr Storm Event Volume: 164,200 f* 234,920 ft*

Elevation Depth

Soilds Accumulation; 484.0 1.0 foot of pond bottom shall be for solids
Storage for Normal Runoff Pracipitation 4708 6.8 feet shall be included in the full marker
Storage for 25-yr, 24-hr Event of Pond: 473.0 22 feat for 25yrf24hr storm event
Minimum Freeboard: 475.0 2.0 feet for freeboard

Summary of Holding Pond Design

Bottem Length varfes feet L-1
Bottom Width varies feet
Bottom Ejevation 463.0 feet Holding
Storage Time 365 days W-1 Pond w2
Celt 1: L-1 Side Slope 341 % of Storage Desired
Cell 1. -2 Side Slopa an 100%
Cell 1: W-1 Side Slope 31 )
Cell 1: W-2 Side Slope K| L2
Summary of Key Elevations
“Holding
‘Pond
“i{feet) -
Solids Ascumulation Depth
Etevation at Top of Solids Accumulation Level 464.0
Normal Precipitation Storage Elevation
Elevation at Top of Annuaf Runoff Storage 470.8
25-yr, 24-hr Rainfall Event Storage Elevation
Elevation at Top of 25y:/24hr Event 473.0
Top of Freeboard (Top of Dike)
Elevation of Lowest Point on Dike 475.0

2of3




Volume Computation Summary
Helding Pond

“Depth from.: Surface : Volume Less
Efev. -‘Bottom Area /Solids Accumulation
{ft} L) {sf) {cu ft)
Pond Flacr Elevation
463.0 66,147 a
Solids Accumhl_a_iioh Le{r.éli
464.0 70,390 0
Mid-Point for E}ié;p_oifé_itlo Elevation
4674 adl 87,368 265,090
FulliPermanent Marker Elevation
470.8 _.".%_;'B_ i 101,505 586,980
25yri24hr Ralrifé!! Event qurage Elevation’
4730 - 100 112,366 822,170
Top of Freebo?rd!l.__ﬁives'_t Tjop of Berm
4750 120000 122,614 1,057,090
Storage Volume based on
Prismoidal Equation:
Vol =
raun and Assoclales
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Bottorn

Solids Accumulation

Mid-Paint for Evap

Eisgnbraun and Assacialtes

Lynn Mayer
&/A Project No: Y03167.D85
Holding Pond

Volume

Volume, | minus 1

Elevation { Depth, FT | Area, SF CF Solids
463.0 = 56,147 - -
463.1 0.1 66,571 6,630 -
463,2 0.2 66,996 13,310 -
463.3 0.3 67,420 20,030 -
463,4 0.4 67,844 28,7890 -
463.5 0.5 68,269 33,600 -
463.6 0.6 68,693 40,450 -
4637 0.7 69,117 47,340 -
463.8 2.8 69,541 54,270 -
463.9 0.8 69,066 61,250 -
464.0 1.0 70,390 88,260 -
464.1 1.1 70,824 75,320 7,060
464.2 1.2 71,258 82,420 14,160
464.3 1.3 71692 88,570 21,310
464.4 1.4 72,126 96,760 28,500
464.5 1.5 72,560 103,990 35,730
464.6 1.6 72,993 111,270 43,010
464.7 1.7 73427 118,590 50,330
464.8 1.8 73,861 125,860 57,700
464.9 1,9 74,2895 133,360 85,100
465.0 2.0 74,729 140,810 72,550
465.1 2.1 75,171 148,300 80,040
465.2 2.2 75813 155,840 87,580
465.3 2.3 76,055 163,420 95,160
465.4 2.4 76,497 171,050 102,790
465.5 2.5 76,940 178,720 110,460
465.6 2.6 77,382 186,440 118,180
485.7 27 77,824 194,200 125,940
465.8 2.8 78,266 202,000 133,740
465.9 29 78,7108 209,850 141,580
466.0 3.0 79,150 217,740 149,480
486.1 3.1 79.603 225,670 157,410
456.2 3.2 80,058 233,660 165,400
466.3 3.3 80,509 241,680 173,420
A685,4 3.4 80,952 249,760 181,500
486.5 3.5 81,416 257,880 189,620
466.6 3.6 81,869 266,040 197,780
466.7 3.7 82322 274,250 205 990
466.8 3.8 82775 282,500 214,240
4669 3.9 83,228 280,810 222 550
4670 4.0 83,681 288,150 230,890
467.1 4.1 84,603 307,560 239,300
467.2 4.2 85,624 318,070 247,816
467.3 4.3 86,446 324,660 256,400
467.4 4.4 87,368 333,350 265,090
487.5 45 | $8,280 342,140 273,880
467.6 4.6 89,211 351,010 282,750
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467.7 4.7 90,133 | 3se980[ 291,720
467.8 48 91,065 | 360,040 300,780
467.9 4.9 91,976 | 378190] 309,830
468.0 5.0 92,808 1  387430| 319,170
468.1 5.1 92,808 | 398710 378,450
468.2 5.2 02,808 |  408,000] 337,740
468.3 5.3 92,808 |  415200] 347,050
468.4 5.4 92,808 | 424580] 356,320
468.5 5.5 92,808 | 433870 385810
468.8 5.6 92808 | 443160 374900
488.7 5.7 92808 | 452,450 384,190
da8.8 5.8 92,808 | 481740 303480
468.9 5.9 92,898 | 471,030] 402,770
459.0 6.0 92,808 | 480,320 412,060
469.1 6.1 93,373 | 489,630 | 421,370
459.2 6.2 03,847 | 408,990 430,730
469.3 5.3 94,302 | 5084000 440,140
489.4 5.4 94796 |  S17.850] 449500
469.5 6.5 959711 527,380 469,100
489.8 6.6 95,7451 536910 468,650
469,7 6.7 95,220 548,510 478,250
489.8 6.8 95,6041 585,450 487,890
169.9 6.9 97,1601 565840  497.580
470.0 7.0 o743 [ 575500] 507,330
470.1 7.1 98,126 | 585370 517110
470.2 7.2 08,608 | 595210 | 526,950
470.3 7.3 69,00t | e05100| 538,840
470.4 7.4 09574 | 615030| 548770
470.5 7.5{ 100,067 | 625010 558,750
4706 7.6] 1005391 635040| 586,780
470.7 77| 101,022 6457120| 576,850
Full Marker|  470.8 78| 101.505| 655240| 586980
470.9 79| 101,887) 665420| 507,160
471.0 8.0 to2470] 675840 607,380
4711 84| 02,981| 685910| 617,650
471.2 82| 103451] 695230| 627,970
471.3 83| 103,942| 708800| 638340
4714 8.4 104433] 7i7o020] 848780
4715 8.5) 104924 727.480| 659,220
471.8 86( 105414 | 738,000! 669,740
4717 87| 1058061 748570 680,310
4718 86| 108306| 40180 690,920
471.9 89| dossssl ve9sso] 701,390
472.0 00| 1073r7! 7BOS60| 712,300
472.1 91| io7@878! 791,320| 723,080
472.2 62| 108375 so2130| 733,870
472.3 03| 108874{ 812990 744,730
472.4 941 108373 823000f 755849
4725 95] 1ogs7e| sssavo| 766510
4726 06| 1103v0] a45880] 7TIvEm
4727 97| 110869] 856840) 788,880
4708 9.8| 111,358 868050 798,790
472.9 g.9] 11,887 | 879210| 810,950
25yri24hr Storm Event]  473.0 10.0 112,366 890,430 822170
473.1 104 112873 | 901690| 833430
473.2 10.2] 113,380 913000 844,740
4733 03] 113887 | 924380 856,100

Eisenbraun and Associsles
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Lawest Tap of Berm

473.4 10.4 114,394 935,780 867,520
473.5 i0.5 114,801 947,240 878,980
473.8 10.8 115,408 958,750 890,500
473.7 10.7 115915 970,320 $02,080
473.8 0.8 116,422 981,940 913,680
473.9 10.9 116,820 993,610 925,360
474.0 11.0 117,436 | 1,005,330 837,070
474.1 11.1 117,854 | 1,017,080 948,830
474.2 11.2 118,472 | 1,628,820 860,660
474.3 11.3 118,980 | 1,040,790 972,530
474.4 114 118,507 | 1,082,710 984,450
474.5 11.5 120,025 | 1,064,690 896,430
4746 11.6 120,543 | 1,076,720 | 1,008,460
474.7 1.7 121,061 | 1,088,800 | 1,020,540
474.8 11.8 121,878 | 1,100,930 | 1,032,870
474.9 11.9 122,696 | 1,113,110 | 1,044,850
475.0 i2.0 122,614 | 1,125,350 § 1,057,080

“Note: Areas in yellow were taken directly fram AutoCAD oulput

Volume
Volume, minus '
Elevation { Depth, FT | Area, 5F CF Solids
Bottom 463.0 - 86,147 - ~
Solids Accumulation 464,G 1.0 70,380 68,260 -
Mid-Poaint for Evap 467.4 4.4 87,368 333,350 265,000
Full Marker, 470.8 7.8 101,505 655,240 586,980
25y1/24hy Storm Event 473.0 100 112,365 890,430 822,170
I Lowest Top of Berm 475.0 12.0 122614 1 1,125350 | 1,057,000

Eisenbraun and Assaciates
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Settling Basin Computation Sheet

Producer; Lynin Mayer County: Burto v
Address; 23438 Pheasant Ln Location: NE 4/4, Section 20, T106N, REOW
Pukwana, SB 57370
Phone: ({605) 894-4440
EiA Preject No. Y63167.085 Date:  25-Jul-12
25yrf24hr Storm Event {Win TR55, USDA)
25-yrf24-hr Rainfali Event 4.20 inches
Summary of Settling Basin Calculations
Confined Lot Solids
Pen/Basin | #of Animals | Ave. Weighl, Ibs.| _daysfyear Slape Facior | Cleanings | Volume, i
¥fest 540 900 365 0.28 5] 3.696
Easl 435 360 385 0.25 5] 2,877
V - (0.5ﬂ3_}_x (# of 1000, Animals) x (Cenfined days/year) x (Siope Facion
S {Number of lot cleaningsfyear)
Siope Factor; 3% orless = 0.25 £6%-10% = 0.75
3%-6% = (.50 over 10% = 1.00

raun and Associales
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JUL 27 207
SURFACE WATER PROGHAS!
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Eizsenbraun a0 Associales

Lynn Mayer
E/A Project No: Y03167.085
West Sed Basin

Volume,
Elevation | Depth, FT | Area, §F CF

Boltom|  480.0 - 9,157 -
4804 01 5,806 950
480.2 0.2 10,634 1,870
480.3 . 03 11373 3,670
Solids Accumulation] 4804 0.4 12,111 4,250
480.5 0.5 12,850 5,500
480.6 0.8 13,588 §,820
480.7 0.7 14,327 5,210
480.8 0.8 15,065 9,680
480.9 0.9 15,804 114,230
481.0 1.0 16542 12,840
481.1 1.4 17,064 14,510
481.2 1.2 17,560 18,250
4813 13 18,070 18,030
4814 i4 18,5679 15,860
481.5 1.5 19,088 21,740
481.8 18 19,597 23,680
4817 i 20,108 25,660
481.8 1.8 24,616 27,700
481.9 1.8 21,128 29,790
482.0 2.0 21,634 31,920
4821 21 22,163 34,106
482.2 2.2 22,673 36,350
482.3 23 23,192 36,640
482.4 24 23,74 40,980
482.5 2.5 24,23 43,380
4826 26 24,750 45,830
4827 2.1 25,269 48,330
482.8 248 25,788 50,880
482.9 29 26,308 £3.490
483.0 3.0 26827 56,150
483.1 3.4 27,358 58,850
4£83.2 3.2 27,885 61,620
483.3 3.3 28414 64,430
483.4 34 28,943 67,300
483.8 35 20472 70,220
483.6 3.6 30,001 73,190
483.7 3.7 30,530 76,220
483.8 3.8 31,059 78,300
483.9 3.9 31588 82,430
25y:ri24hr Storm Eventf  484.0 4.0 32,117 85,620
484.1 4.1 32.857 83,850
484.2 4.2 33,195 92,150
484.3 4.3 33,736 95,490
484.4 44 34276 98,850
484.5 4.5 415 102,350
484.6 448 35354 705,860
4847 4.7 35,894 100,420
484.8 4.8 36433 113,048
484.9 49 36,973 116,710
Lowest Top of Berm|  485.0 5.0 37,512 120,430

“Note: Areas in yellow were taken directly from AutoCAD output

Volume,
Elevation ; Depth, F¥ | Area, S5F CF
Botlom 480.6 - 9,157 -
Selids Accumutalion: 480.4 0.4 12,114 4,250
25yr/24hr Storm Event| 484.0 4.0 32,117 45,620
Eowest Tap of Berm 485.0 5.0 37,512 120,434
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I Lynn Mayer
E/A Project No: Y03167.D85
West Sed Basin
l Sites Output
West Sed Basin
Site ldentification w
I Watershed Runoff Curve Number 90
Total Watershed Drainage Area (Acres) 5.3
Watershed Time of Concentration {Haurs) 0,19
FBH or Storm Rainfall Total {inches} 4.2
I FBH or Storm Rainfalt Duration {Hours) 24
FBH or Storm inflow Peak (CFS) 24.5
Initial Reservoir Elevation (Feet) 480.4
Maximum WS FBH or Storm (Feet} 481.67
Storage at Max. WS FBH or Storm (Acra-Ft) 0.6
Top Dam {Faet) 481.67
PSH Drawdown {Days) 0,21
378 Drawdown {Days) 0.51
PS Crest (Feet) 480
PS Conduit Diameter {Inches) 18
PS Conduit Area (Sq. Fest) 1.77 i
P8 Discharge at AS Crest (CFS) 7 !
l PS Discharge FBH cr Storm (CFS) 7.1 :
AS Crest (Feet) 481.66 :
Storage, AS Crest (Acre-Fi) 0.6 :
AS Width {Faet) 300
I Uncontrolled Drainage Area (Acres) 53
I
I
I Eisenbroun and f\scoclates 2002 ;‘
\




Eisanbroun and Associales

Lynn Mayer
EIA Project No: Y03167.085
East Sed Basin

Volume,

Elevation | Dapth, FT | Area, SF CF
Boltem| 478.¢ - 1,569 -
476.1 0.1 1493 170
476.2 0.2 2418 390
476.3 0.3 2,842 a8o
476.4 0.4 3,266 960
476.5 4.5 3,691 1,316
476.6 3.6 4,118 1,700
476.7 0.7 4,539 2,130
476.8 0.3 4.963 2610
Seolids Accumutation|  478.8 0.9 5,348 3,430
4778 1.0 5,812 3,690
4771 1.1 6,360 4,290
4772 1.2 6,808 4,860
4773 1.3 7.456 5,680
4774 14 8,004 6,450
477.5 1.5 8,662 7,280
477.6 1.6 2,089 8,180
A77.7 1.7 9,647 8,100
477.8 1.8 40,185 10,090
477.8 1.9 10,743 11,130
478.0 2.0 11,291 12,240
478.1 2.4 114887 13,390
418.2 22 12,482 14610
478.3 23 13,078 15,890
478.4 24 13,673 17,23¢
478.5 25 14,268 18,626
478.6 26 14,864 20,088
478.7 2.7 15,460 21,660
478.8 28 16,055 23,170
478.9 29 16,651 24810
25yt!24hr Storm Event 479.0 38 17,246 26,500
479,1 a1 17,781 28,250
479.2 3.2 18,315 30,050
479.3 33 18,850 31,910
4704 34 19,385 33,820
4795 3.5 19,920 35,7480
479.6 3.6 20,454 37,81Q
478.7 3.7 20,989 39,880
470.8 3.8 21,524 42,000
478.9 3.9 22,058 44,380
Lowast Top of Berm 480.0 4.0 22,593 46,410
480.1 4.1 22,404 48,650
480.2 42 22418 50,890
4803 4.3 22,027 53,100
480.4 4.4 24,839 55,280
480.5 45 21,650 57,470
4806 4.6 21,461 59,620
480.7 47 21,273 51,760
464.8 4.8 21,084 63,880
480.9 4.9 20,806 65,870
481.0 50 20,707 68,060

*Note: Araas in yellow were laken direslly from AutoCAD oulpul

Valume,

Elevation | Depth, FT} Ares, §F CF

Boliem 476.8 - 1.569 -

Selids Accumulalion 476.9 0.9 5,288 3,130
25yri2dhr Storm Event A479.0 3.0 17,246 26,500
Lowest Top of Berm 4800 4.0 22,503 46,410
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Eisenbirabn and Associgles

Lynn Mayer

EfA Project No: Y03167.085

Sie Identification

East Sed Basin
Sites Output

Watershed Runoff Curve Number

Total Watershed Drainage Area (Acres)
Watershed Time of Concentration (Hours)
FBH or Storin Rainfall Tolal {Inches)

FBH or Storm Rainfall Duration (Hours)
FBH or Storm Inflow Peak (CFS})

Inittal Reservoir Elevation (Feat)
Maximum WS FBH or Storm {Feet)

Storage at Max. WS FBH or Storm {Acre-Ft)

Top Dam (Feet)

PSH Drawdown (Days}
378 Drawdown (Days}

FS Crest (Feet)

PS Conduit Diameter (Inches)

P§ Conduit Area {Sq, Feef)

PS Discharge at AS Crest {CFS)
PS Discharge FBH or Storm (CFS)

AS Crest {Feat}

Storage, AS Crest {Acre-Ft)

AS Width (Feet)

Unconirolled Drainage Area {Acres)

East Basin
E
90
4.397
011
4.2
24
20.%
476.9
477142
0.1
478,12
o]
0.51
475
18
1.77
16.4
16.3
47712
0.1
300
4,397
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TECHNICAL SPECIFICATIONS
TOR
ANIMAL WASTE MANAGEMENT SYSTEMS

DIVISION 1 - General Requirements

RNRE TR RHE LRk I

DIVISION 2 - Site Work

Title
Preparation and Maintenance of the Construction Site
Unclassified Excavation

Holding Pond Construction

FRRkR R R IR RRE AR

Division 3 - Conerete

Concrete Work




DIVISION 1

GENERAL INFORMATION AND REQUIREMENTS

SECTION 101  PROVISIONS AND REQUIREMENTS. Al provisions and requirements of the
Contract Documents, as well as those contained in the plans apply to the work that is specified within these
technical specifications.

SECTION 102 SITE CONDITIONS AND PROJECT EVALUATION, The CONTRACTOR must
satisfy himself by personal examination of the constraction site as to all local conditions affecting the
performance of his confract. The CONTRACTOR. is deetned to accept such conditions as found to exist.
Al CONTRACTOR activities shall be conlined to the project site. Constroction easements, as needed, will
be or have been obtained by the OWNER. If additional area is needed, it shall be the CONTRACTOR's
responsibility to obtain said area.

The CONTRACTOR shall be responsible to adequately acquaint himself with all existing conditions,
atilities, improvements, and other factors that would affect his bid, and shall examine the project plans and
specifications of the foregoing and existing conditions. No extra compensation will be allowed unless
specificaily set forth in the contract docwments and included in the Bid Forn:.

SECTION 103 MEASUREMENT AND PAYMENT OF INCIDENTAL WORK. Prices bid for bid
item shall represent full cotnpensation for all labar, materials, equipinent, supervision and other incidental
iters necessary for the performance and completion of each item of work in place, in strict accordance with
the Contract Docuinents. Payment for said item shall therefore include all work which may be reasonably
inferred from the contract documents as being necessary 1o produce the intended resuils. All items of work
necessary to produce the intended results net specifically contained in the Bid Form shall be considered
incidental work to the bid item, and no allowance for separate, additional compensation shall be made.

SECTION I04 INTERRUPTION OF UTILITY SERVICE. The CONTRACTOR shall make every
possible efforl to minimize the downtime of any utilities which may be directly or indivectly affected by
‘Work performed on this project. The CONTRACTOR shall at all times conduct his Work in such a manner
as to cause minimum interference with routine daily use.

The CONTRACTOR shall notify residents affected by his proposed action at least twenty-four (24) hours in
advance of such interruptions in residential, commercial aud industrial areas.

SECTION 105 EXISTING FACKLITIES. The CONTRACTOR shall take complete field
meastrements affecting all existing constructions in the Work, and he shall be solely responsible for proper
fit between his Work and existing structures. He shall examine all work to which he will connect; and if
any nisalignment is found he shall so arrange his Work that the misalignment is corrected. Any dimensions
given on the Drawings related to existing structures are based on avallable tecords and it shall be the
responsibility of the CONTRACTOR to verify the accuracy of these dimensions, Any discrepancies shall
be brought to the attention of the OWNER prior to start of new construction,

SECTION 106 PROTECTION OF EXISTING STRUCTURES. The CONTRACTOR will be held
responsible for any damage to existing structures, work, materials, or equipment because of his operations
and shalt repair or replace any damaged structures, work, materials, or equipment to the satisfaction of, aud
at no additional cost to the OWNER. The CONTRACTOR shall be responsible for all damage to streets,
roads, curbs, sidewalks, highways, shoulders, ditches, embankments, culverts, bridges, or other public or




i

private property which may be caused by transporting equipment, materials, or men to or from Work, or by
performance of the Work. The CONTRACTOR shall make satisfactory and acceptable arrangements with
the agency having jurisdiction over the damaged property concerning its repair or replacement,

SECTION 107 PROTECTION OF EXISTING UTILITIES. It is the sole responsibility of the
CONTRACTOR to verify the exact location of any and all existing utilities. Locations of any utility shown
on the drawings are for informational purposes only and may not represent the exact location, size, type, or
depth of said utility. The CONTRACTOR shali give notice to the owners of any such lines or obstructions
in order that they may have time to take necessary precautions for protecting their property. Existing
utilities shall be protecied from damage during excavation and backfilling operations and if damaged, shall
be promptly repaired by the CONTRACTOR at his expense, The CONTRACTOR shall be responsible for
any injuries to persons and property, for all damages to any pipe, conduit, sewer or other structure
injuriousty atfected by the Work and shall save harmless the OWNER, ENGINEER, and state and federal
agencies from any Liability thereof,

SECTION 108 CONSTRUCTION STAKING, PRESERVATION OF STAKES AND
MONUMENTS, Constroction staking shall be provided by the OWNER in accordance with General
Condition 4.4 and the plans and technical specifications. The CONTRACTOR shall be responsible for
carefully preserving all benchinarks, construction stakes, veference points and monuments.  Should
destruction of same occur, the CONTRACTOR will bear the expense of their replacement and shall be held
responsible for any nistake or loss of time that may be caused. Permanent benchmarks or monuments
which must be removed or disturbed shall be protected untif properly referenced for relocation.

SECTION 109 PROJECT MANAGEMENT. The CONTRACTOR shall be responsible for scheduling
and coordinating the Work of his own crews as well as those of all his Subcontractors and others involved
in ordet to maintain acceptable progress and assure timely completion in accordance with the confract time
frame. The CONTRACTOR shail be responsible for complete supervision, control, and progress of his
Subcontractors as though they were his own forces, Notice to the CONTRACTOR shall be considerad as
notice to all affected subcontractors. Prior to the start of construction, the CONTRACTOR shall supply to
the OWNER a complete list of all subcontractors and suppliers with whom he proposes to contract. The
nane, address, and telephone mimber of each shall be provided along with the intended work or items to be
furnished by cach. Subcontractors and supplicrs are subject to the review and approval of the OWNER,

SECTION 110 CONSTRUCTION METHODS. The CONTRACTOR alone shall be responsible for
the safety, adequacy, and efficiency of his plant, equipment, and construction methods. The
CONTRACTOR shall inform the OWNER in advance concerning his plans for carrying on each part of the
Work. However, review by the OWNER of any plan or method of Worl proposed by the CONTRACTOR
shall not relieve the CONTRACTOR of any responsibility therefore, and such review shall not be
considered as an assuinption of any risk or liability by the OWNER or ENGINEER, or any officer, agent, or
employee thereof. The CONTRACTOR shall have no claim on account of the failure or inefficiency of any
plan or method so reviewed. Any method of Work suggested by the OWNER or ENGINEER, but not
specified, shall be used at the risk and responsibility of the CONTRACTOR, and the ENGINEER and
OWNER will assume no responsibility therefore.

SECTION 111 ADVERSE CONSTRUCTION CONDITIONS, In the event of unsatisfactory weather,
wet ground, or other unsuitable construction conditions, the CONTRACTOR shalt confine his operations to
those portions of’ the Work which will not be adversely affected. No portion of the Work shall be
constructed under conditions which would compromise the quality required unless special precautions are
taken by the CONTRACTOR to perform the Work in a satisfactory manner, '
SECTION 112 QUALITY CONTROL.
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121 Laboratory Testing. Certain tests and inspection will be necessary for quality control as
specified for this project. The OWNER has arranged for and employ, at his expense, an independent testing
lab to perform the tests and inspections utilizing recognized standard procedures and criteria, Retests
required due to initial test failures will be paid for by the CONTRACTOR. Location and frequency shall be
as specified in these specifications,

The CONTRACTOR shall furnish all samnple materials required for these tests and shall deliver same
without charge to the OWNER when and where directed by these specifications. Any additional tests
necessary beyond those required under this specification may be ordered by the ENGINEER to settle
disagreements with the CONTRACTOR regarding quality of work done, If the work is defective, the
CONTRACTOR shall pay all costs of the extra tests and shall correct the work.

It work is satisfactory, the OWNER will pay for extra tests. Quality testing shail include, bot not
necessarily be limited to, concrete testing, aggregate testing, soils testing, compaction testing, and the like.

1122 Factory Testing. Factory tests of any materials relative to performance, capacity, rating, efficiency,
function, or special requirements shall be condueted in the factory or shop for each item when this type of
test is specified. These tests shall be performed in aecordance with applicable standards and test codes.

Factory tests shall be set op and accomplished by the equipment manufacturer who shall provide all shop
space, tools, equipmient, instruments, personnel, and other facilities required for the satisfactory completion
oleach test, Test data and results shall be submitted to the OWNER,

The cost of factory tests shall be included in the bid price of the contract anid no additional payment will be
made for factory testing,

SECTION 113  SALVABLE EQUIPMENT AND MATERIAL. Any equipment or materials removed
during construction which is deemed salvable shall remain the property of the OWNER and shall be
carefully preserved by the CONTRACTOR.,

SECTION 114  TEMPORARY CONSTRUCTION FACILITIES. Site facilities which are necessary
for construction shail be provided by and paid for by the CONTRACTOR. These may include but are not
necessarily limited to material storage and/or waste areas, utility costs, offiee space, toilet facilities, storage
buildings for the protection of materials and equipment, or other services. All such ficld office, storage
sheds, and the like shall remain the property of the CONTRACTOR and shall be removed after completion
of the Work and the site restored to its original condition.

When necessary, the CONTRACTOR shall make his own arangements for electrical power and telephone
service at the construction site. Obtaining water for construction purposes shall also be the responsibility of
the CONTRACTOR.

The CONTRACTOR shall contact the OWNER to inquire about possible storage areas aud material waste
areas. However the CONTRACTOR shall be responsible for securing these areas,

SECTION 115 RECORD COPY OF CONTRACT DOCUMENTS. The CONTRACTOR shall
maintain a caveful up-to-date vecord of all changes on the Drawings during construction. Upon completion
of the Work, and prior to acceptance by the OWNER, the CONTRACTOR shall file with the ENGINEER
one set of complete Drawings with alt changes and CONTRACTOR's ficld construction notes neatly and
legibly recorded thereon, Such Drawings shall include the exact routing, if changed fiom Drawing location,
of sewer, watcr, gas, fuel oil tanks and lines, buried electrical feeder lines, changes to routing of conduit
runs which are buried or concealed in concrete slabs, and any other major buried utility lines. Such
information may be used to prepare record Drawings for the OWNER.
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2101 West 41st Street
Suite 2000
E.O. Box 495 7
Sioux Falls, South Dakota 57101

Stacey R. Hennen
Associate

-shennen @samplaw.com

(605) 3358-1020
TELERAX: (605) 334-6630
Counselor at Law samp @ samplaw.com
MOBILE: (605) 366-1535 24 Hrs.

7 May 2013

‘Mr.. Jason Williams
DENR PMB 2020
Joe Foss Building
523 East Capital
* Pierre, South Dakota 57501-3182

Re:  Mayer v Mayer
Dear Mr. Williams:
On September 7, 2012 my client filed the enclosed complaint with DENR.

Since then, he's had sevei'al'phonc calls from different persons promising action
on this but nothing has transpired.

1 find it amazing that DENR had no problem putting one of my clients out of
business shutting down a multi-million-dollar feed lot but in this case can't seem to
follow through on rvestigation or action. ‘

- T would like & letter summarizing the action taken by DENR to date and a
position on this complaint.

Thank you.
Sincerely yours,
/R/ lyn Hj Samp
y
RHS/ma
Enclosure

vl Glann Magjer 1€ g1ty )




DEPARTMENT of ENVIRDNMENT
and NATURAL RESOURCES

PMB 2020
JOE FOSS BUILDING
523 EAST CAPITOL
PIERRE, SOUTH DAKOTA 57501-3182

denr.sd.goy

s b s

R 0aurd) Syl 7, 2013,
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STATE OF SOUTH DAKOTA
DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES
COMPLAINT FORM

South Dakota law provides that:

“No imspection or other action pursuant to sections 34A-2-40, 34A-2-44 or 34A-2-45 that is based on, or 1s
the result of a complaint or the provision of information by a member of the general public may be carried
out unless the person making the complaint or providing the information signs the complaint. The complamt
shall remain confidential with the board and the secretary.” (South Dakota Codified Laws 34A- 2-111).

In conformity with the provisions of SDCL 34A-2-111, 1, Glenn I. Mayer , hereby
register the following complaint regarding the violation of our state Water Pollution Control Act:

LOCATION OF VIOLATION (please print). ‘
Feed yard located NE 1/4; Sec 20; 106-69 Buffalo County owned by Lynn Mayer, Mayer Ranches, Inc.

FACTS ALLEGED TO CONSTITUTE THE VIOLATION (use back of page or second sheet if you
need more room — please print); _
Complaint and exhibits attached and incorporated herein

By signing this form, I cettify that the information included on this form is, to the best of my knowledge
and belief, true, accurate, and complete.

[ declare and affirm under the pepalties of perjury that this claim (petition, application, information) has
been examined by me; and to the best of my knowledge and belief, is in all things true and correct.

Dated on September 5, 2012 at Chamberlain . South Dakota

Glenn J. Mayer
Complainant Name (please print}

605-734-6526 or 605-730-1281
Complainant telephone Number (required)

PURSUANT TO SDCL 1-27-3 AND 34A-2-111 THIS DOCUMENT 1§ NOT A PUBLIC RECORD
SUBJECT TO OPEN INSPECTION AND SHALL BE SEPARATELY MAINTAINED AND HELD




GLENN MAYER
Complainant/Petitioner

Vs

COMPLAINT AND OBJECTION
SOUTH DAKOTA DEPARTMENT
OF ENVIRONMENTAIL AND
NATURAL RESOURCES

COMES NOW Glenn Mayer of 606 Merrill Street, Chamberlain, South Dakota 57325,
individually and by and through his attorney, Rollyn H. Samp, 2101 W 41™ Street, Suite 2000,
Sioux Falls, SD 57105, who hereby file his complaint and objections to a proposed feedlot as

follows:

FACTS

Lymn Mayer d/b/a Mayer Ranches, Inc., 23438 Pheasant Lane, Pukwana, SD 57870 is the

owner of an animal feeding operation, to-wit:

“The northeast one quarter (NE % ) of Section 20, Township 106 North, Range 69
West in Buffalo County, South Dakota.”

Owner has been operating an animal feeding operation of up to 999 head and has given
Notice of Intent to Construct as of August 8, 2012 to 1,974 head of beef catle.

That owner has completed an animal waste sys‘;em management report and filed same
with the Soutﬁ Dakota Department of Environmental and Natural Resources (DENR) as of
July 17, 2012.

COUNT ONE

That petitioner Glenn Mayer hereby files a complaint and objections for polluting the

following real property by owner, to-wit:




Pejo.c

East one half (E %) of Northwest one quarter (NW %) and Northeast one quarter
(NE 4) Section 21, Township 106, Range 69, Buffalo County, South Dakota.

Petitioner/Complainant believes feed lot runoff from owner is damaging real property,
wildlife, recreation and stock dam of petitioners with its present operations.

That said pollution is documented as follows:

A. Complaint to the South Dakota Department of Environmental and Natural Resources
(DENR) dated October 24, 2008, with report from Nancy Thiex, South Dakota State
University;

B. Complaint to the South Dakota Department of Environmental and Natural Resources

(DENR) dated June I, 2008, with report of Nancy Thiex, South Dakota State University,

C. Water quality tests repori(s) of Nancy Thiex, South Dakota State University dated May
20, 2009

D. Water quality tests report(s) from the South Dakota Department of Health, Public Health
Laboratories, as submitted by the Crow Creek Environmental Office. dated December 1,
2008;

F. Complaint filed with Buffalo County Director of Equalization on November 6, 2008,
with attachments including those from David German dated May 22, 2008;

G. Water quality test reports from the United States Geological Survey, Huron, SD:
1. Report dated May 31, 2010
2. Report dated April 12, 2010
3. Report dated July 2, 2010

H.  Water quality test reports from Geotek Engineering and Testing Services, Inc.
Report dated August 17, 2009

Report dated March 30, 2010

Report dated July 12, 2010

Report dated April 19, 2011

Report dated May 24, 2011

Report dated June 22, 2011

Report dated November 11, 2011

Report dated Aprii 4, 2012

R

That petitioner’s complaints beginning in 2008 have gone unabated.




COUNT TWO

That approval of the proposed animal waste plant will put additional manure on land
which is either adjacent to petitioner or drains onto petitioner’s real property; same to ncrease
damages already occurring to petitioner.

COUNT THREE

That DENR has statutory duty for enforcement of water quality laws in the state of South
Dakota and has failed to act within its statutory authority to petitioner’s comptaints.

WHEREFORE, petitioner/complainant requests DENR take the following steps against
OWNeT:

1. Investigate the complaint filed by the petitioner/complainant;

2. Commence such actions as required by law to stop owner’s current pollution of

petitioner/complainant real propetty;

3. Begin remedial action as provided by law to abate past and present pollution,

4. Bring such administrative and legal actions as necessary to stop casrent pollution
by owner;

5. Hold a hearing on owner’s animal waste management system proposal to

determine its environmental impact on petitioner/complainant’s real property,

6. Conduct a public hearing so evidence may be heard on owner’s proposed plan as
to cornpliance of state law;

7. Pursue such other legal remedies as would mitigate the damages to

petitioner/complainant; and




jc’d'éiz,?

8. Require owner to comply with SDCL 34A-2-44.

M} oy

Glenn Mayeikj "
606 S Merrill 5t
Chamberlain, ST} 57325
Complainant/Petitionet

Subscribed and sworn 1o before me

this 5 day of September, 2012.

!

S, o NOAAE

Notary Public—South Dakota

My commission expires; ‘1/7/Z00%

(SEAL)
S LAW OFFICE

Y

_—
o 1&@*\1 {( El I
_ f}*’LRoliyn H. Samp
P.0. Box 495
Stoux Falls, SD 57101
605-339-1020
Attorney for Complainant/Petitioner
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DEFARTMENT of ENVIRONMENT
and MATURAL RESQURCES

PMB 2020
JOE FOSS BUILDING
b23 EAST CAPITOL
PIERRE, SOUTH DAKOTA 57501-3182

oo s CoePuas.

September 3, 2013

denr.sd.gov

Glenn Mayer ,
606 South Merrill Street
Chamberlain, SD 57325

Dear Mr, Mayer:

Thank you for contacting the Department of Environment and Natural Resources and submitting
complaint forms for your water pollution concerns about the Mayer Ranches feedlot. The
purpose of this letter is to respond to the complaint information submitted by you and your
attorney, Mr. Rollyn H. Samp.

As you are aware, Mayer Ranches is a feedlot located in the Northeast % of Section 20,
Township 106 North, Range 69 West, in Buffalo County, South Dakota. Mayer Ranches
currently has coverage under South Dakota’s General Water Pollution Control Permit for
Concentrated Animal Feeding Operations (general permit) for a inaximum of 999-head of beef
cattle. In South Dakota, large concentrated aniinal feeding operations feeding 1,000-head or more
of beef cattle are required to obtain coverage under the general permit.

Mayer Ranches has voluntarily obtained general permit coverage for a 999-head beef cattle
feedlot by submitting a permit application and constructing and operating a manure containment
system meeting the requirements of the general permit. The manure containment system is
designed to contain all the runoff from the feedlot in a clay-lined holding pond. Mayer Ranches is
required to land apply manure from the facility to fields in its approved nutrient management
plan following the requirements of the general permit. Permitted facilities are required to keep
manure application records documenting their compliance with the nutrient management
planmng requirements of the general permit.

Mayer Ranches is located on land where both the Environmental Protection Agency (EPA) and
the State of South Dakota claim jurisdiction, If EPA jurisdiction is asserted and Mayer Ranches
obtains permit coverage from EPA, South Dakota will terminate its general permit coverage for
the feedlot. For information on EPA’s requirements please contact Amy Clark with EPA Region
8, at (303) 312-7014.

As you are also aware, the department has approved plans and specifications for an expansion of
the feedlot to increase the number of cattle at the feedlot to a maximum of 1,974-head of beef




Glenn Mayer

September 3, 2013
Page 2 of 2

cattle. As you requested, enclosed is a copy of the approval letter for the expansion of the feedlot.
The feedlot has not yet submitted a Notice of Completion indicating construction is complete so
permit coverage can be issued for the expansion.

The information you and your attorney submitted to the department indicates you believe the
Mayer Ranches feedlot is causing water pollution. The submitted information includes water
quality sample results which you indicate provide evidence of pollution caused by the feedlot.

The department has inspected the Mayer Ranches feedlot in response to your complaints. The
department has also conducted operation and maintenance inspections of the feedlot, During the
inspections, the department has not documented evidence of manure runoff from the feedlot or
manure containment system. Enclosed with this letter is a copy of the department’s inspection
reports, :

The department’s Surface Water Quality Standards staff has reviewed the submitted water
sample results and based on their review, the department does not believe the sample results
show water pollution is occurring from the Mayer Ranches feedlot,

You also inquired about a public hearing for the approved expansion of the Mayer Ranches
feedlot. As your attorney discussed with Rich Williams with the South Dakota Office of the
Attorney General since the feedlot is applying for coverage under the general permit there is not a
public hearing available on the permit application. The general permit process provided the
opportunity for a hearing prior to the issuance of the general permit, but does not provide for a
hearing when applications for general permit coverage, such as the application from Mayer
Ranches, are received by the department,

Thank you for contacting the department. If you have any questions, please feel free to contact
me at (605) 773-3351.

Sincerely,

%‘%/Zfﬁ iy«,;““"‘" <

Kent R. -oodmans‘é‘}?ff”]_:?, Administrator
Feedlot Permit Program

ceC! Rollyn H. Samp, Samp Law Offices
2101 West 41 Street, Suite 2000
P.O. Box 495
Sioux Falls, SD 57101

Rich Williams, Office of the Attorney General

figu




DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES
Operation & Maintenance Inspection Report

1. Background Information:

Facility: M@U/M MﬁM@M y/:;é

Contact: Lyrm /%u/gq/

Date of Inspection 9 128712 Phone Number: ¥ 44 ~ 4440

Permitted Number/Type Animals:

794

asr/ﬁc_,

Permit Number: SDG-0) (D0 o [ &

Current Animal Number During Inspection: 77)— catfie

2.  On Site:

LY No = Explanation’:

ICOpy of General Permit

la)py of Nutrient Management Plan
Are lease agreements current? [ NA

Yis
X
kal

Training Verilication

0 ool

3. Records Reviewed:

- TE NG - Explanation

{Manure Land Application Records .

All Soil Tests

- -2 foot samples

7]

X

0

EI

- 2-4 foot samples D
- 0-2 foot samples pre & post harvest B

[

]

All Manure Tests

-Tested for Total Nifrogen

-Tested for Inorganic Nitrogen

O g [

Rate Caleulations

Applied at Calculated Rate or Lower

Apptied to land in NMF

Aﬁl!:wi %a»ﬁidd? 9

Land Application Dates Documented

OO O O 0

Land Applieation Times Documented

Method of Application Documented

finspection Records {Documentation)

Daily Land Application

3

Weekly Manurc Containment Structure

[

recipitation Records

KRR AR ®RE B E
OO O 0of o OO

O]

4. Ground Water Discharge Permit and Ground Water Monitoring:

lWas a groumd water discharge permif required at this facility?

B No:  Permit #:

fEs ground water monitoring required at this facifity?

[IYes ] No :

and documentation submitted?

Has required monitoring frequency and sampling been followed

@NA [JYes [ ] No: Explanation -

DENR Copy — White

Producer Capy - Yellow

Page | ofé




J a4 rr .
5. Any Other Comments: A/ r;_:;,‘lgb/ M;M Py l@g{,ﬂ,_qf,‘g% obgtv‘v&i,

Do you currently have any contagious livestock disease(s) at your facility — (I¥es E.No If yes, please provide more
information on the type of disease.

Waste Containment System Observations:

Permanent Marker [} NA - Liquid level above permanent marker — i _{Yes No
Description of Containment Structure Liguid L Ve]:M_’iMa_qqu vied
Marker Condition and Location: fﬂl&e (f i Lty fﬁqﬂﬂ/p/ﬂt;byrm

[] Discharge to surface waters since last ins';pection? [ ] Yes [ ] No: When and Why?
[] NA - Was it reported to DENR within 24 hours? [ ] Yes [ ] No: Why not?

Check the box below if any of the following items were noted during the inspection,

[ ] a. Seepage from the Structure lgb. Piping Problems F c. Adverse Vegetation on Dikes

[ |} d. Evidence of Livestock In or Around Lagoon [ ] e. Rodent Problems [ ] f. Structural Integrity Problems

| 1. Erosion [ ! h. Liner Damage Pi. Vegetation in Ponds

L] j. Cracks in Concrete t ] k. Tank Corrosion [ ]1. Unapproved System Modifications
(| m. Monitoring Well hite@ty [ | n. Other - ’

D Observations Continued on Next Page

Permit Violation Summary, Schedule, and Required Action:

o PermitViolations: __ Séhedule sind Required Action:

)
(] Permit Violatign Symmary Cou‘t i?klﬁfm Next Page
3 ] '

S5 Py WO A 5ziia- . : - -
o - T {NOTE: Producers and inspectoss are required 1o sign and date this

- . J ¢l
Inspector Signature/Date: M ?.._ ZS’:- /Z form. Signatures indicate that the inspector and the producer have
- ) discussed operational compliance and the comments written on this

document and a copy of the inspection [orm was lefl with the

GWHW ?%Siggturemme: 7/L }f"//?_/ producer on the day of the inspection.
/ / d /’M 7

DENR Copy ~— White Producer Copy - Yellow Page Z of Z..
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DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES

1. Background Information:

7
m& e /QCE?'TC&L:-; . Zﬂ"f e

Facility:

Operation & Maintenance Inspection Report

Contact:

A \ee 33

st

Y (e 56

Date of Inspectioh j2_ /& /[ }{ Phone Nnmber: £6:5, §94, Lf..;.z;f;

Permitted Number/Type Animals: _“JFF  —foe ot~ 4/,
Current Animal Number During Inspection:

Permit Number: SDG-0_L g o &

VO At E

2. On Site: feist J e 75 o fo 2t oy '
Yees|No|= - - If No = Explanation 10 see #7
[Copy of General Permit ]I H
lCopy of Nutrient Management Plan | 5] ] |
Are lease agrecments current? [ NA = ]
[Training Verification L] L]
3. Records Reviewed;
Yes|No{ = - 1f No — Explamation .. . .. Orsee #7
[Manure Land Application Records Pk 2o ' 2o il )
All Soil Tests
- 0-2 foot samples ‘E" T £2 . N . — - ]
M7 22 wiTee PS5 | T8 5
- 2-4 fi
oot samples D ':] D . ¢ D
-0-2 foot samples pre & post harvest [3 -
All Manure Tests
-Tested for Total Nitrogen [ ; ;.
or To 'g D ‘ ML- e & P D
-Tested for Inorganic Nitrogen BT ’ , i
@l P& o L
Rate Calculations
Applied at Calculated Rate or Lower E] ] . ]
oL . oK
Applied to land in NMP ] ] ] - (]
E& & (p/<
Land Application Dates Documenfed @ [ ‘ ] (]
. &k o/ oy
Land Application Times Documented [ . S : e [ ]
Method of Application Documented B[] & (. o £ e [ ]
Inspection Records (Documentation) _ :
Daily Land Application [ > » .
K] Z?K. ol /< 6 A L)
Weekly Manure Containment Structure @ D ] L [:]
6& ok e
Precipitation Records Bl ] e o X LJ
4. Ground Water Discharge Permit and Ground Water Monitoring: '
'Was a ground water discharge permit required at this facility? [ ]Yes X] No:  Permit #:
Is ground water monitoring required at this facility? [ J¥esDd No :
Eas required monitoring frequency and sampling been followed | B¢ NA [Yes{ ] No: Explanation —
nd documentation submitted?

DENR Copy — White

Praducer Copy - Yellow

LA
Page 1 of i




P o )
/ yj*f}"n aéi--mc!uj‘/ e,

3. Any Other Comiments:
6. Do you currently have any contagious livestock disease(s) at your facility — DYes}EINo 11 yes, please provide more
information on the type of disease.
7. Waste Containment System Observations:

Permanent Marker [_] NA - Lignid level above permanent marker — DYes No
Description of Containment Structure Liquid Level: .t %~ & &

L

SRt e AL S
Marker Condition and Location: 1 <l e ! {0 299

] Discharge to surface waters since last inspection? [ ] ves Dd'No: When and Why?

[sd. NA - Was it reported to DENR within 24 hours? { | Yes [ ] No: Why not?

Check the box below if any of the following items were noted during the inspection.

[ 1 a. Seepage from the Structure

[

h. Piping Problems

[ 1 c. Adverse Vegetation on Dikes

[

¢. Rodent Problems

[ 1. Structural Integrity Problems

| ]d. Evidence of Livestock In or Around Lagoon

[ ] h. Liner Damage

| | i. Vegetation in Ponds

j. Cracks in Concrete

[

k., Tank Corrosion

[ ]1. Unapproved System Modifications

E g. Erosion
[ ]
[]

m. Monitoring Well Integrity

L]

n, Other -

Problems Noted:

chedule n—d ction:. Lo

[ ] Observations Continned on Next Page

8. Permit Yiolation Summary, Schedule, and Required Action:

_ Permit Vio!aions:

£ ik

B - ﬁr‘ﬁg 6{
1

_Schedule and Required Acti‘u: _

& r
‘"3_5'.’ FIi Y e

I ] Permit Violation Summary Continued on Next Page

NOTE; Producers and inspectors are required to sign and date this

LAt
S

Inspector Signature/Date: . e
: T o]

T el

form. Signatures indicate that the inspector and the producer have
§ discussed operationai compliance and the comiments wrillen on {his

7

Owner or Operator Signatnre/Date:

docitment and a copy of the inspection form was left with the
producer on the day of the inspection.

DENR Copy — White

Producer Copy - Yellow

Page é of f;i
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DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES
Operation & Maintenance Inspection Report

1. Background Information:
Facility: /74’7 ;;Vf /L‘f;,zﬂj(_/,/h* Contact: L /D;U}Ul /Wféﬁ
Date of Inspection 24/ ¢4 Phone Number: 794" &% Permit Number: SDG-0/ & ¢ ¢ ;4
Permitted Number/Type Animals; __ 47 § 507 Sa Ay
Current Animal Number During Inspection: é;;‘j? £ 'g";)iz,;— T E
2. On Site:
Yes| No . i No— Explanation . 0T see #7
{Copy of General Permit <] ; Ll
{Copy of Nutrient Management Plan b L] []
Are lease agreements current? [ NA :] : D
[Training Verification A L] L)
3. Records Heviewed:
: es|No| 1 No — Explanation S T O see #T
IManure Land Appllcatmn Records T, 2 o7 A
Al Soil Tests .
- 0-2 foot samples .
| Lt A ol | U
- 2-4 foot samples D : ) . [}
- 8-2 foot samples pre & post harvest D EI D % jj\"’ "1'4, I’JU '4/
All Manure Tests —
-Tested for Total Nitrogen HEIN Y- 2
& 8 [& ok =
-Tested for Inorganic Nitrogen 1 N . 7 ]
= - oK
Rate Calculations ‘f-’-
Applied at Calculated Rate or Lower 4 R e
Applied to land in NMP D D e J i/{?,— g”w -/&'@mé‘f’ NE S Fo oY D
Ty
Land Application Dates Documented L] oy e ’
-2 5 o -
Land Application Times Documented ] S oy 4 (]
Method of Application Documented LTI ia,ffff\ f ]
{lnspection Records (Doewmentation)
Daily Land Application LI . ‘,gs, ]
lﬂy_ fslf. &
Weekly Manure Containmnent Structure D ] C:'[.‘Jj”(,[( gfg// UC}T’ . @ ]
EAE A% e =
ALy A i it D e
|Precipitation Records HHE @A @«é"\ . ! (i []
© L
4. Ground Water Discharge Permit and Ground Water Momtormg Z‘rG?Lt & {/d,,yé-.
I
'Was a ground water discharge permit required at this facility? [ J¥es DY No: Permit #:
Is ground water meonitoring required at this facility? [ Ives[A No:

Has required monitoring frequency and sampling beeun followed
and documentation submitted?

@NA [(lyes [ | No: Explanation

DENR Copy — White Producer Copy - Yell

ow

Page 1 of




5. Any Other Comments:

information on the type of disease.

Do you currently have any contagious livesiock disease(s) at your facility — DYBSE Mo 1f yes, please provide more

7. Waste Containment System Observations:

Marker Condition and Location:

MadTy  £0GE

Permanent Marker [_| NA - Liquid level above permanent marker — EYes [ INo

Description of Containment Structurg Liquid Levek: &7 5&,9«) Adeta 6K

STHEL

FesT

{ ] Discharge to surface waters since last inspection? T ]vés No: When and Why?

©d NA - Was it reported to DENR within 24 hours? [ | Yes [ ] No: Why not?

Cheek the box below if any of the following items were noted during the inspection.

E{:l a. Seepage from the Sirueture

[ | b. Piping Problems

[ ]e. Adverse Vepetation on Dikes

[ ] . Evidence of Livestock In or Around Lagoon

[ ] e. Rodent Problems

[ ] f. Structural Integrity Problems

[ ] g. Erosion [_] b. Liner Damage [ ]i. Vegetation in Pends
L. Cracks in Concrete [ Tk Tank Corrosion [_] 1. Unapproved System Modifications
| | m. Monitoring Weli Integrity [ ] n. Other -

Problems Noted:

“Sehedule and Action; °

] Observations Contirued on Next Page

8. Permit Violation Summary, Schedule, and Required Action:

(a/k LS

dule and Required Action:

Zanv) AT G Dvvu by e LEVEL
Pt EMTEY oL PEA LACEJE

[[] Permit Violation Sumnary Continued on Next Page

]'I':l_f%{m' Sigr}ai}:relﬁ/iéf i /{ /_,z 7-,-.1 / S o 57

e iy

i S &

OVJneg‘,qftfﬁ'pﬂ{atm'Signatureiﬂate: (S . S
SRR Ly [y,

£

DENR Copy — White

Producer Copy - Yellow

NOTE: Producers and inspectors are required to sign and date this
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SOUTH DAKOTA DEPARTMENT OF ENVIRONMENT
AND NATURAL RESOURCES

ANIMAL FEEDING OPERATION (AFO) INSPECTION REPORT

Preliminary Information:

Facility/Producer: Mayer Ranches
Owner/Operator: Mr, Lynn Mayer
Owner/Operator Address: Route 1, Box 56, Pukwana, SD 57370-9625
Phone Number: Office:  (605) 894-4440
Cellular:  (605) 680-0086
Inspection Date: ' - July 21, 2008
‘Department Inspector(s): Jason A. Roggow, Natural Resources Engineer
Facility Location: NE ¥ of Section 20, T 106 N, R 69 W; Buffalo County
Animal Type: Beef cattle

Animal Population - Permitted: ~ 999-head
| Description of Inspection:

In response to a written complaint, the department inspected the Mayer Ranches feedlot. The
complaint expressed concerns about elevated nutrient levels in a drainage downstream of the
feedlot. The inspection was conducted to determine if the feedlot was contributing manure runoff
into the drainage. '

During the inspection Mr: Mayer indicated e has never-needed-to-pump - down the-holding 'pond.
Mr. Mayer does not have his own irrigation and pumping equipment but does have a custom
pumper from North Dakota who is available for pumping the pond if necessary (General
Trrigation from Oaks, ND — www.generalirrigation.com). Solid manure from the feedlot was land
applied last fall to a field west of the feedlot.

Manure runoff from the feedlot or manure containment system was not occutring at the time of
the inspection and there was no evidence of past manure runoff from the feedlot or the manure
containment system occurring.

There is a seasonal, intermittent drainage located along the south side of the feedlot and holding
pond that runs in a southeasterly direction toward 353" Avenue where the drainage passes
through a culvert beneath 353" Avenue (see Figure 1 on the following page). There was no
liquid present in the drainage between 153" Avenue and the feedlot. A small pool of liquid was
present in the drainage along the east side of 353" Avenue. This pooled liquid is approximately
0.25 miles downstream from the Mayer Ranches feedlot. The origin of the pooled liguid in the
drainage along the east side of the 353" Avenue was not known and there are runoff areas other

Page 1 of 2




than the feedlot between the feedlot and the pooled liquid that could have contributed to this
pooled liquid, so water quality samples of the liquid were not obtained.

Photographs taken during the inspection are found in Attachment A.

Figure 1: Mayer Ranches Feedlot Inspection Aerial Photograph

Inspection Findings and Conclusions:
The Mayer Ranches feedlot is a pern'litted 999-head feedlot with a manure containment system
designed to contain the runoff from the feedlot. Evidence of the feedlot causing manure runoff

into the drainage along the south side of the feedlot was not found.

Following the feedlot inspection, the-department inspector:met-with the:complainant to-discuss®
the submitted complaint and explained the inspection findings.

Page 2 of 2
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2101 West 41st Street f’}f” “
o . . AT 4L )
Suite-2000 :

Stacey R. Hennen
Associaie

shennen @sanplaw.com _ PO. Box 495

L .. " Sioux Falls, South Dakota 57101
" Fagg,, aééw; g & SW - ' ’ (605) 339-1020.
‘ ) ' : o - TELBRAX: (6035) 334-6630

Counselor at Law o R rsamp @samplaw.com
- o ‘ © MOBILE: {605) 366-1535 24 Hrs,

9 October 2013 .

‘Shaun McGrath

Regional Director

US Environmenta] Protectlon Agency -
"Region. §

1395 Wynkoop Street

Denver, CO.80202-1129

Re:-  Glenn Mayer -
Dear Director:

We represent Glenn Mayer who is Beirig continually damaged by an adj acent’
cattle feed lot allowing drainage into Crow Creek, South Dakota.

- As you'll note; the State of South Dakota has some confusion as to their’ _
Junsdlcuon My work on the Crow Créek Inchan Reservation mdmates that Crow Creek
is under JIlI‘lSdlCUOIl of the EPA

As you'll see in the énclosed: correspondence the State of Soiith Dakota has
willfully neglected enforcm.g its tules on this pollution. My client has done a cond deal
of water sampling to prove the damage to the creek and his stock. dam. ’

‘We would ask- the EPA to take Junsdletlon over this case assertmg its rlghts OVEr
Crow Creek :

Among other problems, you will ﬁnd the hlgh coneentrahon of E. coli in thls
creek which is a danger to not only ) my client and his family but also members of the
Crow Creek Indian Reservatlon for which EPA has jurisdiction and a legal obligation to _
protect »

' Thank you for reviewing this. 1




Pegensl

A Smcerely yours

/Rollyn H Samp

RHS/j

Enclosures
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S e UNITED STATES ENVIRONMENTAL PROTECTION AGENGY
y ‘ REGION 8 '
1595 Wynkoop Street
DENVER, CO  80202-1129
Phone 800-227-8917
http:llwww.epa.govlregionDB

NOV 0 & 2013

"
0 @
Y qpmect

Ref: ENF-W-NP

Glenn Mayer
606 South Merrill Street
Chamberlain, SD 57325

RE: Mayer Ranch Complaint dated October 9, 2013
Dear Mr. Mayer,

Thank you for contacting the Environmental Protection Agency (EPA) Region 8 about your
concerns regarding Mayer Ranch in Pukwana, South Dakota. The EPA has reviewed the material
mailed in your complaint (enclosed) regarding Mayer Ranch. The South Dakota Department of
Environment and Natural Resources (SDDENR) regularly inspects the Mayer Ranch under their
Concentrated Animal Feeding Operations (CAFO) program. Inspections were conducted on July
21, 2008; January 24, 2009; December 6, 2011; and September 25, 2012, and no significant
deficiencies were found. . :

Mayer Ranch has coverage under the South Dakota’s General Water Pollution Conirol Permit
(General Permit) for Concentrated Animal Feeding Operations (CAFO). The facility is currently
permitted for a maximum of 999 head of beef cattle. The SDDENR has approved the plans and
specifications for an expansion of the feedlot to increase the number of cattle to a maximum of
1,974 head of beef cattle. The EPA sent Mayer Ranch the perinit application documents to
acquire permit coverage from the EPA. Once the EPA receives the completed permit application
documents, nuftient management plan, and has reviewed the documents; the EPA can issue the
permit for Mayer Ranch. If Mayer Ranch obtains permit coverage from the EPA, South Dakota
will then terminate its General Permit coverage for the feedlot,

Please contact me or my staff directly if you would like to discuss your concerns further, The
most knowledgeable person on my staff is Seth Draper. He can be reached at (303) 312-6763. If
you have NPDES permitting questions, please contact Qian Zhang (303) 312-6267. Thank you
again for your time and effort to ensure environmental compliance.

Sincerely,

Vaier Technical Enforcement Program
Dffice of Enforcement, Compliance and
Environmental Justice

‘Ce: Kelli Buscher, SDDENR

Kent Woodmansey, SDDENR @
, ' : Printed on Recycled Papsr




2101 West 41st Street
~ Suite 2000
- P.O. Box 495
Sioux Falls, South Dakota 57101

W SW - (605)33510‘20

_ .  TELEFAX: (605) 334-6630
Counselor at Law - _Tsamp(@samplaw,com
MOBILE: (605) 366-1535 P Hrs.

Stacey R. Hermen
Associate

. shennen@samplaw.com

13 June 2014

Glenn Mayér

606 S Memiil St
Chamberlain. SD. 57325
Re:  EPA Compiainf |
Dear Glenn;

Enclosed is a 1‘esponse I received from EPA,

I also received a call from Senator J ohnson’s office, They are plannmg to do a follow-up-
as to the lack 01 responswencss : :

[ will fet you know when I hear more. -

Sincerely yours,

- RHS/j




UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 8
1595 Wynkoop Street
DENVER, CO 80202-1128
Phone 800-227-8917
hitp: /'www .epa.gov/region08

Ref: ENF-W-NP JUN 0 &4 701

Rollyn H. Samp

2101 West 41% Street, Ste 2000
PO Box 495

Sioux Falls, SD 57101

RE: Mayer Ranch Complaint dated May 6, 2014
Dear Mr. Samp,

We have received and thoroughly evaluated all information provided by your client, Mx. Glenn
Mayer regarding his concerns about the Mayer Ranch in Pukwana, South Dakota.

After carcful review, we determined that the information provided did not show a clear
indication of a violation, in particular, a discharge to Crow Creek. Absent definitive evidence of
a discharge to Crow Creek, EPA’s CATO program can take no further action. In addition,

as noted in our November 4, 2013 response, the South Dakota Department of Environment and
Natural Resources (SDDENR) regularly inspects the Mayer Ranch under their Concentraied
Animal Feeding Operations (CAFO) program. Inspections were conducted on July 21, 2008;
Tanuary 24, 2009; December 6, 2011; and September 25, 2012, and no significant deficiencies
were found. '

Please contact me or my staff directly if you would like to discuss your concerns further. The
most knowledgeable person on my staff is Gwen Campbell. She can be reached at (303) 312-
6463. If you have NPDES permitting questions, please contact Qian Zhang (303) 312-6267.
Thank you again for your tiine and effort to ensure environmental compiiance.

% o Palomares, Director

Water Tgchnical Enforcement Program
(Bffice pf Enforcement, Compliance and
\Envifonmental Justice

Ce: Kelli Buscher, SDDENR
Kent Woodmansey, SDDENE

Printed on Recycled Paper




Page 1 of 1

The Mayer's

From: - Troy.Roth@state.sd.us

Sent: Tuesday, August 14, 2012 10:50 AM
To: mayer@midstatesd. net

Subject: Information Request 1

Attachments: 1208 Information Request Response Letter Glen Mayer.pdf; Mayer Ranches LLG Expansion Plan Sheet 1
of 2.pdf; Mayer Ranches LLC Expansion Plan Sheet 2 of 2.pdf

Mr. Mayer:

| am attaching a letter regarding your information request and a copy of the expansion application for
Mayer Ranches LLC. Two more parts of the engineering report will be attached in a follow up
emails.

The General Permit, a copy of the complaint formn, and other related information can be found here;

hitp:/fdenr.sd.govides/sw/cafo.asnx

You may send written comments about the permit application to the foliowing address:

PMB 2020

Joes Foss Building
523 East Capitol
Pierre, SD 57501

Piease feel free to contact me if you have any guestions.

Troy Roth

Natural Resources Engineer

South Dakota Dept. of Environment and Matural Resources
Surface Water Quality Program

(B805) 773-3351

11/5/2012
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DEPARTMENT of ENVIRONMENT

and NATURAL RESOURCES

JOE FOSS BUILDING

A 523 EAST CAPITOL
GREAT FACES. CREATPLACES, PIERRE SOUTH DAKOTA  57501-3181

January 14, 1998

Lynu Mayer
RR 01, Box 56
Pukwana, SD 57370-9625

RE:  Lynn Mayer Manyre Management System
Plans and Specifications - Comment Letter

Dear Mr. Mayer: '

Thank you for submitting the plans and specifications for your cattle feeding operation in Buffalo County.

Your system will consist of piping, diversion dikes or channels, a sediment basin, and an evaporation pond

for 1,900-head of cattle, The sediment basin: has been designed: for 270 days of solids storage. The-———
evaporation pond has been designed for a minimum of 365 days of liquid storage capacity.

We have reviewed the plans and specifications and require additional information before we can approve
the plans and specifications and issue the certificate of compliance. Please submit information addressing
the following items:

1. Nutrient Management Plan

A nutrient management plan was not submitted with your plans and specifications. A nutrient
management plan' mist be submitted for review and approval prior to plans and specifications

. approval. The nutrient management plan must account for both the solids in-the sediment basins. and
lots and the liquids that may be applied from the pond. The nutrient management -plan must include
legal locations, maps, and a description of the predominant soils of the proposed application sites. The
nutrient management plan must also include appropriate set back distances from drainages, wetlands,
crecks, wells, etc,

The plans and specifications indicate, if pumping of the ¢vaporation pond is necessary, the manure
water will be applied to cropland in accordance with the approved nutrient management plan and the
operation and maintenance guideline 312. The nutrients in the manure water must be included in the
nutrient management plan,

2. Groundwater Monitoring

Based on the soil boring logs and other published reports and information concerning  area
hydrogeology, it appears the site is not located over a shallow aquifer. Therefore, ground water
momitoring or a Ground Water Discharge Permit will not be required. However, should the design or
operation of the facility change appreciably, new hydrogeological information become available, or any
contamination problems be reported, DENR rescrves the right to reassess the need for ground water
monitoring, a Ground Water Discharge Permit, or possible remedial action, ' |




Lynn Mayer

December 22, 1997

Page2

3. Stock Piling of Manure

DENR is aware that feeding operations of this type usually have to stock pile manure on a temporary
basis, especially to prevent application of manure on snow covered or frozen ground or during other
inclement weather conditions. If you will be stock piling manure at this facility, then you must have a

. properly designed and. DENR-approved stock piling site(s). Another alternative, is to stock pile the
manure within the seditment basin lot area so that runoff will enter the proposed pond. Proposed stock
piling sites must be shown on the plans.

4. Set Back Requirements

Land application sites must be located at least 150 feet from private wells owned by you, 250 fect from.
private wells not owned by you, and 1,000 feet from any public water supply well. These buffer zones.

cannot be mcluded as part of the land application acreage. These set back distances also apply to the
manure management systetr.

" 5. Notifications

All local, city,
prior to constru

and county governmental agencies must be contacted for their approval or comments
ction of the manure management system. If a stream, lake, or wetland will be dredged

or filled during the construction of the feeding operation, then you need to contact the United States
Corps of Engirieers at (605) 224-8531 prior to construction of the manure management system.

Thank you for your cooperation. We look forward to receiving this additional information so we may
complete the review of your plans. If you have any questions, please feel free to contact us at the numbers

below.

Sincerely,

_ L bl
W (Ll ey nen

Natural Resource Engineer Hydrologist
Air & Surface Water Program . Ground Water Quality Program
Phone (605) 773-3351 Phone (605) 773-3296

ce: Ken Read, AE, NRCS, Brookings, SD
Buffalo County Comimissioners

R&C/Z Yo, 0“-'F‘7;f¢/




DEPARTMENT of ENVIRONMENT
and NATURAL RESOURCES

" JOE FOSS BUILDING
523 EASTCAPITOL
PIERRE, SOUTH DAKOTA 57501-3181

www.state.sd.us{denr

" s s

October 12, 1999

Lynn Mayer
Rt. 1, Box 56
Pukwana, SD 57370-9625

RE: ' Lynn Mayer Manure Management Systern
Revised General Permit Application Review

- Dear Mr, Mayer;

The Department of Environment and Natural Resources has received three revised copies of your
application for coverage under the General Water Pollution Control Permit for Concentrated Animal
Feeding Operations. The manure management system is located in the Northeast % of Section 20,
Township 106 North, Rauge 69 West in Buffalo County, South Dakota.

Your manure management system is for an open lot for 999-head (999 animal units) of feeder cattle.

Your system consists of piping; diversion dikes or channels, a sediment basin, a holding pond, and 8.63

acres of drainage arca. The designed capacily of the sediment basin is 180 days of solids storage. The
_ designed capacity of the holding pond is 365 days of liquid storage. '

We have reviewed and hereby conditionally approve the revised plans and specifications for your project.

. This approval expires on October 12, 2001, unless construction of the manure management system has
been started by that date. Requirements that you must implement are listed on the attached page(s).
Failure to implement the requirements on the following page(s) prior to operation of the manure
management system will invalidate this approval.

Two copies of the approved revised plans and specifications are being retamed for our files. If any
deviations are required from the approved revised plans, then those changes and all change orders must -
be submitted for approval prior to construction. A complete set of as-built plans will be required if several

major deviations result.

Upon completion of construction, the enclosed Notice of Completion must be returned to the department.
The manure management system cannot be used to store manure until the department issues final
permit coverage and a Certificate of Compliance. Continued compliance is dependent upon you
performing proper operation and maintenance activities. You will be liable for any noncompliance with
applicable South Dakota environmental laws or regulations. ‘




Lynn Mayer
October 12, 1999
Page 2

Our review is primarily to assure that the system meets the requirements of the general permit and does
not cover items such as, quality of material, structura] soundness, electrical, and mechanical design
features. Approval of the plans and specifications does not in any way release you from thie responsibility
of ensuring that the project will be an operable facility when construction is completed.

For more information on this review and approval please see the attached page(s) of requirements. If you
have any questions regarding the content of -this letier, please feel free to contact Rodger Seefeldt,

Surface Water Quality Program at 605-773-3351 or Tom Brandner, Ground Water Quality Program at
605-773-3296. Thank you for your cooperation.

Sincerely,
| Q?,,,,_Q L LDk A%,
Raymohd F. Birchem, PE
Staff Engineer :
Department of Environment and Natural Resources

- Phone: (605) 773-3754

cc: Ken Read, PE, NRCS, Brookings, SD
. Buffalo County Commissioners

Fonrd spjs. 5F s,




DEPARTMENT of ENVIRONMENT
and NATURAL RESOURCES

JOE FOSS BUILDING
523 EAST CAPITDL
PIERRE, SOUTH DAKOTA 57501-3182

www state.sd.us{denr

o G s

May 25, 2000

Lynn Mayer
Rt. 1, Box 56
Pukwang, SD 57370- 9625

Re: Lynn Mayer Manure Management System
Plans and Specifications

Dear Mr. Mayer:

The Department of Environment and Natural Resources (DENR) reviewed and conditionally approved
your plans and specifications on October 12, 1999. In the approval letter, additional information was
required to be submitted so we could complete your conditional approval.

We received three copies of the revised Operation and Maintenance 312 guideline plus three eopies of an
operations and maintenance requirements sheet on May 12, 2000. We have reviewed the submitted
information and concur with this information. In order for us to complete your conditional approval, the
items listed on the attached page must still be addressed. :

Two copies of the revised operation and maintenance gu1delme and operation and mamtenance
requirements sheet are being retained for our files. :

Please replace the operation and maintenance guideline in your plans and specifications bookiet with the
enclosed revised operation and maintenance guideline. Also, please add the enclosed operation and
maintenance requirements sheet into your plans and specifications booklet. If you have any questions
regarding the content of this letier, please feel free to contact me, Thank you for your cooperation.

Rodger A. Seefeldt

Natural Resources Engineer
Surface Water Quality Program
Phone: (605) 773-3351

cc: Ken Read, PE, NRCS, Brookings, SD
Buffalo County Cotnmissioners

Doned 5 242000




Lynn Mayer
May 25, 2000
Page 2

Requirements

1. Feeding Operation Water Source(s)

Your submittal indicates there are no wells within 1,000 feet of the manure management system. You
must supply the department with any and all sources of water to be used in your feeding operation.
You must include the amount to be used and the maximum diversion rate from each source. If you
plan to construct a well to supply water to your feeding operation, the location of the well(s) relative

to the manure management system and the feeding operation must be submitted to the department for
review and inclusion in our files.

2. Water Rights Permit

Depending on your water usage, you may need to obtain a water rights permit. Once you have
submitted the required information concerning the water sources(s), amounts, and diversion rates to
be used in your feeding operation, the department can determine if a water rights permit is required.
Information concerning this permit can be obtained by calling Eric Gronlund at 605-773-3352.




Eocfnt IE= S = O

DEPARTMENT of ENVIRONMENT
and NATURAL RESOURCES

- PMB 2020,
JOE FOSS BUILDING
523 EAST CAPITOL
PIERRE, SOUTH DAKOTA 57501-3182

www.state.sd.us/denr

7 oo g, e s

December 12, 2005

Lynn Mayer

Mayer Ranchers, Inc.

RR 1, Box 56

Pukwana, SD 57370-9625

RE:  Mayers Ranchers, Inc. Manure Management System
' Phosphorus Based Nutrient Management Plan Review

Dear Mr. Mayer:

The Department of Environment and Natural Resources (DENR) has received four copies of the
phosphiorus based nutrient management plan for your operation. Your operation was permitted on May 9,
2001, (Permit number SDG-0100014) under the General Water Pollution Control Permit for
Concentrated Animal Feeding Operations, The manure management system is located in the Northeast V4
of Section 20, Township 106 North, Range 69 West in Buffalo County, South Dakota.

Your manure management system is for an open lot for 999-head of beef cattle. Your system consists of
piping, diversion dikes or channels, a sediment basin, a holding pond, and 8.63 acres of drainage area. The
designed capacity of the sediment basin is 180 days of solids storage. The designed capacity of the holding
pond is 365 days of liquid storage.

We have reviewed and hereby conditionally approve the phosphorus based nutrient management plan for
your operation. Requirements that you must implement are listed on the attached pages. Two copies of the
approved phosphorus based nutrient management plan are being retained for our files. You are responsible
for contacting your local planning and zoning office to determine if there are any local ordinances or
requirements with which you need to comply.

If you have any questions regarding the content of this letter; please feel free to contact Kathy Heinemann,
Surface Water Quality at (605) 773-3351. Thank you for your cooperation,

Sincerely,

A

Kent R. Woodmansey, PE
Natural Resources Engin 2 Director
Surface Water Quality Program

. cc:  Eric Barsness, Agronomist, NRCS Mitchell
Buffalo County Commissioners




Lynn Mayer .
Mayer Ranchers, Inc.
December 13, 2005
Page 2 of 3
REQUIREMENTS

The following requirements must be implemented. Failure to implement these requirements will
invalidate this approval.

General Permit

You will be required to operate your feeding operation and manure management system in
accordance with the requirements in the animal general permit.

1. Nutrient Management Plan

A. Manure Land Application Agreements

Upon verifying land ownership with the Buffalo County- Director of Equalization, we have
determined that Field’s T93 FI and 794 F2 are located on tribal and/or allotted land, and not
owned by William Stoll, as specified in the submitted lease agreement. Before these fields
can be approved for the land application of manure, a lease agreement must be submitted to
the department for review and approval. As required by the general permit, you must submit
written lease agreements between you and the legal landowner(s) for any manure application
fields not owned by you. The written agreement must include the ficld identification, the
legal location, the number of acres available for manure application, the length of the
agreement for manure application, and the printed name and signature of the landowner. The
Burcau of Indian Affairs (BIA) may be able to assist you with submitting this information. If
you feel there is an error in the ownership of the fields listed above, please contact the
Buffalo County Director of Equalization office to correct the error and also submit proof of -
ownership to the department. ‘ )

B. Annual Soil Testing

Annual soil samples are required on all manure land application arcas submitted with the
proposed nutrient management plan, The soil samples must be taken according to the table
on the following page and are only required when manure application occurs. All fields ,
require soil samples from 0 to 2 feet.

C. Nitrogen Based Manure Application

As indicated in your initial nutrient management plan, manure application on the following
fields may be based on nitrogen need as determined from Table 2, on page 29 of the general
permit. Please refer to Table 2, on page 29 of your permit prior to land application, to
determine the proper procedure for calculating the appropriate application rate for each
specific field.




Lynn Mayer \

Mayer Ranchers, Inc.

December 13, 2005 ’

Page 3 of 3 REQUIREMENTS CONTINUED

Mayer Ranchers, Inc. —Approved Nitrogen based Manure A pplication Ficlds
Line Field County Legal Description Available Soil Sampling
# Number Acres 0-2 feet 2-4 feet
1 T63 F1 Buffalo $ 172, Sec. 8, T106, R69 105 \’
2 T63 F2 Buffala S 1/2, Sec. 8, T106, R69 59 +
3 T65 F1 Buffalo SE 1/4, Sec. 17, T106, R69 133 +
4 T74 F1 "Buffalo W 1/2, Sec. 20, T106, R69 196 V
5 T68 FS Buffalo . E1/2, Sec. 20, T106,R69 205 y
6 T69 F1 Buffalo NW 1/4, Sec. 21, T106, R69 70 V¥
7 T93 F1 Buffalo” NW 1/4, Sec. 28, T106, R69 77 +
8 T94 F2 Buffalo SW 1/4, Sec. 29, T106, R69 70 ¥
9 T70 F2 Buffalo E 1/2, Sec. 30, T106, R69 188 +
10 T70 F8 Buffalo NW 1/4, Sec. 30, T106, R69 54 \’
i1 T91 F1 Buffalo NW 1/4, Sec. 32, T106, R69 155 y
12 T92 F2 Buffalo NW 1/, Sec. 33, T106, R69 104 +
13 | T92FI1I Buffalo SW 1/4, Sec. 33, T106, R69 136 ¥
Total Nitrogen Acres 1405

However, because your operation existed prior to February 12, 2003, and you arc not
expanding, you may use a nitrogen-based nutrient management plan until December 31,
2006, when the phosphorus-based portion your nutrient management plan will become
effective.

Phosphorus Based Manure Application

As indicated in your initial nutrient management plan, there are no fields that
currently require manure application to be based on crop removal of phosphorus, However,
this determination may change in the future. Please refer to your nutrient management plan
for'the estimated time it will take to build your listed fields up to 50 ppm of phosphorus
and Table 2, on page 29 of the general permit, for the proper manure
application determination. You may need additional land in the future in order to apply to
your fields based on phosphorus removal at that time.

2. Setback Distances

The manure management system and the application sites must be located at least 150 feet from
a private well owned by you, 250 feet from a private well not owned by you, and 1,000 feet from
any public supply well or other public drinking water source. These setback distances from
identified wells cannot be included as part of the land application acreage.
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DEPARTMENT of ENVIRONMENT
and NATURAL RESOURCES
X PMB 2020
JOE FOSS BUNDING
§23 EAST CAPITOL

PIERRE, SGUTH DAKOTA 57501-3182
denr.sd.gov

CheaTEnces, e PLACES

October 10, 2012

Lynn Mayet

Mayer Ranches Inc.

23438 Pheasant Lane ‘
Pukwana, SD 57370-9625

Re:  Mayer Ranches Inc. Manure Management System Expansion
Plans and Specifications Review

Dear Mr. Mayer:

The Department of Envitonment and Natural Resources has reccived four copies of the plans and
specifications for the proposcd expansion to your existing Concentrated Animal Feeding Operation,
You originally received permit caverage under the General Water Pollution Control Permit for
Concentrated Animal Feeding Operations (General Permit) on May 9, 2001

Your permitted manure management system is located in the Noriheast ' of Section 20, Township
106 North, Range 69 West in Buffalo County, South Dakota. The permilted manure management
system is for an apen lot feeding a maximum of 999-head of beef cattle. The system consists of
piping, diversion dikes or channels, a sediment basin, a holding pond, and 8.63 acres of drainage
arca. The designed capacity of the sediment basin is 180 days of sulids storage. The design capacity
of the holding pond meets the requitements of the general permit and has at least 365 days of liquid
storage capacity,

The proposed expansion will be located east of the existing system in t he Northeast ¥4 of Section 20,
Township 106 North, Range 69 West in Buffalo County, South Dakota. The proposed expansion is
for new open lots feeding an additional 975-head of beef cattle, for a maximum of 1,974-head of
beef cattle at the aperation. The proposed sysiem consists of piping, diversion dikes or channels, two
sediment basins, one holding pond, and 9.76 acres of drainage area. The designed capacity of the
cach sediment basin is 61 days of solids storage. The design capacity of the holding pond meets the
requirements of the general permit and bas at least 365 days of liquid storage capacity. A valved pipe
will be installed from the southeast corner of the existing holding pond to the wust end of the west
sediment basin in the ncw system. The valved pipe will be used to transfer liquid from the west pond
to the new hofding pond.

We have reviewed and hereby conditionaily approve the plans and specifications for your proposed
expansion, This approval expires on October 10, 2014, unless gonstruction of the revision to your
manure management system has been staried by that date. Requirements that you must impiement
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Lynn Mayer

Mayer Ranches Inc.
October 10, 2012
Page 2 of 3

are listed on the attached pages. Failure to implement the requirements on the following pages prior
to pperation of the manure management system will invalidate this approval.

Two ci::pies of the approved plans and specifications are being retained for our files. If any deviations

are required from the approved plans, those changes and all ¢hange orders must be approved by the
be tequired if any major

department prior to construction. A complete set of as-built plans will
deviations result.

Upon completion of construction of the proposed expansion, the enclosed Notice of Completion

must be returned to the department. The proposed lot arcas and holding pond canmot be

populated or used to store manure until the department issues final permit coverage and an

amended Certificate of Compliance. Continued compliance is dependent upon you performing
proper operation and maintenance activities. You will be ligble for any noncompliance with

applicable South Dakota enviropmental laws or regulations.

Our review is primarily to assure that the system meets the requirements of the general permit and
does not cover items such as, quality of material, structural soundness, clectrical, and mechanical
design features. Approval of the plans and specifications does not in any way release the producet

from the responsibility of ensuring that the project will be en operable facility when construction i

completed.

If you have any questions regarding the content of this letter, please feel free t0 contact Troy Roth,
Surface Water Quality Progtam at (605} 773-3351, Thank you for your gooperation.

Sincerely.

Enclosures:  Notice of Intent Form
Construction Schedule Posteard
Notice of Completion Form

cc:  Brad Woerner, PE, Eisenbraun & Associates, Yankton, sD
Buffalo County Commissioners
Amy Clark, EPA —Region 8 (§P-W-GW)

PAGES
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Lynn Mayer

Mayer Ranches Inc.
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REOQUIREMENTS

The following requirements must be implemented before we will issue an amended Certificate of
Compliance and coverage under the gencral permit. Failure to implement these requirements will
invalidate this approval.

Plans and Specifieations

The plans and specifications review is to determine whether seepage, storage, and othcr design
requirements will be met.

1.

Maximum Operating Marker

Plan Shect | does not indicate the location of the maximum operating marker in the halding
pond. Please have your engincer include the location of the maximurn operating marker on the
as-built pluns, :

Transfey Pipe

The invert elevation of the transfer pipe from the west holding pond to the west sediment basin
for the new holding pond system appears to above the maximum operating level elevation for the
west holding pond. Also the project cover letter indicates that the purpose of the pipe is to allow
the operator to drain a portion of the west pond into the new pond when the system is being
dewatered. With the transfer pipe in the current configuration, no water will be able to be
transferred during normal operation of the holding pond. The department recommends that the
invert elevation of the transter pipe in the west holding pond be at or below the maximum
operating lovel for that holding pond. If the pipe is submerged during narmal operation a
pressure test of the transfer pipe will be required. A permeability test of the disturbed arca of the
liner will also be required if the pipe is placed below the maximum opetating level. The pipe
leakage test and permeability tests may be submitted with the as-built plans if they are necessary.

Compaction Specification

The specifications indicate that soil compaction shall be ninety-five percent (95%) of the
maximum dry density, optimum moisture plus or minus 3%, Part 1.4.3.4.4 of the general permit
states that soil compaction for liners shall be constructed at 95 percent of standard proctor
density at optimum moisture content plus or minus two percent or according to the
recommendations of the soil testing laboratory, Please consult with your engineer and revise the
specifications as necessary. The revised specifications may be submitted with the as-built plans.
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Ceneral Permit

You will be required to operate your feeding operaﬁdh’ and mahure management Sys(em in
accordarice with the réquirements in the getieral permit.

1. Operation and Maintenance Guideline

A revised operation and maintenance guideline will need to be submitted that addresses the
operation of the pipe and valves connecting the west hoiding pond to the west sediment basin for

the new holding pond.
3 Revised Notice of Intent Form

To complete your application for caverage under the General Water Pollution Control Permit
for Concentrated Animal Feeding Operations, you wilt need to submit the revised Notice of
Intent Form. To make it as quick and easy to complete as possible, we have filled out most of the
form for you with information we have in eur files. Please correct amy incorrect information
on the form, sign and date it, and return it to DENR.

3. Cround Water Monitoring

Based on the system design, soil boring logs, and other published reports and information, the
proposed system does not appear to overlie & shallow aguifer and should not impact ground
water. Therefore, a Ground Water Discharge Permit or ground water monitoring will not be
required. Should the design or operation of the facility change appreciably, ncw hydrogeological
information become available, or any contamination problems be reported, the departinent
reserves the right to reassess the need for possible remediation, monitoring of ground water, or &

Ground Water Discharge Permit,

4. Notification

Construction_Schedule - You or your engineer must notify the depariment of the proposed
construction schedule for your project to allow our personnel the opportunity for construction
inspections, Please #ill out the cnclosed posteard and return it to us prior 10 beginning
construction of the expansioi, If any of the dates change from the ones submitted on the
postcard, please notify us at (605) 773-3351 and ask for Troy Roth.

Other Goyetnment - You are responsible for contacting your {ocal planning and zoning office 10
determine if there are any local ordinances or requirements with which you need to comply. If a
stream, lake, of wetland will be dredged ot filled during the construction of the feeding
operation, thent you need to contact the United States Corps of Engineers at (605) 224-8531 priot

to construction of the manure management syster.

Notice of Completion - The Notice of Completion fortn must be completed by your engineer and
returned to the department when constraction of the manure management system is compiete.
The department cannot issue you an amended Certificate of Compliance and coverage under the
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Lynn Mayer

Mayer Ranches Inc.,

October 10, 2012

Page 5of'5 REQUIREMENTS CONTINUED

general permit for the expansion until we receive a Notice of Corpletion. The proposed iot
arcas and holding pond cannot be populated or vsed fo store mapure until the department
issues final permit coverage and an amended Certificate of Compliance,

5. TField Addition Requirements

To add fields to your approved phosphorus-based NMP, you must submit the required
information for each additional ficld to the department for our review and approval. Required
documentation includes the caloulation of a RUSLE value for each field to be added. Information
on adding fields to your approved phosphorus-based NMP may be obtained from yout local
NRCS office. You may also contact us for assistance at (605) 773-3351, ot visit our website at
http://denr.sd oov/des/swifieldaddilionsaspx for instructions on adding fields. You may not
apply manure to any fields not included in your approved phosphorus-based NMF.

6. Other 'ermits That May or Will Be Required

Storm, Water Pertnit - Since the construction of your project disturbs more than one acre in total
land area, a general storm water construction petmit is required. This permit must be obtained 15
days prior to starting consteuction. As part of the requirement for obtaining coverage under this
permit you must develop and implement a poliution prevention plan. Information concerning this
permit and the pollution prevention plan can be obtained by calling Andrew Renner at 1-800-
737-8676. A copy of this plan must be kept on site during construction for review by DENR

inspectors,

Water Right Permit - Depending on your water usage, you may need (o obtain a water rights
permit. You must submit information regarding the source(s) of all water to be used in the
operation of your manure management system. You must include the average and maximum
daily volumes of water to be used from each source. The water volumes must include all waler
usage such as water for consumption, washing, misters, milk cooling, overflow watering systems,
cooling, dust control, etc. Information conceming this permit can be obtained by calling Eric
Gronlund at (605) 773-3352, Please contact Eric so he can assist you in determining if you
need to obtain a water rights permit,

Permit to Occupy Right of Way - If manure application will invalve placing hoses or other
equipment in a state highway right of way (for example, in a road ditch or through a culvert), you
musl first obtain & Permit to Occupy Right of Way. Application for this permit may be made
through the local South Dakota Department of Transportation area office. Contact your local 8D
DOT area office for more information on this permit. In addition, please contact your county
highway superintendent lo determine if your county has similar requirements.
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- . STATE OF SOUTH DAKOTA
: DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES
COMPLAINT FORM

South Dakota law provides that:

“No inspection or other action pursuant to sections 34A-2-40, 34A-2-44, or 34A-2-45 that is based on,
or is the result of a complaint or the provision of information by a member of the genera! public may
be carried out unless the person making the complaint or providing the information signs the
complaint. The complaint shall remain confidential with the board and the secretary.” (South Dakota
Codified Laws 34A-2-111).

In conformity with the provisions of SDCL 34A-2-111,1, Glepn J. a_.l?g _, hereby
register the following complaint regarding the violation of our state Water Pollution Control Act:

LOCATION OF VIOLATION (plme priut):
] o d :

B Fful® Cowﬁry

FACTS ALLEGED TO CONSTITUTE THE VIOLATION (use back of page or second sheet if

you need more room — please prinf): .
. L _TooK  the L‘\_JM Sewple FRom, ~p watel,
A +he dRaw +/u bo fow _4hg £ .

By signing this form, I certify that the information included on this form is, to the best of my
knowledge and belief, true, accurate, and complete.

I declare and affinn under the penaities of perjury that this claim (petition, application, information)
has been examined by me, and to the best of my knowledge and belief, is in al things true and correct.

Dated at ¢ by bonde o o South Dakota this Im day of J Wl .20 OF .

Gleaw I MaleR,
Complainant Name (Please Print)

Gos 234 (S oS 7230 (281
Complainant telephone Number (required)

AL

Complaigant Signature

PURSUANT TO SDCL 1-27-3 AND 34A-2-111 THIS DOCUMENT IS NOT A PUBLIC RECORD
SUBJECT TO OPEN INSPECTION AND SHALL BE SEPARATELY MAINTAINED AND HELD

CONFIDENTIAL.




Oscar E. Oison Biochemisiry Laboratories

South DakOta Analytical Services Laboratory
State University Socarm i 133450

Telephone: {605) 6886171
FAX: (605) 6656295
WEB: hitp:/fanserv.sdstate.adu

Report of Analysis
GLENN MAYER Reported: 05/16/2008
608 S MERRILL Recoived: 05012008
CHAMBERLAIN, SD 57325 ecelved:
08S-06319 WATER WITH MANURE CONTAMINATION
Ammonia Nitrogen, mg/L (ppm) 2.76
Total Kjeldahl Nitrogen (TKN), mg/L (ppm) 4.84

Total Phosphorus, mg/L (ppm) 2.01

Reviewed By: “Nancy Tﬁx 7

CC: WATER RESOURCES INSTITUTE
SDSU AE 211 BOX 2120
BROOKINGS, 8D 57007

DGQU@; Ged Mo s0se colled onbd  exPlocuad
T e 1FOH-@W\ruﬂ:

Plospholus /o T/;’?\AQ,J a0 R

Atineorso rettROGor fe?d TI:"MZ.S woRboa ]
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. STATE OF SOUTH DAKOTA
DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES
COMPLAINT FORM

South Dakota Jaw provides that:

“No inspection or other action pursuant to sections 34A-2-40, 34A-2-44, or 34A-2-45 that is based on,
or is the result of a complaint or the provision of information by a member of the general public may
be carried out unless the person meking the complaint or providing the information signs the
complaint. The complaint shall remain confidential with the board and the secretary.” (South Dakota

Codified Laws 34A-2-111).

In conformity with the provisions of SDCL 34A-2-111,1,  G/p wpar Murle R , hereby
register the following complaint regarding the violation of our statc Water Pollution Conirol Act:

LOCATION OF VIOLATION (please print): |
BYa Avw iy ol wpYy Seehiens AU fol -6 RuFFulo Coudy

FACTS ALLEGED TO CONSTITUTE THE VIOLATION (use back of page or second sheet if
you need more room — please print): ,

(woad LR  Ruw 0FF Comisg Aoposs Aod Ehog oyl pany
\})Qﬂ;ﬁ‘o—bid IS h\'g hiy Cﬂm/‘f-a,mia_»_;ﬂ& Wb Al dsss fdu"‘-fd\{tiv
Tho oLd  PH Qﬁ’pl.ai{»ﬁ:. Thote Resw(bS cows Foow Sbhsec Lok,
Wt Rasas Afdacled Twd Sepradbe  Souplet weps Lafen
Bf oA _pbopsedy Clag B 0 dowarsflesn, e  haue a9 Loabestock
ol Aowr have bagr pposal O MY PPiponty Fob Souupal

Vs Fegbyord Cogoa AppRox /1 mll ot CpsiReam v
this ite

By signing this form, 1 certify that the information included on this form is, to the best of my
knowledge and belief, true, accurate, and complete. ,

1 declare and affirm under the penalties of perjury that this claim (petition, application, information)
has been examined by me, and to the best of my knowledge and belief, is in all things true and correct.

C h, Gurl, Iamél O VA .
Dated at Q-3 ~,South Dakoiathis__ 2.3 dayof__ o0c| 2008 .

Clarv I b ayol

Complainant Name (Please Print)

GoS_ 23Y¢ hsab
Complainant telephone Number (required)

AL Avagn_

Complainafit Siknature

PURSUANT TO SDCL 1-27-3 AND 34A-2-111 THIS DOCUMENT IS NOT A PUBLIC RECORD
SUBJECT TO OPEN INSPECTION AND SHALL BE SEPARATELY MAINTAINED AND HELD

CONFIDENTIAL.




South Dakota
State University

Oscar E. Olson Biochemistry Laboratories
Analytical Services Laboratory

Box 2170, Rm. 133 ASC
Brookings, SD 57007-1217
Telephone: (605) 688-6171
FAX: (605) 6B8-6295

WERB: http://anserv.sdstate.edu

Report of Analysis
GLENN MAYER Reported; 10/08/2008
606 S MERRILL Received. 09/30/2008
CHAMBERLAIN, SD 57325 ecelved:

S w N L If'i'j it -nﬂ !} 4\53“‘3

088-18270 WATER #1 HCLDING PCKD €1 ag
Ammonia Nitrogen, mg/L (ppm) 1.21 ; ;
Total Kjeldah! Nitrogen {TKN}, mg/L {ppm) 3.82 ‘ o
Total Phosphorus, mg/L (ppm) 1.28 L0y 0 ;Z‘,&Ew Tty
085-16271 WATER #2 HOLDING POND
Ammeonia Nitrogen, mg/L. {(ppm) 0.896 .
Total Kjeldahl Nitrogen (TKN}, mg/L {ppm) 342 v
Total Phosphorus, mg/L. (ppm) 1.63

For additional information, please contact David German at the Water Resources
institute, 605-688-5611 or David.German@sdstate.edu.

Reviewed By: m‘?{ ‘A’Z

CC: WATER RESOURCES INSTITUTE
SDSU AE 211 BOX 2120
BROOKINGS, SD 57007

Page 1 of 1
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Osear & Aison Bluchewistry Laburatoriss |
Analyhica Serviges Laboratgry

Box 2070, R, 133 A8C

Brookings, ST 5TO07-121F

Telphone. (§05) 3888171 .
FAX: (605} 8885295 :
WEE: hittp:ansary sstate noy '

Reported: ﬂ@m
Receiveg. SHI0R08

sewaja  opleq  POADT

WATER 1 HOLBING POND sz Oty
382

128 03 . Y fin Fefios

pe%
342 4.0
1.63
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Oscar k. Olson Biochemistry Laboyaiories

SO llﬂ] D a kOta Analytical Services Laboratory
1 3 Box , Rm, SC
State University crookings, 50 570071217

Telephone: (605) 688-6171
FAX: (605) 688-6295
WER: hitp:/fanserv.sdstate.edu

Report of Analysis
GLENN MAYER Reported: 05/16/2008
606 S MERRILL Received- 05/05/2008
CHAMBERLAIN, SD 57325 cosived:
08S-06318 WATER WITH MANURE CONTAMINATION
Ammonia Nitrogen, mg/L (ppm) 2,76
Total Kjeldahi Nitrogen (TKN), mg/L (ppm) 4.84
Total Phosphorus, mg/L. (ppm) 2.01

Reviewed By: “Nancy T%x ?

CC: WATER RESGURCES INSTITUTE
SDSU AE 211 BOX 2120
BROOKINGS, SD 57007

Page 1 of 1




Water Resources Instituie

South Da}(o ta 231851 20, Ag. Engineering 211
State University oo .77

FAX: 605-688-4917
E mail: sdsu.wri@sdstale.edu

May 22, 2008

Glennt Mayer
606 S Merrill
Chamberlain, SD 57325

Dear Glenn,

This letter is in regaxds to sample number 085-06319 that you submutted to the Water
Quality Laboratory for analysis.

This sample appears to be consistent with water containing manure runoff and is highly
enriched. Below is a table showing the comparison of your sample with runoff from land
with winter manure application, Lake Minnewasta (high nutrient enrichment) and
Pickerel Lake (medium nutrient enrichment).

Total
Kjeldahl
Ammonia Nitrogen
Nitrogen, (TKN}, Total
Sample mg/L. mg/L Phosphorus,
Date (ppm}) (ppm) mg/L (ppm}
| Mayer Sample 2.76 4.84 2.01
Field Runoff from 3/12/2008 59 17.5 7.65
Winter Manure 3/13/2008 3.95 11.4 2.4
Application 4/3/2008 2.66 10.3 2.87
5/16/2006 0.173 1.77 0.097
Lake Minnewasta 6/15/2006 0.14 2.07 0.209
(considered high 7/17/2006 0.243 2.95 0.266
nutrient enrichment)  g/17/2006  0.161 2.46 0.29
8/19/2006 0.185 244 0.295
5/16/2006 0.063 0.556 0.033
Pickerel Lake 6/15/2006 0.05 0.787 0.042
{considered medium 7/17/2006 0.076 1.56 0.042
nutrient enrichment)  gy17/2006  0.142 1.19 0.05
9/19/2006 0.106 1.04 0.061

If you have any questions or would like to discuss further options, please call our office
at (605) 688-4910 or (605) 688-5611.

Sincerely,
David German

Water Resources Institute

ip




Landowner Permission - allowing access to private property
I grant permission to Tanner Veo, the EPA 106 Coordinator from the Crow Creek Sioux Tribe,
accompanied by &Mﬁﬁdﬂﬁb_ﬁﬂﬂmus Geological Survey field crew from the
South Dakota Water Science Center, to ticcess my property as part of a study to determine surface
water quality. '

Grant permission.

_,i_ Grant permission, but with the following restrictions:

Coll Eifsf

Landowner Name (Please print): __@ o wu T M IL\IL&{
Landowner Signature _ALA T

Date: $-20) wfk() _ _
Phone Number: Gos 929 6sa0  cell 665 a0 (a8l
Address: Gol S aRe It |

AN ouvv@@fofw D, SIS

1

W













The Mayer's

From: Harris.Jennifer@epamail.epa.gov
Sent: Tuesday, June 14, 2011 5:40 PM

To: mayer@midstatesd.net

Subject: Re: Conference Call with EPA & USGS

The call is at 3 your time on June 23rd. The call in number is 1-866-299~3188, access code
3033126372. Thanks ’

Jennifer Harris, BP-TA

1595 Wynkoop Street

Denver, CO 80202

Ph: 303-312-6372

Fax: 303-504-3120
harris.jennifer@epa.gov
http://www.epa.gov/region8/tribes/
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The Mayer's

From: Harris,Jennifer@epamail.epa.gov
Sent:  Tuesday, November 06, 2012 4:41 PM
To: mayer@midstatesd.net

Subject: Fw: Phone Message

Jennifer Harris, 8P-TA
1595 Wynkoop Street
Denver, CO 80202

Ph: 303-312-6372

Fax: 303-504-3120
harris.jennifer@epa.gov

http://www.epa.gov/region8/tribes/
-—-- Forwarded by Jennifer Harris/RB/USEPA/US on 11/06/2012 03:40 PM -~

From: Jennifer Hamis/R8/USEPA/US
To: mayer@midstates.net

Date: 11/08/2012 03:38 PM

Subject: Phone Message

PRI NI I D B S e AL e e LS

Good afternoon, Glen, hope you and your family are well. | got your voicemail message. Sam Vance is no
longer the Project Officer for Crow Creek. The new Project Officer is Dale Roy and his phone number is
303-312-6292. Also, Wanda Marks is back as the Environmsntal Director, 605-245-2729. Joyce
Williamson from the USGS is one we worked with also, her number is 605-384-3218, Please let me know
if there is anything | can do further. thanks

Jennifer Harris, 8P-TA

1595 Wynkoop Street

Denver, CO 80202

Ph: 303-312-6372

Fax; 303-504-3120
harris.jennifer@epa.gov
hitp:/fwww.epa.gov/regiong/iribes/

11/7/2012
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@E‘f S Q?‘é @F | 615 East Fourth Street

Pierre, South Dakota 57501-1700

ADMINISTRATION Ieosﬁ%a-ssﬁe FAX: 605/773.6129

wrany state s s fdahfiabfindey him

i I
* Page 1 of 1*
Date: 6/11/2008

gubmitter copy to:

CROW CREEK SIOUX TRIBE EO-1 06909
ENVIRONMENTAL OFFICE

PO BOX 380
FORT THOMPSON, 8D 5733°
spec #: E08EC003180
e SR st o Subm #:
Lab: ENV-CHEMESTRY
Tel #: (605}773-3368
Source
CROW CREEK SIOUX TRIBE
Date Revd: 67572008 Remarks:
Time Rovel: 1537 Site Location: CROW CREEK MOUTH
Date Coll: 6/5/2008 SITE #2717
Time Coll: 1180 Source: STREAM
Spec Type: WATER Type of Sample: RAW
Ccoll By: DINDY COSGROVE medium WATER
projact ID 21060508
Final Results
E COLI E.Coli >484f 7/ 100 mb
SM'922§B' - h
Nitrate L 0.6 mg/L  Limit: 10.0
“Phosphoroi, Tfotal’ B 0.950 mg/L
TKN 3.42 mg/L
Ammt}ﬂla 0.20 mg/L

»ﬂ?:vmcf -1;%%3‘56 .3

AL




Submitter copy to:

DIVISION OF
ADMINISTRATION

Public Health Laboramry

215 Bast Fourth Streat

Bistre, South Dakota §7501-1700
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WA state ad us/dohfiablindex fifm

* Page 1 of 1*

Date:

CROW CREEK SIOUX TRIBE EOC-10690°2

ENVIRONMENTAL OFFICE
PC BOX 380
FORT THOMPSON SD 57339

5 asEasan ez

7/16/2008

Spec #: EQ8EC004424

Subm #:
Lab: ENV CHEWISTRY

Tel #:

Source

(605)773-3368

CROW CREEK SIOUX TRIBE

SITE 21 CRCW MCUTH

pate Rowd: 7/9/2008 Other Comments:
Time Bevd: 1625 Remarks: 21070908
Date Coll: 7/9/2008 gite Location: SITE 21 CROW MOUTH
Time’ Coll: 1212 Source: STREAM '
Spec. Type: WATER Type of Sample: RAW
Coll By: LINDY . medium WATER
COSGROVE/ JERRICA
Final Results
Ammoni.a _ ‘ . <0.02 mg/L
EPA Méthod 350.2/350.3
E COLT E.Coli 8.3 / 100 mL
gM 9223B
Nitrate 0.4 mg/L  Limit: 10.0
Tm&ﬁmﬂwﬁ%ﬂ" s i. ll ng\IJ ARt e B
0.219 mg/L

Phosph@rus total

S

fe 2f

Cro st

77

—Cod

Eowmt CF-3-15
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* Page 1 of 1%

submitter copy to: Date: 8/14/2008

CROW CREEK SIOUX TRIBE EO-10650%2
ENVIRONMENTAL OFFICE

PO BOX 380
FCRT THOMPSON, SD 57339
Spec #: EOBEC005264
i tactateiem - in B s - .
< — : Subm #: o
Lab: ENV CHEMISTRY
Tel #: (605)773-3368
Source
CROW CREEK SIQOUX TRIBE
Date Revd: 8/5/2008 Remarks: SAMPLE # 21080508
Time Rewd: 1537 gite Location: SITE #21 CROW
Date Cell: 8/5/2008 CREEK MOCUTH
Time Call: 1341 Source: STREAM
spec¢ Type: WATER Type of Sample: RAW
Coll By: LINDY medium WATER

COSGROVE/JERRICA W

Final Results

16.4 / 100 wl

E COLI - E.Coli

SM 9223B

Nitrate 0.2 mg/L Limit: 10.0
Phosphorus, total 0.248 mg/L

TEN 1.90 mg/L

AMMOR.La <0.02 mg/L

T2 /350 .3

EPA-

Ceows MuetA
g Cf
/-i:f(, vt Ok = (71"14

L
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Submitter copy tO: Date: 8/14/2008

CROW CREEK SIOUX TRIBE EO-106503
ENVIRONMENTAL CFFICE

PO BOX 380
FORT THOMPSON, SD 57339
e Spec #: EOBEC005264
T T e , Subm #:
Lab: ENV CHEMTSTRY
Tel #: (605)773-3368
Source
CROW CREEK SICUX TRIBE
Date Rcovd: 8/5/2008 Remarks: SAMPLE # 21080508
Time Rcvd: 1537 gite Location: SITE #21 CROW
Date Coll: 8/5/2008 CREEK MOUTH
Time Coll: 1341 Source: STREAM
spec Type: WATER Type of Sample: RAW
medium WATER

Coll By: LINDY
CESGROVE/JERRICA W

Final Results

E COLI E.Coli 16.4 / 160 mk
g™ 9223B . - - :
Nitrate 0.2 mg/L Limit: 10.0
- phosphorus, total * 0.248 wg/L
1,90 mg/L
<0.02 mg/L

LAl

A 53503 o
Site 2l
C:jﬁ”Dtmj /47 getj(ﬂl
5508
!%ifj. Q1L4f~ K;,é;

A




Statistics  E. coli

Site 21 Crow Creek Mouth

Date Event TotalP  Total N  Ammonia TSS Temperatur
#100m!l  mg/L mg/L mg/L. celsiusg
Date-2006 mImmmmm mmmmmm M o I mmmmmum mmmmImmmmummm
26-Jun  eventl 2420 0.518 3.67 0 23.45
18-Jul 2 32.8 G.167 0.83 0 25.24
3-Aug 3 2420 0.268 1.32 0 23.89
16-Aug 4 162 0.279 0.82 0 23.52
30-Aug 5 70.8 0.135 0.53 0 20.48
25-Sep 6 64.4 0.12 0 0 16
12-Oct 7 314 0.104 0 0 55 3.87
Date-2007 mmmmmm o mmymmmmmmmmmmmmnmmmmmm M mmmmmmmmmmnmmm
10-May 1 3970 1.74 3.45 0.24 na
23-May -2 579 0.365 1.38 0 23
14-Jun 3A 4840 1.88 5.86 0.19 22
20-Jun ic 1160 1.07 2.19 0.05 na
18-Jul 4 5.1 0.144 1.26 0 24.5
2-Aug 5 21.3 0.132 1.49 na 22.37
29-Aug 6 7.2 0.166 1.54 0 23.74
20-Sep 7 64.6 0.077 1.2 0 21.58
30-Oct 8 148 0.254 1.69 0.04 8.62
MMM MM MM MM MM IR I R N I M M M mmmmmainimm
# samples 16 16 16 15 1 14
Max value 4840 1.88 5.86 0.24 55 25.24
Min value 5.1 0.077 0 0 55 3.87
Median 109.4 0.2105 1.35 0.12 55 22.685
Average  999.7875 0.463688 1.701875 (0.034667 55 20.161429
Criteria 406 0.67 0.88 <158 32




of Health

Y/ '/;3/ ' ﬂ DIVISION OF 615 East Fourth Sirest

Pierre, South Dakota 57501-1700
ADMINISTRATION | o577 3368 Fax. 60577736120
Public Heaith Laboratory

www_state.sd us/dohflabfindex.him

* Page 1 of 1+

Submitter copy LoO:

CROW CREEK SIOUX TRIBE EQ-1063503
ENVIRONMENTAL OFFICE

PO BOX 380

FORT THOMPSON, SD 57339

Source

Date: 12/1/2008

Spec #: E0SEC008618
Subm #:

Lab: ENV CHEMISTRY
Tel #: (60%5)773-3368

CROW CREEK SIQUX TRIBE

Date Rovd:
Time Rcovd:
Date Coll;
Time Coll:

11/25/2008 Coll By:
1500 gite Location:
11/25/2008 - Site Number:
1153 Source:

Final Results

JERRICA WITHORN
CROW CREEK DRAW
SITE #31

STREAM

E COLI
SM 9223B

Specimen Comment

E.Coli

1=

770 / 100 mL

RECEIVED 2 BOTTLES FOR ECOLI. NOTICABLE DIFFERNCE IN WATER IN BOTTLES
PER JERRICA WITHORN BOTH BOTTLES WERE NUMBERED AND REFPORTED FOR ECOLI.
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DIVISION OF
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ADMINISTRATION | cos773.3068 Fax éosm.m
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Submitter copy to:

CROW CREEK SIQUX TRIBE EO-1063%05
ENVIRONMENTAL OFFICE

PO BOX 380

FORT THCMPSON, SD 57339

Source

www.state sd.us/dohiabfindex.him

* Page 1 of 1*

Date: 12/3/2008

Spec #: E08EC008583
Subm #:

Lab: ENV CHEMISTRY
Tel #: (605)773-3368

CROW CREEK SIOUX TRIRBE

CROW CREEK DRAW
31

STREAM

RAW

HWATER

Date Rewvd: 11/25/2008 Site Location:
Time Revd: 1500 Site Number:
Date Coll: 11/25/2008 Source:
Time Cecll: 1153 Type of Sample:
Spec Type: WATER medium
Coll By: JERRICA WITHORN
Remarks; ENVIRONMENTAL
PROGRAM CWA 108
Final Regults
E COLI E.Ccli
SM 9223B
Nitrate 0.9
1.€3

Phosphorus, totail

488 / 100 mL

mg/L  Limit: 10.0
mg/ L




DIVISION OF 615 East Fourth Street
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Submitter copy to: Date: 12/1/2008

CROW CREEK SIOUX TRIBE EO-10650%
ENVIRONMENTAL OFFICE
PO BOX 380

FORT THOMPSON, SD 57339
Spec #: E0BEC00861

Subm #: :
Lab: ENV CHEMISTRY
Tel #: (605)773-3368
Source
" CROW CREEK SIOUX TRIBE

Date Rcvd: 11/25/2008 Coll By: JERRICA WITHORN
Time Rcvd: 1500 Site Location: CROW CREEK DRAW
Date Coll: 11/25/2008 Site Number: SITE #31

Time Coll: 1153 Source: STREAM

®

Final Resultsg

E COLI E.Coli 770 / 100 mL

SM 9223B

Specimen Comments:
RECEIVED 2 BOTTLES FOR ECOLI. NOTICABLE DIFFERNCE IN WATER IN BOTTLES

PER JERRICA WITHORN BOTH BOTTLES WERE NUMBERED AND REPORTED FOR ECOLI.
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Date: 12/3/2008

CROW CHREEK SIOUX TRIBE EQO-1069509
ENVIRONMENTAL OFFICE

PO BOX 380
FORT THOMPSON, SD 57339
Spec #: EOBEC008583
Subm #:
Liab: ENV CHEMISTRY
Tel #: (605)773-3368
Source
CROW CREEK SJICOUX TRIBE
Date Rcvd: 11/25/2008 Site Location: CROW CREEK DRAW
Time Rovd: 1500 Site Number: 31
Date Coll: 11/25/2008 Source: STREAM
Time Coll: 1153 Type of Sample: RAW
Spec Type: WATER medium WATER
Coll By: JERRICA WITHORN
Remarks: ENVIRONMENTAL
PROGRAM CWA 106
Final Results
E COLI E.Coli 488 / 100 mi
SM 9223B :
Nitrate 0.9 mg/L Limit: 10.0
1.62 mg/L

Phosphorus, total
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Submitter copy to: Date: 7/2/2010

US GEOLOGICAL SURVEY-101421 _
111 KANSAS AVE SE
HURON, SD 57350

Spec #: E1OWB008266

Subm #:
Lab: ENV CHEMISTRY
Tel #: (605)773-3368

Source
DAM NEAR HWY 50

Date Rcvd: 6/29/2010 Coll By{ A; W MADE(;{\:,
1642 Point of Colle* S0

Time Revd:
Date Coll: 6/29/2010 Site Location: DAM NEAR HWY 50
Time Ccoll: 0852 Test Reas: RCOUTINE

Final Results

Fecal Coliform - MF Fecal Coliform

\unf(ﬁ(qu)
3
oo Frecre 5T AL Q(Dsl%ﬁwu \3{B-2£o}/{< une {4 (o‘lff{)

dune 20 (0390 [ dune A1 (0145 ) [ dune 23 (0750 e) |

Sy Ao (6.0 xr\"'}
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o Public Health Laboratory
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Submifter cop& to: Date: 7/5/2010

US GEOLOGICAL SURVEY-101421
111 XANSAS AVE SE
HURON, 8D 57350

Spec #: ELOWB008449
Subm #:

L.ab: ENV CHEMISTRY
Tel #: (605)773-3368

Source
CROW CREEK
Date Rcvd: 7/1/2010 Point of Colle* 52 FT LEW
Time Rgvd: 0831 Site Location: CROW CRK NR GANN
Date Coll: &/30/2010 VALLEY
Time Coll: 1030 Test Reas: ROUTINE

Coll By: T VEO

Final Results

Fecal Coliform - MF Fecal Coliform

specimen Comments:
STABLE HIGH CONDITIONS WITH WEEK (OLD USGS STATION)
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& Page 1 of 1+
Date: 7/1/2010

US GEOLOGICAL SURVEY-1014
111 KANSAS AVE SE
HURON, SD 57350

Spec #: E10WB00823Z2
Subm #:

Lab: ENV CHEMISTRY
Tel #: (605)773-3368

Source
CROW CREEK
Cornmian H«.{ S5
Date Rcvd: 6/29/2010 : Time Coll: 1315
Time Rovd: 0740 Point of Colle* 30 FT FROM REW
Date Coll: 6/28/2010 Tegt Reas: ROUTINE

Final Results

Feral Coliform - MF Fecal Coliform 90 / 100 mL

O cous Cre ey &loove
Spa by CYEER oy W UL
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Submitter copy to: Date: 7/2/2010

US GEOLOGICAL SURVEY-101421
111 KANSAS AVE S5E
HURON, 8D 57350

Lab ENV CHEMISTRY
Tel #: (605}773-32368

Source
SMITH CREEK
Date Rcvd: 6/29/2010 Coll BY:
Time Reovd: 1642 Site Location: SMETH-SREEX
Date Coll: 6/29/2010 Test Reas: ROUTINE

Time Coll: 1445

Final Results

Fecal Coliform - MF Fecal Coliform 100 / 100 mL

Sust Svidn Cwveew
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Submitter copy to:

US GECLOGICAL SURVEY-101421

111 KANSAS AVE SE

.. DIVISION OF
ADMINISTRATION

Public Health Laboratory

@15 East Fourth Sireet

Pierre, South Dakota 57501-1700
605/773-3368 FAX: 606/773-6129
www state.sd.us/dohlablindex.htm

* Page 1 of 1%
Date: 7/5/2010

HURCN, 8D 57350
Subm #
4b: ENV CHEMISTRY
Tel #: {(605)773-3368
Source )
G MAYER RANCH

Date Revd: 7/1/2010 Coll By: T VEO

Time Rcvd: 0831 Point of Colle* POOLED WATER

Date Coll: 6/30/2010 Site lLocation: G MAYER RANCH

Time Coll: 1300 Test Reas: ROUTINE

Final Results

Fecal Coliform - MF

specimen Comments:
NO FLOW - POOLED WATER IN

Fecal Coliform

DRAINAGE
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ASHLI MADDOX
HURON/US GEQLOGICAL SURVEY-109622

111 KANSAS AVE SB
HURCON, 8D 57350

DIVISION OF | 615 east Fourth Street

Pierre, South Dakota 57501-17Q0
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Public Health |aboratory

* Page 1 of 1%
Date: 4/12/2010

Spec #: E10WB003998

Subm #:
Lab: ENV CHEMISTRY
Tal #: (605)773-3368

Source

CROW CREEK MOUTH

Coll By: A MADDOX
Point of Colle* LEW 8 FT IN
Test Reas: ROUTINE

Final Results

Date Revd: 4/7/2010
Time Rewvd: 0505
Date Coll: 4/7/2010
Time Coll: 1250
Fecal Coliform - MF

Yioan (Pievrve, Sb )

tonad 13 (0.8

Fecal Coliform 60 / 100 mi,

Q. @/Lq_,f | CD \‘\’}/aPIM 5 CC) (:Jﬁ)
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US GEOLOGICAL SURVEY-101421
111 KANSAS AVE SE
HURON, SD 57350

Source

US GEOLOGICAL SURVEY

Public Health Laboratory

DIVISION OF 615 East Fourth Street

Pierre, South Dakota 575601-1700

ADMINISTRATION | 5057753368 FaX: 505/773-6120

www.state.sd.us/dohflab/index htm

* Page 1 of 1%*
Date: 4/15/2010

sSpec #: ELOWB004284
Subm #:

Lab: ENV CHEMISTRY
Tel #: (605)773-3368

Date Recvd: 4/14/2010
Time Rcvd: 08489
Date Coll: 4/13/2010
Time Coll: 1400

Coll By: D JOHNSTON

Final Results

Fecal Coliform - MF

Point of Colle* MIDDLE (HN)
Sample Site: CROW/SMITH CREEK

CONFLUENCE

Tegt Reas: ROUTINE

Fecal Coliform

20 / 100 mL
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DIVISION OF 615 East Fourth Street

Pierre, South Dakota 57501-1700

ADMINISTR—ATION B05/773-3368 FAX: 605/773-6128
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Public Health Laboratory
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Date: 4/15/2010

U5 GEOLOGICAL SURVEY-101421

111 KANSAS AVE SE
HURON, 8D 57350

Spec #: E10WB004026

Subm #:
Lab: ENV CHEMISTRY
Tel #: (£05)773-3368

Source

US GEOLOGICAL SURVEY

Date Revd: 4/13/2010
Time Revd: 0724
Date Coll: 4/12/2010
Time Coll: 1300

Coll By: A MADDOX

Point of Colle* REW 6 FT IN
Site Location: CROW CREEK NEAR
CROW CREEK
COMMUNITY
Test Reas: ROUTINE

Final Results

Fecal Coliform - MF

Fecal Coliform 10 / 100 wL
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US GEOLOGICAL SURVEY-101421

111

KANSAS AVE SE

HURON, 8D 57350

Source

www.state.sd.us/doh/lablindex. htm

* Page 1 of 1+

Date: 4/15/2010

Spec #: E10WB004285

Subm #:
Lab: ENV CHEMISTRY

el alel

Tel #: (605)773-3365

US GEQOLOGICAL SURVEY

Coll By:
Sample Site:

Test Reas:

Final Results

A MADDOX

CROW CREEK @ OLD
GAGE

ROUTINE

Date Revd: 4/14/2010
Time Rcvd: 0849
Date Coll: 4/13/2010
Time Coll: 1445
Fecal Coliform - MF
A
@ .
SNVEEN Y- .

Fecal Coliform

<10 / 100 mh
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ADMINISTRATION | 507753368 FaX: 6087756126

{ www. state. s us/doh/itab/indsx. ht
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Submitter copy to: Date: 5/31/2010

U8 GEQLOGICAL SURVEY-101421
111 KANSAS AVE SE
HURON, 8D 57350

Spec #: ELDWBD0&148
Subm #:
Lab: BNV CHEMISTRY
Tel #: (605)773-3368
Source
US GEOLOGICAL SURVEY

Date Rovd: 5/28/2010 Point of Colle* Crow Creek Mouth
Time Rcvd: 1609 Sample Site: Crow Creek @

Date Coll: 5/27/2010 Historic Dam Site
Time Coll: 1300 Tést Reas: ROUTINE

Coll By: T VEO

Final Resultsg

Fecal Coliform - MF Fecal Coliform 120 / 100 mL

N . Cm ‘-‘.“! ) .
Pron [(Pieret, 29 Pipy VD {Df%l}

ey Ao S0 y
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Submitter copy to:

* Page 1 of 1%
Date: 5/31/2010

US GEOLOGICAL SURVEY-101421 .
111 KANSAS AVE SE
HURON, SD 57350

Spec #: E10WB006142

Subm #:
L.ab: ENV CHEMISTRY
Tel #: (605)773-3368

Source

US GEOLOGICAL SURVEY

Date Rcvd:
Time Rcovd:
Date Coll:
Time Coll:

Coll By:

5/27/2010 Point of Colle* 24 FT REW
0903 'site Location: CROW CREEK NEAR
5/26/2010 CROW CREEK SD
1430 Tegt Reas: ROUTINE

A MADDOX

Final Results

Fecal Coliform - MF Fecal Cecliform
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Submitter copy to: Date: 5/31/2010

US GEOLOGICAL SURVEY-101421 ke
111 KANSAS AVE SE
HURON, SD 57350

Spec #: E10WB006141

Subm #:
Lab: ENV CHEMISTRY
Tel #: {605)773-3368

Source

US GEOLOGICAL SURVEY

Date Revd: 5/27/2010 Coll By: A MADDOX
Time Rcovd: 0903 Point of Colle* 30 FT LEW
Date Coll: 5/26/2010 Site Location: CONFLUENCE
Time Coll: 1100 Test Reas: ROUTINE

Final Resulta

Fecal Coliform - MF Fecal Coliform
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Date: 5/31/2010

US GEQLOGICAL SURVEY-101421 ”
111 KANSAS AVE SE
HURON, SD 57350
' Spec #: EL0WB006145
Subm #:
L.ab: ENV CHEMISTRY
Tel #: (605)773-3368
Source
US (GEOLOGICAL SURVEY
Date Rcvd: 5/28/2010 Coll By: T VEO
Time Rovd: 1609 Point of Colle* ponded water
Date Coll: 5/27/2010 Sample Site: G Mayer Drainage
Time Coll: 03500 Tesgt Reas: ROUTINE
Final Results
Fecal Coliform - MF Fecal Coliform 60 / 100 mL

pecimen Comments:
cap dropped in grass - rinsed in Environmental water
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RICHMOND |LAKE WATER QUALITY PROJECT
Surface Water Pollution from Livestock Production

by Joseph Schumacher
Agricultural Engineering Department

The improper management of livestock wastes (manure) can
cause surface and groundwater pollution. Water pollution from
animal production systems can be by direct discharge, runoff,
and/or seepage of pollutanis to sutface or ground water.

Pollutants are sediment, nutrients, pesticides, organic matter,
salts, and micro-organisma.

" Polluted surface water can kill fish, cause odors, spread infec-
tious bacteria, and inhibif water-related activities.

The main livestock pollutants in surface water:
= Organic matter and excess nutrients
« Pathogen contamination

Organic matter and excess nutrients

Livestock mamure used properly can improve soil fertility and
tilth, increase the soil's water holding capagity, and reduce wind
and water erosion. However, surface and groundwater pollution
can occur if manure applications are mismanaged.

Livestock waste contains nutrient and organic material. Aquatic
life relies on the breakdown of organic material for primary and
secondary sources of food.

There is a limit, however, to the amount of organte material
acceptable in the aquatic environment, Too much organic mater-
jal produces highly colored, murky water with heavy bottorm
sludge nccumulation. Excess nutrients (especially phosphorous
and nitrogen) carried by organic matter may produce overabun-
dant algae and weed growth in surface water. Toxic blue-green
algae blooms may even appear when the conditions are right.

The oxidation of the organic material may cause such a reduc-
tion in dissolved oxygen that fish and other aquatic life are
unable fo survive.

Possible sources of animal waste in surface water include feedlot
ronof}, manured Iand munoff, direct animal deposit, and septic
systems.

Pathogen contamination

A pathogen is a disease causing microorganism. Possible
pathogen contamination in water is determined by using biologi-
cal indicators. The fecal coliform test is the most commonly
used biological indicator.

Fecal coliform are intestinal bacteria found only in mammats
and fowl, Fecal coliform are not found in soils, vegetation,
insects or fish unless contaminated by mammal or fowl feces.
They are not necessarily harmful but indicate the potential pres-
ence of other more serious disease-causing organisins.

Fecal bacteria enter surface water by direct deposit of feces and
by movement with sediment in overland runoff, The organisms
may be dispersed, lack proper environment, and die, or they may
find conditions sufficient for long-term syrvival in bottom

Proper livestock waste management benefits all lake
users by sustaining and improving water quallty,




i

sludge or lake bank soils, Their survival depends on water, soil,
and air temperature; lake size and flow rate; sediment volume;
availability of nutrients and organic material; amount of light;
soil type; pH, and other factors.

Seasonal variations in bacieria numbers can be extreme, depend-
ing on runoff volumes, temperature, animal activity, ground
cover, and sunlight.

The original source of fecal bacteria in surface water is from
livestock, wild animals, fowl, and rural septic tank overflows.
Consequently, if fecal caliform is to be reduced, livestock con-
tact with surface water and runoff from manured areas into sur-
face water must be controiled and inadequate shoreline septic
systems must be corrected.

Controlling surface water pollution from livestock
* Fence animals out of surface water areas. Lake water can be
used for dnimal watering piping into approved water holding
facilities.

» Maintain grass buffer areas near surface water. Buifer pas-
ture and cropland from surface water and swamyr areas.

 Consider using retention ponds or lagoons for runoff/waste
collection.

* Distribute pond or lagoon effluent back on the land. Do not

" allow lagoon and retention pond outflow ¢o enter the surface

water.

« Maintain proper areas for runoff dispesal. Dispose of runoff
on grassed areas with good infiltration and percolation rates.
These areas can be cropped but should not be allowed to stand
without a cover crop during wet months.

« Manage manure and/or lagoon effluent applied to crop-
land. Do not apply effluent to frozen, sloping land susceptible
to runolf.

* Prevent overgrazing of pasture land.

« Maintain runofT conirol facilities.

For additional information:

» Contaci the Richmond Lake Water Quality Project, Soil
Conservatlon Servica, ar your local Copperative
Extension Service office. Management and technical
assistance 15 available, plus possible Anancisl help.

» "Livestock Waste Fecilities Handbook,” MWPS-18,
avallsble through Midwest Plan Service Office,
Agricultural Engineering Dept., SDSU {cost $6.30),

o "The Lake and Reservoir Restoration Guldance Manual
EPA, North American Lake Management Society, 1988,

under spectal project sumber 00-EWCQ1-2236.

Thh sateria s based upom woek supportad by the 1.5, Depietment of Agriculturs, Extsmaion Sarvice,

This publication and others ¢an be accessed electronically from the SDSU
College of Agriculture & Biological Sciences publications page, which is at
http;/fagbiopubs.sdstate.edu/arficles/ExEx1010.pdf

GOOPERATIVE
EXTENSION
SERVICE

naioriat origin, sexual preference, ar Vietnam Era veteran skatus.

ExEx 1070 - pdf by CES. December T990; updaled Aprif 2002,

Issued in fustherance of Couperalive Extension work, Acts of May B and June 30, 1914, in coeperation with the USDQA. Lamy Tidemann, Director of Exensien, Associate
Dean, College of Agricullure & Bivlogical Stiences, Sotih Dakota State University, Brookings. SDSU is an Affirmalive Action/Equal Opporiunity Employer (Male/Female)
and offers all benelils, services, and educational and employment opportunities wihowt regard for ancestry, age, race, citizenship, color, meed, religlon, gender, disability,
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Stacey R. Hemen s f 0 2101 West d1st Street .
Associate d M, d “’, Smte 2000 '
6 'd P.O, Box 495 .

" Bioux Falls South Dakota ‘57101-.

Eﬂa‘f“ ';17‘ SW o (605) 339-1020 -

- TELEFaX: (605) 334-6630
C‘oume[or atLaw _  rsamp(@samplaw.com _
Co Mnml x: (605) 366-1 535 2¢Mlrs. .

24 AuguszQlﬁ ‘

. Atturo Palomares, Director ,

- Water Téchnical Enforcement Program
Environmental Protection Agency Re,gmn 8
‘1565 Wynkoop Street-

Denver, CO 80202

Kent R. Woodmansey
Feedlot Permit Program
DENR '

PMB 2020 Joe Foss Building
523 E. Capitol

Pierre, SD 57501

Re:  Mayer Ranch Complaiﬁt
Dear Gentlemen;

For your convenience I have enclosed prior correspondence on the aforesaid
feedlot. '

My client has been sampling feedlot runoff and has confirmation of the
contaminants in Ctow Creek and his stock dum from Mayer Ranch.

We are unclear as to which agency currently has jurisdiction on this Complaint.

My client would like direction as to where he can file a formal Complaint on
this continuing pollution.

Thank you.
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Sincepely yours,

ollyn H. Samp
RHS/jj
Eﬂplosu:qs:

cc:  Rich Williams Assistant Attomey Gc_:nc.'ral‘ :
Client S n
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KATHY J. MARTIN, PE

3122 Tall Oaks Circle - Norman, Oklahoma 73072 - Cell: (405) 819-7626 Email: kim2@aol.com

CURRENT OCCUPATION

ENVIRONMENTAL CONSULTANT, PRESIDENT, MARTIN ENVIRONMENTAL SERVICES, LLC NORMAN, OK
Professional Engineer in Civil Engineering - providing expertise in environmental permits for air
quality, non-hazardous industrial wastewater, and closure of surface impoundments. Perform
engineering review and critique of permit applications submitted by livestock facilities to state and
federal regulatory agency with respect to wastewater treatment technology and compliance with
environmental regulations.

EDUCATION

UNIVERSITY OF OKLAHOMA

M.S. Civil Engineering, 1989

Thesis: The Removal of Polychlorinated Biphenyls from Topsoil Using Nonionic Surfactants

UNIVERSITY OF OKLAHOMA
B.S. Petroleum Engineering, 1987
National Dean's List, 1986-87

EXPERIENCE

HYDRAULIC FRACTURING AND INJECTION WELL ISSUES

As Martin Environmental Services, 2009 to present

Provide guest lecturer and other speaking arrangements regarding potential environmental
impacts of hydraulic fracturing of shale gas and shale oil formations. Perform technical and
regulatory review of salt water injection well permit applications to determine if regulatory and
environmental concerns are adequately addressed.

MoBILE MEAT HARVESTING UNIT

Team member, 2010 to present

Provide technical assistance in developing water and wastewater treatment strategies including
potable water treatment, slaughter waste treatment and disposal, HAACP, and other USDA
requirements for small slaughterhouses.

ADJACENT LANDOWNERS TO LIVESTOCK FACILITIES

Subcontracted as Martin Environmental Services, June 1997 to present

Perform technical and regulatory review of approximately 1560 CAFO permit applications in 21 states
nationally to determine if the application is sufficient for a permit writer to draft a permit. The purpose
was to determine if there were technical and/or regulatory deficiencies in the application and prepare
a written report for use in administrative proceedings by concerned citizens and adjacent landowners.

SEWARD COUNTY COMMISSIONERS, SEWARD COUNTY, KANSAS

Subcontracted as Martin Environmental Services, June - October 1998

Drafted environmental regulations for confined animal feeding operations (CAFOs) with respect to the
design, construction, operation, maintenance, and closure of surface impoundments and the disposal
of CAFO waste by land application. The resulting work product was a set of regulations that is a
complete permitting program including public notice, hearings, permit application processes and fees,
as well as provisions for compliance and enforcement.

DEPARTMENT OF ENVIRONMENTAL QUALITY

Environmental Engineer II, July 1, 1993 fo November 1, 1996

Special training in areas of Air Quality and Hazardous Waste permits and regulatory requirements.
Provided technical and regulatory assistance to business and industry with respect to environmental
permits issued by the ODEQ in water quality, air quality, and solid waste programs.

OKLAHOMA WATER RESOURCES BOARD

Environmental Engineer I, April 1990 to June 30, 1993

Special training in areas of industrial wastewater disposal permits and inspections. Drafted state
regulations for surface impoundments and land application of non-hazardous industrial wastewater.
Issued state permits for non-discharge facilities. Project officer of Tar Creek Superfund Site.



TECHNICAL EXPERTISE

17 years continuing education regarding CAFO waste management systems

Extensive research and knowledge of lagoon liner systems and waste/liner compatibility
13 years continuing education regarding pathogen transport and fate from CAFOs

15 years continuing education regarding air pollution and odors from CAFOs

Other topics of continuing education: GPS, perimeter tile design, concrete, flow meters,
backflow prevention, fate and transport, and soil science

Drafted Oklahoma state regulations for permitting of surface impoundments and disposal
by land application used by facilities with non-hazardous industrial wastewater

Drafted county regulations for CAFO impoundments and land application of manure
Familiarity with CAFO regulations in AR, CA, CO, GA, 1A, ID, IL, IN, KS, KY, MO, MS, ND,
NE, NM, OK, PA, SD, TX, UT, and WY

Professional Engineer in Oklahoma (No. 18254) February 1997 to present;

Professional Engineer in New Mexico 2012 (No. 21522)

Coordinated Superfund activities between USGS, Oklahoma State and EPA

Interacted with State Legislators (OK and KS) on technical issues related to CAFOs
Provide expert testimony regarding CAFO waste management systems in Arkansas,
Indiana, Kansas, Kentucky, Missouri, Nebraska, New Mexico, Oklahoma, and Utah
Provide technical and regulatory reviews of CAFO permit applications in AR, CA, CO, GA,
IA, ID, IL, IN, KS, KY, MO, MS, ND, NE, NM, OK, PA, SD, TX, UT, WI, and WY
Graduate Degree coursework included: Groundwater Protection, Groundwater Seepage,
Groundwater Modeling, Groundwater Pollution Control, Air Pollution Controls, Air Pollution
Engineering, Environmental Impact Assessment, Risk Assessment, Industrial Hygiene,
Reservoir Dam Engineering, Open Channel Flow, Chemical and Biological Aspects of
Environmental Engineering, Advanced Wastewater Treatment, Soil Classification, Soil
Science, Hazardous Waste Control, Solid Waste Engineering/Landfill Design, Land Use
Management, Surfactants and Colloidal Science, Corrosion Engineering, Field
Applications, and Nonparametric Statistics.

Three years Chinese language

Ten years leadership positions in local, state, and national organizations

Developed state-wide foundry and metal casting facility environmental program in
Oklahoma -- and trained state agencies in Louisiana and Arkansas to do the same.
Active contributor to proposed regulatory language with respect to CAFOs at local, state,
and federal levels, especially OK, KS, NE, CO, NM, IN, and IL.

Provided lectures on CAFOQ environmental issues to groups in Oklahoma, Kansas,
Nebraska, Indiana, Pennsylvania and Utah to groups as large as 600 peoplie at a time.

ORGANIZATIONS AND BOARD POSITIONS

STRONGER NATIONAL BOARD MEMBER — ENVIRONMENTAL STAKEHOLDER (2006-2010)
DEQ Hazardous Waste Management Council - governor appointed member (past)
STRONGER Audit Team - Oil and Gas Environmental Regulations in Oklahoma (2005),
Kentucky (2006) and Tennessee (2007)

Oklahoma Corporation Commission - Citizen Advisory Board member (past)

Oklahoma Society of Environmental Professionals — Past President, Past Newsletter
Editor, Past Secretary, Past Engineering Board Member

American Society of Agricultural and Biological Engineers (ASABE) — member

Society of Petroleum Engineers - Past Executive Committee two years, member 10 years
National Association of Professional/Graduate Students - Past Board member and
Nationa! Conference Chairperson

Graduate Student Senate, University of Oklahoma - Past Chair two years, Past Vice
Chair, Past Senator for Civil Engineering Department

Oklahoma Chapter of Sierra Club - past member, 1 year

Engineering Club of Oklahoma City - past member, 6 years

OU Petroleum Engineers Club - past Vice President, member 4 years

OU Society of Women Engineers - past President, member 7 years

OU Engineer's Club - Loyal Knight of St. Pat, member 7 years



Expert Witness Testimony and Deposition History

Kathy J. Martin, PE (OK#18254)
List updated October 2015

Location File Name Date Other
Okla Water Seaboard - Nichols Radcliffe Oct 1997 OWRB Water permit
Resources Board | Nursery Beaver County, OK administrative hearing
Okla Dept of Ag BAR-D swine finisher Dec 1997 CAFO permit

Caddo County, OK administrative hearing
Okla Dept of Ag Seaboard Fisher facility Dec 1997 CAFO permit

Texas County, OK administrative hearing
Okla Water PIC Gilt Facility Aug 1997 OWRB Water permit
Resources Board | Woodward County, OK administrative hearing
Utah DEQ Circle Four Farms mid 19987 CAFO permit

Administrative Hearing Board hearing
Okla Dept of Ag Hanor/Kronseder Huffman Fac. Jan 1998 CAFO permit

Woodward County, OK administrative hearing
Okla Water Murphy Family Farms Jan 1998 OWRB water permit
Resources Board | Luthi Facility Ellis County, OK administrative hearing
Okla Dept of Ag Tyson Chapman Facility Dec 1999 OWRB water permit

Seminole, OK administrative hearing
Okla Water Land of Lakes Taylor Facility Mar 2000 OWRB water permit
Resources Board | Beaver County, OK administrative hearing
Platte County TeVelde Dairy Nov-Dec County Permit Appeal
Nebraska District Court 2000 to District Court
Okla Dept of Ag Seaboard - Kendra East May 2001 CAFO permit

Beaver County, OK administrative hearing
lowa Wayne Weber hog farm 2001 Deposition
French Creek Sierra Club, et al v Weber
Okla Dept of Ag Land of Lakes Reddick Mar 2002 CAFO permit

Beaver County, OK administrative hearing
Okla Dept of Ag Seaboard Schnackenberg Jan-Feb CAFO permit

Texas County, OK 2003 administrative hearing
Okla Dept of Ag Land of Lakes, T Venable Jan-June CAFO permit

Beaver County, OK 2005 administrative hearing
Okla Dept of Ag Land of Lakes, J. Venable Jan-June CAFO permit

Beaver County, OK 2005 administrative hearing

Expert Witness Testimony and Deposition for Kathy J. Martin, PE (OK#18254)

Page 1




Okla Dept of Ag Land of Lakes - Ferguson Nursery | Jan-Jun CAFO permit
#1 & #2 Beaver County TX 2005 administrative hearing
Okla Dept of Ag C&M Cattle Feedlot April 2006 CAFO permit
Cimarron County, OK Administrative hearing
Kendall County Toftoy v Rosenwinkel Oct 2006 Deposition
lllinois
Kentucky Cabinet | 9 contract hog operations (Tosh) Jan 2007 CAFO permit (KDNOP)
of Public Health Fulton, Hickman and Carlisle Administrative hearing
and Environment counties combined into one Deposition
hearing (wean-to-finish)
Kentucky Circuit 9 contract hog operations (Tosh) Oct 2007 Stay Hearing on agency
Court Fulton, Hickman and Carlisle permit action — air toxics
counties combined into one
hearing (wean-to-finish)
Indiana Office of Union Go Dairy (Vreba-Hoff) Jan-Feb CAFO Permit (NPDES)
Environmental Appeal of Permit Issuance 2008 Administrative Hearing
Adjudication Appeal Hearing
Missouri Ozbun Poultry Facility Jan 2009 CAFO Permit (state)
Administration Appeal of Permit Issuance Administrative Hearing
Hearing Appeal Hearing
Commission
New Mexico ParaSol Dairy Feb 2009 Discharge permit (state)
Environmental Appeal of Ground Water Discharge Administrative Hearing
Department Permit
Indiana Office of Steuber Hog Farm Feb 2009 CAFO Permit (NPDES)
Environmental Appeal of Permit Issuance Administrative Hearing
Adjudication Appeal Hearing
Indiana Office of Duckwall Hog Farm June 2009 CAFO Permit (NPDES)
Environmental Appeal of Permit Issuance Administrative Hearing
Adjudication Appeal Hearing
Indiana Office of Optima Dairy (Vreba-Hoff) July 2009 CAFO Permit (NPDES)
Environmental Appeal of Permit Issuance Administrative Hearing
Adjudication Appeal Hearing Deposition
New Mexico Dairy Rule-Making Hearing June 2010 Rule-making
Water Quality Technical testimony
Control
Commission
New Mexico Pit Rule-Making Hearing Aug 2012 Rule-making
Oil Conservation Technical rebuttal testimony
Commission
Indiana Office of Union Go Dairy (Vreba-Hoff) Jan 2013 Deposition
Environmental Appeal of Permit Modification
Adjudication Appeal Hearing
State of Wisconsin | Richfield Dairy June 2013 Plans and Specifications
Div of Hearings Appeal of Permit Issuance Administrative Hearing
and Appeals Adams County, WI
Scott County, Marsh, et al v Sandstone North, Aug 2013 Deposition
lllinois LLC, et al
Lea County, New | Pearson, et al v Rock View Dairy, | Oct 2013 Deposition

Expert Witness Testimony and Deposition for Kathy J. Martin, PE (OK#18254)
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Mexico High Lonesome Dairy, Rick
Schaap, and Eddie Schaap
Superior Court of | Acoba, et al v Olivera Egg Nov 2013 Deposition
California, County
of Santa Clara
State of Wisconsin | Kinnard Dairy Feb 2014 Plans and Specifications
Div of Hearings Appeal of Modified Permit Administrative Hearing
and Appeals Kewaunee County, WI
State of Indiana Mark Holder v Trotter Farms, Inc, Feb 2014 Deposition (Indianapolis,
Ronald E. Trotter, Rosemary IN)
Trotter, and Barry Trotter
State of Delaware | Brownfield Remediation Plan - May 2014 Brownfield Remediation
Pinnacle Foods/Vlassic and Plan Appeal Hearing
proposed site of Allen-Harim Dover, Delaware
poultry processing facility
Technical Testimony
State of Indiana Mark Holder v Trotter Farms, Inc, May 2014 Deposition (continuation in
Ronald E. Trotter, Rosemary Kansas City, MO)
Trotter, and Barry Trotter
Superior Court of | Acoba, et al v Olivera Egg June 2014 Testimony at Trial
California, County
of Santa Clara
New Mexico Dairy Rule-Making Hearing Nov 2014 Rule-making hearing was
Water Quality Pre-filed Written Testimony and postponed until April 2015
Control Rebuttal
Commission
Missouri Clean Callaway Farrowing, LLC Feb 2015 State No-Discharge permit
Water Commission | Appeal of Permit Issuance appeal hearing before an
administrative law judge.
Pennsylvania Stedge v Chesapeake March 2015 | Appeal Hearing of Frack
Department of Flowback Tank Storage
Environmental Permit
Quality
Nevada State Smith Valley Dairy July 2015 Administrative Hearing
Environmental Appeal of Permit Issuance
Commission
State of lowa Pauls v Warren Family Pork Aug and Deposition
Dovico v Valley View Farms Sept 2015
Winburn v Hoksbergen
State of New Gonzalez, et al v Del Oro Dairy Aug and Deposition
Mexico Sept 2015
Missouri Clean Trenton Farms RE, LLC Oct 2015 State No-Discharge permit

Water Commission

Appeal of Permit Issuance

appeal hearing before an
administrative law judge.

Expert Witness Testimony and Deposition for Kathy J. Martin, PE (OK#18254)
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Written Comments on Proposed CAFO General Permit
Submitted to SD-DENR during Formal Comment Period

The following written comments were prepared by Kathy J. Martin, PE (OK#18254) at
the request of citizen groups, including Dakota Rural Action, South Dakota Farmers
Union and Socially Responsible Agriculture Project.

A. Rebuttal of DENR Response to Public Comments dated October 8, 2015

Al. Testing for leakage from concrete deep pits. During the informal public
comment period, the DENR response to a concern about a lack of monitoring or testing
of manure pits is “staff [will] visually inspect wastewater containment structures and
review containment structure inspection records when conducting inspections.”

- How does one inspect the concrete integrity of deep pits under swine barns after
they are in use and contain liquid swine manure wastewater?

- If the operator only uses design factors to estimate the amount of manure and
wastewater generated, how will the operator know if the amount of wastewater in
the waste storage facility is undergoing “unusual changes”?

There is concern that the design engineer is the same person that certifies that the
facility was constructed according to design plans and specifications. Perhaps the
certification should also contain photographic evidence that shows the poured concrete
does not have cracks and pits that could lead to excess seepage, infiltration into the
concrete matrix and corrosion of the rebar.

A2. Restrictions for tiled land application fields. The concern expressed about fall
application of manure wastewater was addressed by DENR'’s response that setbacks
would apply in Section 1.4.4.3.k, however in the proposed General Permit there setback
paragraph is found on page 33 of 45, item 1.4.4.2 .k, which states:

“A detailed map showing the outline of each field listed in item i. above and all
buffer zones and separation distances required by this permit (including those in
Sections 1.4.3.3.v, 1.4.4.1.g and any local government required buffers. If
application to saturated, snow covered, or frozen soil may occur routinely or in an
emergency, separate maps for each land application field showing the outline of
each field and all winter buffer zones and separation distances shall be
submitted.”

Neither section of the proposed General Permit refers to identifying field tiles on lands
used to dispose of manure wastewater by land application. Of the two sections listed,
only 1.4.4.1.g refers to anything related to field tiles as follows (emphasis added):

“The producer shall maintain at least a 100-foot buffer zone or 35-foot vegetated
buffer between: (1) any manure land application areas and any down-gradient
surface waters, open tile line intake structures, sinkholes, or other conduits to

Public Comments regarding proposed modification to CAFO General Permit Page 1
Submitted to South Dakota DENR November 8, 2015



surface waters of the state; and (2) any irrigation of process wastewater and any
down-gradient surface waters, open tile line intake structures, sinkholes, or other
conduits to surface waters of the state.”

The proposed General Permit does not include a definition for “open tile line intake
structures”. The DENR response to the request to restrict land application on tiled fields
is:

“EPA does not have the authority to require a NPDES permit for discharges of
return flows from irrigated agriculture and the legislature has given the authority
to regulate drainage to local government not to DENR.”

The assumption that preventing land application over tiled fields is somehow a
requirement for NPDES discharge permit is not logical. Typically, a field is tiled in order
to drain excess water to provide a healthier root zone. The concern is when land
application occurs during rainy season or when fields are close to saturation — that the
manure wastewater will be drained from the subsurface and discharged to surface
water via the field tile outlet. This contaminated drainage can be avoided by restricting
land application on tiled fields during spring rains and during snow melt. The DENR
could address these valid concerns as simply as requiring sampling at the field outlet
tile or capping the field outlet tile during the land application event if contaminated
discharge occurs.

A3. Because NPDES doesn’t require it. Numerous DENR responses to public
comment claim nothing can be done to assuage public concerns because the US EPA
does not have requirements or authority to address those concerns. What is not stated
is that the General Permit serves two purposes — a federal permit and a state permit —
using the same exact language. The DENR certainly has the authority to protect public
health and the environment and thus can include necessary permit language to insure
that CAFOs in South Dakota do not pollute waters of the state or adversely impact
public health.

A4. Public notice in printed media. According to their comments, the South Dakota
Farm Bureau supports the removal of public notice in printed media for modifications to
the manure management system or nutrient management plan. The purpose of public
notice is to notify the public of a potential permit action not make the information difficult
to obtain. How can the DENR fulfill its obligation of public notice when rural citizens
may not have internet access to read the DENR website, much less know they would
need to access the DENR website all of the time “just in case” a CAFO will be proposed
in their neighborhood? There is no benefit to the public’s interest by reducing the
public’s access to notice of permit actions.

Public Comments regarding proposed modification to CAFO General Permit Page 2
Submitted to South Dakota DENR November 8, 2015



B. Additional Issues with final proposed General Permit language.

B1. Annual report requirements. On page 39 of 43 in the proposed General Permit,
items 2 (c) and (d) allow for estimation of amount of total manure generated at the
facility and the total manure transferred to other persons.

- Why wouldn’t the state require actual volumes of manure generated based on
the depth to volume charts that indicate actual storage capacity of the waste
storage facility and depth marker records?

- Estimates of manure generated imply book values could be used, thus never
providing public access to the actual manure volumes generated. To continue to
use book values after the facility is up and operational serves no purpose as the
public and the state would never know if the design factors are accurate
predictors of the actual volumes of manure generated.

B2. Recordkeeping requirements. On page 39 of 43 of the proposed General Permit,
Section 1.4.6 lists the items required for the production area including “weekly records
of the level of the manure and process wastewater in the process wastewater
containment structures”.

- This type of information would be more valuable if it was paired with the actual
number of animals (rather than maximum permitted number) on the site that
generated the manure and process wastewater. Otherwise, how would the
operator and/or the state determine if there are any “unexpected changes” to the
level of waste in the containment structure?

- Without groundwater monitoring or leak detection systems, the only indicator the
operator and/or the state has to determine if leakage is occurring from the waste
storage structure is changes in waste levels based on visual reading of liquid
level on the depth marker. It is not clear how a change in liquid levels will directly
correlate to leakage or could otherwise be explained by less manure generated
(eg. less than maximum animals or change in cleaning methods).

B3. Allowed seepage rate. On page 24 of 45, the ground water protection section (4)
provides for a specific discharge of 9 x 10" cm/sec from earthen liners constructed of 18
inches of clay materials. Equivalent value of the allowable seepage rate can be
calculated as follows:

9 x 107" cm/sec x 3600 sec/hr x 24 hr/day x in/2.54 cm x gal/231 in® x 144 in?/ft* x
43560 ft*/acre = 831 gal/acre/day

or 303,427 gallons of manure wastewater per acre per year allowable seepage

After 20 years of operation, a 5 acre lagoon could have allowable seepage of 30 million
gallons. If the concentration of nitrogen in the manure wastewater is 3000 ppm, the
amount of nitrogen compounds discharged to the subsurface over a 20 year design life
can be calculated as follows:

Public Comments regarding proposed modification to CAFO General Permit Page 3
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30 mgal x 3000 ppm x 8.34 Ibs/gal = 750,600 Ibs nitrogen over the design life

- At what maximum concentration of pollutants in the stored manure wastewater
will the allowable seepage not cause degradation of ground water?

- Once the waste storage facility is built, how will DENR measure the nitrogen
compounds and other pollutants that are allowed to discharge to the subsurface
in the “allowable seepage”?

B4. Animal type and waste characteristics. A question was posed during the
informal comment period about whether the DENR would consider additional permit
requirements for very large CAFOs (Comment 53) to which the DENR claims “we do not
believe additional requirements are needed for larger operations.” No actual
explanation was provided to help the public understand why DENR staff does not
recognize a direct correlation between size of operation, amount of manure and
wastewater generated, and the risk to public health and the environment.

- Does DENR have access to published studies that show no matter how large a
CAFO is, the risk to the environment and public health is equivalent to a CAFO of
only 1000 animal units?

- Does DENR believe that the risks from a dry manure system are the same as
from a wet manure system?

1000 animal units or 2500 swine finishers produce the following amount of manure (as
excreted) not including washwater using waste characteristics from Midwest Plan
Services MWPS-18 and assuming an average weight of 150 pounds:

2500 hd finishers x 0.89 gal/hd/day x 365 days/yr = 812,125 gallons/yr

1000 animal units or 2500 swine sows produce the following amount of manure (as
excreted) not including washwater using waste characteristics from Midwest Plan
Services MWPS-18 and assuming an average weight of 400 pounds with 80 percent
gestating and 20 percent lactating:

2000 hd gest sow x 1.10 gal/hd/day x 365 day/yr = 803,000 gal/yr

500 hd lact sow x 2.42 gal/hd/day x 365 day/yr = 441,650 gal/yr

Total manure as excreted (no washwater) = 1,244,650 gal/yr

1000 animal units or 700 dairy cattle produce the following amount of manure (as
excreted) not including washwater using waste characteristics from Midwest Plan
Services MWPS-18 and assuming an average weight of 1400 pounds and assuming all
are lactating (not including the milking parlor wastewater, silage leachate, or any
contaminated stormwater runoff directed to the waste storage facility):

700 dairy x 18.70 gal/hd/day x 365 days/yr = 4,777,850 gallyr

In other words, a 1000 animal unit sow facility generates 150% of the manure generated
(as excreted, no washwater included) by a 1000 animal unit swine finisher. Similarly, the

Public Comments regarding proposed modification to CAFO General Permit Page 4
Submitted to South Dakota DENR November 8, 2015



700 head dairy would produce nearly 6 times more manure than a 2500 head swine
finisher and nearly 4 times more manure than a 2500 head sow facility.

B5. Additional requirements for treatment systems. The General Permit should
incorporate by reference the National Engineering Handbook and specific NRCS-SD
Conservation Practice Standards that include more detailed information about how a
particular treatment system should be designed, constructed, operated, and maintained.
On page 23 of 45 of the General Permit, section 1.4.3(3)(z) includes minimal design
standards for anaerobic, naturally aerobic, and mechanically aerated lagoons. Only the
subparagraph for anaerobic digesters includes a reference to a specific NRCS-SD
Standard (Standard 366).

For example, an anaerobic lagoon should definitely be designed based on volatile solids
loading, but it should also have a minimum treatment volume outside of the volumes
required for waste storage, sludge accumulation, freeboard, and the 25-year, 24-hour
storm event. The Animal Waste Management Field Handbook (Part 651 of the National
Engineering Handbook (NEH)) provides minimum engineering design standards for
anaerobic lagoons and other waste treatment systems. If the DENR included Part 651
of the NEH in section 1.4.3.3(3)(z), all applicants would know what is expected in the
design to insure that the intended treatment purpose does actually occur during
operation.

B6. Constructing in a 100 year floodplain. On page 22 of 45, subparagraph
1.4.3(3)(t) allows construction of a manure containment structure if the “top of the
freeboard” is at least one foot above the elevation of the 100-year flood. This allowance
does not make sense.

- Is DENR claiming that an earthen structure can withstand a 100-year flood that
reaches within 1 foot of the top of the berm?

- How does the earthen berm survive the saturation and scouring of a flood event
and still maintain structural integrity?

- Would the DENR allow a 20 million gallon manure wastewater impoundment to
be constructed in the 100 year flood zone if the one or all sides were built above
grade?

B7. Changes to the General Permit that are less protective. There are numerous
occasions where a change in the proposed general permit seems to reduce or eliminate
restrictive language. The DENR has not satisfactorily defended a less protective permit
in its Statement of Basis for the following:

- Allowing land application on saturated or snow covered ground.
- Reduced operator liability for transferred manure.

Public Comments regarding proposed modification to CAFO General Permit Page 5
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- Removed requirement for out-of-state manure to be land applied under the South
Dakota permitting program.

- Not providing contested case options for neighbors in the state permit approval
process, but providing such for the applicant if DENR denies the application.

- Change notification to DENR if land application on snow from “shall” to “should”.

- Changes in public notice that relies too heavily on internet access.

B8. Storm water management of production area. On page 20 of 45, subparagraph
1.4.3(3)(h)(4) states:

“If uncontaminated storm water runoff cannot be diverted away from the
production area and manure management systems, the manure management
system shall include adequate storage capacity for the additional clean water.”

The permit language does not specify how the DENR will determine if uncontaminated
storm water can be diverted within the confines of the particular proposed site, the
surrounding watershed, and available culverts and ditch systems. The use of HydroCad
to predict stormwater runoff volumes and peak flow rates is an important part of proving
that a proposed CAFO can control storm water and prevent its contamination. DENR
should require modeling by HydroCad to show that the proposed facility layout will be
functional with respect to stormwater run-on and run-off controls during operation.

B9. Ground water protection. The DENR relies heavily upon the shallow aquifer map
and the map of permeable sediments to determine if a facility should be required to
have a separate ground water permit or allowed to use the surface water general permit
with ground water monitoring. The DENR has permitted numerous CAFOs in and
amongst the upgradient watersheds to major river systems and their corresponding
shallow aquifer systems in the east half of the state as can be seen when comparing
Figure 1 and Figure 2 below. According to the Permitted CAFO map, the east half of
the state contains 41 dairies (103,232 head), 124 swine (621,557 head) and 7 poultry
(4,663,060 hd). The amount of manure that is land applied in the east half of the state
can be estimated using Midwest Plan Services MWPS-18 waste characteristics as
follows:

103,232 dairy x 18.70 gal manure/hd/day x 365 days/yr = 704,610,016 gall/yr
621,557 swine x 0.89 gal manure/hd/day x 365 days/yr = 201,912,792 gallyr
4,663,060 poultry x 0.017 gal manure/hd/day x 365 days/yr = 28,934,287 gall/yr
Total gallons manure per year: 935,457,095 gallons manure per year

This nearly one billion gallons of manure contains 61,902,656 Ibs of nitrogen and
28,782,306 Ibs P205. The DENR has chosen to control one billion gallons of manure
using one general permit regardless of CAFO type or size or risk to human health and
the environment. Where is the monitoring data to justify this CAFO general permit?
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Figure 1 — CAFOs located along 1-29 corridor and westward amongst numerous
shallow aquifer and alluvial areas.

Figure 2 — Permeable sediments map of eastern South Dakota.
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Antimicrobial resistance is one of our most serious health threats. Infections from resistant
bacteria are now too common, and some pathogens have even become resistant to
multiple types or classes of antibiotics (antimicrobials used to treat bacterial infections).
The loss of effective antibiotics will undermine our ability to fight infectious diseases

and manage the infectious complications common in vulnerable patients undergoing
chemotherapy for cancer, dialysis for renal failure, and surgery, especially organ
transplantation, for which the ability to treat secondary infections is crucial.

When first-line and then second-line antibiotic treatment options are limited by resistance
or are unavailable, healthcare providers are forced to use antibiotics that may be more toxic
to the patient and frequently more expensive and less effective. Even when alternative
treatments exist, research has shown that patients with resistant infections are often

much more likely to die, and survivors have significantly longer hospital stays, delayed
recuperation, and long-term disability. Efforts to prevent such threats build on the
foundation of proven public health strategies: immunization, infection control, protecting
the food supply, antibiotic stewardship, and reducing person-to-person spread through
screening, treatment and education.

Dr.Tom Frieden, MD, MPH

Director, U.S. Centers for Disease Control and Prevention

Meeting the Challenges of Drug-Resistant Diseases in Developing Countries

Committee on Foreign Affairs Subcommittee on Africa, Global Health, Human Rights,
and International Organizations

United States House of Representatives

April 23,2013



ANTIBIOTIC RESISTANGE THREATS IN
THE UNITED STATES, 2013

Executive Summary

Antibiotic Resistance Threats in the United States, 2013 is a snapshot of the complex problem
of antibiotic resistance today and the potentially catastrophic consequences of inaction.
The overriding purpose of this report is to increase awareness of the threat that antibiotic
resistance poses and to encourage immediate action to address the threat. This document
can serve as a reference for anyone looking for information about antibiotic resistance. It is
specifically designed to be accessible to many audiences. For more technical information,
references and links are provided.

This report covers bacteria causing severe human infections and the antibiotics used to
treat those infections. In addition, Candida, a fungus that commonly causes serious illness,
especially among hospital patients, is included because it, too, is showing increasing
resistance to the drugs used for treatment. When discussing the pathogens included in this
report, Candida will be included when referencing “bacteria” for simplicity. Also, infections
caused by the bacteria Clostridium difficile (C. difficile) are also included in this report.
Although C. difficile infections are not yet significantly resistant to the drugs used to treat
them, most are directly related to antibiotic use and thousands of Americans are affected
each year.

Drug resistance related to viruses such as HIV and influenza is not included, nor is drug
resistance among parasites such as those that cause malaria. These are important
problems but are beyond the scope of this report. The report consists of multiple one or
two page summaries of cross-cutting and bacteria- specific antibiotic resistance topics.
The first section provides context and an overview of antibiotic resistance in the United
States. In addition to giving a national assessment of the most dangerous antibiotic
resistance threats, it summarizes what is known about the burden of iliness, level of
concern, and antibiotics left to defend against these infections. This first section also
includes some basic background information, such as fact sheets about antibiotic safety
and the harmful impact that resistance can have on high-risk groups, including those with
chronicillnesses such as cancer.

CDC estimates that in the United States, more than two million people are sickened every
year with antibiotic-resistant infections, with at least 23,000 dying as a result. The estimates
are based on conservative assumptions and are likely minimum estimates. They are the best
approximations that can be derived from currently available data.

Regarding level of concern, CDC has — for the first time — prioritized bacteria in this report
into one of three categories: urgent, serious, and concerning.



Clostridium difficile
Carbapenem-resistant Enterobacteriaceae (CRE)

Drug-resistant Neisseria gonorrhoeae

Multidrug-resistant Acinetobacter

Drug-resistant Campylobacter
Fluconazole-resistant Candida (a fungus)
Extended spectrum 3-lactamase producing Enterobacteriaceae (ESBLs)
Vancomycin-resistant Enterococcus (VRE)
Multidrug-resistant Pseudomonas aeruginosa
Drug-resistant Non-typhoidal Salmonella
Drug-resistant Salmonella Typhi

Drug-resistant Shigella

Methicillin-resistant Staphylococcus aureus (MRSA)
Drug-resistant Streptococcus pneumoniae

Drug-resistant tuberculosis

Vancomycin-resistant Staphylococcus aureus (VRSA)
Erythromycin-resistant Group A Streptococcus

Clindamycin-resistant Group B Streptococcus

The second section describes what can be done to combat this growing threat, including
information on current CDC initiatives. Four core actions that fight the spread of antibiotic
resistance are presented and explained, including 1) preventing infections from occurring
and preventing resistant bacteria from spreading, 2) tracking resistant bacteria, 3)
improving the use of antibiotics, and 4) promoting the development of new antibiotics and
new diagnostic tests for resistant bacteria.

The third section provides summaries of each of the bacteria in this report. These
summaries can aid in discussions about each bacteria, how to manage infections, and
implications for public health. They also highlight the similarities and differences among
the many different types of infections.

This section also includes information about what groups such as states, communities,
doctors, nurses, patients, and CDC can do to combat antibiotic resistance. Preventing

the spread of antibiotic resistance can only be achieved with widespread engagement,
especially among leaders in clinical medicine, healthcare leadership, agriculture, and public
health. Although some people are at greater risk than others, no one can completely avoid



the risk of antibiotic-resistant infections. Only through concerted commitment and action
will the nation ever be able to succeed in reducing this threat.

A reference section provides technical information, a glossary, and additional resources.

Any comments and suggestions that would improve the usefulness of future publications
are appreciated and should be sent to Director, Division of Healthcare Quality Promotion,
National Center for Emerging and Zoonotic Infectious Diseases, Centers for Disease Control
and Prevention, 1600 Clifton Road, Mailstop A-07, Atlanta, Georgia, 30333. E-mail can also
be used: hip@cdc.gov.


mailto:hip@cdc.gov
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THE THREAT OF
ANTIBIOTIC RESISTANGE

Antibiotic resistance is a worldwide problem. New forms of antibiotic resistance can

cross international boundaries and spread between continents with ease. Many forms of
resistance spread with remarkable speed. World health leaders have described antibiotic-
resistant microorganisms as “nightmare bacteria” that “pose a catastrophic threat” to people
in every country in the world.

Each year in the United States, at least 2 million people acquire serious infections with
bacteria that are resistant to one or more of the antibiotics designed to treat those
infections. At least 23,000 people die each year as a direct result of these antibiotic-resistant
infections. Many more die from other conditions that were complicated by an antibiotic-
resistant infection.

In addition, almost 250,000 people each year require hospital care for Clostridium difficile
(C. difficile) infections. In most of these infections, the use of antibiotics was a major
contributing factor leading to the illness. At least 14,000 people die each year in the United
States from C. difficile infections. Many of these infections could have been prevented.

Antibiotic-resistant infections add considerable and avoidable costs to the already
overburdened U.S. healthcare system. In most cases, antibiotic-resistant infections require
prolonged and/or costlier treatments, extend hospital stays, necessitate additional
doctor visits and healthcare use, and result in greater disability and death compared with
infections that are easily treatable with antibiotics. The total economic cost of antibiotic
resistance to the U.S. economy has been difficult to calculate. Estimates vary but have
ranged as high as $20 billion in excess direct healthcare costs, with additional costs to
society for lost productivity as high as $35 billion a year (2008 dollars).!

The use of antibiotics is the single most important factor leading to antibiotic resistance
around the world. Antibiotics are among the most commonly prescribed drugs used

in human medicine. However, up to 50% of all the antibiotics prescribed for people are
not needed or are not optimally effective as prescribed. Antibiotics are also commonly
used in food animals to prevent, control, and treat disease, and to promote the growth

of food-producing animals. The use of antibiotics for promoting growth is not necessary,
and the practice should be phased out. Recent guidance from the U.S. Food and Drug
Administration (FDA) describes a pathway toward this goal.? It is difficult to directly
compare the amount of drugs used in food animals with the amount used in humans, but
there is evidence that more antibiotics are used in food production.

1 http://www.tufts.edu/med/apua/consumers/personal_home_5_1451036133.pdf (accessed 8-5-2013); extrapolated from
Roberts RR, Hota B, Ahmad |, et al. Hospital and societal costs of antimicrobial-resistant infections in a Chicago teaching
hospital: implications for antibiotic stewardship. Clin Infect Dis. 2009 Oct 15;49(8):1175-84

2 http://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEnforcement/Guidanceforindustry/UCM299624.
pdf

1


http://www.tufts.edu/med/apua/consumers/personal_home_5_1451036133.pdf
http://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEnforcement/GuidanceforIndustry/UCM299624.pdf
http://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEnforcement/GuidanceforIndustry/UCM299624.pdf
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The other major factor in the growth of antibiotic resistance is spread of the resistant strains
of bacteria from person to person, or from the non-human sources in the environment,
including food.

There are four core actions that will help fight these deadly infections:

preventing infections and preventing the spread of resistance
tracking resistant bacteria
improving the use of today's antibiotics

promoting the development of new antibiotics and developing new diagnostic
tests for resistant bacteria

Bacteria will inevitably find ways of resisting the antibiotics we develop, which is why
aggressive action is needed now to keep new resistance from developing and to prevent
the resistance that already exists from spreading.



NATIONAL

SUMMARY DATA
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Estimated minimum number of illnesses and
deaths caused by antibiotic resistance*:

At least * 2,049,442 illnesses,
g‘; 23'000 deaths

*bacteria and fungus included in this report

Estimated minimum number of illnesses and
death due to Clostridium difficile (C. difficile),

a unique bacterial infection that, although

not significantly resistant to the drugs used to
treat it, is directly related to antibiotic use and
resistance:

At least * 2 5 n y n 0 0 illnesses,
Q 14 000 deaths
> iy

WHERE DO INFECTIONS HAPPEN?

Antibiotic-resistant infections can happen anywhere. Data show that
most happen in the general community; however, most deaths related
to antibiotic resistance happen in healthcare settings, such as hospitals
and nursing homes.

SERVICE,
f“"\ * U.S. Department of
g Health and Human Services
%} C Centers for Disease
Y Control and Prevention




How Antibiotic Resistance Happens

1 2

Lots of éerms. Antibiofics kill
A few are drug resistant. bacteria causing the illness,
as well as good bacteria
protecting the body from
infection.
X X )
x XX
) X x /) X X
X

3

The drug-resistant
bacteria are now allowed to
grow and take over.

4

Some bacteria give
their drug-resistance to
other bacteria, causing
more problems.

Y \

\-’
) » )
’

Examples of How Antibiotic Resistance Spreads

> Animals get
] v antibiotics and
develop resistant
bacteria in their guts.

Drug-resistant
bacteria can
remain on meat
from animals.
When not handled
or cooked properly,
the bacteria can

O

spread to humans. (&5
/ 2R Ne

Fertilizer or water
containing animal feces
and drug-resistant bacteria
is used on food crops.

\ /

Drug-resistant bacteria
in the animal feces can
remain on crops and be
eaten. These bacteria
can remain in the
human gut.

———

Vegetable Farm

George gets ‘;;)
antibiotics and >
develops resistant :

bacteria in his gut.

George stays at
home and in the
general community.
Spreads resistant
bacteria.

\

George gets care at a
hospital, nursing home or
other inpatient care facility.
Resistant germs spread
directly to other patients or |

Healthcare Facility

indirectly on unclean hands
of healthcare providers.

Resistant bacteria
spread to other

patients from

R -
surfaces within the

Patients ¢
go home. <€ |althcare facility.

Simply using antibiotics creates resistance. These drugs should only be used to treat infections.
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This report uses several methods, described in the technical appendix, to estimate the
number of cases of disease caused by antibiotic-resistant bacteria and fungi and the
number of deaths resulting from those cases of disease. The data presented in this report
are approximations, and totals, as provided in the national summary tables, can provide
only a rough estimate of the true burden of illness. Greater precision is not possible at this
time for a number of reasons:

Precise criteria exist for determining the resistance of a particular species of
bacteria to a specific antibiotic. However, for many species of bacteria, there are
no standard definitions that allow for neatly dividing most species into only two
categories—resistant vs. susceptible without regard to a specific antibiotic. This
report specifies how resistance is defined for each microorganism.

There are very specific criteria and algorithms for the attribution of deaths to
specific causes that are used for reporting vital statistics data. In general, there
are no similar criteria for making clinical determinations of when someone’s
death is primarily attributable to infection with antibiotic-resistant bacteria, as
opposed to other co-existing illnesses that may have contributed to or caused
death. Many studies attempting to determine attributable mortality rely on

the judgment of chart reviewers, as is the case for many surveillance systems.
Thus, the distinction between an antibiotic-resistant infection leading directly to
death, an antibiotic-resistant infection contributing to a death, and an antibiotic-
resistant infection related to, but not directly contributing to a death are usually
determined subjectively, especially in the preponderance of cases where patients
are hospitalized and have complicated clinical presentations.

In addition, the estimates provided in this report represent an underestimate of the total
burden of bacterial resistant disease.

The methodology employed in this report likely underestimates, at least for

some pathogens, the impact of antibiotic resistance on mortality. As described

in the technical appendix, the percentage of resistant isolates for some bacteria
was multiplied by the total number of cases or the number of deaths ascribed

to that bacterium. A number of studies have shown that the risk of death
following infection with a strain of resistant bacteria is greater than that following
infection with a susceptible strain of the same bacteria. More accurate data for

all bacteria would be necessary to estimate the extent of the differential risk for
death associated with a resistant infection vs. the risk of death associated with a
susceptible infection. But, lacking that data, the lower, more conservative estimate
has been used. That estimate is the approximation of the number of deaths derived
by applying the proportion of resistant isolates to the estimated total number of
deaths caused by that pathogen.



For several pathogens, complete data from all types of infections are not
available since tracking is limited to the more severe types of infections. For some
pathogens, such as methicillin-resistant Staphylococcus aureus (MRSA), only cases
due to invasive disease are counted. For other pathogens, where resistance is
predominately limited to healthcare settings, only disease occurring in acute care
hospitals, or requiring hospitalization, are counted.

The actual number of infections and the actual number of deaths, therefore, are certainly
higher than the numbers provided in this report.

This report does not provide a specific estimate for the financial cost of antibiotic-resistant
infections. Although a variety of studies have attempted to estimate costs in limited
settings, such as a single hospital or group of hospitals, the methods used are quite
variable. Similarly, careful work has been done to estimate costs for specific pathogens,
such as Streptococcus pneumoniae and MRSA. However, no consensus methodology
currently exists for making such monetary estimates for many of the other pathogens listed
in this report. For this reason, this report references non-CDC estimates in the introduction,
but does not attempt to estimate the overall financial burden of antibiotic resistance to the
United States.
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CDC conducted an assessment of antibiotic resistance threats, categorizing the threat
level of each bacteria as urgent, serious, or concerning. The assessment was done in
consultation with non-governmental experts in antibiotic resistance who serve on the
Antimicrobial Resistance Working Group of the CDC Office of Infectious Diseases Board

of Scientific Counselors (http://www.cdc.gov/oid/BSC.html). CDC also received input and
recommendations from the National Institutes of Health (NIH) and the U.S. Food and Drug
Administration (FDA). Threats were assessed according to seven factors associated with
resistant infections:

clinical impact

economic impact

incidence

10-year projection of incidence
transmissibility

availability of effective antibiotics
barriers to prevention

The assessment was focused on domestic impact, but the threat of importing international
antibiotic-resistant pathogens was taken into account in the 10-year incidence projection.
Because antibiotic resistance is a rapidly evolving problem, this assessment will be revised at
least every five years. Examples of findings that could result in a change in threat status are:

Multidrug-resistant and extensively drug-resistant tuberculosis (MDR and XDR
TB) infections are an increasing threat outside of the United States. In the United
States, infections are uncommon because a robust prevention and control
program is in place. If infection rates of MDR and XDR TB increase within the U.S.,,
this antibiotic-resistant threat will change from serious to urgent, because it is
transmissible through respiratory secretions, and because treatment options are
very limited.

MRSA infections can be very serious and the number of infections is among

the highest of all antibiotic-resistant threats. However, the number of serious
infections is decreasing and there are multiple effective antibiotics for treating
infections. If MRSA infection rates increase or MRSA strains become more resistant
to other antibiotic agents, then MRSA may change from a serious to an urgent
threat.

Streptococcus pneumoniae (pneumococcus) can cause serious and sometimes
life-threatening infections. Antibiotic resistance significantly affects the ability to
manage these infections. A new version of the pneumococcal conjugate vaccine
(PCV13), introduced in 2010, protects against infections with the most resistant
pneumococcus strains and rates of resistant infections are declining. The extent to
which this trend will continue is unknown, but a significant and sustainable drop in
resistant infection rates could result in this threat being recategorized

as concerning.


http://www.cdc.gov/oid/BSC.html

In general, threats assigned to the urgent and serious categories require more monitoring
and prevention activities, whereas the threats in the concerning category require less.
Regardless of category, threat-specific CDC activities are tailored to meet the epidemiology
of the infectious agent and to address any gaps in the ability to detect resistance and to
protect against infections.

HAZARD LEVEL

These are high-consequence antibiotic-resistant threats because of

unGENT significant risks identified across several criteria. These threats may not be

currently widespread but have the potential to become so and require urgent

e e e e 6 public health attention to identify infections and to limit transmission.

Clostridium difficile (C. difficile), Carbapenem-resistant Enterobacteriaceae (CRE), Drug-resistant Neisseria
gonorrhoeae (cephalosporin resistance)

HAZARD LEVEL These are significant antibiotic-resistant threats. For varying reasons (e.g.,
SEnln“s low or declining domestic incidence or reasonable availability of therapeutic
agents), they are not considered urgent, but these threats will worsen

e e 6 e e and may become urgent without ongoing public health monitoring and
prevention activities.

Multidrug-resistant Acinetobacter, Drug-resistant Campylobacter, Fluconazole-resistant Candida (a fungus),
Extended spectrum B-lactamase producing Enterobacteriaceae (ESBLs), Vancomycin-resistant Enterococcus
(VRE), Multidrug-resistant Pseudomonas aeruginosa, Drug-resistant Non-typhoidal Salmonella, Drug-resistant
Salmonella Typhi, Drug-resistant Shigella, Methicillin-resistant Staphylococcus aureus (MRSA), Drug-resistant
Streptococcus pneumonia, Drug-resistant tuberculosis (MDR and XDR)

HAZARD LEVEL These are bacteria for which the threat of antibiotic resistance is low, and/
ancEnNING or there are multiple therapeutic options for resistant infections. These

bacterial pathogens cause severe illness. Threats in this category require

e e e e 9 monitoring and in some cases rapid incident or outbreak response.

Vancomycin-resistant Staphylococcus aureus (VRSA), Erythromycin-resistant Streptococcus Group A,
Clindamycin-resistant Streptococcus Group B

Although C. difficile is not currently significantly resistant to antibiotics used to treat it, it was included in the threat assessment
because of its unique relationship with resistance issues, antibiotic use, and its high morbidity and mortality.



22

Among all of the bacterial resistance problems, gram-negative pathogens are particularly
worrisome, because they are becoming resistant to nearly all drugs that would be
considered for treatment. This is true as well, but not to the same extent, for some of

the gram-positive infections (e.g., Staphylococcus and Enterococcus). The most serious
gram-negative infections are healthcare-associated, and the most common pathogens
are Enterobacteriaceae, Pseudomonas aeruginosa, and Acinetobacter. Treating infections
of either pan-resistant or nearly pan-resistant gram-negative microorganisms is an
increasingly common challenge in many hospitals. The table below describes the drug
classes used to treat these infections and a description of important drug resistance and
other limitations. The classes are in order of most likely to be used to less likely to be used.

Drug Class

Important Characteristics

Resistance and Other Limitations

B-lactams

B-lactam subclass:

Penicillin,
aminopenicillins,
and early
generation
cephalosporins

B-lactamase
inhibitor
combinations

A large class of broad-spectrum drugs
that are the main treatment for gram-
negative infections. The subclasses are
listed below and are presented in an
order from narrow-spectrum (penicillins)
to broad-spectrum (carbapenem)
-lactam drugs.

Among the first antibiotics developed
for treatment of bacterial infections. In
the absence of resistance, these drugs
are active against a broad range of
bacterial pathogens.

These drugs are still active against gram-
negative bacteria that have B-lactamases
with limited activity for destroying
B-lactam antibiotics.

Extended-spectrum These drugs have been a cornerstone

Cephalosporins

for treatment of serious gram-negative
infections for the past 20 years.

Gram-negative bacteria have developed
several pathways to 3-lactam resistance.
Perhaps the most concerning are
B-lactamases, enzymes that destroy the
B-lactam antibiotics. Some B-lactamases
destroy narrow spectrum drugs

(e.g., only active against penicillins)
while newer B-lactamases (e.g.
carbapenemases found in carbapenem-
resistant Enterobacteriaceae or CRE) are
active against all -lactam antibiotics.

Resistance among gram-negative
bacteria is widespread. These drugs are
rarely recommended as treatment for
serious gram-negative infections.

These drugs are important for treatment
of serious gram- negative infections
but resistance is increasing. Bacteria
that are resistant to extended-spectrum
cephalosporins and carbapenems are
usually resistant to these drugs as well.
New B-lactamase inhibitor combination
drugs in development have the
potential to overcome some, but not
all, of resistance from the most potent
-lactamases such as those found in
CRE.

Resistant gram-negative infections first
emerged in healthcare settings but now
are also spreading in the community.
When resistance occurs, a carbapenem
is the only remaining B-lactam agent.



Drug Class Important Characteristics Resistance and Other Limitations
Carbapenems A broad-spectrum (3-lactam antibiotic CRE infections are spreading in

that is considered the last resort for healthcare facilities throughout the

treatment of serious gram-negative United States and the world. It is

infections. reasonable to expect that this resistance
will expand to bacteria that circulate
in the community, as witnessed by
extended-spectrum (-lactamase
producing bacteria. Carbapenem
resistance can also be found among
other gram-negative bacteria including
Pseudomonas and Acinetobacter spp.
Once bacteria become resistant to
carbapenems, they are usually resistant
to all B-lactams.

Fluoroguinolones These are broad-spectrum antibiotics Resistant bacteria develop quickly with
that are often given orally, making them increased use in a patient population.
convenient to use in both inpatients and  Increased use is also associated with
outpatients. an increase in infections caused by

fluoroquinolone-resistant, hyper-
virulent strains of Clostridium difficile.

Aminoglycosides These drugs are often used in Despite growing resistance problems,

Tetracyclines &
Glycyclines

Polymyxins

combination with -lactam drugs for
the treatment of serious gram-negative
infections.

Tetracyclines are not a first-line
treatment option for serious gram
negative infections; however, with
increasing resistance to other drug
classes, tetracyclines are considered

as a treatment option. Glycyclines (i.e.,
tigecycline) are often considered for
treatment of multidrug-resistant gram-
negative infections.

These drugs are an older class that fell
out of favor because of toxicity concerns.
Now they are often used as a “last resort”
agent for treatment of multidrug-
resistant gram-negative infections.

these drugs continue to be an
important therapeutic option. However,
clinicians rarely use these drugs alone
because of concerns with resistance and
side effects.

Tigecycline is a drug that does not
distribute evenly in the body, so it is
often used in combination with other
drugs depending upon the site of
infection. Resistance to tigecycline
has emerged but it is still relatively
uncommon.

Because these are generic drugs, there
are limited contemporary data on
proper dosing. In addition, resistance
is emerging, but there are limited data
guiding the accurate detection of
resistance in hospital labs. As a result,
use of these drugs present significant
challenges for clinicians. In the absence
of a drug sponsor, FDA and NIH are
funding studies to fill these critical
information gaps.
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People at Especially High Risk

As antibiotic resistance grows, the antibiotics used to treat infections do not work as well

or at all. The loss of effective antibiotic treatments will not only cripple the ability to fight
routine infectious diseases but will also undermine treatment of infectious complications

in patients with other diseases. Many of the advances in medical treatment—joint
replacements, organ transplants, cancer therapy, and treatment of chronic diseases such as
diabetes, asthma, rheumatoid arthritis—are dependent on the ability to fight infections with
antibiotics. If that ability is lost, the ability to safely offer people many life-saving and life-
improving modern medical advantages will be lost with it. For example:

GANCER CHEMOTHERAPY

People receiving chemotherapy are often at risk for developing an infection when
their white blood cell count is low. For these patients, any infection can quickly
become serious and effective antibiotics are critical for protecting the patient
from severe complications or death.

GOMPLEX SURGERY

Patients who receive cardiac bypass, joint replacements, and other complex surgeries
are at risk of a surgical site infection (SSI). These infections can make recovery from
surgery more difficult because they can cause additional illness, stress, cost, and
even death. For some, but not all surgeries, antibiotics are given before surgery to
help prevent infections.

RHEUMATOID ARTHRITIS

Inflammatory arthritis affects the immune system, which controls how well the
body fights off infections. People with certain types of arthritis have a higher risk
of getting infections. Also, many medications given to treat inflammatory arthritis
can weaken the immune system. Effective antibiotics help ensure that arthritis
patients can continue to receive treatment.

DIALYSIS FOR END-STAGE RENAL DISEASE

Patients who undergo dialysis treatment have an increased risk for getting a
bloodstream infection. In fact, bloodstream infections are the second leading
cause of death in dialysis patients. Infections also complicate heart disease,
the leading cause of death in diaysis patients. Infection risk is higher in
these patients because they have weakened immune systems and often require

catheters or needles to enter their bloodstream. Effective antibiotics help
ensure that dialysis patients can continue to receive life-saving treatment.

ORGAN AND BONE MARROW TRANSPLANTS

Transplant recipients are more vulnerable to infections. Because a patient
undergoes complex surgery and receives medicine to weaken the immune system
for a year or more, the risk of infection is high. It is estimated that 1% of organs
transplanted in the United States each year carry a disease that comes from the
donor—either an infection or cancer. Effective antibiotics help ensure that organ
transplants remain possible.




Antibiotic Safety
¥

ANTIBIOTICS ARE RESPONSIBLE :
FOR ALMOST . ANTIBIOTICS ARE THE

: MOST COMMON CAUSE OF
1 O U-I- O F 5 EMERGENCY DEPARTMENT VISITS

FOR ADVERSE DRUG EVENTS

: IN CHILDREN UNDER

EMERGENCY DEPARTMENT VISITS 18 YEARS OF AGE.
FOR ADVERSE DRUG EVENTS

Antibiotics are powerful drugs that are generally safe and very helpful in fighting
disease, but there are times when antibiotics can actually be harmful.

Antibiotics can have side effects, including allergic reactions and a potentially
deadly diarrhea caused by the bacteria Clostridium difficile (C. difficile). Antibiotics
can also interfere with the action of other drugs a patient may be taking for
another condition. These unintended reactions to antibiotics are called adverse
drug events.

When someone takes an antibiotic that they do not need, they are needlessly
exposed to the side effects of the drug and do not get any benefit from it.

Moreover, taking an antibiotic when it is not needed can lead to the development
of antibiotic resistance. When resistance develops, antibiotics may not be able to
stop future infections. Every time someone takes an antibiotic they don’t need,
they increase their risk of developing a resistant infection in the future.
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Every year, there are more than 140,000 emergency department visits for
reactions to antibiotics. Almost four out of five (79%) emergency department
visits for antibiotic-related adverse drug events are due to an allergic reaction.
These reactions can range from mild rashes and itching to serious blistering skin
reactions swelling of the face and throat, and breathing problems. Minimizing
unnecessary antibiotic use is the best way to reduce the risk of adverse drug
events from antibiotics. Patients should tell their doctors about any past drug
reactions or allergies.

C. difficile causes diarrhea linked to at least 14,000 American deaths each year.
When a person takes antibiotics, good bacteria that protect against infection are
destroyed for several months. During this time, patients can get sick from C. difficile
picked up from contaminated surfaces or spread from a healthcare provider’s
hands. Those most at risk are people, especially older adults, who take antibiotics
and also get medical care. Take antibiotics exactly and only as prescribed.

Antibiotics can interact with other drugs patients take, making those drugs or the
antibiotics less effective. Some drug combinations can worsen the side effects of
the antibiotic or other drug. Common side effects of antibiotics include nausea,
diarrhea, and stomach pain. Sometimes these symptoms can lead to dehydration
and other problems. Patients should ask their doctors about drug interactions and
the potential side effects of antibiotics. The doctor should be told immediately if a
patient has any side effects from antibiotics.



GAPS IN KNOWLEDGE
OF ANTIBIOTIC RESISTANCE

LIMITED NATIONAL, STATE, AND FEDERAL CAPACITY TO DETECT
AND RESPOND TO URGENT AND EMERGING ANTIBIOTIC
RESISTANGE THREATS

Even for critical pathogens of concern like carbapenem-
resistant Enterobacteriaceae (CRE) and Neisseria gonorrhoeae,
we do not have a complete picture of the domestic incidence,
prevalence, mortality, and cost of resistance.

GURRENTLY, THERE IS NO SYSTEMATIC INTERNATIONAL
SURVEILLANGE OF ANTIBIOTIC RESISTANGE THREATS

O Today, the international identification of antibiotic

':‘. ) resistance threats occurs through domestic importation of
\ P novel antibiotic resistance threats or through identification
- of overseas outbreaks.

DATA ON ANTIBIOTIC USE IN HUMAN HEALTHGARE AND IN
AGRICULTURE ARE NOT SYSTEMATICALLY COLLECTED

Routine systems of reporting and benchmarking antibiotic
use wherever it occurs need to be piloted and scaled
O nationwide.

PROGRAMS TO IMPROVE ANTIBIOTIC PRESGRIBING ARE NOT
WIDELY USED IN THE UNITED STATES

® These inpatient and outpatient programs hold great promise
for reducing antibiotic resistance threats, improving patient
a outcomes, and saving healthcare dollars.

ADVANGED TECHNOLOGIES GAN IDENTIFY THREATS MUCH
FASTER THAN GURRENT PRACTICE

Advanced molecular detection (AMD) technologies, which can
identify AR threats much faster than current practice, are not
being used as widely as necessary in the United States.

2]
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Developing Resistance

Timeline of Key Antibiotic Resistance Events

ANTIBIOTIC RESISTANCE
INDENTIFIED

penicillin-R Staphylococcus
Dates are based upon early reports
of resistance in the literature. In the
case of pan drug-resistant (PDR)-
Acinetobacter and Pseudomonas,
the date is based upon reports
of healthcare transmission or
outbreaks. Note: penicillin was in
limited use prior to widespread
population usage in 1943.

tetracycline-R Shigella

methicillin-R Staphylococcus

penicillin-R pneumococcus

erythromycin-R Streptococcus

gentamicin-R Enterococcus

ceftazidime-R Enterobacteriaceae

vancomycin-R Enterococcus

levofloxacin-R pneumococcus
imipenem-R Enterobacteriaceae

XDR tuberculosis

linezolid-R Staphylococcus
vancomycin-R Staphylococcus
PDR-Acinetobacter and Pseudomonas

ceftriaxone-R Neisseria gonorrhoeae
PDR-Enterobacteriaceae

ceftaroline-R Staphylococcus

1940

1959
1962

1965

1968

1979

1987
1988

1996
1998

2000
2001
2002

2004/5

2009

2011

ANTIBIOTIC

INTRODUCED
—— 1943  penicillin
—— 1950 tetracycline
—— 1953 erythromycin
—— 1960 methicillin
—— 1967 gentamicin
—— 1972  vancomycin
1985 imipenemand

ceftazidime

—— 1996 levofloxacin
—— 2000 linezolid
—— 2003  daptomycin
—— 2010 ceftaroline
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FIGHTING

BACK AGAINST

ANTIBIOTIC RESISTANGE

Four Core Actions to Prevent

Antibiotic

Resistance

PREVENTING INFEGTIONS,
PREUENTING THE SPREAD OF RESISTANGE

¥

Avoiding infections in the first place reduces the amount of
antibiotics that have to be used and reduces the likelihood that
resistance will develop during therapy. There are many ways that
drug-resistant infections can be prevented: immunization, safe
food preparation, handwashing, and using antibiotics as directed
and only when necessary. In addition, preventing infections also
prevents the spread of resistant bacteria.

2 TRACKING

CDC gathers data on antibiotic-resistant infections, causes of
infections and whether there are particular reasons (risk factors)
that caused some people to get a resistant infection. With that
information, experts can develop specific strategies to prevent
those infections and prevent the resistant bacteria from spreading.

IMPROVING ANTIBIOTIC PRESCRIBING/STEWARDSHIP

Perhaps the single most important action needed to greatly slow
down the development and spread of antibiotic-resistant infections
is to change the way antibiotics are used. Up to half of antibiotic
use in humans and much of antibiotic use in animals is unnecessary
and inappropriate and makes everyone less safe. Stopping even
some of the inappropriate and unnecessary use of antibiotics in
people and animals would help greatly in slowing down the spread
of resistant bacteria. This commitment to always use antibiotics
appropriately and safely—only when they are needed to treat
disease, and to choose the right antibiotics and to administer them
in the right way in every case—is known as antibiotic stewardship.

DEVELOPING NEW DRUGS AND DIAGNOSTIC TESTS

Because antibiotic resistance occurs as part of a natural process in
which bacteria evolve, it can be slowed but not stopped. Therefore,
we will always need new antibiotics to keep up with resistant
bacteria as well as new diagnostic tests to track the development
of resistance.
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1. PREVENTING INFEGTIONS,

FOUR CORE ACTIONS
PREVENTING THE SPREAD OF —_—
HESISTANGE TRACKING RESISTANCI;
Preventing infections from developing reduces IPSTI,LE&',\‘IS,\IG USE OF
the amount of antibiotics used. This reduction in ANTIBIOTICS.
antibiotic use, in turn, slows the pace of antibiotic DEVELOPING NEW ANTIBIOTICS

resistance. Preventing infections also prevents the AND DIAGNOSTIC TESTS.
spread of resistant bacteria. Antibiotic-resistant infections can
be prevented in many ways. This section focuses on CDC’s
works to prevent antibiotic-resistant infections in healthcare settings, in the community,
and in food.

CDC'’s Work to Prevent Infections and Antibiotic Resistance in Healthcare
Settings

Antibiotic resistance in healthcare settings is a significant threat to public health. Because
almost all Americans will receive care in a medical setting at some point, the problem

can affect anyone. In addition, many times, patients in medical settings such as hospitals
and long-term care facilities (e.g., skilled nursing facilities and nursing homes) are already
vulnerable due to weak immune systems and underlying illness. For these patients,
contracting an antibiotic-resistant infection is especially dangerous. By preventing
antibiotic resistance in healthcare settings, patients’ lives are better protected and their
health can be better preserved. In addition, healthcare facilities, systems, insurers and
patients can save dollars that otherwise would have been spent on more complex care and
medications needed to manage antibiotic-resistant infections.

CDC works to prevent antibiotic resistance in healthcare settings by providing a system to
track resistance and prescribing patterns at national, regional, and local levels; providing
guidance to healthcare facilities interested in better antibiotic use; and working to prevent
all patient infections through infection control guidelines, assistance implementing these
guidelines, and laboratory expertise. Here are some examples of how CDC is working to
prevent antibiotic resistance in healthcare settings:

Tracking

CDC’s National Healthcare Safety Network (NHSN) is used by healthcare facilities to
electronically report infections, antibiotic use, and resistance. Data currently submitted by
hospitals to NHSN allow facilities, states, and regions the ability to track and benchmark
antibiotic resistance in bacteria responsible for many healthcare-associated infections. As
more hospitals submit data to the new NHSN Antibiotic Use and Resistance Module, they
will be able to track and benchmark antibiotic resistance in all bacteria, as well as track
antibiotic usage. This information will allow facilities to target areas of concern, to make
needed improvements and to track the success of their efforts. In addition, NHSN allows
CDC to perform and report national assessments of antibiotic resistance.

CDC'’s specialized, national reference laboratory tests bacteria samples from around the
country to detect new and emerging resistance patterns that affect patient health. This



reference testing also provides an early warning of new resistance that has the potential to
spread across the nation and that requires public health action.

Additionally, CDC recently conducted a survey in collaboration with its Emerging
Infections Program to estimate the number of healthcare-associated infections and to
better understand antibiotic use among inpatients in U.S. hospitals. The survey found that
antibiotic use was frequent, that most antibiotic use was for treating active infections, and
that vancomycin was the most commonly used antibiotic overall. Formal results are due to
be published in late 2013 and 2014. CDC plans to conduct a repeat survey in 2014 that will
include assessments of appropriate antibiotic prescribing.

Improving Antibiotic Prescribing

CDC manages the Get Smart program, a national campaign to improve antibiotic
prescribing and use in both outpatient and inpatient settings. The program supports a
variety of state-based programs modeled on the national effort. Each November, CDC
publicizes its annual Get Smart About Antibiotics Week to raise awareness among patients,
healthcare providers, hospital administrators, and policy makers about the threat of
antibiotic resistance and the need to decrease inappropriate antibiotic use. CDC provides
public health messages and resources for improving antibiotic use in healthcare settings
and is now working with a variety of partners to improve the use of antibiotics in healthcare
settings. One core activity is the development and implementation of the Antibiotic
Stewardship Drivers and Change Package, a tool that provides healthcare facilities with

a menu of interventions they can select from to improve antibiotic use. CDC developed
and tested this tool with the Institute for Healthcare Improvement. Additional information
about Get Smart About Antibiotics Week activities and messages can be found on CDC's
website: http://www.cdc.gov/getsmart/. The Drivers and Change Package can be found at
http://www.cdc.gov/getsmart/healthcare/improve-efforts/driver-diagram/index.html.

Protecting Patients from Infections

Preventing infections negates the need for antibiotic use in the first place, and scientific
evidence shows that reducing antibiotic use in a single facility can reduce resistance

in that facility. Taken on a national scale, infection prevention efforts can significantly
decrease resistance. To help prevent infections, CDC conducts research to find new ways of
preventing infections; provides the nation with infection prevention guidelines and tools to
prevent infections; serves as the nation’s reference laboratory to identify microorganisms;
and offers the nation’s largest healthcare-associated infection tracking system, NHSN,
allowing facilities and states to identify and address problem areas.
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CDC'’s Work to Prevent Antibiotic Resistance in the Community

Antibiotic-resistant infections outside of the hospital setting were rare until recently.
Today, resistant infections that can be transmitted in the community include tuberculosis
and respiratory infections caused by Streptococcus pneumoniae, skin infections caused by
methicillin-resistant Staphylococcus aureus, and sexually transmitted infections such as
gonorrhea.

CDC works to prevent antibiotic resistance in the community by providing systems to track
infections and changes in resistance; improving prescribing at national, regional, and local
levels; and limiting or interrupting the spread of infections. These activities are similar to
the strategies used in medical settings, but the approach can differ because the population
(potentially everyone) is large and the settings are different. Here are some examples of the
strategies CDC uses to prevent antibiotic resistance in communities:

Tracking Community Infections and Resistance

These programs are examples of CDC'’s effort to identify critical infections in the community
and monitor resistance trends.

Active Bacterial Core surveillance (ABCs): Tracking infections caused by Neisseria
meninagitidis, Streptococcus pneumoniae, Groups A and B Streptococcus, and
methicillin-resistant Staphylococcus aureus

Gonococcal Isolate Surveillance Project (GISP): Collecting isolates from
gonorrhea infections to monitor antibiotic resistance

National Tuberculosis Surveillance System (NTSS): National Electronic Disease
Surveillance System (NEDSS)-based reporting of tuberculosis cases including
resistance data

Healthcare-Associated Infections-Community Interface (HAIC): Tracking
infections with C. difficile and with multidrug-resistant gram-negative
microorganisms.

Improving Antibiotic Prescribing

Prescribing antibiotics when they are not needed or prescribing the wrong antibiotic in
outpatient settings such as doctors’ offices is common. In some cases, doctors might not
order laboratory tests to confirm that bacteria are causing the infection, and therefore the
antibiotic might be unnecessarily prescribed. In other cases, patients demand treatment
for conditions such as a cold when antibiotics are not needed and will not help. Likewise,
healthcare providers can be too willing to satisfy a patient’s expectation for an antibiotic
prescription. CDC manages the Get Smart program, a national campaign to improve
antibiotic prescribing and use in both outpatient and inpatient settings, and supports a
variety of state-based programs modeled on the national effort. CDC provides local public
health authorities with messages and resources for improving antibiotic use in outpatient
settings and is now working with a variety of partners to identify new approaches for
improving antibiotic use.
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Limiting and Interrupting the Spread of Antibiotic-Resistant Infections in
the Community

Preventing the spread of infection in the community is a significant challenge, and
many prevention interventions are used, depending on the type of infection and the route
of transmission.

Here are some examples of CDC’s activities to limit and interrupt the spread of antibiotic-
resistant community infections:

Contact Tracing: A prevention strategy that has proven successful is tracking cases
(individuals who are infected) and tracing contacts (people who have had contact
with a case that puts them at risk for infection as well). This process is used to
ensure that all persons requiring an intervention such as treatment, prophylaxis,
or temporary isolation from the general public are identified and managed
appropriately. This approach is resource intensive, but it has successfully limited
transmission of infections including tuberculosis, gonorrhea, and meningococcus.

Vaccination: There are few vaccines for antibiotic-resistant bacteria, but the S.
pneumoniae vaccine has proven that an effective vaccine can reduce antibiotic
resistance rates. The vaccine targets certain types of the bacteria, even ifitis a
resistant type, and reduces the overall number of infections, including those that
are caused by resistant strains. The first version of the vaccine was introduced in
2000 and reduced the frequency of antibiotic-resistant infections, but it did not
protect against a particular strain of S. pneumoniae called serotype 19A. This strain
became increasingly resistant to antibiotics and caused more infections because
the vaccine did not offer protection. A new version of the vaccine, approved

for use in 2010, protects against serotype 19A. As a result, the rate of resistant
pneumococcal infections is decreasing.

Treatment Guidelines: The spread of antibiotic resistance can be prevented if
infections are effectively treated before the pathogen is spread to others. For some
infections, laboratory tests for guiding treatment are not easily available or the
turn-around time is slow or incomplete. This is the case for treating gonorrhea

and tuberculosis. For these infections, healthcare providers rely on treatment
guidelines for proper management of infections. CDC monitors resistance trends
in Neisseria gonorrhoeae (the cause of gonorrhea) and Mycobacterium tuberculosis
(the cause of tuberculosis) and publishes treatment guidelines to limit the
progression of these diseases and the spread of bacteria.

Promotion of Safe Sex: Increases in the spread of drug-resistant Neisseria
gonorrhoeae poses unique challenges. To prevent transmission of this infection,
CDC works to promote safer sexual behaviors such as abstinence, mutual
monogamy, and correct and consistent condom use.
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Preventing Infections: CDC’s Work to Prevent Antibiotic Resistance in Food

Each year, millions of people in the United States become sick from foodborne and other
enteric (gastrointestinal) infections. While many of these infections are mild and do not
require treatment, antibiotics can be lifesaving in severe infections. Antibiotic resistance
compromises our ability to treat these infections and is a serious threat to public health.
Preventing resistant enteric infections requires a multifaceted approach and partnerships
because bacteria that cause some infections, such as salmonellosis and campylobacteriosis,
have animal reservoirs, while other bacteria, such as those that cause shigellosis and
typhoid fever, have human reservoirs. To prevent antibiotic-resistant foodborne infections,
CDC works closely with state and local health departments; with the U.S. Food and Drug
Administration (FDA), which regulates antibiotics, many foods, animal feed, and other
products; and with the U.S. Department of Agriculture (USDA), which regulates meat,
poultry, and egg products.

Tracking Antibiotic Resistance

In 1996, the National Antimicrobial Resistance Monitoring System (NARMS) was established
as a collaboration among CDC, FDA, USDA, and state and local public health departments.
This national public health surveillance system tracks antibiotic resistance among
Salmonella, Campylobacter, and other bacteria transmitted commonly through food.
NARMS tests bacteria from humans (CDC), retail meats (FDA), and food-producing animals
(USDA) in the United States. The primary objectives of the NARMS program are to:

Monitor trends in antibiotic resistance among enteric bacteria from humans, retail
meats, and food-producing animals.

Disseminate information on antibiotic resistance to promote interventions that
reduce antibiotic resistance among foodborne bacteria.

Conduct research to better understand the emergence, persistence, and spread of
antibiotic resistance.

Provide data that assist the FDA in making decisions about approving safe and
effective antibiotic drugs for animals.

The CDC reference laboratory conducts antibiotic susceptibility testing on isolates from
sporadic cases and outbreaks of illness. The lab also confirms and studies bacteria that

have new antibiotic resistance patterns. NARMS provides information about patterns of
emerging resistance among enteric pathogens to stakeholders, including federal regulatory
agencies, policymakers, consumer advocacy groups, industry, and the public, to guide
public health prevention and policy efforts that protect people from resistant infections. For
more information about NARMS: www.cdc.gov/narms.

Improving Antibiotic Use

Antibiotics are widely used in food-producing animals, and according to data published

by FDA, there are more kilograms of antibiotics sold in the United States for food-
producing animals than for people. (http://www.fda.gov/downloads/ForIndustry/UserFees/
AnimalDrugUserFeeActADUFA/UCM338170.pdf). This use contributes to the emergence

of antibiotic-resistant bacteria in food-producing animals. Resistant bacteria in food-
producing animals are of particular concern because these animals serve as carriers.


www.cdc.gov/narms
http://www.fda.gov/downloads/ForIndustry/UserFees/AnimalDrugUserFeeActADUFA/UCM338170.pdf
http://www.fda.gov/downloads/ForIndustry/UserFees/AnimalDrugUserFeeActADUFA/UCM338170.pdf

Resistant bacteria can contaminate the foods that come from those animals, and people
who consume these foods can develop antibiotic-resistant infections. Antibiotics must
be used judiciously in humans and animals because both uses contribute to not only the
emergence, but also the persistence and spread of antibiotic-resistant bacteria.

Scientists around the world have provided strong evidence that antibiotic use in food-
producing animals can harm public health through the following sequence of events:

Use of antibiotics in food-producing animals allows antibiotic-resistant bacteria to
thrive while susceptible bacteria are suppressed or die.

Resistant bacteria can be transmitted from food-producing animals to humans
through the food supply.

Resistant bacteria can cause infections in humans.

Infections caused by resistant bacteria can result in adverse health consequences
for humans.

Because of the link between antibiotic use in food-producing animals and the occurrence
of antibiotic-resistant infections in humans, antibiotics should be used in food-producing
animals only under veterinary oversight and only to manage and treat infectious diseases,
not to promote growth. CDC encourages and supports efforts to minimize inappropriate
use of antibiotics in humans and animals, including FDA's strategy to promote the
judicious use of antibiotics that are important in treating humans (http://www.fda.gov/
AnimalVeterinary/SafetyHealth/AntimicrobialResistance/JudiciousUseofAntimicrobials/
default.ntm). CDC supports FDA's plan to implement draft guidance in 2013 that

will operationalize this strategy (http://www.fda.gov/downloads/AnimalVeterinary/
GuidanceComplianceEnforcement/Guidanceforindustry/UCM299624.pdf). CDC has also
contributed to a training curriculum for veterinarians on prudent antibiotic use in animals.
CDC’s efforts to improve antibiotic prescribing in humans are described in other sections of
this report.

Preventing Infections
Efforts to prevent foodborne and other enteric infections help to reduce both antibiotic-
resistant infections and antibiotic-susceptible infections (those that can be treated
effectively with antibiotics). CDC activities that help prevent these infections include:
Estimating how much foodborne illness occurs.
Monitoring trends in foodborne infections.

Investigating outbreaks and sporadic cases of foodborne illness to stop outbreaks
and improve prevention.

Attributing illnesses to specific foods and settings.

Tracking and responding to changes in resistance.

Determining the sources of antibiotic-resistant enteric infections.
Educating consumers and food workers about safe food handling practices.
Identifying and educating groups at high risk for infection.

Promoting proper handwashing.
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Strengthening the capacity of state and local health departments to detect,
respond to, and report foodborne infections.

Developing better diagnostic tools to rapidly and accurately find sources of
contamination.

Providing recommendations for travelers on safe food and clean water.



2. TRAGKING RESISTANGE

PATTERNS

CDC gathers data on antibiotic-resistant infections,
causes of infections, and whether there are
particular reasons (risk factors) that caused some
people to get a resistant infection. With that
information, experts develop specific strategies to prevent
those infections and prevent the resistant bacteria from

spreading.

FOUR CORE ACTIONS

PREVENTING INFECTIONS,
PREVENTING SPREAD.

TRACKING RESISTANCE

PATTERNS.

IMPROVING USE OF
ANTIBIOTICS.

DEVELOPING NEW ANTIBIOTICS
AND DIAGNOSTIC TESTS.

CDC’s Antibiotic Resistance and Antibiotic-Resistant Infections Tracking Platform

Tracking Networks

Data Collected

Resistant Bacteria/Fungus®

EIP
Emerging Infections Program

There are three main programs
within the EIP:

ABCs: Active Bacterial
Core surveillance

HAIC: Healthcare-
Associated Infections-
Community Interface

FoodNet: Foodborne
Diseases Active
Surveillance Network

NARMS

National Antimicrobial
Resistance Monitoring System

A network of public health-academic-
hospital collaborations in 10 states. It
provides access to bacterial and fungal
samples for testing and detailed clinical
case data.

The three main programs within EIP
collect different types of resistance data:

ABCs provides clinical
information and resistance
data for bacteria that cause
infections predominately in the
community.

The HAIC provides clinical
information and resistance data
for bacteria and fungi that cause
infections at the intersection

of healthcare and the general
community.

FoodNet supplies clinical and
epidemiologic data on some
human isolates in the National
Antimicrobial Resistance
Monitoring System (NARMS).

A national public health surveillance
system that tracks changes in the
susceptibility of foodborne and other
enteric bacteria to antibiotics of human
and veterinary medical importance.
NARMS is a collaboration among CDC,
FDA, USDA, and state and local health
departments. CDC tests bacterial
isolates from humans, while FDA and
USDA test isolates from retail meats and
food animals.

ABCs:

Streptococcus pneumoniae
Groups A and B Streptococcus
Methicillin-resistant
Staphylococcus aureus

HAIC:

C. difficile

Candida (a fungus)

Carbapenem-R
Enterobacteriaceae

MDR Acinetobacter
FoodNet: (see NARMS list)

Salmonella
Campylobacter
Shigella



Tracking Networks Data Collected Resistant Bacteria/Fungus®

NHSN A system that collects and provides data  Staphylococcus aureus
on infections and drug-resistance in

National Healthcare Safet 3 ; Enterococcus
y healthcare settings. Since NHSN collects
Network . g ;
data directly from healthcare facilities, Enterobacteriaceae
it can provide facility-level information [dnEEbasar
on healthcare-associated infections and )
antibiotic resistance (and in the future, on Pseudomonas aeruginosa
antibiotic use). Candida (a fungus)
GISP A program to track antibiotic resistance Neisseria gonorrhoeae

data for gonococcal isolates. Isolates
are collected from sexually transmitted
disease clinics in approximately 28 cities.

Gonococcal Isolate Surveillance
Program

NTSS National Electronic Disease Surveillance ~ Mycobacterium tuberculosis
System (NEDSS)-based reporting of

tuberculosis cases including resistance

data. Public health departments from 50

states and the US territories contribute

data.

National Tuberculosis
Surveillance System

3ABCs also includes surveillance for Neisseria meningitidis and Haemophilus influenzae. NARMS also includes surveillance for
E. coliO157 and Vibrio (non-V. cholerae).



3. ANTIBIOTIC STEWARDSHIP:  [UWRNNE
IMPH“‘,ING PHESGHIBING PREVENTING INFECTIONS,

PREVENTING SPREAD.

n“n “SE TRACKING RESISTANCE

A" . . / PATTERNS.
Antibiotics were first used to treat serious infections IMPROVING USE OF
in the 1940s. Since then, antibiotics have saved ANTIBIOTICS.
millions of lives and transformed modern medicine. DEVELOPING NEW ANTIBIOTICS

During the last 70 years, however, bacteria have AND DIAGNOSTIC TESTS.
shown the ability to become resistant to every antibiotic that
has been developed. And the more antibiotics are used, the
more quickly bacteria develop resistance (see the Antibiotic Resistance Timeline in this report).

Anytime antibiotics are used, this puts biological pressure on bacteria that promotes the
development of resistance. When antibiotics are needed to prevent or treat disease, they
should always be used. But research has shown that as much as 50% of the time, antibiotics
are prescribed when they are not needed or they are misused (for example, a patient is given
the wrong dose). This not only fails to help patients; it might cause harm. Like every other
drug, antibiotics have side effects and can also interact or interfere with the effects of other
medicines. This inappropriate use of antibiotics unnecessarily promotes antibiotic resistance.

Antibiotics are a limited resource. The more that antibiotics are used today, the less likely
they will still be effective in the future. Therefore, doctors and other health professionals
around the world are increasingly adopting the principles of responsible antibiotic use,
often called antibiotic stewardship. Stewardship is a commitment to always use antibiotics
only when they are necessary to treat, and in some cases prevent, disease; to choose

the right antibiotics; and to administer them in the right way in every case. Effective
stewardship ensures that every patient gets the maximum benefit from the antibiotics,
avoids unnecessary harm from allergic reactions and side effects, and helps preserve the
life-saving potential of these drugs for the future. Efforts to improve the responsible use
of antibiotics have not only demonstrated these benefits but have also been shown to
improve outcomes and save healthcare facilities money in pharmacy costs.

an
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Antibiotic Prescriptions per 1000 Persons of All Ages According to State, 2010

Ve

. 529-656 689-774 . 780-836
. 843-896 . 996-1237

899-972

. S =

New England Journal of Medicine

The frequency with which doctors prescribe antibiotics varies greatly from state to
state. The reasons for this variation are being studied and might suggest areas where
improvements in antibiotic prescribing (fewer unnecessary prescriptions) would be
most helpful.




ANTIBIOTIC STEWARDSHIP

IN YOUR FACILITY WILL

I ANTIBIOTIC RESISTANCE B GOOD PATIENT
M C. DIFFICILE INFECTIONS OUICOHES
W COSTS

PROMOTE ANTIBIOTIC BEST PRACTICES—
A FIRST STEP IN ANTIBIOTIC STEWARDSHIP

B ENSURE ALL ORDERS HAVE DOSE, DURATION, AND INDICATIONS
M GET CULTURES BEFORE STARTING ANTIBIOTICS

Bl TAKE AN “ANTIBIOTIC TIMEOUT” REASSESSING ANTIBIOTICS
AFTER 48-72 HOURS

ANTIBIOTIC STEWARDSHIP PROGRAMS ARE
A “WIN-WIN" FOR ALL INVOLVED

A UNIVERSITY OF MARYLAND STUDY SHOWED
ONE ANTIBIOTIC STEWARDSHIP PROGRAM
SAVED A TOTAL OF $17 MILLION
OVER EIGHT YEARS

® O
ANTIBIOTIC STEWARDSHIP HELPS IMPROVE
PATIENT CARE AND SHORTEN
HOSPTIAL STAYS, THus BENEFITING
PATIENTS AS WELL AS HOSPITALS
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4. DEVELOPING NEW ANTIBIOTICS £y
AND DIAGNOSTIC TESTS PREVENTING INFECTIONS,

Because antibiotic resistance occurs as part of a TRACKING RESISTANCE
natural evolution process, it can be significantly PATTERNS.
slowed but not stopped. Therefore, new antibiotics IMPROVING USE OF
. . . ANTIBIOTICS.
will always be needed to keep up with resistant
bacteri Il as new diagnostic tests to track th L ORINGENENS
acteria as well as new |ag OsTIC tests to trac e ANTIBIOTICS AND DIAGNOSTIC
development of resistance. TESTS.

Tomorrow’s Antibiotics: The Drug Pipeline

4 N\
Number of Antibacterial New Drug Application (NDA)
Approvals vs. Year Intervals*
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Data courtesy of FDA' s Center for Drug Evaluation and Research (CDER).
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Examples of Recently Approved Drugs

Year Key Targeted

Drug Name Approved Pathogens Drug’s Use and Resistance Trends

Quinupristin/ 1999 Staphylococcus This is a combination of two drugs that can be used to

Dalfoprisitin Streptococcus treat gram-positive infections. Because side effects are

common, this drug is usually not a first choice for therapy.
Resistance in target pathogens has been described, but the
percentage in the United States is still low.

Moxifloxacin 1999 Enterobacteriaceae  Moxifloxacin, like other fluoroquinolones, demonstrates
Staphylococcus broad spectrum activity, and it can be used to treat a

range of infections. Unfortunately, there is cross-resistance
Streptococcus among the fluoroquinolones, and resistance is increasing
in all targeted pathogens, especially Enterobacteriaceae.

Linezolid 2000 Staphylococcus Linezolid can be used to treat serious gram-positive
Enterococcus infections. Resistance has occurred but it is still

uncommon.

Ertapenem 2001 Enterobacteriaceae Ertapenem is a carbapenem that can be used to treat a

ide range of infections. Dissemination of carbapenem-
Staphylococcus wic . - -
phy resistant Enterobacteriaceae (CRE) is impacting the drug’s
Streptococcus overall effectiveness.

Gemifloxacin 2003 Enterobacteriaceae  Gemifloxacin is a fluoroquinolone that can be used to

Streptococcus treat mild to moderate community-associated respiratory
disease. Like moxifloxacin, there is cross-resistance with
other fluoroquinolone drugs so resistance is increasing.

Daptomycin 2003 Staphylococcus Daptomycin is often used for treatment of serious gram-

Y Yy
Streptococcus positive infections. Resistance is emerging in all of the
targeted pathogens, but the resistance rates are currently
Enterococcus low.

Tigecycline 2005 Enterobacteriaceae Tigecycline is often one of the only active agents for

Staphylococcus carbapenem-resistant gram-negative infections, and

resistance is emerging. However, even in the absence of
Streptococcus resistance, the effectiveness of this agent for treatment of
B o EaEas the most serious infections is a concern.

Doripenem 2007 Enterobacteriaceae Doripenem is a carbapenem drug most commonly used
Pseudomonas to treat serious gram-negative infections. Dissemination of
aeruginosa carbapenem-resistant gram-negative pathogens like CRE is

reducing the overall effectiveness of this drug.
Acinetobacter spp.
Streptococcus spp.
Telavancin 2008 Staphylococcus Telavancin is approved for treatment of gram-positive
skin and soft tissue infections. Use is limited because it is
Streptococcus . . . .
P administered intravenously and is therefore difficult to use
Enterococcus in an outpatient setting. In addition, it should not be used

in a woman of childbearing age without a pregnancy test.
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Year Key Targeted
Drug Name Approved Pathogens Drug’s Use and Resistance Trends
Ceftaroline 2010 Enterobacteriaceae  Ceftaroline is a cephalosporin drug, but unlike other

Staphylococcus

Streptococcus

cephalosporins, this one can be used to treat MRSA
infections. Resistance has been identified but is rare.
Ceftaroline does not demonstrate any enhanced activity
compared to other cephalosporins for Enterobacteriaceae.
ESBL-producing isolates and CRE isolates are resistant to
this drug as well. ESBL (extended-spectrum (-lactamase)
is an enzyme that allows bacteria to become resistant to

a wide variety of penicillins and cephalosporins .Bacteria
that contain this enzyme are known as ESBLs or ESBL-
producing bacteria.






GARBAPENEM-RESISTANT
ENTEROBACTERIAGEAE (CRE)



GURRENT ANTIBIOTIC RESISTANGE
THREATS IN THE UNITED STATES,
BY MICROORGANISM

This section includes summaries for each microorganism,
grouped by threat level: URGENT, SERIOUS, and CONCERNING.
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THREAT LEVEL These bacteria are immediate public
health threats that require urgent and
UHGENT aggressive action.

MICROORGANISMS WITH
A THREAT LEVEL OF URGENT

Clostridium difficile
Carbapenem-resistant Enterobacteriaceae

Drug-resistant Neisseria gonorrhoeae



GLOSTRIDIUM
DIFFIGILE

290,000 @ 14,000

INFECTIONS PER YEAR DEATHS
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This bacteria is an immediate public health threat
that requires urgent and aggressive action.

Clostridium difficile (C. difficile) causes life-threatening diarrhea.
These infections mostly occur in people who have had both
recent medical care and antibiotics. Often, C. difficile infections
occur in hospitalized or recently hospitalized patients.

250,000 infections per year requiring hospitalization or affecting already
hospitalized patients.

14,000 deaths per year.
At least $1 billion in excess medical costs per year.

Deaths related to C. difficile increased 400% between 2000 and 2007, in part
Although resistance to the antibiotics used to treat C. difficile infections because of a stronger bacteria strain that emerged.

is not yet a problem, the bacteria spreads rapidly because it is naturally Almost half of infections occur in people younger than 65, but more than

resistant to many drugs used to treat other infections.

In 2000, a stronger strain of the bacteria emerged. This strain is resistant
to fluoroquinolone antibiotics, which are commonly used to treat other
infections.

This strain has spread throughout North America and Europe, infecting and
killing more people wherever it spreads.

90% of deaths occur in people 65 and older.

About half of C. difficile infections first show symptoms in hospitalized or
recently hospitalized patients, and half first show symptoms in nursing home
patients or in people recently cared for in doctors’ offices and clinics.

U.S. Department of

Health and Human Services
Centers for Disease

Control and Prevention




GLOSTRIDIUM DIFFIGILE

Tracking and reporting national progress toward preventing
C. difficile infections.

Promoting C. difficile prevention programs and providing gold-
standard patient safety recommendations.

Providing prevention expertise, as well as outbreak and laboratory
assistance, to health departments and healthcare facilities.

CEOs, Medical Officers, and other Healthcare
Facility Leaders Can:

Support better testing (nucleic acid amplification tests),
tracking, and reporting of infections and prevention efforts.

Ensure policies for rapid detection and isolation of patients
with C. difficile are in place and followed.

Assess hospital cleaning to be sure it is performed thoroughly,
and augment this using an Environmental Protection Agency-
approved, spore-killing disinfectant in rooms where C. difficile
patients are treated.

Notify other healthcare facilities about infectious diseases when
patients transfer, especially between hospitals and nursing homes.

Participate in a regional C. difficile prevention effort.

Healthcare Providers Can:

Prescribe antibiotics carefully (see http://www.cdc.gov/
getsmart/specific-groups/hcp/index.html). Once culture
results are available, check whether the prescribed antibiotics
are correct and necessary.

Order a C. difficile test (preferably a nucleic acid amplification test)
if the patient has had 3 or more unformed stools within 24 hours.

Be aware of infection rates in your facility or practice, and follow
infection control recommendations with every patient. This includes
using contact precautions (gloves and gowns) and isolation for
patients who are suspected to have C. difficile, and continuing those
practices for those with positive test results.

Patients can:

Take antibiotics only as prescribed by your doctor and
complete the prescribed course of treatment. Antibiotics
can be lifesaving medicines.

Tell your doctor if you have been on antibiotics and get diarrhea
within a few months.

Wash your hands before eating and after using the bathroom.

Try to use a separate bathroom if you have diarrhea, or be sure the
bathroom is cleaned well if someone with diarrhea has used it.

Vital Signs, March 2012: Making Health Care Safer
http://www.cdc.gov/vitalsigns/hai/

Clostridium difficile Infection resources
http://www.cdc.gov/HAI/organisms/cdiff/Cdiff_infect.html

(CS239559-B
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This bacteria is an immediate public health threat
that requires urgent and aggressive action.

S ISISISISTS A

Untreatable and hard-to-treat infections from carbapenem-resistant
Enterobacteriaceae (CRE) bacteria are on the rise among patients in
medical facilities. CRE have become resistant to all or nearly all the
antibiotics we have today. Almost half of hospital patients who get

bloodstream infections from CRE bacteria die from the infection.

Some Enterobacteriaceae are resistant to nearly all antibiotics, including carbapenems,
which are often considered the antibiotics of last resort.

More than 9,000 healthcare-associated infections are caused by CRE each year.

CDC laboratories have confirmed at least one type of CRE in healthcare facilities in
44 states.

About 4% of U.S. short-stay hospitals had at least one patient with a serious CRE
infection during the first half of 2012. About 18% of long-term acute care hospitals
had one.

GRE HAUE BEGOME RESISTANT TO ALL
OR NEARLY ALL AVAILABLE ANTIBIOTICS

An estimated 140,000 healthcare-associated Enterobacteriaceae infections occur in the United
States each year; about 9,300 of these are caused by CRE. Up to half of all bloodstream

infections caused by CRE result in death. Fortunately, bloodstream
a minority of all healthcare-associated infections caused by Entero
approximately 600 deaths result from infections caused by the two
CRE, carbapenem-resistant Klebsiella spp. and carbapenem-resistan

infections account for
bacteriaceae. Each year,
most common types of
t E. coli.

Percentage of Enterobacteriaceae  Estimated Estimated
healthcare-associated infections  number of number of deaths
resistant to carbapenems infections attributed
Carba})enem-Res1stant 11% 7,900 520
Klebsiella spp.
Carbapenem-resistant 2% 1,400 90

E. coli

For more information about data methods and references, please see technical appendix.

U.S. Department of

Health and Human Services
Centers for Disease

Control and Prevention
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ENTEROBAGTERIAGEAE

Tracking illness and identifying risk factors for CRE infections using two systems,
the National Healthcare Safety Network and the Emerging Infections Program.

Providing CRE outbreak support, such as staff expertise, prevention guidelines,
tools, and lab assistance, to states and facilities.

Developing tests and prevention programs to identify and control CRE.
CDC’s “Detect and Protect” effort (http://www.cdc.gov/hai/pdfs/cre/CDC_
DetectProtect.pdf) supports regional CRE programs.

Helping medical facilities improve antibiotic prescribing practices.

States and Communities Can:
Know CRE trends in your region.

Coordinate regional CRE tracking and control efforts in areas
with CRE. Areas not yet or rarely affected by CRE infections can
be proactive in CRE prevention efforts.

Require facilities to alert each other when transferring patients
with any infection.

Consider including CRE infections on your state’s Notifiable Diseases list.

Healthcare CEOs, Medical Officers, and Other Healthcare Facility
Leaders Can:

Require and strictly enforce CDC guidance for CRE detection, prevention,
tracking, and reporting.

Make sure your lab can accurately identify CRE and alert clinical and infection
prevention staff when these bacteria are present.

Know CRE trends in your facility and in the facilities around you.

When transferring a patient, require staff to notify the other facility about
infections, including CRE.

Join or start regional CRE prevention efforts, and promote wise antibiotic use.

Health Care Providers Can:

Know if patients with CRE are hospitalized at your facility, and
stay aware of CRE infection risks. Ask if your patients have received
medical care somewhere else, including another country.

Follow infection control recommendations with every patient, using
contact precautions for patients with CRE. Whenever possible, dedicate
rooms, equipment, and staff to CRE patients.

Prescribe antibiotics wisely (http://www.cdc.gov/getsmart/healthcare). Use
culture results to modify prescriptions if needed.

Remove temporary medical devices as soon as possible.

Patients Can:

Tell your doctor if you have been hospitalized in another
facility or country.

Take antibiotics only as prescribed.

Insist that everyone wash their hands before touching you.

Vital Signs, March 2013: Making Health Care Safer

2012 CRE Toolkit
http://www.cdc.gov/hai/organisms/cre/cre-toolkit/index.html

MMWR, March 2013
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6209a3.htm?s_cid=mm6209a3_w

Get Smart for Healthcare
http://www.cdc.gov/getsmart/healthcare

Carbapenem-resistant Enterobacteriaceae (CRE) Resources
http://www.cdc.gov/HAI/organisms/cre/index.html

(CS239559-B
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DRUG-RESISTANT
NEISSERIA GONORRHOEAE

S ISISISISTS

This bacteria is an immediate public health threat
that requires urgent and aggressive action.

Neisseria gonorrhoeae causes gonorrhea, a sexually transmitted
disease that can result in discharge and inflammation at the
urethra, cervix, pharynx, or rectum.

N. gonorrhoeae is showing resistance to antibiotics usually used to treat it. These
drugs include:

cefixime (an oral cephalosporin)
ceftriaxone (an injectable cephalosporin)
azithromycin

tetracycline

Gonorrhea is the second most commonly reported notifiable infection in the United

States and is easily transmitted. It causes severe reproductive complications and
disproportionately affects sexual, racial, and ethnic minorities. Gonorrhea control relies on
prompt identification and treatment of infected persons and their sex partners. Because
some drugs are less effective in treating gonorrhea, CDC recently updated its treatment
guidelines to slow the emergence of drug resistance. CDC now recommends only ceftriaxone

246,000

188,600 "Somce o
11,480 5o e

3 28 REDUCED SUSCEPTIBILITY
88068 °©

TO CEFTRIAXONE

DRUG-RESISTANT 2,460 REDUCED SUSCEPTIBILITY

TO AZITHROMYCIN

GONORRHEA INFECTIONS

z GONOCOCCAL INFECTIONS
y PER YEAR

plus either azithromycin or doxycycline as first-line treatment for gonorrhea. The emergence
of cephalosporin resistance, especially ceftriaxone resistance, would greatly limit treatment
options and could cripple gonorrhea control efforts.

In 2011, 321,849 cases of gonorrhea were reported to CDC, but CDC estimates that more
than 800,000 cases occur annually in the United States.

Percentage  Estimated number of cases

Gonorrhea 820,000
Resistance to any antibiotic 30% 246,000
Reduced susceptibility to cefixime <1% 11,480
Reduced susceptibility to ceftriaxone <1% 3,280
Reduced susceptibility to azithromycin <1% 2,460
Resistance to tetracycline 23% 188,600

Source: The Gonococcal Isolate Surveillance Project (GISP)-5,900 isolates tested for susceptibility in 2011.
For more information about data methods and references, please see technical appendix.
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DRUG-RESISTANT

Cephalosporin-resistant N. gonorrhoeae is often resistant to multiple classes of other antibiotics
and as a result, infections caused by these bacteria will likely fail empiric treatment regimens. If
cephalosporin-resistant N. gonorrhoeae becomes widespread, the public health impact during a
10-year period is estimated to be 75,000 additional cases of pelvic inflammatory disease (a major
cause of infertility), 15,000 cases of epididymitis, and 222 additional HIV infections because HIV is
transmitted more readily when someone is co-infected with gonorrhea. In addition, the estimated
direct medical costs would total $235 million. Additional costs are anticipated to be incurred as a
result of increased susceptibility monitoring, provider education, case management, and the need
for additional courses of antibiotics and follow-up.

Gonorrhea is a global problem, requiring a global approach. Action in the United States alone

is unlikely to prevent resistance from developing, but rapid detection and effective treatment

of patients and their partners might slow the spread of resistance. Preventing gonorrhea is

critical. Screening, rapid detection, prompt treatment, and partner services are the foundations of

gonorrhea control in the United States. Effectively addressing the heavy burden of gonorrhea and

anticipated arrival of cephalosporin resistance requires continued use of these strategies as well

as the use of expedited partner therapy, promotion of safer sexual behaviors such as abstinence,

mutual monogamy, and correct and consistent condom use, and activities designed to rapidly
detect and respond to antibiotic-resistant infections

CDC is closely monitoring resistance in N. gonorrhoeae in the United States and actively
collaborating with the World Health Organization to enhance global surveillance. In the
United States, CDC recently released a national response plan and is working closely with
local and state STD programs to enhance preparedness. CDC recently updated its gonorrhea
treatment recommendations to stay a step ahead of this rapidly evolving bacterium, and is
collaborating with the NIH National Institute of Allergy and Infectious Diseases to find new
treatment options.

Prevalence of Penicillin, Tetracycline and Fluoroquinolone
Resistance and Reduced Cefixime Susceptibility in
N. gonorrhoeae isolates, U.S., 1987-2011

New resistance
patterns have
developed over
time. Resistance
to previously
used antibiotics,
such as penicillin,
remains common.

Source: The Gonococcal Isolate Surveillance Project (GISP).

Prevalence of N. gonorrhoeae isolates with reduced cefixime
(MICs > 0.25pg/ml) and ceftriaxone (MICs > 0.125pg/ml)
susceptibility, U.S. 2006-2011

These trends are
an early warning
of cephalosporin

resistance.

Source: The Gonococcal Isolate Surveillance Project (GISP).

CDC’s gonorrhea website
http://www.cdc.gov/std/gonorrhea/default.htm

CDC(C’s Antibiotic-Resistant Gonorrhea website:
http://www.cdc.gov/std/Gonorrhea/arg/default.htm

New Treatment Guidelines for Gonorrhea: Antibiotic Change. MedScape CDC
Expert Commentary, 2012. http://www.medscape.com/viewarticle/768883

Kirkcaldy RD, Bolan GA, Wasserheit JN. Cephalosporin-Resistant Gonorrhea in
North America. JAMA 2013;209(2):185-187.
http://jama.jamanetwork.com/article.aspx?articleid=1556135

CDC. Update to CDC’s Sexually Transmitted Diseases Treatment Guidelines,
2010: Oral cephalosporins no longer a recommended treatment for gonococcal
infections. MMWR 2012;61(31):590-594.
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6131a3.htm?
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These bacteria are a serious
THREAT LEVEL concern and require prompt and
SEHIn“s sustained action to ensure the

problem does not grow.

MICROORGANISMS WITH
A THREAT LEVEL OF SERIOUS

Multidrug-resistant Acinetobacter

Drug-resistant Campylobacter

Fluconazole-resistant Candida (a fungus)

Extended spectrum (-lactamase producing Enterobacteriaceae (ESBLs)
Vancomycin-resistant Enterococcus (VRE)

Multidrug-resistant Pseudomonas aeruginosa

Drug-resistant non-typhoidal Salmonella

Drug-resistant Salmonella Typhi

Drug-resistant Shigella

Methicillin-resistant Staphylococcus aureus (MRSA)

Drug-resistant Streptococcus pneumoniae

Drug-resistant tuberculosis
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This bacteria is a serious concern and requires prompt
and sustained action to ensure the problem does not grow.

Acinetobacter is a type of gram-negative bacteria that is a
cause of pneumonia or bloodstream infections among critically
ill patients. Many of these bacteria have become very resistant
to antibiotics.

Some Acinetobacter strains are resistant to nearly all or all antibiotics including
carbapenems, often considered antibiotics of last resort.

About 63% of Acinetobacter is considered multidrug-resistant,
meaning at least three different classes of antibiotics no longer cure
Acinetobacter infections.

Approximately 2% of healthcare-associated infections reported to CDC's
National Healthcare Safety Network are caused by Acinetobacter, but
the proportion is higher among critically ill patients on mechanical
ventilators (about 7%).

MULTIDRUG-RESISTANT

AGINETOBAGTER

1,300

MULTIDRUG-RESISTANT DEATHS FROM MULTIDRUG-
ACINETOBACTER INFECTIONS RESISTANT INFECTIONS

ACINETOBACTER
12 000 vcoe
y PER YEAR
AT LEAST THREE DIFFERENT CLASSES OF ANTIBIOTICS

NO LONGER GURE
RESISTANT AGINETOBACTER INFEGTIONS

An estimated 12,000 healthcare-associated Acinetobacter infections occur in
the United States each year. Nearly 7,000 (or 63%) of these are multidrug-
resistant, and about 500 deaths are attributed to these infections.

Percentage of all Acinetobacter Estimated
healthcare-associated Estimated number
infections that are number of of deaths
multidrug-resistant infections attributed
Multidrug-resistant 63% 7,300 500

Acinetobacter

For more information about data methods and references, please see technical appendix.
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MULTIDRUG-RESISTANT

ACINETOBAGTER

Tracking illness and identifying risk factors for drug-resistant infections
using two systems, the National Healthcare Safety Network and the
Emerging Infections Program.

Providing outbreak support such as staff expertise, prevention guidelines,
tools, and lab assistance, to states and facilities.

Developing tests and prevention recommendations to control drug-
resistant infections.

Helping medical facilities improve antibiotic prescribing practices.

States and Communities Can:
Know resistance trends in your region.

Coordinate local and regional infection tracking and O
control efforts.

Require facilities to alert each other when transferring patients with
any infection.

Healthcare CEOs, Medical Officers, and other Healthcare
Facility Leaders Can:

Require and strictly enforce CDC guidance for infection detection,
prevention, tracking, and reporting.

Make sure your lab can accurately identify infections and alert clinical and
infection prevention staff when these bacteria are present.

Know infection and resistance trends in your facility and in the facilities
around you.

When transferring a patient, require staff to notify the other facility about
all infections.

Join or start regional infection prevention efforts.

Promote wise antibiotic use.

Healthcare Providers Can:

Know the type of drug-resistant infections that are present in your
facility and patients.

Request immediate alerts when the lab identifies drug-resistant
infections in your patients.

Alert the other facility when you transfer a patient with a drug-
resistant infection.

Protect patients from drug-resistant infections.
Follow relevant guidelines and precautions at every patient encounter.
Prescribe antibiotics wisely.

Remove temporary medical devices such as catheters and ventilators as
soon as no longer needed.

Patients and Their Loved Ones Can:

Ask everyone including doctors, nurses, other medical staff,
and visitors, to wash their hands before touching the patient.

Take antibiotics exactly as prescribed.

Acinetobacter in Healthcare Settings
http://www.cdc.gov/HAI/organisms/acinetobacter.html

Healthcare-associated Infections, Guidelines and Recommendations
http://www.cdc.gov/HAI/prevent/prevent_pubs.html
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DRUG-RESISTANT
CAMPYLOBACTER
INFECTIONS
5 PER YEAR
THREAT LEVEL ﬂ 300 000 Q
Tl elelelels: 1,300, 120

CAMPYLOBACTER HOSPITALIZATIONS DEATHS

This bacteria is a serious concern and requires prompt
INFECTIONS PER YEAR

and sustained action to ensure the problem does not grow.

Campylobacter usually causes diarrhea (often bloody),

Estimated illnesses  Estimated

fever' and abdominal‘ cramps, and Sometimes causes Percentage of all ~ Estimated number per 100,000 U.S. number of

serious Complications such as tem porary para[ys-is. Campylobacter*  of illnesses per year population deaths per year
Resistance to ciprofloxacin 23% 310,000 102.3 28
Resistance to azithromycin 2% 22,000 7.4 <5

Physicians rely on drugs like ciprofloxacin and azithromycin for treating Resistance to azithromycin

; X ? X . . R or ciprofloxacin 24% 310,000 103.9 28
patients with severe disease. Resistant infections sometimes last longer.
Campylobacter is showing resistance to: {
Increasing
ciprofloxacin Resistance,to
Ciprofloxacin in
azithromycin Campylobacter drug ~ Campylobacter,
resistance increased ~ '9%°7%0"!
from 13% in 1997 to
almost 25% in 2011.
Campylobacter is estimated to cause approximately 1.3 million
infections, 13,000 hospitalizations, and 120 deaths each year in the
United States. CDC is seeing resistance to ciprofloxacin in almost 25%
. . N *3- 2009-2011
of Campylobacter tested and resistance to azithromycin in about Zytei'a:egrgagefgggg Of) nd
. . . . *Data for — were from a sentine
2%. Costs are expected to be higher for resistant infections because county survey. Annual testing began in 1997. U.S. Department of
antibiotic-resistant Campylobacter infections sometimes last longer. For more information about data methods and Health and Human Services
references, please see appendix.

Centers for Disease
Control and Prevention




DRUG-RESISTANT

GAMPYLOBAGTER

Campylobacter spreads from animals to people through contaminated food,

particularly raw or undercooked chicken and unpasteurized milk. Infections

may also be acquired through contact with animals and by drinking Clean. Wash hands, cutting boards, utensils, sinks,
contaminated water. Antibiotic use in food animals can result in resistant and countertops.

Campylobacter that can spread to humans. Resistant Campylobacter are
common in many countries and cause illness in travelers. Key measures to
prevent resistant infections include:

Separate. Keep raw meat, poultry, and seafood
separate from ready-to-eat foods.

o/ \ s ) ) Cook. Use a food thermometer to ensure that foods are cooked to a
Avoiding inappropriate antibiotic use in food animals. safe internal temperature.

Tracking antibiotic use in different types of food animals. Chill. Keep your refrigerator below 40°F and refrigerate food that

Stopping spread of Campylobacter among animals on farms.
Improving food production and processing to reduce contamination.

Educating consumers and food workers about safe food handling
practices.

Tracking changes in antibiotic resistance through ongoing
surveillance.

Promoting initiatives that measure and improve antibiotic use in
food animals.

Determining foods responsible for outbreaks of Campylobacter
infections.

Supporting and improving local, state, and federal public
health surveillance.

Guiding prevention efforts by estimating how much illness occurs
and identifying the sources of infection.

Educating people about how to avoid Campylobacter infections.

will spoil.

Avoid drinking raw milk and untreated water.

Report suspected illness from food to your local health department.
Don’t prepare food for others if you have diarrhea or vomiting.

Be especially careful preparing food for children, pregnant women,
those in poor health, and older adults.

Consume safe food and water when traveling abroad.

National Antimicrobial Resistance Monitoring System
http://www.cdc.gov/narms

Campylobacter Information
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/campylobacter/

Traveler’s Health
http://wwwnc.cdc.gov/travel/yellowbook/2012/chapter-2-the-pre-travel-
consultation/travelers-diarrhea.htm

Vital Signs, June 2011: Making Food Safer to Eat
http://www.cdc.gov/VitalSigns/FoodSafety/
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This fungus is a serious concern and requires prompt
and sustained action to ensure the problem does not grow.

3
a ~
FLUCONAZOLE-RESISTANT DEATHS CANDIDA INFECTIONS
CANDIDA INFECTIONS PER YEAR
J

Candidiasis is a fungal infection caused by yeasts of the genus Candida.
There are more than 20 species of Candida yeasts that can cause infection
in humans, the most common of which is Candida albicans. Candida yeasts
normally live on the skin and mucous membranes without causing infection.
However, overgrowth of these microorganisms can cause symptoms to
develop. Symptoms of candidiasis vary depending on the area of the body
that is infected.

Candida is the fourth most common cause of healthcare-associated
bloodstream infections in the United States. In some hospitals it is the most
common cause. These infections tend to occur in the sickest of patients.

RESISTANGE OF CONGERN

Some Candida strains are increasingly resistant to first-line and second-line antifungal
treatment agents. Recent data demonstrate a marked shift among infections towards
Candida species with increased resistance to antifungal drugs including azoles and
echinocandins.

CDC conducts multicenter surveillance for antifungal resistance in the United States,
candidal infections, their economic impact, and possible areas where prevention and
control strategies can be focused.

PUBLIG HEALTH THREAT

An estimated 46,000 healthcare-associated Candida infections occur among hospitalized
patients in the United States each year. Roughly 30% of patients with bloodstream
infections (candidemia) with drug-resistant Candida die during their hospitalization.

CDC estimates that each case of Candida infection results in 3-13 days of additional
hospitalization, and a total of $6,000-$29,000 in direct healthcare costs. Based on these
estimates, we calculate resistant Candida infections may add millions of dollars in excess
costs to U.S. healthcare expenditures each year.

Percentage of Candida
bloodstream isolates Estimated number

Estimated number of
testing resistant infections per year of deaths

Fluconazole-resistant

[
Candida species /e

3,400 220

For more information about data methods and references, please see technical appendix.

SERVICE,
xS Sy
N £

wd

%Qdeu

U.S. Department of

Health and Human Services
Centers for Disease

Control and Prevention




FIGHTING THE SPREAD OF RESISTANGE

Prevention strategies for candidemia are not well defined. Most infectious are thought to be caused by Candida that the patient carries on his or her own body. Therapy to
prevent infections (antifungal prophylaxis) may be appropriate for some groups at high risk of developing Candida bloodstream infection, such as low-birth-weight infants.
CDC recommendations for catheter care and handwashing can be helpful in reducing transmission in healthcare institutions.

WHAT CDG IS DOING

Prevention of significant morbidity and mortality from candidemia remains a challenge. Although antifungal prophylaxis has been shown to be effective in selected
patient populations, there is still debate on the application of risk prevention tools and other prevention strategies. There is a continued need for surveillance of
candidemia to develop and evaluate prevention strategies and to monitor for changes in incidence and resistance.

Changes Over Time in Incidence of Resistant Species of Candida

There is increasing
incidence of Candida
infections due to azole-

and echinocandin-
resistant strains.

*This accounts for data collected from Atlanta, GA from 1992-1993 and from Baltimore, MD from 1998-2000.
**This accounts for data collected from 2008-present.

ONLINE RESOURGES

CDC’s candidiasis website
http://www.cdc.gov/fungal/candidiasis/
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This bacteria is a serious concern and requires prompt
and sustained action to ensure the problem does not grow.

Extended-spectrum (3-lactamase is an enzyme that allows bacteria to
become resistant to a wide variety of penicillins and cephalosporins.
Bacteria that contain this enzyme are known as ESBLs or ESBL-
producing bacteria. ESBL-producing Enterobacteriaceae are resistant to
strong antibiotics including extended spectrum cephalosporins.

Some Enterobacteriaceae are resistant to nearly all:
penicillins
cephalosporins

In these cases, the remaining treatment option is an antibiotic from the carbapenem
family. These are drugs of last resort, and use of them is also contributing to resistance (see
CRE fact sheet).

Nearly 26,000 (or 19%) healthcare-associated Enterobacteriaceae infections are
caused by ESBL-producing Enterobacteriaceae.

Patients with bloodstream infections caused by ESBL-producing Enterobacteriaceae
are about 57% more likely to die than those with bloodstream infections caused by
a non ESBL-producing strain.

ERIEDYLED

26,000 2.1,700

DRUG-RESISTANT DEATHS

INFECTIONS

IN EXCESS MEDICAL COSTS PER YEAR

£ 140,000

ENTEROBACTERIACEAE
INFECTIONS PER YEAR

FOR EACH INFECTION

An estimated 140,000 healthcare-associated Enterobacteriaceae infections occur in the
United States each year. CDC estimates that bloodstream infections caused by ESBL-
containing Enterobacteriaceae result in upwards of $40,000 in excess hospital charges per
occurrence. Approximately 26,000 infections and 1,700 deaths are attributable to ESBLs.

Percentage of Enterobacteriaceae Estimated Estimated
healthcare-associated infections resistant  number of number of deaths
to extended spectrum cephalosporins infections attributed
ESBL-producing o
Kiebsiela spp. 23% 17,000 1,100
ESBL-producing E. coli 14% 9,000 600
Totals 26,000 1,700

For more information about data methods and references, please see technical appendix.
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ENTENDED SPECTRUM (3-LAGTAMASE (ESBL) PRODUGING

ENTEROBACTERIAGEAE

Tracking illness and identifying risk factors for drug-resistant
infections using two systems, the National Healthcare Safety Network
and the Emerging Infections Program.

Providing outbreak support, such as staff expertise, prevention
guidelines, tools, and lab assistance, to states and facilities.

Developing tests and prevention recommendations to control drug-
resistant infections.

Helping medical facilities improve antibiotic prescribing practices.

States and Communities Can:

Know resistance trends in your region.

Coordinate local and regional infection tracking and
control efforts.

Require facilities to alert each other when transferring
patients with any infection.

Health Care CEOs, Medical Officers, and Other Healthcare
Facility Leaders Can:

Require and strictly enforce CDC guidance for infection detection,
prevention, tracking, and reporting.

Make sure your lab can accurately identify infections and alert clinical
and infection prevention staff when these bacteria are present.

Know infection and resistance trends in your facility and in the
facilities around you.

When transferring a patient, require staff to notify the other facility
about all infections.

Join or start regional infection prevention efforts.

Promote wise antibiotic use.

Healthcare Providers Can:

Know when and what types of drug-resistant infections are
present in your facility and patients.

Request immediate alerts when the lab identifies drug-resistant
infections in your patients.

Alert the other facility when you transfer a patient with a drug-
resistant infection.

Protect patients from drug-resistant infections.
Follow relevant guidelines and precautions at every patient encounter.
Prescribe antibiotics wisely.

Remove temporary medical devices such as catheters and ventilators
as soon as no longer needed.

Patients and Their Loved Ones Can:

Ask everyone including doctors, nurses, other medical
staff, and visitors, to wash their hands before touching
the patient.

Take antibiotics only and exactly as prescribed.

CDC’s Heathcare-associated Infections(HAI) website
www.cdc.gov/hai

Healthcare-associated Infections (HAIs), Guidelines and
Recommendations
www.cdc.gov/hicpac/pubs.html

(CS239559-B
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ENTEROGOGGUS (VRE

20,000 @ 1,300

DRUG- RESISTANT DEATHS FROM DRUG-RESISTANT
ENTEROCOCCUS INFECTIONS ENTEROCOCCUS INFECTIONS

ENTEROCOCCUS
66,000 4
y PER YEAR
THREAT LEVEL
SEmﬂus SOME ENTEROCOCCUS STRAINS ARE RESISTANT TO VANCOMYCIN

This bacteria is a serious concern and requires prompt I_En‘"“ﬂ FEW nn N“ THEATMENT 0PTIONS

and sustained action to ensure the problem does not grow.

Enterococci cause a range of illnesses, mostly among patients receiving healthcare, but include bloodstream infections, surgical site
infections, and urinary tract infections.

Percent of all Enterococcus Estimated
. . . . . . healthcare-associated infections number of Estimated number of
Enterococcus often cause infections among very sick patients in hospitals resistant to vancomycin infections deaths attributed
and other healthcare-settings. Vancomycin-resistant T 10,000 650
. 0 ’
Some Enterococcus strains are resistant to vancomycin, an antibiotic of last Enterococeis) fpaida:
resort, leaving few or no treatment options. Vancomycin-resistant 9% 3,100 200

Enterococcus faecalis

About 20,000 (or 30%) of Enterococcus healthcare-associated infections are —y
Vancomycin-resistant

vancomycin resistant. Enterococcus (species 40% 6,900 450
not determined)

Totals 20,000 1,300

An estimated 66,000 healthcare-associated Enterococcus infections occur in the
United States each year. The proportion of infections that occur with a vancomycin
resistant strain differs by the species of Enterococcus; overall 20,000 vancomycin-
resistant infections occurred among hospitalized patients each year, with
approximately 1,300 deaths attributed to these infections.

For more information about data methods and references, please see technical appendix.
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VANGOMYGIN-RESISTANT

ENTEROGOGGUS (URE)

Tracking illness and identifying risk factors for drug-resistant
infections using two systems, the National Healthcare Safety Network
and the Emerging Infections Program.

Providing outbreak support such as staff expertise, prevention
guidelines, tools, and lab assistance, to states and facilities.

Developing tests and prevention recommendations to control drug-
resistant infections.

Helping medical facilities improve antibiotic prescribing practices.

States and Communities can:
Know resistance trends in your region.

Coordinate local and regional infection tracking and
control efforts.

Require facilities to alert each other when transferring patients with
any infection.

Healthcare CEOs, Medical Officers, and other Healthcare
Facility Leaders can:

Require and strictly enforce CDC guidance for infection detection,
prevention, tracking, and reporting.

Make sure your lab can accurately identify infections and alert clinical
and infection prevention staff when these germs are present.

Know infection and resistance trends in your facility and in the
facilities around you.

When transferring a patient, require staff to notify the other facility
about all infections.

Join or start regional infection prevention efforts.

Promote wise antibiotic use.

Doctors and Nurses can:

Know when and what types of drug-resistant infections are
present in your facility and patients Request immediate
alerts when the lab identifies drug-resistant infections in
your patients.

Alert the other facility when you transfer a patient with a drug-
resistant infection.

Protect patients from drug-resistant infections.
Follow relevant guidelines and precautions at every patient encounter.
Prescribe antibiotics wisely.

Remove temporary medical devices such as catheters and ventilators
as soon as no longer needed.

Patients and their loved ones can:

Ask everyone including doctors, nurses, other medical staff, and
visitors, to wash their hands before touching the patient.

Take antibiotics only and exactly as prescribed.

Vancomycin-resistant Enterococci (VRE) in
Healthcare Settings
http://www.cdc.gov/HAI/organisms/vre/vre.html

Healthcare-associated Infections (HAIs),
Guidelines and Recommendations
www.cdc.gov/hicpac/pubs.html

(CS239559-B
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6,700 2440

MULTIDRUG-RESISTANT DEATHS
PSEUDOMONAS
INFECTIONS

e lelelel;
PSEUDOMONAS
SERIOUS ﬂ 51 nnn INFECTIONS
| J

This bacteria is a serious concern and requires prompt PER YEAR
and sustained action to ensure the problem does not grow.

Pseudomonas aeruginosa is a common cause of healthcare-associated infections including pneumonia, bloodstream infections, urinary
tract infections, and surgical site infections.

Some strains of Pseudomonas aeruginosa have been found to be resistant An estimated 51,000 healthcare-associated Pseudomonas aeruginosa infections

to nearly all or all antibiotics including aminoglycosides, cephalosporins, occur in the United States each year. More than 6,000 (or 13%) of these are

fluorogquinolones, and carbapenems. multidrug-resistant, with roughly 400 deaths per year attributed to these
infections.

Approximately 8% of all healthcare-associated infections reported to CDC's

National Healthcare Safety Network are caused by Pseudomonas aeruginosa. )
Percentage of all Pseudomonas Estimated

About 13% of severe healthcare-associated infections caused by aeruginosa healthcare- Estimated  number
Pseudomonas aeruginosa are multidrug resistant, meaning several classes of CEBOUERIAL T WA iy o e

e 4. R X multidrug-resistant infections attributed
antibiotics no longer cure these infections.

Multi-drug resistant
g : 13% 6,700 440
Pseudomonas aeruginosa

For more information about data methods and references, please see technical appendix.
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MULTIDRUG-RESISTANT

PSEUDOMONAS AERUGINOSA

Identifying and tracking risk factors for drug-resistant infections using
two systems, the National Healthcare Safety Network and the Emerging
Infections Program.

Providing outbreak support such as staff expertise, prevention
guidelines, tools, and lab assistance, to states and facilities.

Developing tests and prevention recommendations to control drug-
resistant infections.

Helping medical facilities improve antibiotic prescribing practices.

States and Communities Can:
Know resistance trends in your region.

Coordinate local and regional infection tracking and
control efforts.

Require facilities to alert each other when transferring
patients with any infection.

Health Care CEOs, Medical Officers, and Other Healthcare
Facility Leaders Can:

Require and strictly enforce CDC guidance for infection detection,
prevention, tracking, and reporting.

Make sure your lab can accurately identify infections and alert clinical
and infection prevention staff when these bacteria are present.

Know infection and resistance trends in your facility and in the
facilities around you.

When transferring a patient, require staff to notify the other facility
about all infections.

Join or start regional infection prevention efforts.

Promote wise antibiotic use.

Healthcare Providers Can:

Know when and what types of drug-resistant infections that
are present in your facility and patients.

Request immediate alerts when the lab identifies drug-
resistant infections in your patients.

Alert the other facility when you transfer a patient with a drug-
resistant infection.

Protect patients from drug-resistant infections.
Follow relevant guidelines and precautions at every patient encounter.
Prescribe antibiotics wisely.

Remove temporary medical devices such as catheters and ventilators
as soon as no longer needed.

Patients and Their Loved Ones Can:

Ask everyone including doctors, nurses, other medical
staff, and visitors, to wash their hands before touching
the patient.

Take antibiotics only and exactly as prescribed.

Healthcare-associated Infections (HAI)
www.cdc.gov/hai

Healthcare-associated Infections (HAIs), Guidelines
and Recommendations
www.cdc.gov/hicpac/pubs.html
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DRUG-RESISTANT NON-TYPHOIDAL

SALMONELLA

ﬂ 1,200,000

SALMONELLA INFECTIONS PER YEAR

THREAT LEVEL 100’000 $365 000 000
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) N . SALMONELLA INFECTIONS TN MEDICAL COSTS PER YEAR
This bacteria is a serious concern and requires prompt PER YEAR H
and sustained action to ensure the problem does not grow.

Non-typhoidal Salmonella (serotypes other than Typhi, Paratyphi A, Paratyphi B, and Paratyphi C) usually causes diarrhea (sometimes
bloody), fever, and abdominal cramps. Some infections spread to the blood and can have life-threatening complications.

Percentage Estimated Estimated Estimated
Physicians rely on drugs, such as ceftriaxone and ciprofloxacin, for treating patients with of all non- number of  illnesses per number of
complicated Salmonella infections. Resistant infections are more severe and have higher typhoidal illnesses 100,000 U.S. deaths
hospitalization rates. Non-typhoidal Salmonella is showing resistance to: Salmonella* — per year population BERvEal
ceftriaxone Ceftriaxone resistance 3% 36,000 12.0 13
. . Ciprofloxacin resistance or o
ciprofloxacin hartial resistAnce 3% 33,000 10.9 12
multiple classes of drugs :
Rpsistance (o 5 or more 5% 66,000 21.9 2
antibiotic classes
Any resistance pattern above 8% 100,000 34.1 38

Non-typhoidal Salmonella causes approximately 1.2 million illnesses, 23,000 S —
hospitalizations, and 450 deaths each year in the United States. Direct medical costs are For more information about data methods and references, please see technical appendix.
estimated to be $365 million annually. CDC is seeing resistance to ceftriaxone in about

3% of non-typhoidal Salmonella tested, and some level of resistance to ciprofloxacin in
about 3%. About 5% of non-typhoidal Salmonella tested by CDC are resistant to five or
more types of drugs. Costs are expected to be higher for resistant than for susceptible
infections because resistant infections are more severe, those patients are more likely to be
hospitalized, and treatment is less effective.

U.S. Department of
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DRUG-RESISTANT NON-TYPHOIDAL

SALMONELLA

Salmonella spreads from animals to people mostly through food. Antibiotic use Avoid drinking raw milk.
in food animals can result in resistant Salmonella, and people get sick when

they eat foods contaminated with Salmonella. Key measures to prevent resistant ) ) o
infections include: Don't prepare food for others if you have diarrhea or vomiting.

Avoiding inappropriate antibiotic use in food animals. Be especially careful preparing food for children, pregnant women, those
in poor health, and older adults.

Report suspected illness from food to your local health department.

Tracking antibiotic use in different types of food animals.
Stopping spread of Salmonella among animals on farms.
Improving food production and processing to reduce contamination. Resistance in Non-Typhoidal Salmonella, 1996-2011

Educating consumers and food workers about safe food handling
practices.

Drug resistance
in non-typhoidal

Tracking changes in antibiotic resistance through ongoing surveillance. Sa{monella
/. . o . continues to
Promoting initiatives that measure and improve antibiotic use in climb from
food animals. 1996 levels.
Determining foods responsible for outbreaks of Salmonella infections.
Supporting and improving local, state, and federal public health
surveillance.
Guiding prevention efforts by estimating how much illness occurs and
-Ident.lfy-mg the sources Of infection. For more information about data methods and references, please see appendix.
Educating people about how to avoid Salmonella infections.
Clean. Wash hands, cutting boards, utensils, and National Antimicrobial Resistance Monitoring System
countertops. http://www.cdc.gov/narms
Separate. Keep raw meat, poultry, and seafood Salmonella

separate \om ready-to-eat fgods. http://www.cdc.gov/salmonella/index.html

Cook. Use a food thermometer to ensure that foods are cooked to a
safe internal temperature. Vital Signs, June 2011: Making Food Safer to Eat

http: .cdc. italSi F fety/?pkw=vs_f
Chill. Keep your refrigerator below 40°F and refrigerate food that ttp://www.cdc.gov/VitalSigns/FoodSafety/Zpkw=vs_fs009

will spoil.
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DRUG-RESISTANT SALMONELLA OF SALMONELLA TYPHI HOSPITALIZATIONS
TYPHI INFECTIONS PER YEAR INFECTIONS ARE DUE TO SALMONELLA TYPHI
IN'THE U.S. DRUG RESISTANT PER YEAR IN THE U.S.

THREAT LEVEL
SEmﬂus 2 1 10 0 0 0 0 SALMONELLA TYPHI
This bacteria is a serious concern and requires prompt y y INFECTIONS WORLDWIDE

and sustained action to ensure the problem does not grow.

Salmonella serotype Typhi causes typhoid fever, a potentially life-threatening disease. People with typhoid fever usually have a high
fever, abdominal pain, and headache. Typhoid fever can lead to bowel perforation, shock, and death.

more than susceptible infections because illness may last longer. Deaths in the United
States are rare now, but before there were antibiotics, 10% to 20% of patients died.

Physicians rely on drugs such as ceftriaxone, azithromycin, and ciprofloxacin for treating

patients with typhoid fever. Salmonella serotype Typhi is showing resistance to: Estimated Estimated
ceftriaxone Percentage of ~ Estimated number illnesses per ~ number of
. . all Salmonella  of illnesses per 100,000 U.S.  deaths per
azithromycin Typhi* year population year
ciprofloxacin (resistance is so common that it cannot be routinely used) Resistance or
partial resistance to 67% 3,800 1.3 <5
ciprofloxacin

. . e . . . *3-year average (2009-2011)
Salmoneua Typh] Causes approx1mately 21.7 m]lhon 1Llnesses WOdeW]de’ In the Umted For more information about data methods and references, please see technical appendix.

States, it causes approximately 5,700 illnesses and 620 hospitalizations each year. Most
illnesses occur in people who travel to some parts of the developing world where the
disease is common. Travel-associated infections are more likely to be antibiotic resistant.
CDC is seeing some level of resistance to ciprofloxacin in two-thirds of Salmonella Typhi
tested. CDC has not yet seen resistance to ceftriaxone or azithromycin in the United States,
but this has been seen in other parts of the world. Resistant infections are likely to cost

U.S. Department of
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SALMONELLA SEROTYPE TYPHI

Salmonella serotype Typhi spreads from one person to another through food or water

contaminated with feces. Typhoid fever is common in developing countries lacking

safe water and adequate sanitation. Most U.S. cases are associated with travel to those If you're traveling to a country where typhoid fever is common:

countries. Sometimes the source is a carrier who is no longer ill, but is still infected. Key . - .
- . L Get vaccinated against typhoid fever before you depart.

measures to prevent the spread of resistant infections include:

Choose foods and drinks carefully while traveling even if you are

vaccinated. That means: boil it, cook it, peel it, or forget it.

Vaccinating people traveling to countries where typhoid fever is common.
Consuming safe food and water when traveling in those countries. Boil o treat water yourself,
Improv.mg access to clean water and sanitation for people living in those Eat foods that are hot and steaming.
countries.

Reporting changes in resistance to people who diagnose and treat patients with Avoid raw fruits and vegetables unless you peel them yourself.

typhoid fever. Avoid cold food and beverages from street vendors.

Investigating cases of typhoid fever to identify and treat carriers. If you get sick with high fever and a headache during or after travel, seek medical
care at once and tell the healthcare provider where you have traveled.

Providing recommendations for travelers on vaccination, safe food, and clean
water. Increasing Resistance or Partial Resistance to Ciprofloxacin
in Salmonella Typhi, 1999-2011*
Tracking and reporting changes in antibiotic resistance through ongoing
surveillance.
Drug resistance
in Salmonella

Typhi has jumped

Determining settings and high-risk groups for resistant infections in the U.S. and
other countries.

Educating healthcare providers about specific resistance problems and the need to

vaccinate travelers significantly—

’ from about 20% in
Promoting safer water and sanitation in countries where typhoid fever is common. 1999 to more than
Building public health capacity in other countries to diagnose, track, and control 70% in 2011.

typhoid fever.

National Antimicrobial Resistance Monitoring System
http://www.cdc.gov/narms

Typhoid Fever
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/typhoid_fever/

Traveler’s Health “Traveler’s Diarrhea”
http://wwwnc.cdc.gov/travel/yellowbook/2012/chapter-2-the-pre-travel-
consultation/travelers-diarrhea.htm
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SHIGELLA INFECTIONS
’ PER YEAR
Tl elelelels,
SHIGELLA
£1500,0005% S40:
7 o2

This bacteria is a serious concern and requires prompt PER YEAR
and sustained action to ensure the problem does not grow.

Shigella usually causes diarrhea (sometimes bloody), fever, and abdominal pain. Sometimes it causes serious complications such as reactive
arthritis. High-risk groups include young children, people with inadequate handwashing and hygiene habits, and men who have sex with men.

Estimated  Estimated Estimated

number of illnesses per  number of
Resistance to traditional first-line drugs such as ampicillin and trimethoprim- Percentage of illnesses 100,000 U.S.  deaths per
sulfamethoxazole has become so high that physicians must now rely on alternative all Shigelia>  peryear  population  year
drugs like ciprofloxacin and azithromycin to treat infections. Resistant infections Ciprofloxacin resistance 2% 12,000 4.0 <5
can last longer than infections with susceptible bacteria (bacteria that can be T S 15,000 - e

treated effectively with antibiotics). Shigella is showing resistance to: : :
Azithromycin or

. . . R . 9 27, 1
ciprofloxacin ciprofloxacin resistance 6% 7,000 : <5

azithro myci n *Percentage of all isolates that were resistant in 2011.
For more information about data methods and references, please see technical appendix.

Shigella causes approximately 500,000 diarrheal illnesses, 5,500 hospitalizations,
and 40 deaths each year in the United States. CDC is seeing resistance to
ciprofloxacin in 1.6% of the Shigella cases tested and resistance to azithromycin
in approximately 3%. Because initial treatment can fail, costs are expected to be
higher for resistant infections.

U.S. Department of

Health and Human Services
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Control and Prevention




DRUG-RESISTANT

SHIGELLA

Shigella spreads from one person to another in feces through direct
contact, or through contaminated surfaces, food, or water. Antibiotic use
in humans can result in resistant Shigella and hasten further spread. Key
measures to prevent resistant infections include:

Increasing Resistance to Ciprofloxacin in Shigella, 1999-2011

Drug-resistant

Promoting thorough and frequent hand washing with soap, Shigella has
especially in child care centers, elementary schools, restaurants, been making
and homes with small children. steady increases
Using antibiotics to treat more severe Shigella infections and since 2006.
managing milder infections with fluids and rest.
Reporting changes in resistance to healthcare providers. -
Detecting and controlling outbreaks of Shigella infections. . . . .
Resistance to Ampicillin and Trimethoprim-Sulfamethoxazole
Educating consumers and food workers about safe food handling in Shigella, 1978-2011*

practices. . .
While resistance

to ampicillin
has decreased,
Shigella continues

Tracking changes in antibiotic resistance through ongoing
to become more

surveillance. .

< . . ¢ . resistant to
Determining settings and high-risk groups for outbreaks of trimethoprim-
resistant infections. sl el

Educating healthcare providers about specific resistance problems.

Promoting prudent antibiotic use and handWaShing. *Data for 1978-1995 were from three sentinel county surveys. Annual testing began in 1999.

Don’t prepare food for others if you have diarrhea
or vomiting. National Antimicrobial Resistance Monitoring System

Keep children who have diarrhea and who are in http://www.cdc.gov/narms

diapers out of child care settings and swimming pools. Shigellosis

http://www.cdc.gov/nczved/divisions/dfbmd/diseases/shigellosis/

Avoid sexual behavior that is likely to transmit infection when you
have diarrhea. Traveler's Health “Traveler’s Diarrhea”

Consume safe food and water when traveling abroad. http://wwwnc.cdc.gov/travel/yellowbook/2012/chapter-2-the-pre-travel-
consultation/travelers-diarrhea.htm
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THREAT LEVEL
SERIOUS C STAPH BACTERIA ARE A LEADING CAUSE OF c

This bacteria is a serious concern and requires prompt
and sustained action to ensure the problem does not grow.

Revised Annualized National Estimates,
ABCs MRSA 2005-2011 (updated Nov, 2012)

Methicillin-resistant Staphylococcus aureus (MRSA) causes a range h N
of illnesses, from skin and wound infections to pneumonia and

bloodstream infections that can cause sepsis and death. Staph

bacteria, including MRSA, are one of the most common causes of Severe MRSA

healthcare-associated infections. infections
mostly occur

o
RESISTANGE OF CONGERN S i

medical care.

Resistance to methicillin and related antibiotics (e.g., nafcillin, oxacillin) and

resistance to cephalosporins are of concern.

PUBLIG HEALTH THREAT

CDC estimates 80 461 invasive MRSA infections and 11 285 related deaths occurred il’] For more information about data methods and references, please see technical appendix.
2011. An unknown but much higher number of less severe infections occurred in both
the community and in healthcare settings.

ERVICE
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FIGHTING THE SPREAD OF RESISTANGE

Although still a common and severe threat to patients, invasive MRSA infections in healthcare settings appear to be declining. Between 2005 and 2011 overall rates of invasive
MRSA dropped 31%; the largest declines (54%) were observed among infections occurring during hospitalization. Success began with preventing central-line associated
bloodstream infections with MRSA, where rates fell nearly 50% from 1997 to 2007.

During the past decade, rates of MRSA infections have increased rapidly among the general population (people who have not recently received care in a healthcare setting).
There is some evidence that these increases are slowing, but they are not following the same downward trends as healthcare-associated MRSA.

WHAT CDG IS DOING

Tracking illness and identifying risk factors for drug-resistant infections using
two systems, the National Healthcare Safety Network and the Emerging
Infections Program.

Providing states and facilities with outbreak support such as staff expertise,
prevention guidelines, tools, and lab assistance.

Developing tests and prevention recommendations to control drug-resistant
infections.

Helping healthcare facilities improve antibiotic prescribing practices.

WHAT YOU GAN DO

States and Communities Can:
Know resistance trends in your region.
Coordinate local and regional infection tracking and control efforts.

Require facilities to alert each other when transferring patients with any infection.

Healthcare CEOs, Medical Officers, and Other Healthcare Facility
Leaders Can:

Require and strictly enforce CDC guidance for infection detection, prevention,
tracking, and reporting.

Make sure your lab can accurately identify infections and alert clinical and
infection prevention staff when these bacteria are present.

Know infection and resistance trends in your facility and in the facilities
around you.

When transferring a patient, require staff to notify the other facility about all
infections.

Join or start regional infection prevention efforts.

Promote wise antibiotic use.

Healthcare Providers Can:

Know when and types of drug-resistant infections are present in your
facility and patients.

Request immediate alerts when the lab identifies drug-resistant
infections in your patients.

Alert the other facility when you transfer a patient with a drug-resistant infection.
Protect patients from drug-resistant infections.

Follow relevant guidelines and precautions at every patient encounter.

Prescribe antibiotics wisely.

Remove temporary medical devices such as catheters and ventilators as soon as no
longer needed.

Patients and Their Loved Ones Can: ® O

Ask everyone, including doctors, nurses, other medical staff,
and visitors, to wash their hands before touching the patient.

Take antibiotics only and exactly as prescribed.

ONLINE RESOURGES

Resources CDC’s MRSA website
www.cdc.gov/hai/mrsa

Prevention Guidelines for MRSA
www.cdc.gov/hicpac/pubs.html

Medscape/CDC Expert Commentaries about MRSA
http://www.medscape.com/partners/cdc/public/cdc-commentary
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This bacteria is a serious concern and requires prompt
and sustained action to ensure the problem does not grow.

£ 19,000
1 ! 2 0 0 X 0 0 0 EXCESS HOSPITALIZATIONS

DRUG-RESISTANT Q
INFECTIONS PER YEAR y
? ¢ ' DEATHS

= 996,000,000

IN EXCESS MEDICAL COSTS PER YEAR

Streptococcus pneumoniae (S. pneumoniae, or pneumococcus) is the leading cause of bacterial pneumonia and meningitis in the United States. It also is a major

cause of bloodstream infections and ear and sinus infections.

RESISTANGE OF CONGERN

S. pneumoniae has developed resistance to drugs in the penicillin and
erythromycin groups. Examples of these drugs include amoxicillin and azithromycin
(Zithromax, Z-Pak). S. pneumoniae has also developed resistance to less commonly
used drugs.

PUBLIG HEALTH THREAT

Pneumococcal disease, whether or not resistant to antibiotics, is a major public
health problem. Pneumococcal disease causes 4 million disease episodes and
22,000 deaths annually. Pneumococcal ear infections (otitis media) are the
most common type of pneumococcal disease among children, causing 1.5
million infections that often result in antibiotic use. Pneumococcal pneumonia
is another important form of pneumococcal disease. Each year, nearly 160,000
children younger than 5 years old see a doctor or are admitted to the hospital
with pneumococcal pneumonia. Among adults, over 600,000 seek care for or are
hospitalized with pneumococcal pneumonia. Pneumococcal pneumonia accounts
for 72% of all direct medical costs for treatment of pneumococcal disease.

In 30% of severe S. pneumoniae cases, the bacteria are fully resistant to one or
more clinically relevant antibiotics. Resistant infections complicate treatment
and can result in almost 1,200,000 illnesses and 7,000 deaths per year. Cases
of resistant pneumococcal pneumonia result in about 32,000 additional doctor
visits and about 19,000 additional hospitalizations each year. The excess costs
associated with these cases are approximately $96 million.

Invasive pneumococcal disease means that bacteria invade parts of the body that
are normally sterile, and when this happens, disease is usually severe, causing
hospitalization or even death. The majority of cases and deaths occur among adults
50 years or older, with the highest rates among those 65 years or older. Almost
everyone who gets invasive pneumococcal disease needs treatment in the hospital.

U.S. Department of

Health and Human Services
Centers for Disease

Control and Prevention
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STREPTOGOCGUS PNEUMONIAE
FIGHTING THE SPREAD OF RESISTANGE

Pneumococcal conjugate vaccine (PCV) is an effective tool to prevent infections. Vaccine use has

not only reduced the burden of invasive pneumococcal disease, but it has also reduced antibiotic

resistance by blocking the transmission of resistant S. pneumoniae strains. From 2000-2009, PCV7

provided protection against seven pneumococcal strains, and beginning in 2010 use of PCV13

expanded that protection to 13 strains. Achieving high vaccination coverage and encouraging

appropriate antibiotic use will slow the spread of pneumococcal resistance. Using the right
antibiotic at the right time is crucial.

WHAT CDG IS DOING

Through partnerships between CDC, state health departments, and universities, CDC is

tracking S. pneumoniae through its Active Bacterial Core surveillance (ABCs). CDC is

promoting appropriate antibiotic use among outpatient health care providers and the
public through its Get Smart: Know When Antibiotics Work program. As part of this program, CDC
hosts Get Smart About Antibiotic Week, an annual one week observance of the importance of
appropriate antibiotic use and its impact on antibiotic resistance. CDC is also working with many
partners in the U.S. to ensure that pneumococcal vaccines are available for children and that
uptake is high.

WHAT YOU GAN DO -

Prevent infections by getting recommended vaccines and practicing
good hand hygiene.

Take antibiotics exactly as the doctor prescribes. Do not skip doses.
Complete the prescribed course of treatment, even when you start
feeling better.

Only take antibiotics prescribed for you; do not share or use leftover antibiotics.

Do not save antibiotics for the next illness. Discard any leftover medication once the
prescribed course of treatment is completed.

Do not ask for antibiotics when your doctor thinks you do not need them.

ONLINE RESOURGES

Pneumococcal Disease
www.cdc.gov/pneumococcal

Pneumococcal Vaccine Recommendations

htm#who

http://www.cdc.gov/vaccines/vpd-vac/pneumo/in-short-both.

( N\
Cases of antibiotic-resistant invasive disease per 100,000 persons,
by age group and resistance profile — Active Bacterial Core surveillance
The very young
and senior adults
are most at risk
for drug-resistant
pneumococcal
disease.
B |
Cases and deaths per 100,000 population
by resistance profile — ABCs areas, 2000-2011
Vaccination '
prevents spread
of drug-resistant
S. pneumoniae
infections. & e
In 2010, 13-valent pneumococcal conjugate vaccine (PCV13) replaced 7-valent pneumococcal conjugate
_ vaccine (PCV7). )

Get Smart: Know When Antibiotics Work Program
http://www.cdc.gov/getsmart/

Active Bacterial Core surveillance (ABCs)
http://www.cdc.gov/abcs/index.html

Drug-Resistant Streptococcus pneumoniae (DRSP) Surveillance Toolkit
http://www.cdc.gov/abcs/reports-findings/surv-manual.html
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DRUG RESISTANT ﬂ TUBERCULOSIS
TUBERCULOSIS CASES CASES IN 2011

IN 2011 (U.S.)

THREAT LEVEL
SERIOUS TUBERCULOSIS IS AMONG THE MOST COMMON INFECTIOUS DISEASES AND
This bacteria is a serious concern and requires prompt & FHEQUENT GAUSES ol: nE‘"H wonI.BWInE A

and sustained action to ensure the problem does not grow.

Tuberculosis (TB) is among the most common infectious diseases and a frequent cause of death worldwide. TB is caused by the bacteria Mycobacterium tuberculosis

(M. tuberculosis) and is spread most commonly through the air. M. tuberculosis can affect any part of the body, but disease is found most often in the lungs. In most cases, TB is
treatable and curable with the available first-line TB drugs; however, in some cases, M. tuberculosis can be resistant to one or more of the drugs used to treat it. Drug-resistant TB
is more challenging to treat — it can be complex and requires more time and more expensive drugs that often have more side effects. Extensively Drug-Resistant TB (XDR TB) is
resistant to most TB drugs; therefore, patients are left with treatment options that are much less effective. The major factors driving TB drug resistance are incomplete or wrong
treatment, short drug supply, and lack of new drugs. In the United States most drug-resistant TB is found among persons born outside of the country.

Cases per 100,000  Percent of all TB

Number of cases  U.S. population cases in U.S.

Resistance to antibiotics used for standard therapy Any first-line resistance 1,042 0.33 10%
Resistance to isoniazid (INH) INH resistance 740 0.24 7%
Some TB is multidrug-resistant (MDR), showing resistance to at least INH MDR TB 124 0.04 1%
and rifampicin (RMP), two essential first-line drugs XDR TB 6 0.0019 <1%
Some TB is XDR TB, defined as MDR TB plus resistance to any De?ti‘s ?T“;‘Ed by antibiotic- 50

. « . . resistan
fluorogquinolone and to any of the three second-line injectable drugs
(]'.e_, amikacin, kanamycin, capreomycin) For more information about data methods and references, please see technical appendix.

U.S. Department of
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Of a total of 10,528 cases of TB in the United States reported in 2011, antibiotic
resistance was identified in 1,042, or 9.90%, of all TB cases.




DRUG-RESISTANT

TUBERGULOSIS

Health care providers can help prevent drug-resistant TB by quickly suspecting
and diagnosing cases, following recommended treatment guidelines, monitoring
patients’ response to treatment, and ensuring therapy is completed. Additional
drug-resistant TB prevention measures include implementing effective infection
control procedures that help limit exposure to known drug-resistant TB patients in
settings such as hospitals, prisons, or homeless shelters.

CDC conducts ongoing surveillance for drug-resistant TB in all 50 states and
the District of Columbia using the National Tuberculosis Surveillance System
(NTSS). The TB Genotyping Information Management System (TBGIMS),
a Web-based system designed to improve access and dissemination of
genotyping information nationwide, complements the ongoing surveillance
for drug- resistant TB by linking genotyping results to surveillance data. In 2009,
CDC implemented the Molecular Detection of Drug Resistance Service (MDDR), a
national clinical referral service which provides rapid confirmation of MDR and
XDR TB. Molecular drug-resistant testing enhances but does not replace culture or
conventional drug-susceptibility testing.

Other CDC activities directed at preventing spread of drug-resistant TB include
funding of five TB Regional Training and Medical Consultation Centers (RTMCCs)
from 2013-2017. The RTMCCs are regionally assigned to cover all 50 states and the
U.S. territories. One of the primary purposes of each RTMCC is to provide medical
consultation to TB programs and medical providers, particularly for complex, drug-
resistant cases. Additionally, the RTMCCs offer trainings that provide information
on diagnosing and treating drug-resistant TB.

Additionally, CDC international activities include studies to improve first and
second line antibiotic use in patients with drug-resistant TB.

Antibiotic resistance
occurs most often among
those aged 25-44.

The number of TB
cases with isoniazid
resistance or any
first-line antibiotic
resistance declined
from 2003 through
2011. However, both
types of resistance
had increases in
cases in 2011.
Multidrug-resistant
TB has been fairly
consistent over this
same time period

Cases of Antibiotic-resistant TB by Age Group, 2011

Cases of Antibiotic-resistant TB Over Time

http://www.cdc.gov/th/topic/drtb/xdrtb.htm http://www.tbcontrollers.org/

http://www.cdc.gov/tb/statistics/reports/2011/ http://www.who.int/tb/publications/mdr_
default.htm surveillance/en/index.html

http://www.cdc.gov/tb/topic/Laboratory/mddr.htm

http://www.aphl.org/aphlprograms/infectious/
tuberculosis/Pages/default.aspx

http://www.cdc.gov/th/

http://www.cdc.gov/th/topic/drtb/default.
htm

http://www.cdc.gov/tb/publications/factsheets/
drtb/mdrth.htm
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http://www.cdc.gov/tb
http://www.cdc.gov/tb/topic/drtb/default.htm
http://www.cdc.gov/tb/topic/drtb/default.htm
http://www.cdc.gov/tb/publications/factsheets/drtb/mdrtb.htm
http://www.cdc.gov/tb/publications/factsheets/drtb/mdrtb.htm
http://www.cdc.gov/tb/topic/drtb/xdrtb.htm
http://www.cdc.gov/tb/statistics/reports/2011/default.htm
http://www.cdc.gov/tb/statistics/reports/2011/default.htm
http://www.cdc.gov/tb/topic/Laboratory/mddr.htm
http://www.aphl.org/aphlprograms/infectious/tuberculosis/Pages/default.aspx
http://www.aphl.org/aphlprograms/infectious/tuberculosis/Pages/default.aspx
http://www.tbcontrollers.org
http://www.who.int/tb/publications/mdr_surveillance/en/index.html
http://www.who.int/tb/publications/mdr_surveillance/en/index.html




84

THREAT LEVEL These bacteria are concerning, and
concerng © © O seon e neecet,

MICROORGANISMS WITH
A THREAT LEVEL OF GONGERNING

Vancomycin-resistant Staphylococcus aureus (VRSA)
Erythromycin-resistant Group A Streptococcus

Clindamycin-resistant Group B Streptococcus



VANCOMYCIN-RESISTANT
STAPHYLOGOGGUS AUREUS

1 3 CASES

IN 4 STATES SINCE 2002

THREAT LEVEL
GONGERNING é SOME STAPHYLOCOCCUS STRAINS ARE RESISTANT TO VANCOMYCIN

EAVING FEW OR NO TREATMENT OPTIONS

This bacteria is concerning, and careful monitoring
and prevention action are needed.

Staphylococcus aureus is a common type of bacteria that is found on the skin. During medical procedures when patients require
catheters or ventilators or undergo surgical procedures, Staphylococcus aureus can enter the body and cause infections. When
Staphylococcus aureus becomes resistant to vancomycin, there are few treatment options available because vancomycin-resistant
S. aureus bacteria identified to date were also resistant to methicillin and other classes of antibiotics.

Percentage
Cases per of all Genus Deaths per
In rare cases, CDC has identified Staphylococcus aureus that is resistant to Number of 100,000 U.S.  species cases  Number of 100,000 U.S.
vancomycin, the antibiotic most frequently used to treat serious S. aureus cases population iny.5. deaths population
infections. Vancomycin-resistant 13 N/A N/A 0 N/A

Staphylococcus aureus

For more information about data methods and references, please see technical appendix.
A total of 13 cases of vancomycin-resistant Staphylococcus aureus (VRSA) have

been identified in the United States since 2002.

VRSA infection continues to be a rare occurrence. A few existing factors seem to
predispose case patients to VRSA infection, including:

Prior MRSA and enterococcal infections or colonization
U.S. Department of

Health and Human Services
Centers for Disease
Control and Prevention

Underlying conditions (such as chronic skin ulcers and diabetes)

Previous treatment with vancomycin
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Confirming cases after being notified by local public health
authorities.

Providing states and facilities with outbreak support such as staff
expertise, prevention guidelines, tools, and lab assistance.

Developing tests and prevention recommendations to control drug-
resistant infections.

Helping medical facilities improve antibiotic prescribing practices.

States and Communities Can:
Know resistance trends in your region.

Coordinate local and regional infection tracking and
control efforts.

Require facilities to alert each other when transferring patients with
any infection.

Healthcare CEOs, Medical Officers, and Other Healthcare
Facility Leaders Can:

Require and strictly enforce CDC guidance for infection detection,
prevention, tracking, and reporting.

Make sure your lab can accurately identify infections, and alert clinical
and infection prevention staff when these bacteria are present.

Know infection and resistance trends in your facility and in the
facilities around you.

When transferring a patient, require staff to notify the other facility
about all infections.

Join or start regional infection prevention efforts.

Promote wise antibiotic use.

Healthcare Providers Can:

Know when and what types of drug-resistant infections are
present in your facility and patients.

Request immediate alerts when the lab identifies drug-
resistant infections in your patients.

Alert the other facility when you transfer a patient with a drug-
resistant infection.

Treat wounds aggressively.
Use vancomycin responsibly.
Protect patients from drug-resistant infections.

Follow relevant guidelines and precautions at every patient
encounter.

Prescribe antibiotics wisely.

Remove temporary medical devices such as catheters and
ventilators as soon as no longer needed.

Patients and Their Loved Ones Can:

Ask everyone, including doctors, nurses, other medical
staff, and visitors, to wash their hands before touching
the patient.

Take antibiotics only and exactly as prescribed.

Vancomycin-Intermediate/Resistant Staphylococcus (VISA/
VRSA) in Healthcare Settings
http://www.cdc.gov/HAI/organisms/visa_vrsa/visa_vrsa.html

Healthcare-associated Infections (HAIs), Guidelines and
Recommendations
www.cdc.gov/hicpac/pubs.html
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This bacteria is concerning, and careful monitoring
and prevention action are needed.
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DRUG-RESISTANT GROUP A
STREP INFECTIONS PER YEAR

1_2 6 MII.I.“' STREP THROAT
. INFECTIONS PER YEAR

GROUP A'STREP IS'THE LEADING CAUSE OF
NECROTIZING FASGHTIS (“FLESH-EATING™ DISEASE) / " \

Group A Streptococcus (GAS) causes many illnesses, including pharyngitis (strep throat), streptococcal toxic shock syndrome, necrotizing fasciitis
(“flesh-eating” disease), scarlet fever, rheumatic fever, and skin infections such as impetigo.

RESISTANGE OF CONGERN

GAS has developed resistance to clindamycin and a category of drugs called macrolides.
Macrolides include erythromycin, azithromycin and clarithromycin. GAS has also developed
resistance to a less commonly used drug—tetracycline. Of these, resistance to erythromycin
and the other macrolide antibiotics is of the most immediate concern.

PUBLIG HEALTH THREAT

Each year in the United States, erythromycin-resistant, invasive GAS causes 1,300 illnesses
and 160 deaths.

GAS is a leading cause of upper respiratory tract infections such as strep throat. There
are 1-2.6 million cases of strep throat in the U.S. each year. These bacteria are also the
leading cause of necrotizing fasciitis, an invasive disease that can be fatal in 25%-35%
of cases. Invasive disease means that bacteria invade parts of the body that are normally
sterile. When this happens, disease is usually very severe, causing hospitalization or even
death. Those at highest risk for invasive disease are the elderly, those with skin lesions,
young children, people in group living situations such as nursing homes, and those with
underlying medical conditions, such as diabetes.

Penicillin is the recommended first-line treatment for GAS infections. Amoxicillin is a type
of penicillin that is often used to treat strep throat. Currently, GAS is not resistant to
treatment with penicillin. If resistance to penicillin emerges, it would severely compromise
treatment of invasive GAS infections. For people who are allergic to penicillin, two of

the alternative antibiotics, azithromycin and clarithromycin, can be used to treat strep
throat. In fact, azithromycin is prescribed more commonly than penicillin. Of GAS bacterial
samples tested at CDC from 2010 and 2011, 10% were erythromycin-resistant (and therefore
resistant to other macrolides such as azithromycin and clarithromycin), while 3.4% were
clindamycin-resistant. Increasing resistance to erythromycin will complicate treatment of
strep throat, particularly for those who cannot tolerate penicillin.

A more current concern is the increase in bacteria that show the genetic potential for
becoming resistant to clindamycin. Clindamycin has a unique role in treatment of severe
GAS infections. For severe, life-threatening infections, like necrotizing fasciitis and toxic
shock syndrome, a combination of penicillin and clindamycin is recommended for treatment.

U.S. Department of

Health and Human Services
Centers for Disease

Control and Prevention
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FIGHTING THE SPREAD OF RESISTANGE

Encouraging appropriate antibiotic use, including using the right antibiotic at the f )
iaht ti d for the right t of ti . ial t ti th d Prevalence of erythromycin, clindamycin and tetracycline resistance

ng 1me, 'an or the ng amount or time, 15 crucial to preventing . e sprea among group A streptococcal isolates, CDC's Active Bacterial Core

of drug-resistant GAS. Doctors should adhere to the recommended antibiotics for surveillance (ABCs), 2010-2011

treating GAS infections, including using penicillin or amoxicillin whenever possible.
Rates of resist t
WHAT GDG IS DOING [

CDC has collaborated with the Infectious Diseases Society of America to update COE”:;E% 1:2:?2?
guidance on diagnosing strep throat and selecting antibiotics to treat it. These L
guidelines reinforce appropriate use of antibiotics for this common illness. CDC
is also promoting appropriate antibiotic use among outpatient healthcare
providers and the public through its Get Smart: Know When Antibiotics Work [ ] [ |
program. As part of this program, CDC hosts Get Smart About Antibiotics L J
Week, an annual one-week observance of the importance of appropriate
antibiotic use and its impact on antibiotic resistance. Through partnerships
between CDC, state health departments, and universities, CDC is tracking GAS
through Active Bacterial Core surveillance (ABCs).

WHAT YOU CAN DO

Prevent infections by practicing good hand hygiene. o

ONLINE RESOURGES

Active Bacterial Core surveillance (ABCs)
http://www.cdc.gov/abcs/index.html

Get Smart: Know When Antibiotics Work Program
http://www.cdc.gov/getsmart/

Take antibiotics exactly as the doctor prescribes. Do not skip
doses. Complete the prescribed course of treatment, even

when you start feeling better. i Group A Strep

Only take antibiotics prescribed for you. Do not share or use http://www.cdc.gov/ncidod/dbmd/diseaseinfo/groupastreptococcal_g.htm
leftover antibiotics.

Necrotizing Fasciitis
Do not save antibiotics for the next illness. Discard any leftover medication http://www.cdc.gov/features/necrotizingfasciitis/
once the prescribed course of treatment is completed.
Strep Throat

Do not ask for antibiotics when your doctor thinks you do not need them. hitpe/ fumewicdleqoy/Featires fstrepthroat/

Scarlet Fever
http://www.cdc.gov/features/scarletfever/
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This bacteria is concerning, and careful monitoring
and prevention action are needed.

& 440

SEVERE CASES OF
GBS IN-2011

GROUP B STREP IS THE LEADING CAUSE OF
L " \ SERIOUS BAGTERIAL INFECTIONS IN NEWBORNS

Group B Streptococcus (GBS) is a type of bacteria that can cause severe illnesses in people of all ages, ranging from bloodstream

infections (sepsis) and pneumonia to meningitis and skin infections.

GBS has developed resistance to clindamycin and erythromycin. GBS that are resistant

to erythromycin will also be resistant to azithromycin. Recently, the very first cases with
resistance to vancomycin have been detected among adults. These cases are extremely rare
and also very concerning since vancomycin is the most commonly used drug for treatment of
potentially resistant gram-positive infections in adults. Strains with decreasing responsiveness
to treatment with penicillin drugs have been described but remain very rare. Resistance to
clindamycin is of the most immediate clinical concern, although the other forms of resistance
are worrisome.

Each year in the United States, clindamycin-resistant Group B Strep causes an estimated
7,600 illnesses and 440 deaths.

In the United States, GBS is the leading cause of serious bacterial infections in newborns,
including bloodstream infections, meningitis, and pneumonia. When these GBS infections
occur in the first 7 days of life, they are known as early-onset disease. To prevent early-
onset disease in newborns, antibiotics are given during labor and delivery to mothers who
test positive for GBS (tested at 35-37 weeks of pregnancy with a vaginal/rectal swab) and
to those who have other risk factors for passing GBS to their newborns.

GBS also is one of the most common causes of meningitis and other severe infections in
infants from 7 days to 3 months old (late-onset disease). GBS is also an increasing cause
of bloodstream infections, pneumonia, skin and soft tissue infections, and bone and joint
infections in adults, especially among pregnant women, the elderly, and people with certain
medical conditions such as diabetes.

CDC estimates from preliminary data that 27,000 cases of severe GBS disease, such as blood
infections or meningitis, occurred in 2011, causing 1,575 deaths. Forty-nine percent of GBS
isolates (samples) tested were erythromycin-resistant, and 28% were clindamycin-resistant.
Although the incidence of early-onset disease has been decreasing, the proportion of GBS
infections resistant to erythromycin and clindamycin has increased steadily since 2000.

Resistance to the penicillin drug class could threaten the success of strategies to prevent
early-onset disease and lead to treatment failures since penicillin drugs are the top choice
for treating GBS. Additionally, the increasing resistance to recommended second-line drugs,
clindamycin and erythromycin, limits prevention and treatment for patients with GBS who
are allergic to penicillin.

SERVICES,
o SRICES
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Doctors should test all pregnant women for GBS at 35-37 weeks of pregnancy and
adhere to the recommended antibiotics during labor and delivery for prevention of early-
onset disease. Broad efforts to promote appropriate use of antibiotics in outpatient and
inpatient settings will also help minimize the spread of resistance among GBS bacteria.

CDC, in collaboration with professional associations, has developed evidence-based
Guidelines for the Prevention of Perinatal Group B Streptococcal Disease. These
guidelines discuss diagnosis and management, and recommendations are provided
regarding antibiotic choices and dosing. They also support GBS screening
for all pregnant women at 35-37 weeks of pregnancy and use of antibiotics
during labor and delivery to prevent newborn infection. Through partnerships
between CDC, state health departments, and universities, CDC is tracking GBS
through its Active Bacterial Core surveillance (ABCs). This program monitors
antibiotic resistance and has contributed to the detection of the very first cases in the
U.S. of vancomycin-resistant GBS, as well as tracking of susceptibility trends of other
antibiotics important for treatment of GBS. CDC is promoting appropriate antibiotic use
among outpatient health care providers and the public through its Get Smart: Know
When Antibiotics Work program.

Pregnant women should talk to their doctor or nurse about their GBS
status and let them know of any medication allergies during a checkup.

When women get to the hospital or birthing center for delivery, they
should remind their doctor or nurse if they have GBS and if they are
allergic to any medications.

Practice appropriate antibiotic use whenever you see a doctor or are prescribed
an antibiotic for any condition:

Take antibiotics exactly as the doctor prescribes. Do not skip doses. Complete
the prescribed course of treatment, even when you start feeling better.

Only take antibiotics prescribed for you. Do not share or use leftover
antibiotics.

Do not save antibiotics for the next illness. Discard any leftover medication
once the prescribed course of treatment is completed.

Do not ask for antibiotics when your doctor thinks you do not need them.

Proportion of Group B Streptococcus isolates resistant
to erythromycin and clindamycin—

Group B strep Active Bacterial Core surveillance (ABCs), 2000-2010*

continues to
become more
resistant to two
major antibiotics,
leaving those
allergic to first
line drugs in
jeopardy.

*Most recent data available.

Incidence of Early-Onset Disease Caused by Group B Streptococcus—
Active Bacterial Core surveillance (ABCs), 1989-2010
Early-onset

group B strep
disease has
declined by
80% since the
introduction of
evidence-based
prevention
strategies.

ACOG = American College of Obstetricians and Gynecologists, AAP = American Academy
of Pediatrics

Group B Strep (GBS)
http://www.cdc.gov/groupbstrep/about/index.html

Active Bacterial Core surveillance (ABCs)
http://www.cdc.gov/abcs/index.html
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Technical Appendix
Clostridium difficile
Methods

National estimates of the number of Clostridium difficile (C. difficile)
infections (CDI) requiring hospitalization or in already hospitalized
patients were obtained from the data submitted through the
Emerging Infections Program’s C. difficile surveillance in 2011, of
34 counties in 10 U.S. states (http://www.cdc.gov/hai/eip/cdiff_techinfo.html). During
2011, a total of 15,452 CDI cases were identified across the participating sites. Data on
hospitalization following CDI or at the time of infection were obtained for all cases from
8 of 10 U.S. states and from a random sample of 33% from cases from the other 2 states.
The sampled cases were used to estimate total number of hospitalizations in the 2 states
where sampling was performed. The national estimates were made using 2011 population
estimates from U.S. Census Bureau adjusting for age, gender and race distribution of
the American population.! Approximately 18% of cases were reported without a race
value. Multiple imputation was used to estimate the missing race based on the data that
are available and the results were summarized. The C. difficile attributable mortality was
estimated from death certificate data.? Trends on deaths related to C. difficile were obtained
from the CDC’s National Center for Health Statistics.? Estimates were rounded to two
significant digits.

References

1 Lessa FC, Mu, Y, Cohen J, Dumyati G, Farley MM, Winston L, Kast K, Holzbauer S, Meek
J, Beldavs S, McDonald LC, Fridkin SK. Presented at the IDWeek 2012, Annual Meeting
of the Infectious Disease Society of America, Society for Healthcare Epidemiology,
Pediatric Infectious Disease Society, and HIV Medical Association; San Diego, October
2012.

2 Hall AJ, Curns AT, McDonald LC, Parashar UD, Lopman BA. The Roles of Clostridium
difficile and Norovirus Among Gastroenteritis-Associated Deaths in the United States,
1999-2007. Clin Infect Dis. 2012 Jul;55(2):216-23.

3 Kochanek KD, Xu J, Murphy SL, Minifilo AM, Kung HC. Deaths: Preliminary Data for 2009.
National Vital Statistics Report.


http://www.cdc.gov/hai/eip/cdiff_techinfo.html

Technical Appendix
Carbapenem-Resistant Enterobacteriaceae
Multidrug-Resistant Acinetobacter
Fluconazole-Resistant Candida

Extended Spectrum B-lactamase producing
Enterobacteriaceae (ESBLs)

Vancomycin-Resistant Enterococcus (VRE)
Multidrug-Resistant Pseudomonas aeruginosa
Methods

National estimates of the number of healthcare-associated infections
(HAIs) with Enterobacteriaceae, Pseudomonas aeruginosa, Candida,
Acinetobacter, or Enterococci were obtained from a 2011 survey of
11,282 patients in 183 hospitals in 10 different states, among whom
452 were identified with at least one HAI for a total of 504 HAIs (some
patients had >1 HAI).

Many assumptions were made in deriving national estimates, using
these 452 patients, and adjusting for age and length of stay using

the 2010 Nationwide Inpatient Sample (NIS), Healthcare Cost and
Utilization Project (HCUP), Agency for Healthcare Research and

Quality. For 2011, an estimated 647,985 patients had at least one HAI,
resulting in an estimated 721,854 HAIs.' 481 pathogens were reported
among the 504 HAls detected; 50 K. pneumonia or K. oxytoca (9.9%),

47 E. coli (9.3%), 46 Enterococci spp. (9.1%), 36 P. aeruginosa (7.1%), 34
Candida spp. (6.7%), 8 Acinetobacter spp. (1.6%). For each pathogen, the
pathogen-specific annual estimate was obtained by multiplying this
proportion (of all HAIs) by the national HAI estimate (721,854). Next,
the estimated no. of resistant infections was obtained by multiplying
the respective pathogen-specific national estimate by the proportion
of pathogens reported as non-susceptible to the antimicrobial

of interest from other CDC data systems. For Enterobacteriaceae,
Pseudomonas aeruginosa, Acinetobacter, and Enterococci this was CDC'’s
National Healthcare Safety Network and includes the mean percent
non-susceptible across the device and procedure-associated HAls
reported during 2009-2010% see individual fact sheets in this report
for percent resistance for each pathogen.

For Candida by the proportion of Candida species testing non-
susceptible to fluconazole that were submitted to CDC for
confirmatory testing as part of the Emerging Infections Program
Surveillance of Candida bloodstream infections during 2008-2011.% In
this program a total of 2,675 Candida species isolates associated with
bloodstream infections were submitted as part of the EIP population-
based surveillance in 2 US cities, azole resistance was identified in 165
cases, or 7%.



The number of deaths attributable to the antimicrobial-resistant healthcare-associated
infection was determined by multiplying the estimated number of resistant infections by
6.5%, an overall estimate of attributable mortality from antibiotic-resistant hospital-onset
infections previously determined.? This estimate accounts for the overall distribution of
the different types of infections commonly caused by antibiotic-resistant pathogens in
hospitalized patients and is generally much lower than the crude mortality observed in
many of these patients owing to their severe underlying disease status. Definitions of
multidrug resistance used in this analysis are published elsewhere.? The proportion of U.S.
hospitals reporting carbapenem-resistant Enterobacteriaceae was derived as reported
elsewhere.> Estimates were rounded to two significant digits.
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Technical Appendix
Neisseria gonorrhoeae
Methods

Estimates of the number of gonococcal infections with any resistance

pattern, reduced susceptibility to cephalosporins or azithromycin,

or resistance to tetracycline are reported. They are derived by

multiplying an estimate of the annual number of gonococcal

infections in the United States’ by the prevalence of reduced

susceptibility or resistance among urethral Neisseria gonorrhoeae

isolates collected and tested by the Gonococcal Isolate Surveillance Project (GISP)
during 2011.2

Many assumptions were made in deriving the estimates. Data from the National Health
and Nutrition Examination Survey (NHANES) provided accurate gonorrhea prevalence
estimates, although NHANES only measures urogenital infections and does not include
oropharyngeal or rectal infections. The average duration of infection, used to calculate
incidence, was based on expert opinion, due to an absence of published data. Also,
estimates of resistance in GISP are nationally representative. However, compared to the
regional distribution of reported gonococcal infections, GISP relatively over-samples
patients from the West Coast, where resistance has traditionally first emerged in the United
States. The Clinical Laboratory Standards Institute categorizes susceptibility to cefixime
and ceftriaxone as minimum inhibitory concentrations (MICs) <0.25 pg/ml.2 For this
analysis, isolates with cefixime MICs >0.25 pg/ml were considered to have reduced cefixime
susceptibility, and isolates with ceftriaxone MICs =0.125 pg/ml were considered to have
reduced ceftriaxone susceptibility. An azithromycin MIC =2.0 pg/ml was considered to have
reduced azithromycin susceptibility, and a tetracycline MIC >2.0 ug/ml was considered
resistant. Resistance to any antimicrobial includes resistance to penicillin (MIC = 2 pug/ml),
tetracycline, ciprofloxacin (MIC = 1ug/ml), or spectinomycin (MIC = 128 pug/ml), or reduced
susceptibility to the cephalosporins or azithromycin.

GISP, established in 1986, is a sentinel surveillance system with partners that include CDC,
sexually transmitted disease clinics at 25-30 sentinel sites, and 5 regional laboratories in the
United States.* Gonococcal isolates are collected from up to the first 25 men diagnosed with
gonococcal urethritis at each sentinel site each month. Antimicrobial susceptibility testing
is performed using agar dilution for a panel of antimicrobials that includes penicillin,
tetracycline, ciprofloxacin, spectinomycin, cefixime, ceftriaxone, and azithromycin.
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Technical Appendix
Drug-Resistant Campylobacter
Methods

Estimates of the number of illnesses and deaths from infections with
Campylobacter resistant to ciprofloxacin or azithromycin are reported.
They were derived by multiplying an estimate of the annual number
of Campylobacter illnesses or deaths in the United States' by the
average prevalence of resistance among Campylobacter tested by the
National Antimicrobial Resistance Monitoring System (NARMS) during the years 2009-2011.
Resistance breakpoints from the NARMS 2011 Human Isolates Report were used.?

Many assumptions were made in deriving the estimates. The estimated number of illnesses
from resistant Campylobacter was divided by the U.S. population and multiplied by 100,000
to calculate the estimated number of illnesses from resistant infections per 100,000

people. The U.S. population in 2006 (approximately 299 million people) was used for the
calculations because the estimated number of Campylobacter ilinesses in the United States
was based on this population.! The sentinel county survey data displayed in Figure 1 was
previously reported.?

References
1 Scallan E, Hoekstra RM, Angulo FJ, et al. Foodborne illness acquired in the United

States—major pathogens. Emerg Infect Dis 2011;17:7-15.

2 CDC. National Antimicrobial Resistance Monitoring System for Enteric Bacteria
(NARMS): Human Isolates Final Report, 2011. Atlanta, Georgia: U.S. Department of
Health and Human Services, CDC, 2013.

3 Gupta A, Nelson JM, Barrett TJ, et al. Antimicrobial Resistance among Campylobacter
Strains, United States, 1997-2001. Emerg Infect Dis 2004;10:1102-9.



Technical Appendix
Drug-Resistant Non-Typhoidal Salmonella
Methods

Estimates of the number of illnesses and deaths from infections with

non-typhoidal Salmonella resistant to ceftriaxone, resistant or partially

resistant to ciprofloxacin, or resistant to five or more antibiotic classes

are reported. They were derived by multiplying an estimate of the

annual number of non-typhoidal Salmonella illnesses or deaths in the

United States' by the average prevalence of resistance among non-typhoidal Salmonella
isolates tested by the National Antimicrobial Resistance Monitoring System (NARMS) during
the years 2009-2011. Resistance breakpoints from the NARMS 2011 Human Isolates Report
were used.? For ciprofloxacin, isolates with intermediate susceptibility results (minimum
inhibitory concentration of 0.12-0.5 pg/ml) were considered partially resistant.

Many assumptions were made in deriving the estimates. The estimated number of illnesses
from resistant Salmonella was divided by the U.S. population and multiplied by 100,000

to calculate the estimated number of illnesses from resistant Salmonella per 100,000
population. The U.S. population in 2006 (approximately 299 million people) was used for
the calculations because the estimated number of non-typhoidal Salmonella illnesses in
the United States was based on this population.’ The methods used to estimate the direct
medical costs for Salmonella infections were previously reported.?
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Technical Appendix
Drug-Resistant Salmonella Serotype Typhi
Methods

An estimate of the number of illnesses and deaths from Salmonella

serotype Typhi resistant or partially resistant to ciprofloxacin was

derived by multiplying an estimate of the annual number of illnesses

or deaths from typhoid fever in the United States' by the average

prevalence of ciprofloxacin resistance or partial resistance among
Salmonella Typhi isolates tested by the National Antimicrobial Resistance Monitoring
System (NARMS) during 2009-2011. Resistance breakpoints from the NARMS 2011 Human
Isolates Report were used.? For ciprofloxacin, isolates with intermediate susceptibility
results (minimum inhibitory concentration of 0.12-0.5 ug/ml) were considered partially
resistant.

Many assumptions were made in deriving the estimates. The estimated number of illnesses
from ciprofloxacin resistant or partially resistant Salmonella Typhi was divided by the U.S.
population and multiplied by 100,000 to calculate the estimated number of illnesses from
resistant or partially resistant infections per 100,000 people. The U.S. population in 2006
(approximately 299 million people) was used for the calculations because the estimated
number of typhoid fever illnesses in the United States was based on this population.
Worldwide case estimates?® and pre-antibiotic era mortality* are from published sources.
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Technical Appendix
Drug-Resistant Shigella
Methods

Estimates of the number of illnesses and deaths from infections with

Shigella resistant to azithromycin or ciprofloxacin are reported. They

were derived by multiplying an estimate of the annual number of

Shigella illnesses or deaths in the United States' by the prevalence

of resistance among Shigella tested by the National Antimicrobial

Resistance Monitoring System (NARMS) in 2011, the year azithromycin testing began.
Resistance breakpoints from the NARMS 2011 Human Isolates Report were used.? As
clinical azithromycin breakpoints have not been established for Shigella, the values used
here were based on epidemiological cut-off values used in the NARMS report. Isolates with
azithromycin minimal inhibitory concentrations of =32 pg/ml were considered resistant.

Many assumptions were made in deriving these estimates. The estimated number of
illnesses from resistant Shigella was divided by the U.S. population and multiplied by
100,000 to calculate the estimated number of ilinesses from resistant infections per
100,000 people. The U.S. population in 2006 (approximately 299 million people) was

used for the calculations because the estimated number of Shigella illnesses in the United
States was based on this population.’ The sentinel county survey data displayed were
previously reported.®*?
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Technical Appendix
Methicillin-Resistant Staphylococcus aureus (MRSA)
Methods

National estimates of the number of invasive MRSA healthcare-
associated infections (HAIs) were derived from the Emerging Infection
Program/Active Bacterial Core Surveillance' for Invasive MRSA using
data reported for infections occurring during 2011 (http://www.
cdc.gov/abcs/reports-findings/surv-reports.html). During 2011,
4,872 reports of invasive MRSA (isolates of MRSA cultured from a normally sterile site and
identified by a participating clinical laboratory) were received from the 9 participating
program sites (population of 19,393,677). Reports include both healthcare-associated
infections and community-associated infections, but are limited to invasive infections
(approximately 85% are bloodstream infections).

Estimates were made using National Center for Health Statistics bridged-race vintage 2011
post-censal file and U.S. renal data systems, adjusting for race, age, gender, and receipt

of dialysis. Mortality includes all-cause mortality during hospitalization, and estimates

were adjusted in similar fashion as infection estimates. Approximately 18% of cases were
reported without a race value, multiple imputation was used to estimate the missing race
based on the data that are available and the results were summarized. Regarding device
and procedure-associated infections with MRSA, the proportion of facilities reporting

at least one S. aureus HAI reported as MRSA for each HAI type was obtained from CDC’s
National Healthcare Safety Network Antimicrobial Resistance Report 2009-2010.? Estimates
were rounded to two significant digits.
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Technical Appendix
Vancomycin-Resistant Staphylococcus aureus
Methods

Vancomycin resistant S. aureus (VRSA) have been a nationally

notifiable condition since 2004." The national estimate of the number

of VRSA cases is derived from individual case reports and confirmation

at the Centers for Disease Control and Prevention (CDC). All

reported VRSA are submitted to CDC for confirmatory antimicrobial

susceptibility with reference broth microdilution.2 Vancomycin resistance in S. aureus is
defined as an MIC = 16 ug/ ml. All isolates meeting this criterion are further characterized
with PCR to detect known resistance mechanisms. All 13 U.S. VRSA identified to date have
carried the vanA resistance determinant.?
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Technical Appendix
Drug-Resistant Streptococcus pneumoniae
Methods

Trends in the incidence of antibiotic-resistant invasive pneumococcal

disease per 100,000 persons are from Active Bacterial Core

surveillance (ABCs), which is part of CDC's Emerging Infections

Program (EIP) network.” ABCs conducts surveillance for invasive

bacterial infections, including Streptococcus pneumoniae, at 10 sites
located throughout the United States representing a population of approximately 30
million persons. Isolates are collected on =90% of all cases (approximately 3200 isolates
per year) and sent to reference laboratories for susceptibility testing to eighteen different
antibiotics using Clinical and Laboratory Standards Institute (CLSI) methods. Estimates of
invasive pneumococcal disease are also from ABCs.?

Estimates of the burden of antibiotic resistant pneumococcal disease are derived from three
sources. First, numbers of cases were estimated by applying the rate for full resistance to
clinically relevant drugs (i.e. penicillin, ceftriaxone, cefotaxime, erythromycin, levofloxacin,
tetracycline, trimethoprim/sulfamethoxazole) in 2011 (30%) to estimates of cases of all

S. pneumoniae infections (4 million) as estimated by Huang and colleagues.® Numbers of
deaths were estimated by applying the rate of full resistance to a clinically relevant drug
(33%) to the total number of deaths from pneumococcal disease.® Excess pneumococcal
pneumonia visits, hospitalizations, and costs were estimated using the previous overall
burden estimates® but consideration of the burden of disease that would have occurred in
the absence of resistance to penicillin, erythromycin, and levofloxacin.*
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Technical Appendix
Erythromycin-Resistant Group A Streptococcus
Methods

Estimates of the proportion of GAS isolates resistant to erythromycin,

clindamycin and tetracycline are from isolates collected through

Active Bacterial Core surveillance (ABCs), which is part of CDC'’s

Emerging Infections Program (EIP) network.! ABCs conducts

surveillance for invasive bacterial infections, including GAS, at 10

sites located throughout the United States representing a population of approximately 32
million people. Isolates are collected on ~80% of all cases (approximately ~1000 isolates
per year) and sent to reference laboratories for susceptibility testing to twelve different
antibiotics using Clinical and Laboratory Standards Institute (CLSI) methods.

Cases and deaths were estimated by applying 2011 resistant rate to erythromycin (10%, see
Strep Group A Streptococcus pathogen page) to total cases (13300) and total deaths (1,550)
reported in the 2011 report of the Active Bacteria Core surveillance (ABCs).?
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Technical Appendix
Clindamycin-Resistant Group B Streptococcus
Methods

Estimates of the proportion of GBS isolates resistant to erythromycin
and clindamycin are from isolates collected through Active Bacterial
Core surveillance (ABCs), which is part of CDC’s Emerging Infections
Program (EIP) network." ABCs conducts surveillance for invasive
bacterial infections, including GBS, at 10 sites located throughout
the United States representing a population of approximately 32 million persons. Isolates
are collected currently from 7 of these states, from ~85% of the cases in these states
(approximately ~1500 isolates per year) and sent to reference laboratories for susceptibility
testing to twelve different antibiotics using Clinical and Laboratory Standards Institute
(CLSI) methods. Estimates of severe disease are also from ABCs.?

Cases and deaths were estimated by applying the 2010 overall resistant rate to clindamycin
(28%) from the ABCs antimicrobial susceptibilities report® to total cases (27,000) and total
deaths (1,575) reported in the 2011 ABCs GBS surveillance report.?
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GLOSSARY

Active Bacterial Core surveillance (ABCs): A core component of CDC’s Emerging
Infections Programs network (EIP), a collaboration between CDC, state health departments,
and universities. ABCs is an active laboratory- and population-based surveillance system
that tracks invasive bacterial pathogens of public health importance. It currently operates
among 10 EIP sites across the United States, representing a population of approximately

41 million persons. At this time, ABCs conducts surveillance for six pathogens: group A

and group B Streptococcus (GAS, GBS), Haemophilus influenzae, Neisseria meningitidis,
Streptococcus pneumoniae, and methicillin-resistant Staphylococcus aureus (MRSA).

Adverse drug event: When therapeutic drugs (example, antibiotics) have harmful effects;
when someone has been harmed by a medication.

Aminoglycoside: A type of antibiotic that destroys the functioning of gram-negative
bacteria. Increased resistance to aminoglycosides has made them less useful.

Antibiotic: Type of medicine made from mold or bacteria that kills or slows the growth of
other bacteria. Examples include penicillin and streptomycin.

Antibiotic class: A grouping of antibiotics that are similar in how they work and how they
are made.

Antibiotic growth promotion: Giving farm animals antibiotics to increase their size in
order to produce and sell more meat.

Antibiotic resistance: The result of bacteria changing in ways that reduce or eliminate the
effectiveness of antibiotics. Antibiotic resistance is one type of antimicrobial resistance.

Antibiotic stewardship: Coordinated efforts and programs to improve the use of
antimicrobials. For example, facilities with antibiotic stewardship programs have made

a commitment to always use antibiotics appropriately and safely—only when they are
needed to prevent or treat disease, and to choose the right antibiotics and to administer
them in the right way in every case.

Antimicrobial: A general term for the drugs, chemicals, or other substances that either
kill or slow the growth of microorganisms. Among the antimicrobial agents in use today
are antibacterial drugs (which kill bacteria), antiviral agents (which kill viruses), antifungal
agents (which kill fungi), and antiparisitic drugs (which kill parasites).

Antimicrobial resistance: The result of microorganisms changing in ways that reduce

or eliminate the effectiveness of drugs, chemicals, or other agents used to cure or
prevent infections. In this report, the focus is on antibiotic resistance, which is one type of
antimicrobial resistance.

Azithromycin: A macrolide antibiotic used to treat infections caused by gram-positive
bacteria and infections such as respiratory tract and soft-tissue infections.

Azoles: A large class of drugs developed to treat fungal infections.

107



Bacteria: Single-celled organisms that live in and around us. Bacteria can be helpful,
but in certain conditions can cause illnesses such as strep throat, ear infections, and
bacterial pneumonia.

Bacteriology: The study of bacteria.

Beta (B)-lactamase enzyme: A chemical produced by certain bacteria that can destroy
some kinds of antibiotics.

Broad-spectrum antibiotic: An antibiotic that is effective against a wide range of bacteria.

Carbapenem: A type of antibiotic that is resistant to the destructive beta-lactamase
enzyme of many bacteria. Carbapenems are used as a last line of defense for many bacteria,
but increased resistance to carbapenems has made them less useful.

Cefixime: A cephalosporin antibiotic that is resistant to the destructive beta-lactamase
enzyme of many bacteria.

Ceftriaxone: A cephalosporin antibiotic that is resistant to the destructive beta-lactamase
enzyme of many bacteria.

Cephalosporin: Cephalosporins are a class of antibiotics containing a large number of
drugs. Some more recently developed cephalosporins are resistant to the destructive beta-
lactamase enzyme produced by many bacteria.

Ciprofloxacin: A broad-spectum fluoroquinolone antibiotic that is important in treating
serious bacterial infections, especially when resistance to older antibiotic classes is
suspected.

Clindamycin: An antibiotic used to treat certain types of bacterial infections, including
infections of the lungs, skin, blood, female reproductive organs, and internal organs.

Conjugate vaccine: A vaccine in which an antigen is attached to a carrier protein from the
same microorganism. This approach enhances the immunological response to the vaccine
and thereby enhances the overall effectiveness of the vaccine.

Echinocandins: A class of drugs developed to treat fungal infections.

EIP: The Emerging Infections Program network is a national resource for surveillance,
prevention, and control of emerging infectious diseases. It was established in 1995. The
EIP is a network of 10 state health departments and their collaborators in local health
departments, academic institutions, other federal agencies, and public health and clinical
laboratories; infection preventionists; and healthcare providers.

Endogenous flora: Bacteria that naturally reside in or on the body.

Epidemiology: The study of diseases to find out who is affected, how disease is spread,
trends in illnesses and deaths, what behaviors or other risk factors might put a person
at risk, and other information that can be used to develop prevention strategies.
Epidemiologists use surveys and surveillance systems to track illnesses, and they often
investigate disease outbreaks.
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Erythromycin: An antibiotic used to treat certain infections caused by bacteria, such as
bronchitis, diphtheria, Legionnaires’ disease, pertussis (whooping cough), pneumonia,
rheumatic fever, sexually transmitted diseases, and infections of the ear, intestine, lung,
urinary tract, and skin. It is also used before some surgery or dental work to prevent
infection.

Extended-spectrum antibiotic: An antibiotic that has been chemically modified to attack
additional types of bacteria, usually those that are gram-negative.

Extensively drug-resistant (XDR): Resistance to nearly all drugs that would be considered
for treatment. Exact definitions for XDR differ for each type of bacteria.

Fluconazole: An antifungal drug in the azole class.

Fluoroquinolones: Broad-spectrum antibiotics that play an important role in treatment
of serious bacterial infections, especially hospital-acquired infections and others in
which resistance to older antibacterial classes is suspected. Increasing resistant to
fluoroquinolones is making them less effective.

Fungus: A single-celled or multicellular organism. Fungi can be opportunistic pathogens
(such as aspergillosis, candidiasis, and cryptococcosis) that cause infections in people
with compromised immune systems, such as cancer patients, transplant recipients, and
people with HIV/AIDS. Fungi can also be or pathogens (such as the endemic mycoses,
histoplasmosis and coccidioidomycosis, and superficial mycoses) that cause infections in
healthy people. Fungi are used to develop antibiotics, antitoxins, and other drugs used to
treat various diseases.

GISP: The Gonococcal Isolate Surveillance Project was established in 1986 to monitor

U.S. trends in antimicrobial susceptibilities of strains of Neisseria gonorrhoeae, the type

of bacteria that causes gonorrhea. The goal of GISP is to establish a rational basis for the
selection of drugs used to treat gonorrhea. GISP is a collaborative project between selected
sexually transmitted disease clinics, five regional laboratories, and CDC.

HAIs: Healthcare-associated infections are those that occur in hospitals, outpatient clinics,
nursing homes, and other facilities where people receive care.

Hand hygiene: The practice of cleaning hands. This practice protects against infection
and illness.

Hypervirulent: Increased ability to cause severe disease, relapse rates, and death.
Invasive disease: A disease that can spread within the body to healthy tissue.

Isolate/bacterial isolate: A pure culture or sample of bacteria used to study their
properties.

Isoniazid (INH): A first-line drug used to treat tuberculosis. Strains of tuberculosis resistant
to INH and rifampin are considered to be multidrug resistant.

Macrolide: A type of antibiotic used to treat infections caused by gram-positive bacteria
and infections such as respiratory tract and soft-tissue infections. Macrolides are often used
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in people allergic to penicillin, but resistance to macrolides is increasing and has made
them less useful.

Methicillin: An antibiotic derived from penicillin. It was previously used to treat bacteria
such as Staphylococcus aureus.

Microbiology: The study of microorganisms.

Microorganism: Organisms so small that a microscope is required to see them. This term
includes bacteria, fungi, parasites, and viruses.

Morbidity: The number of people who are infected with a specified illness in a given
time period.

Mortality: The number of people who die in a given time from a specified illness.

MRSA: Methicillin-resistant Staphylococcus aureus is used to describe any strain of S. aureus
that is resistant to all types of penicillin (not just methicillin) as well as cephalosporin.

Multidrug-resistant (MDR): Microorganisms that are resistant to multiple classes of
antimicrobials. The exact number of drugs that a microorganism is resistant to varies
depending on the infection or pathogen.

NARMS: The National Antimicrobial Resistance Monitoring System monitors antimicrobial
resistance in foodborne and other enteric bacteria, including Salmonella, Campylobacter,
Shigella, Escherichia coli 0157, and Vibrio (non-V. cholerae). NARMS is a collaboration among
CDC, the U.S. Food and Drug Administration (FDA), the U.S. Department of Agriculture
(USDA), and state and local health departments.

Narrow-spectrum antibiotic: An antibiotic that is active against a limited range of
bacteria.

NHSN: CDC'’s National Healthcare Safety Network is the nation’s most widely used
healthcare-associated infection tracking system. NHSN provides facilities, states, regions,
and the nation with data needed to identify problem areas, measure progress of
prevention efforts, and ultimately eliminate healthcare-associated infections. In addition,
NHSN allows healthcare facilities to track blood safety errors and important healthcare
process measures such as healthcare personnel influenza vaccine status and infection
control adherence rates.

Outbreak: When a group of people develop the same illness around the same time,
and the number of people affected is higher than normal. Outbreak investigations are
conducted to identify what exposure the affected people had in common.

Pan drug-resistance (PDR): Resistance to all drugs that would be considered for treatment.
Exact definitions for PDR differ for each bacteria.

Penicillins: A class of antibiotics including amoxicillin, methicillin, piperacillin and other
drugs based on the first true antibiotic discovered in 1928 by Dr. Alexander Fleming.
Increased resistance has made many types of penicillins less useful.

Pneumonia: An inflammatory condition of the lungs affecting primarily the microscopic air
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sacs known as alveoli. It is usually caused by infection with viruses or bacteria, and typical
symptoms include a cough, chest pain, fever, and difficulty breathing.

Reservoir: A person, animal, insect, plant, or other host that is carrying a pathogen (for
example, bacteria or fungi) that causes infectious diseases. Some pathogens have animal
reservoirs (to survive, they need animal hosts). Others pathogens have human reservoirs (to
survive, they need human hosts).

Resistant bacteria: Microorganisms that have changed in ways that reduce or eliminate
the effectiveness of drugs, chemicals, or other agents to cure or prevent infections.

Rifampin: A first-line drug used to treat tuberculosis. Strains of tuberculosis resistant to
isoniazid (INH) and rifampin (RMP) are considered to be multidrug resistant.

Strain/bacterial strain: A strain is a genetic variant or subtype of a microorganism (for
example, a flu strain is a subtype of the flu virus). Some strains of bacteria are resistant to
antibiotics, and others are not. When bacteria become resistant to antibiotics, they can
share their resistance with other bacteria to create new resistant bacterial strains.

Superinfection: An infection following a previous infection, especially when caused by
microorganisms that are resistant or have become resistant to the antibiotics used earlier.

Surveillance: The ongoing systematic collection and analysis of data. Surveillance systems
that monitor infectious diseases provide data that can be used to develop actions to
prevent infectious diseases.

Susceptible bacteria: When antibiotics are effective at killing or stopping the growth of a
certain bacteria, the bacteria is known as susceptible to antibiotics. Susceptible infections
are infections that can be treated effectively with antibiotics.

Systemic agents: Drugs that travel through the bloodstream and reach cells throughout
the body.

Tetracyclines: A class of broad-spectrum antibiotics including tetracycline, doxycycline,
minocycline, and other drugs. Increased resistance has made many types of tetracyclines
less useful.

Vaccine: A product that produces immunity in a person’s body and therefore protects them
from an infectious disease. Vaccines are administered through shots, by mouth, and by
aerosol mist.

Vancomycin: A drug that is frequently used to treat methicillin-resistant Staphylococcus
aureus infections and that is also effective against other bacteria.

Virus: A strand of DNA or RNA in a protein coat that must get inside a living cell to grow
and reproduce. Viruses cause many types of illness. For example, varicella virus causes
chickenpox, and the human immunodeficiency virus (HIV) causes acquired immune
deficiency syndrome (AIDS).
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The Pew Commission on Industrial Farm Animal Production was established
by a grant from The Pew Charitable Trusts to the Johns Hopkins Bloomberg
School of Public Health. The two-year charge to the Commission was to
study the public health, environmental, animal welfare, and rural community
problems created by concentrated animal feeding operations and to recommend
solutions.

The problem of antimicrobial resistance (AMR) is growing in the United
States and worldwide. The questions posed by the Commission were several:
What is the scope of the AMR problem? What is the contribution of industrial
animal agriculture to the problem? What is the history of and reasons for the
use of antimicrobials in animal agriculture? What can or should be done about
AMR, from the standpoint of animal agriculture?

It is difficult to calculate the scope of the AMR problem as it relates to
animal agriculture because of the types of surveillance that are in place and
the way that AMR is transmitted between bacteria. Only certain infectious
bacteria are tracked by the Centers for Disease Control and Prevention (cbc)
and state and local health agencies. Other types of bacteria, some infectious
and some not, are not tracked, so only a certain cross section of the possible
resistant microbes are seen by the tracking agencies. This is a problem because
of the way resistance is spread between capable bacteria. These bacteria have a
small “cassette” of genes that they transmit to each other in one piece. These
cassettes can contain resistance to more than one antimicrobial, rendering
formerly unexposed or nonresistant bacteria suddenly resistant to multiple

kinds of antimicrobials. In addition, bacteria that are not tracked can still



transmit resistance elements. For example, many bacteria live in the human
digestive tract or on human skin. These are not normally harmful (and are
often helpful) and are not monitored. However, these harmless bacteria may
still be capable of passing resistance to other bacteria that a7 harmful, or could
then become harmful.

Exposure of bacteria to antimicrobials exerts a selective pressure, killing

susceptible bacteria and allowing resistant ones to survive and reproduce. Sir

Alexander Fleming, the father of antibiotics, described the phenomena of antibiotic

resistance and suggested in the 1940s that extensive use of antibiotics would
cause bacteria to develop resistance, and further pointed out that new
antibiotics would be necessary to combat this on a regular basis. While it is
difficult to measure what percent of resistance is caused by antimicrobial use
in agriculture, as opposed to other settings, it can be assumed that the wider
the use of antibiotics, the greater the chance for the development of antibiotic
resistance.

Antibiotics were first used in the early 1950s as a growth promoter
in food animals. As “resistance” developed and the antibiotics lost their
ability to promote growth in the animal, new generations of antibiotics
and antimicrobials were used. Today, estimates vary on the amounts of
antimicrobials that are used in food animal production, as well as the amounts
that are used nontherapeutically versus therapeutically.

Antimicrobials can save lives of humans and animals, but must be
used judiciously given their biological properties. The greater the amount

of antimicrobials present in the general environmental pool, the greater the



pressure for the development of resistance within many different bacterial
populations. Animal agriculture industry representatives have recognized this
in statements to the Commission. This report was commissioned to expand on
these concepts.

By releasing this technical report, the Commission acknowledges that the
author/authors fulfilled the request of the Commission on the topics reviewed.
This report does not reflect the position of the Commission on these, or any
other, issues. The final report of the Commission, and the recommendations

included in it, represents the consensus position of the Commission.



Introduction




As a complex and important part of the US economy and landscape, the

industrial production of animals for human food presents many issues of

relevance to human health, including infectious pathogens. This background

report will review one topic in depth: the role of industrial food animal

production (1EAP) in the increasingly serious public health problem of

antimicrobial resistance (AMR) in human pathogens. Industrial food animal

production is defined in terms of both organization and methods: economically

and structurally, TFAP is an integrated enterprise in which many aspects of

food animal production are controlled by one entity; methodologically, it is a

high throughput production system of animals for human food consumption,

including poultry, swine, and cattle, in which animals of one species are raised

in large groups in confinement in houses or enclosures under highly defined

conditions of lighting, feed supply, and other aspects of animal husbandry

(Martinez 2002).

Close contact between humans and the animals we
grow for food has always been a source of transmissible
pathogens between humans and animals among rural
communities. Likewise, food-borne diseases have always
been associated (if not recognized) with food products
derived from animals (including meats, eggs, and milk) as
a consequence of contamination throughout the processes
of slaughter, butchering, storage, and preparation of
consumable foods. In addition, domesticated animals have
always (like humans) contaminated their environments
—including fields and watersheds—through their wastes.

These traditional risks have been recognized for
centuries. What is under consideration by the Pew
Commission is how the 7ew intensive methods of food
animal production may both reduce and intensify these
traditional risks as well as introduce new risks to both
animal and human health. From this perspective, two
aspects of IFAP are relevant to consider: the confinement
of large numbers of animals for most and, in some cases,
for all of their lifetimes, and new formulations of animal
feeds.

Confinement of large populations of animals
has several impacts on pathogen risks: first, close contact
of large numbers of host animals facilitates the evolution
and exchange of viruses, bacteria, and microparasites;
second, stresses induced by confinement may increase
the likelihood of infection and illness in animal
populations; and third, these large populations produce
large amounts of waste, which can exceed traditional
methods of management. These impacts are not limited
to the conditions of confinement and animal husbandry

practices; however, they are in many cases exacerbated by
practices common to the 1FAP in the US.

Feed formulation influences pathogen risks
because the feeds supplied to confined animal populations
are significantly different from the unsupplemented
foraged feeds of grains and grasses traditionally available
to poultry, swine, or cattle (with relatively minimal
supplementation by minerals or other substances). These
feeds have been modified to meet the conditions of
confined environments and also in response to research
on animal growth and nutrition. The major goals in
feed development have been twofold: to ensure healthy
and uniform animals, and to reduce the costs of food
animal production by reducing both the time needed to
reach market weight for each species and the efficiency
of feed conversion or the amount of food intake required
to achieve this weight. In modern animal feeds, there is
extensive recycling of animal fats and proteins through
rendering, additions of industrial and animal wastes, and
the addition of antimicrobials (aMs), including arsenicals,
as feed additives (reviewed by Sapkota et al. 2007). This
latter innovation, which began more than 5o years ago in the
US, has introduced a new public health risk into the context
of food animal production,—the selection of antimicrobial
-resistant bacteria. Because of the importance of this issue
for public health, its high profile, and its specificity for
IFAP, this topic will be discussed in greatest depth in this
background paper.



Problem Definition




Antimicrobial resistance is one of the major public health crises of our time.
The discovery of AMs and their application to clinical medicine are among the
triumphs of twentieth century pharmacology and medicine. This triumph has

been eroded with the rise and spread of antimicrobial resistance, and it has been

suggested that we are entering the “post antibiotic age” of medicine (Falagas

and Bliziotis 2007). Antimicrobial-resistant bacterial infections now account

for much of the problem of emerging infectious disease worldwide (Okeke,

Laxminarayan et al. 2005; Velge, Cloeckaert et al. 2005; Seybold, Kourbatova

et al. 2006; Erb, Sturmer et al. 2007; Laxminarayan 2007). In some cases,

selection for resistance also results in more virulent strains, as in the case of

E. coli and S. aureus (Ohlsen, Ziebuhr et al. 1998; Johnson, Kuskowski et al.

2005; Mora, Blanco et al. 2005; Stevens, Ma et al. 2007).

AMR infections are often more difficult to treat and are
associated with increased morbidity and risks of death
(Travers and Barza 2002). The burden of these poorly
controllable infections on health care systems has been
evaluated by the Organization for Economic Co-operation
and Development (0ECD) (OECD 2003), among others.
A comprehensive review of the topic, including a
discussion of method for computing loss of economic
productivity, was recently published by Smith et al.
(Smith, Yago et al. 2005). In addition to the direct costs
of increased hospital stays and increased costs of treatment
(which may increase costs of individual patient care by
sixfold (Capitano, Leshem et al. 2003)), there are major
cost impacts on the health care system to monitor and
prevent spread of resistant infections, which have not been
fully calculated (Laxminarayan 2007).

The scope and scale of AMR have been well
characterized by Levy (Levy 1998; Levy and Marshall
2004). Information from the US government National
Antimicrobial Resistance Monitoring System (NARMS)
covers analyses of isolates from food, animals, and
humans; this is available online (www.cdc.gov/narms).
However, it is difficult to obtain data on trends in AMR
from this source, given variability in sampling, or to test
associations with antimicrobial use, or to draw associations
between food, animals, and humans. Moreover, there are
few studies in which the origin of food contamination
is fully traced; in some cases for fruits and vegetables
(as discussed below), this may be related to waste
contamination and a secondary impact of antimicrobial
use in food animals.

Longitudinal studies confirm the increasing severity
of AMR (Erb, Sturmer et al. 2007). Specific analyses,
using longitudinal data from clinical isolates collected by
the same research group in the same setting, demonstrate

increasing temporal trends in AMR in several pathogens, as
shown on the following page in a study from Philadelphia
(Lautenbach, Strom et al. 2004). Similar trends were
observed for P. mirabilis and K. pneumoniae. These data
underscore the increasing severity of the drug resistance
crisis such that attention to all preventable sources of
resistance pressure requires consideration.

Estimates of AMR based upon analyses of persons with
disease may significantly undercount the true prevalence
of AMR exposure in the general population. In a study of
incoming patients at a tertiary care hospital in Boston from
1998/9 to 2002/3, the likelihood of multidrug resistance
in E. coli increased from 2% to almost 20% (Pop-Vicas
and D’Agata 2005). A major study of E. col7 isolated from
newly hospitalized subjects not diagnosed with infectious
disease reported that 20% of the isolates were resistant
to fluoroquinolones, approximately twice the rates found
by the same group in studies of hospital patients with
diagnosed bacterial disease (Lautenbach, Tolomeo et
al. 2006). Moreover, analyses based solely upon testing
of pathogenic bacteria may miss the significance of
increasing “reservoirs of resistance” in commensal (or
nonpathogenic) organisms (Alekshun and Levy 2006).
This broader view of microbial ecology and gene flow is
an important issue for both science and policy (Summers
2002).

The issue for consideration by the Pew Commission is to
consider the appropriate policy response to an evaluation of the
contribution of antimicrobial use in food animal production
to the national and global crisis of antimicrobial resistance.
Because of its importance to public health, antimicrobial
resistance (AMR) is one of the most important public
health issues related to 1FAP, recognizing the difficulty in

assessing the associations between food animal production ’
and AMR or to determine the fraction of AMR infections (]






that are attributable to food animal production. To assist
the Commission in this task, this White Paper provides an
overview of AMR in the context of microbiological issues
in 1FAP and then presents a brief review of the evidence
base relevant to the issue of AMR and 1FaP. The discussion

A

includes information from the US and other countries; a
global perspective is appropriate since AMR bacteria and
resistance genes can be transferred globally through the
movement of people, food, animals, and via wind and

‘warter.

Figure 1: Prevalence of fluoroquinolone resistance in E. coli isolates from inpatients (lpt) and
outpatients (Opt) in Philadelphia, from 1989 to 2000. Approximately 60% of the samples

were from inpatients and 40% from outpatients
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Problem Definition:
Antimicrobial® resistance (AMR)

is defined as changes in microbial
biology that occur in response to
antimicrobials and that reduce or
block the effectiveness of drugs,
chemicals, or other agents to

cure or prevent infections. AMR

is determined by in vitro tests of
strain-specific cultures in which
survival of the bacterial isolates

is tested under conditions of
increasing AM concentrations. The
in vitro concentration at which
bacterial survival is significantly
affected is then compared

to benchmarks that signify
impacts on clinical efficacy; thus
the MIC (minimum inhibitory
concentrations) values are set by
the NCCLS (National Committee
for Clinical Laboratory Standards)
to reflect a level of resistance that
is likely to compromise the efficacy
of AM treatment in an infected
patient (Ginocchio 2002; NCCLS
2006).

'antimicrobial refers to a category
of agents, including both natural
compounds (sometimes referred to
as antibiotics) as well as synthetic

chemicals
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At the outset, it should be recognized that the production of animals for

human food has always involved public health risks related to microbial

exposure. In addition to the traditional risks of disease from microbial

contamination of food, 1FAP has introduced a new risk related to practices in

animal feeding.

From time immemorial, animals have been the source

of some of the pathogens that can cause diseases in
human populations (Orriss 1997; Bengis, Leighton et al.
2004; Fevre, Bronsvoort et al. 2006). In the process of
domesticating animals into herds as livestock, we have
over time created denser populations, in closer proximity
to humans, with accompanying problems of waste
management and increased likelihood of animal-human-
animal microbial exchange and for pathogen mutation.
These traditional risks have been recognized for centuries.
We continue to be challenged by newly emerging zoonoses
such as transmissible encephalopathies (mad cow disease),
sARs, Nipah virus infection, and avian influenza—

all diseases caused by pathogens that are predominantly
carried by animals we raise or hunt for consumption.

Risks of zoonotic disease are greatly intensified by
the changes in the scale of animal husbandry (Fevre,
Bronsvoort et al. 2006). Large numbers of animal hosts
in close contact facilitate the exchange and speed up
the evolutionary transformation of pathogens (Saenz,
Hethcote et al. 2006). Because of the confined conditions
of 1FAP, animal health and the health of humans involved
in animal husbandry are at risk due to intensified
exposures to a range of zoonotic pathogens, including
macro- and microparasites, viruses, and bacteria. In
addition, domesticated animals held in confinement
are unavoidably exposed to their wastes. Farmers and
farm workers in the confined spaces of animal houses
containing thousands of animals are at increased risks of
exposure to microbes and biotoxins. Air emissions from
animal houses can release pathogens from the house into
the ambient environment. Finally, and probably of greatest
importance to public health, these large populations of
animals produce large volumes of waste, which, because
of the regional intensification of production, greatly
exceed the capacity of traditional methods of management
through their use as fertilizers of nearby soils. There are
no requirements in the US for predisposal treatment
of animal wastes (such as composting under controlled
conditions). Pathogens, including bacteria and viruses,
survive in animal wastes for extensive periods of time and
can be recovered in soils that have been “amended” by
these wastes (Gerba and Smith 2005).

Likewise, human food products derived from animals
(including meat, eggs, and milk) have always presented
microbial risks to human health. Slaughterhouses, until
recently, were grossly unhygienic as described in 1906
by Upton Sinclair—rivaled probably only by hospitals
prior to the 20th century as breeding grounds for virulent

pathogens. From farm to market, there was little control
over microbial contamination (and replication) at any
stage. Meat products were sold in markets with no
refrigeration, preservation, or containment; in addition,
live animals were often sold at markets where slaughtering
occurred at the place and time of sale—as it still does in
many countries of the world.

With the recognition of the food-borne origin of many
infectious diseases, and the realization that improvements
in hygiene at the farm were essential to the control of
animal diseases as well, great advances have been made in
hygienic practices since the early 20th century, particularly
with the advent in 1995 of a new philosophy of “farm to
fork” and a systems approach to hygiene called Hazard
Analysis and Critical Control Point (HAccP) in the US
(Billy and Wachsmuth 1997). The endorsement of these
principles by national and international agencies around
the world and the adoption of food and phytosanitary
standards by the World Trade Organization have in many
cases extended these practices internationally. In an age
of the global market basket, where consumers in the US
purchase foods from international sources, this is a critical
element in food safety (Naimi, Wicklund et al. 2003).

The application of HACCP in animal slaughtering and
processing has reduced many risks of food contamination;
however, new risks may not be effectively managed by
older approaches (Morris 2003). While modern food
processing plants have been greatly enhanced by the
effective application of HAccP principles, the cost of
failure is magnified by their high throughput and the
highly efficient national distribution system of food, both
of which facilitate the widespread propagation of food-
borne risks.
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Understanding the scientific events in antimicrobial resistance is important

to an evaluation of the contribution of IFAP to this public health issue. 7he

[forst scientific principle is that from the perspective of fundamental biology and

evolution, selection of AM resistance in response to exposure to AMs is inevitable;

moreover, the prevalence and rates of resistance in bacteria are proportional to

the degree of exposure to antimicrobials. Microbes have evolved highly effective

mechanisms to respond to environmental pressures, such as temperature

change, oxygen concentrations, nutrient availability, and toxin exposure,

including antimicrobial agents (aMs). Thus, exposure of bacteria to sublethal

concentrations of AMs inevitably results in the selection of resistant strains,

and under conditions of continued AM pressure, resistant strains will propagate

and spread. Because most AMs are derived from natural products, bacteria

have acquired, through evolution, biochemical responses to resist Am attack;

and AMR can be observed in the absence of any deliberate human use of AMms.

Because of the speed of bacterial reproduction, these changes can be expressed

with great efficiency. Thus, through an evolutionary process of microbial

response to the pressure of antimicrobial agents, resistance is an inevitable

consequence of antimicrobial use, and it is not surprising that observations of

resistance came soon after the identification and isolation of the first natural

antimicrobial substance.

The second important scientific principle is that bacterial
resistance to antimicrobials involves both genetic and
nongenetic changes, of which the former have more serious
implications for public health. Nongenetic changes typically
involve enhanced activity or upregulation of physiological
processes such as membrane transport pumps that extrude
harmful agents, including antimicrobials. However,

the capacity of these response mechanisms is limited,

and usually bacteria express only low-level resistance as

a consequence. Genetically encoded changes are more
serious because these can usually confer higher-level
resistance to specific agents and because they can be
transferred among bacteria. Since most AMs are derived
from fungal and other natural sources, bacteria have
evolved in the presence of these toxins (Wright 2007),
and it is therefore not surprising that, even in the absence
of antimicrobial pressure, there are sources of resistance
encoded by specific genes within the community
repertoire of bacterial genomes. In the presence of

selection pressure by an AM, bacterial populations quickly
evolve to a resistant phenotype (Smith, Harris et al.
2002; Tenover 2006). The speed of this evasion process
is hastened by two factors: the rapid rate of bacterial
reproduction and the ability of bacteria to transfer
genetic information among organisms even across broad
phylogenetic categories.

Resistance spread. The third important
scientific principle is that bacteria can share resistance through
the transfer of genes that encode resistance. Resistance is a
trait expressed by specific bacteria and can result from
new mutations that occur spontaneously in bacteria due
to their rapid rate of cell division or from the selection of
resistance genes already present within a bacterial colony.
In the presence of antimicrobial pressure, strains that
express resistance traits through spontaneous mutation

are favored in terms of survival, and they will rapidly

supplant susceptible strains in microbial populations. But ’
in addition, and potentially of greatest significance for ‘






public health, bacteria have a third mechanism of rapid
evolution towards a resistant phenotype through the
sharing of genes that encode resistance. By this process,
resistance can be propagated within and among bacterial
strains, species, and genera, including commensals
(nonpathogenic) and pathogens, by mobile genetic
elements including plasmids, transposons, integrons, gene
cassettes, and bacteriophages. In contrast to chromosomal-
based resistance determinants, these transfers account for
more than 95% of antibiotic resistance (Nwosu 2001).
These events have been detected in resistant E. coli isolated
from consumer meat products (Sunde and Norstrom
2006). This finding is of particular concern because
integrons can transfer multiple resistance genes at a time
(Zhang, Lin et al. 2003; Zhang, Sahin et al. 2006).

Bacteria operate at the community level in terms of
responding to stress, and therefore they have developed
mechanisms to share genetic information, often across
broad species divisions. Because it is the community
response that is crucial (Summers 2002; Heuer,
Hammerum et al. 2006), genetic change in response
to AM pressure is not dependent upon reproduction or
cell division, as is the case for most higher organisms.
Bacteria can exchange genetic information across broad
classes by several mechanisms, as shown on the following
pages. These mechanisms are in many cases enhanced by
stressors such as AM pressures that can enhance the rates
and efficiency of genetic recombination.

Microbiologists now refer to “reservoirs of resistance”
in recognition of the fact that it is the community of
genetic resources that determines the rate and propagation
of resistance (Salyers and Shoemaker 2006). The existence
of these “reservoirs of resistance” bas a considerable impact
on how we conceptualize and deal with the challenge of MR
associated with food animal production. Until recently, the
focus of public health concern was on specific patterns
of resistance in specific pathogens of concern, such as
quinpristin/dalfopristin (Q/D) resistance in Enterococcus
Jaecium. However, since genes for these and other
resistance traits can be exchanged from a commensal
or nonpathogenic species, such as E. col7 in the gut of a
patient being treated for campylobacteriosis, the “one
bug one drug” definition of the scope of concern is
increasingly recognized as inadequate (Summers 2002;
Summers 2006). The contribution of agricultural Am
use to environmental reservoirs of resistance has been
documented for both poultry and swine (Nandi, Maurer
et al. 2004; Jensen, Jakobsen et al. 2006).

The incorporation of these new perspectives into
policy and risk assessment is of great importance. Aspects
of this issue (such as the importance of commensals)
have been considered by the FpA in its rulings on
fluoroquinolones (Bartholomew, Vose et al. 2005). It is
not clear how this will be utilized in evaluating other
related issues.

Persistence of resistance. The fourth
important scientific principle is that resistance may continue
even after AMs are no longer present. As noted above,
the microbial community can serve as a resource, or
reservoir, of resistance genes. Earlier theories of microbial

genetics assumed that this was unlikely to be a long-

term phenomenon since the expression of resistance

was thought to cost the organism (in terms of increased
energy requirements, susceptibility to other stressors, or
decreased reproductive rates) such that in the absence of
AM pressure, its occurrence was rare. Current research has
cast doubt on the concept of a “cost of resistance” (Salyers
and Amabile-Cuevas 1997). While the prevalence of
resistant strains markedly decreases when antimicrobials
are no longer present, this is not always the case for
several reasons. First, in some cases, resistant organisms
may outcompete susceptible strains: for example,
Campylobacter jejuni that are resistant to fluoroquinolones
have greater ability to colonize the guts of animals,
resulting in a selective advantage over wild strains in
competing for the ecological niche of the host.

Second, resistance may also persist due to the
clustering of resistance genes on the same transposable
elements such that eliminating only one antimicrobial
may not reduce the prevalence of the cluster (Aarestrup,
Agerso et al. 2000). Such events have been observed in
the setting of swine farms (Gebreyes and Thakur 2005).
Third, it may in some cases be “cheaper” for a resistant
bacterial strain to acquire an additional genetic change
that reduces the biological cost of resistance rather than
to revert genetically and phenotypically to the “wild”
or susceptible state (Levin, Perrot et al. 2000; Wright
2007). Finally, it may be the case that M pressure is
now so widespread, due to multiple uses of AMs for
many purposes, that there is a community benefit of
maintaining the genetic reservoir of resistance such that
the frequency of genetic mutations encoding resistance has
increased.

Empirical evidence supports this: even after the
removal of AMs from animal feeds, researchers in
Europe have reported on the persistence of resistant
pathogens in animal houses, wastes, and food products
from several types of food animals (Sorum, Johnsen et
al. 2006). Similar findings are reported by Price et al.
(Price, Johnson et al. 2005; Price, Graham et al. 2007;
Price, Lackey et al. 2007) on the continuing prevalence
of fluoroquinolone-resistant Campylobacter in chicken
products sold in US supermarkets, after voluntary actions
by producers and the FpA ban on fluoroquinolone use in
poultry production.

The History of

Antimicrobial Resistance
Bacteria acquired the genetic
and physiological tools to resist
antimicrobials long before
scientists isolated and identified
these natural agents in the early
20th century (Wright 2007).
Because many antimicrobials are
natural products of fungi and other
organisms, bacteria have evolved
these mechanisms over millions
of years, and thus it is possible to
detect AMR in bacteria that have
not been exposed to our uses of
AMs in medicine or agriculture.
Antimicrobial resistance was
evident from the early history of
penicillin. The isolation of the first
naturally occurring antimicrobial
(penicillin) in the 1930s ushered
in a major change in clinical

and veterinary medicine, and
food animal production as well.
With the discovery of natural
antimicrobial compounds, the
balance seemed at last to be
tipped against the pathogens, but
victory was short-lived. Even in
the laboratory, Fleming observed
that his bacterial cultures quickly
demonstrated resistance to
penicillin, and in 1945, he warned
that the misuse of penicillin could
lead to selection of resistant
forms of bacteria (Levy 1998).
Fleming suggested that resistance
to penicillin could be conferred
in two ways—either through
changes in the bacterial cell wall,
which was the target of penicillin
action, or through the selection
of bacteria expressing mutant
proteins capable of degrading
penicillin. Unfortunately, in the
early period of its use, penicillin
was available orally to the public
without prescription until the
mid 1950s. By 1946, one hospital
reported that 14% of the strains
of staphylococci isolated from sick
patients were penicillin resistant
(Barber, Hayhoe et al. 1949). By
the 1950s, this same hospital
reported that 59% of the strains
of staphylococci were penicillin

resistant.



A

Figure 2: Genetic exchange among bacterial species (Adapted from Levy and Miller, 1989).
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The Role of IFAP
in AMR




All uses of AMs contribute to the likelihood that bacteria will be resistant to Am

drugs. The focus on 1FAP is justified by three factors:

* the nontherapeutic and prophylactic uses of antimicrobials as feed additives
(as distinct from therapy; see below) set the stage for selection of resistant
strains;

* the antimicrobial drugs currently used as feed additives represent many of
the critically important classes of AMs, and resistance to one AM results in
resistance to all drugs in the same class;

« the amounts of AMs utilized in modern food animal production dwarf the
amounts used in clinical and veterinary medicine.

A wide range of AM drugs are permitted for use in food animal production
in the US and many other countries (Sarmah, Meyer et al. 2006). As shown
in Table 1, these drugs represent all the major classes of clinically important
pharmacotherapies, from penicillin to third generation compounds. In
addition, arsenicals are also permitted for use as growth promotants and for
enhancing skin quality (Roxarsone and arsanilic acid). In some cases, new AMs
have been licensed for agricultural use in advance of approvals for clinical use.
In the case of quinpristin-dalfopristin (virginiamycin), this practice resulted
in the emergence of resistance prior to eventual clinical registration, thus
demonstrating how feed additive use can compromise the potential utility of
a new tool in fighting infectious disease in humans (Kieke, Borchardt et al.
2006). For existing drugs, Smith et al. (Smith, Harris et al. 2002) calculated
that agricultural use can significantly shorten the “useful life” of antimicrobials

for combating human or animal disease.

15



16

A

Table 1. Antimicrobials registered for use as feed additives in Australia, Denmark,
European Union (EU), Canada, and the United States (Data from Sarmah et al. 2006).

Countries

Group/Class

Antimicrobial

Usage

Australia

Arsenicals

3-nitro-arsonic acid

Pigs, poultry

Glycopeptides

Avoparcin

Pigs, meat poultry,
cattle

Macrolides Kitasamycin Pigs
Oleandomycin Cattle
Tylosin Pigs
Polyethers (ionophores) Lasalocid Cattle
Monensin (data available)
Narasin Cattle
Salinomycin Pigs, cattle

Polypeptides

Bacitracin

Meat poultry

Quinoxalines

Olaquindox (data available)

Pigs

Streptogramins

Virginiamycin

Pigs, meat poultry

Others

Flavophospholiphol or
Bambermycin

Pigs, poultry, cattle

European Union

Glycopeptides

Avoparcin

Banned, 1997

Macrolides

Tylosin

Pigs

Spiramycina

Turkeys, chickens,
calves, lambs, pigs

Oligosaccharides Avilamycin Pigs, chickens, turkeys
Polyethers (ionophores) Monensin Cattle (growth
promotion)
Salinomycin Pigs

Polypeptides

Bacitracin

Turkeys, laying hens,
chickens (growth
promotion), calves,
lambs, pigs

Streptogramins

Virginiamycin

Turkeys, laying
hens, cattle (growth
promotion), calves,
SOws, pigs

Others

Flavophospholiphol or
Bambermycin

Turkeys, laying hens,
other poultry, calves,
pigs, rabbits, cattle
(growth promotion)

Canada

Aminoglycosides

Neomycin

Cattle

Lincosamides

Lincomycin hydrochloride

Breeder chickens

Macrolides Erythromycin Chicken (broiler,
breeder)
Tylosin Sheep
Penicillins Penicillin G Chicken (broiler,
breeder)
Potassium Turkey

Penicillin G procaine

Chicken, turkey, sheep

Tetracyclines

Chlortetracycline

Chicken (layer, breeder)

Oxytetracycline

Turkey, swine, cattle,
sheep

Sulfonamides Sulfamethazine Pigs, cattle

lonophores Lasolocid sodium Cattle
Monensin Cattle
Narasin Pigs
Salinomycin sodium Pigs, cattle




Table 1. Antimicrobials registered for use as feed additives in Australia, Denmark,
European Union (EU), Canada, and the United States (Data from Sarmah et al. 2006).

Countries Group/Class Antimicrobial Usage

Canada Polypeptides Bacitracin Chicken, pigs, turkey
Glycolipids Bambermycin Turkey, breeder

chickens

Quinoxalines Carbadox Pigs
Others Arsanilic acid Broiler, turkey, pigs

USA Arsenicals Arsenilic acid Poultry

Roxarsone, cabarsone Poultry

Polypeptides Bacitracin Cattle, pigs, poultry
Glycolipids Bambermycin Pigs, poultry
Tetracyclines Tetracycline Pigs

Chlortetracycline

Cattle, pigs, poultry

Oxytetracycline Cattle, pigs
Elfamycine Efrotomycin Pigs
Macrolides Erythromycin Cattle

Oleandomycin

Chicken, turkey

Tylosin Cattle, pigs, chicken
Tiamulin Pigs
Lincosamides Lincomycin Pigs
Polyethers (ionophores) Monensin Cattle
Lasalocid Cattle
Penicillins Penicillin Poultry
Quinoxalines Carbadox Pigs
Streptogramins Virginiamycin Swine
Sulfonamides Sulfamethazine Cattle, pigs
Sulfathiazole Pigs
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Many of these antimicrobials are widely used in US
livestock production, as shown in the figures below
from the uspa (USDA/APHIS 2003). The most recent
data reported to be available to the uspa are from
1994—5. Depending upon stage of growth, feeds with
antimicrobials were supplied to between 38% and
70% of pigs in the US and between 30% and 58% of
cattle raised in feedlots (with higher percentages in the

A

larger operations). A broad range of antimicrobials was
supplied to these cattle, with 45% of operations using
chlortetracycline and 42% using tylosin. Similar data were
published on antimicrobial use in poultry, based upon
reporting by poultry production units (defined as a set

of farms served by one feed mill) as shown in Figure 2D
(Chapman and Johnson 2002).

Figure 2A. Use of antimicrobials in swine production, by route of administration and by type

of pig (Data from USDA/APHIS 2003).
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Figure 2B. Antimicrobials used in feed or water for cattle fed in feedlots

(Data from USDA/APHIS 2003).
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Figure 2C. Types of antimicrobials utilized in feed or water supplied to cattle in larger
feedlots (1000-plus head) (Data from USDA/APHIS 2003).
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Figure 2D. Average reported use of antimicrobials as feed additives in broiler poultry
production, from 1995-2000 (Data from Chapman and Johnson 2002).
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Table 2. Prevalence of multiple antimicrobial use in broiler feeds (Chapman and Johnson
2002). BAC = bacitracin; BAM = bambermycin; LIN = lincomycin; TYL = tylosin;

VIR = virginiamycin.

One antibiotic Two antibiotics

Three antibiotics

Antibiotic %PU Antibiotic %PU Antibiotics %PU
BAC 13.7 BAC, VIR 37.8 BAC, BAM, VIR 5.0
BAM 3.0 BAC, BAM 16.0 BAC, BAM, LIN 1.8
LIN 3.1 BAC, LIN 9.3 FLA, VIR, LIN 0.7
VIR 2.0 BAC,TYL 3.1 BAC, VIR, LIN 0.6
- - VIR, BAM 25 - -

As with cattle, several antimicrobials were used in feeds
for broilers, with 37% reporting use of bacitracin and
virginiamycin, as shown in Table 2 above (Chapman and
Johnson 2002).

There is a lack of publicly available validated
information on the volume of AM use as feed additives
in1FAP in the US and many other countries. In the
EU, several countries collaborate in data collection and
publication through the Veterinary Antibiotic Usage and
Resistance Surveillance Working Group (VANTURES).
However, there are still limitations on data availability
in the EU; for example, in the Netherlands, information
on antimicrobials in feeds for growth promotion is not
under veterinary authorization and not disclosed by feed
manufacturers (MARAN 2002). In contrast, Denmark
has maintained a publicly available national database of
AM use for more than 10 years (DANMAP 2000). In the
US, there are unresolved debates over the proportion of
AM use in agriculture for this purpose, as compared to
human and veterinary medicine. Most estimates suggest
that nontherapeutic, agricultural use accounts for between
60% and 80% of total AM production in the US (Mellon
etal. 2001) and, until recently, in the £U as well
(Teuber 2001). These estimates are contested by industry
sources (e.g., Animal Health Institute in the US). Global
use is increasing as the 1FAP model of production is
adopted in other countries (Sarmah, Meyer et al. 2006).
Information on the amounts of AMs utilized as feed
additives in the US is not available since feed formulations
are considered confidential business information under
US law. Because of the relatively greater transparency
of the Union of Concerned Scientists (ucs) calculation
methods, some authorities have utilized those estimates
(e.g., US EPA, APUA, etc.), but validated use information
from the industry would be of great value in evaluating
the relative importance of different uses of AM in
agriculture as well as in clinical and veterinary medicine.
Because of the importance of obtaining reliable
and accurate information on AM use in agriculture, the
PCIFAP may consider recommendations to improve access
and transparency of data on this topic.

The Union of Concerned Scientists, a
nongovernmental organization, utilized the registration
data published by the Fpa and animal census figures from
usDA (Mellon et al. 2001). The Animal Health Institute,
an industry trade organization, published data based upon

information from its members. These two estimates are
shown in Figure 3.

One source of controversy arises from the problems in
distinguishing between therapeutic and nontherapeutic
uses. The use of AMs for treatment and prevention of
animal diseases is an important component for ensuring
the health and well-being of domesticated animals.
However, the addition of antimicrobials to feeds is claimed
to be prophylactic as well as growth promoting. The
World Organisation for Animal Health (o1E), NccLs,
and others divide medical use into different categories of
use by purpose as shown in Table 3.

There is some controversy over the validity of
distinctions made in practice between prophylaxis and
metaphylaxis and concerns that growth promotion is
sometimes claimed to be prophylactic (see, for instance,
(Phillips, Casewell et al. 2004)). Interestingly, the World
Health Organization (wHO) in its report on antimicrobial
resistance and agricultural antimicrobial use does not
include metaphylaxis in its list of definitions (surveillance
standards for AMR downloadable from http:/ /www.who.
int.emc).

Like appropriate clinical use of AMs, the appropriate
use of antibiotics in veterinary medicine, to treat or
prevent disease, can also contribute to AMR. There has
been some discussion as to whether the veterinary need
for AMs is increased by the conditions of confined animal
husbandry. As discussed in detail in other Commission
reports, broiler poultry and other birds raised for meat
are customarily housed on bedding or litter that is not
cleaned after each flock; swine raised in confinement are
often housed on slatted floors above cesspits that hold their
wastes; dairy and beef cattle are also sometimes exposed to
their wastes in feedlots and milking barns.

It is the use of AMs in feeds for food animal production
that has raised the greatest concerns in terms of driving
selection for resistance as discussed above. The key
differences characterizing use of AMs as feed additives are:
addition of AMs in the absence of specific medical purpose;
administration in feeds provided ad libitum and thus without
control over dose; and application at rates that result in
exposures that are insufficient to kill bacteria. The focus of
public health concerns on AMs in animal feeds is based on
the following: first, in many cases, AMs are administered
throughout the lifetime or for most of the lifetime of the HHH
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animals; second, AMs are delivered to the entire lock






through additions to feed; third, the concentrations of
AMs are sufficiently low and uncontrolled such that doses
to individual animals are likely to be subtherapeutic;
and fourth, the use of AMs as feed additives involves
many of the major classes of AMs useful in clinical and
veterinary medicine. There is evidence to indicate that
this use compromises the efficacy of AMs used in the US
and throughout the world, and for this reason, the wo,
together with the Food and Agriculture Organization
(ra0) and o1E, convened several international expert
work groups and conferences since 1997 on the issue of
agricultural antimicrobial use and AMR. At that time, an
expert work group made the following recommendations:
+  the use of any antimicrobial growth promoters should
be terminated if they are used as human therapeutics,
or known to select for cross-resistance to antimicrobials
used in human medicine;
+ no antimicrobial should be administered to a food

animal unless it has been evaluated and authorized by

[N
Figure 3: Estimated antimicrobial use in food

competent national authorities;

+  asystematic approach aiming at replacing growth-
promoting antimicrobials with safer nonantimicrobial
alternatives should be established;

« national authorities should maintain records of
export/import figures of bulk chemicals with potential
antimicrobial use as such information is vital for
quantitative assessments of the medical risks related to
the use of antimicrobials in livestock production;

« national authorities should continue to monitor and
review levels of antimicrobial agent residues in food
from animal sources and ensure compliance with
national standards.

(surveillance standards for AMR downloadable from

http:/ f'www.who.int.emc).

These principles have been repeatedly referenced,

for example, in the wHO Global Strategy for the

Containment of Antimicrobial Resistance (2001; wHO/

CDS/CSR/RDS 2001.2a).

animal production (in millions of pounds).
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Table 3: Definitions of antimicrobial use in veterinary medicine.

Therapy: administration to an animal or animals showing clinical disease
Control: administration to a group of animals in which rates of disease or death have exceeded
a baseline
Prophylaxis: administration to healthy animals at risk of disease but without signs of disease or infection

Metaphylaxis:  the timely mass medication of large g
some animals

roups of animals in the presence of disease in

Growth administration, usually in feed, to imp
Promotion:

rove growth or other physiological performance

23



How did AMs enter industrial
food animal production?

The history of the use of AMs

in IFAP has been examined by
several, including a recent paper
by Graham et al. (Graham, Boland
et al. 2007). Most accounts
indicate that wastes from
pharmaceutical fermentation
processes were utilized as

protein sources in feeds late in
the 1940s (NRC 1999). Empirical
observation, followed by relatively
limited experiments (Stokstad
and Jukes 1958-1959; Jukes 1979),
indicated that these unpurified
additions appeared to enhance
growth rates without increasing
food consumption. Further
experimentation demonstrated
that the observed effect was

due to AMs, and from the period
from 1947 to 1955, there was
active investigation of different
AMs for this valued property. It

is noteworthy that even in the
early literature two phenomena
were observed: increased hygiene
produced the same results in
terms of productivity, and the
efficacy of each AM appeared

to attenuate over time. For that
reason, the food-producing
industry has sought, and obtained
until recently, permission from
regulatory authorities in the US
register many AMs for use as

growth promoters.
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Associations between IFAP AM use in
feeds and AMR in human pathogens

Extensive literature exists on the prevalence of
antimicrobial resistance in both commensal and
pathogenic bacteria in association with AM use in food
animal production. The major papers on this topic have
been reviewed in the annotated bibliography provided to
the Commission. There is substantial evidence that the
use of AMs in animal feeds is associated with the presence
of AMR bacteria in the animal environment, that is, in the
guts of animals (including cows, pigs, and poultry), in
their feces, and in containers and confinements in which
they are held (Mathew, Upchurch et al. 1998; Aarestrup,
Agerso et al. 2000; Joseph, Hayes et al. 2001; Wegener
2003; Hayes, English et al. 2004; Boetlin, Travis et al.
2005; Berge, Moore et al. 2006; Donaldson, Straley

etal. 2006). The causal role of AMs has been clearly
demonstrated in studies where dairy cattle, pigs, and
poultry have been raised with and without Am additives
to feed (Aarestrup, Seyfarth et al. 2001; Halbert, Kaneene
etal. 2006; Ray, Warnick et al. 2006). AMR bacteria
have been isolated from environmental samples in and
near production facilities, including air, water, and soils
(Chee-Sanford, Aminov et al. 2001; Nwosu 2001; Jensen,
Agerso et al. 2002; Chapin, Rule et al. 2005; Anderson
and Sobsey 2006; Gibbs, Green et al. 2006; Schmitt,
Stoob et al. 2006).

In order to review the large body of literature on the
presence of AMR bacteria resulting in both food-borne
and environmental exposures, this review focuses on four
types of studies. The first type is ecological, that is, studies
that have followed the prevalence of AMR after changes in
agricultural antibiotic use (either introduction or removal
of specific drugs). The second type is cross-sectional, that
is, studies of specific groups in close contact with food
animal production settings where antibiotics are used
(such as farmers and farm families) as well as the presence
of AMR bacteria in animals, animal houses, animal wastes,
and the environment. A third type of study has examined
the prevalence of AMR in bacteria isolated from consumer
products produced by conventional producers (i.., using
antibiotics) and those produced by organic and other
producers not using antibiotics. A fourth type of study
has attempted to develop models, based upon molecular
microbiology and evolutionary theory, to discern the
contribution of agricultural antimicrobial use on risks of
human infection by AMR pathogens.

Evidence for food-borne exposures
to AMR

Repeated studies by Fpa and others have reported on

the high prevalence of AMR in pathogenic bacteria
isolated from consumer food products in the US, and
there is an extensive literature on the topic from the v
and many other countries (e.g., Emborg, Andersen et

al. 2003; Johnson, Kuskowski et al. 2005). Simjee et al.
(Simjee, White et al. 2002), from the D4, conducted
one of the more comprehensive surveys of antibiotic
resistance in consumer poultry products (turkey and
chicken) in the US. Enterococcus isolates were tested

for antibiotic resistance, with an emphasis on resistance
to virginiamycin and quinpristin-dalfopristin. The
streptogramins are commonly used to treat infections that
are resistant to older antibiotics. The presence of specific
streptogramin-resistant genes was assessed using Pulsed
Field Gel Electrophoresis (PFGE) and Polymerase Chain
Reaction (PcR). Over 80% of non fazecalis enterococci
were resistant to streptogramins. In addition, a high
prevalence of resistance to penicillin, tetracycline, and
erythromycin in enterococci was also found. Between
75% and 100% of E. faecium isolates were resistant to
these antibiotics. The DA has reported similar findings
for meat products as well (White, Zhao et al. 2001;
Hayes, English et al. 2003). Correlations among Q/D
resistance in E. faecium isolates have been drawn between
humans, farm animals, and grocery store meats in the US
(Donabedian, Perri et al. 2006).

There have also been studies demonstrating
associations between AM use in animal feeds and AMR
bacteria isolated from US consumer food products
(Price, Johnson et al. 2005; Luangtongkum, Morishita
etal. 2006). It is noteworthy that in both studies the
conventionally produced meats and poultry were not less
likely to carry pathogens; producers and the drug industry
have sometimes claimed that the nontherapeutic use of
AMs in food animal production in some way reduces

pathogen carriage.
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Figure 4. Trends in prevalence of fluoroquinolone (FQ) resistance in clinical isolates of
Campylobacter jejuni in Spain, examined for resistance from 1987 to 1996. As indicated,
before the approval of FQ use in poultry and livestock production, resistance was relatively
rare (<10%); after approval, the prevalence of resistance rose quickly (Data from Smith, in

Nachamkin 2000).
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Ecological evidence:
studies of temporal trends

These studies utilize data collected at different time
points and often from different sources. With these
limitations, it can be concluded that, taken together, the
data provide additional evidence for the role of agricultural
AM use in changes in the prevalence of AMR on the
farm, in consumer food products, and in the general
population. Although causal inferences may be contested
(Radostits 2004), the studies are consistent with an
association between registration of AMs for agricultural
use and increasing risks of AMR in bacterial isolates
from human populations. The use of vancomycin and
pristinamycin in swine production was associated with
increased prevalence of AMR enterococci in humans in
the Netherlands (van den Bogaard et al. 1997). A sharp
increase in drug-resistant Campylobacter infection in the
US was associated with AM use in IFAP in an analysis by
the cpc (Gupta, Nelson et al. 2004; Collignon 200s).
In Spain, where fluoroquinolones were introduced into
poultry production in 1993, the rates of resistance in
human isolates quickly rose to over 80% (Nachamkin
2000), (Figure 4); separate studies reported that by 2000
approximately 99% of poultry- associated Campylobacter
isolates were fluoroquinolone resistant (Garau, Xercavins
etal. 1999; Saenz, Zarazaga et al. 2001).

In a study by the cpc on trends in resistant

Campylobacter, no isolates from US hospital patients were
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found to be resistant to fluoroquinolones prior to 1991,
before this family of compounds was permitted in poultry
production by the FDa; after this time, there has been a
steady increase in the prevalence of resistance ((Gupta,
Nelson et al. 2004) comment by (Collignon 2005)).
In contrast, the relatively low rate of fluoroquinolone
resistance in clinical isolates in Australia has been
attributed to the ban on use of this drug in agriculture
(Unicomb, Ferguson et al. 2006). Similar data were found
in studies of isolates from poultry and humans in Norway
(Norstrom, Hofshagen et al. 2006) and the Netherlands
(Endtz, Ruijs et al. 1991).

Some of the most powerful temporal data are
drawn from surveillance of both antimicrobial use in
agriculture and trends in resistance in bacterial isolates
from several sources, carried out in Europe prior to and
following the ban on feed additive use of antimicrobials.
For example, studies carried out in Denmark over this
period have demonstrated a rapid and parallel decrease in
antimicrobial use and the prevalence of antibiotic-resistant
E. faecium recovered from pigs or broilers, as shown
in Figure 5 (Aarestrup, Seyfarth et al. 2001). A similar
pattern of decreases in vancomycin resistance in poultry
isolates was observed in Taiwan after a ban on avoparcin

in 2000 (Lauderdale, Shiau et al. 2007).

Until recently, there has been

no examination of large-scale
data on the actual effect of AMs
in any food animal production
system (NRC 1999). Graham

et al. (Graham, Boland et al.
2007) recently addressed this
using data from a large-scale
real-world experiment carried
out by researchers at Perdue
Corporation, who conducted the
largest study of AMs as growth
promoters in broiler poultry
(Engster, Marvil et al. 2002). They
found that the positive impacts of
AMs as feed additives were very
small and the marginal benefit

(in terms of growth rates, feed
conversion efficiency, uniformity
of the flock, and reduced illness
or other losses) did not offset

the cost of purchasing AMs for
addition to feeds. These findings
suggest that since the early 1950s
innovations and improvements

in poultry production—such as
selective breeding, managed
environments, and developments
in feed formulation—may have
replaced the production benefits
reported earlier as associated with
AMs as feed additives. Studies of
poultry and swine production in
the US and Europe indicate that
the assumed benefits of AMs as
growth promoters can be achieved
by improved cleanliness of animal
houses (Emborg, Ersboll et al.
2001; Engster, Marvil et al. 2002;
Miller, Algozin et al. 2003).
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Figure 5. The impact of banning antimicrobials from animal feeds on the prevalence

of erythromycin, vancomycin, avilamycin and virginiamycin resistance in E. faecium and
E. faecalis isolates from pigs and broilers in Denmark (Aarestrup, Seyfarth et al. 2001).
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Figure 6. The impact of banning avoparcin from animal feeds on the prevalence of VRE
in stool culture samples collected from healthy human subjects in the Netherlands
and Germany and in hospitalized patients in Belgium (Klare, Badstubner et al. 1999).
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The prevalence of resistant-enterococci isolates from
human subjects also declined in the EU over the same
period (Klare, Badstubner et al. 1999; Wegener 2003). As
shown in Figure 6, the carriage of vancomycin-resistant
enterococci (VRE) in human isolates from Germany, the
Netherlands, and Belgium declined over the period after

banning avoparcin use as a feed additive.

Evidence for nonfood exposures to
AMR: farming communities, farmers,
and farm workers

The issue of nonfood pathways of exposure has only
recently received substantial attention. 7%is is a central
matter in evaluating the effectiveness of current policies, such
as HACCP, which are designed to reduce risks “from farm to
Jork,” not including releases along the process to environmental
pathways. For this reason, this topic is discussed at length
in this technical paper.

Most of the earlier studies have consisted of case
reports, exemplified by the report by Fey et al. (Fey,
Safranek et al. 2000), who carried out a case investigation
of a child infected by ceftriaxone-resistant Salmonella
acquired from living on a farm. Molecular methods
(including DNA sequencing) were utilized to compare the
salmonella isolate from the affected child with salmonella
from the farm environment. Studies of farmers and farm
workers have also reported that these groups are at high
risk of exposure to AMR pathogens in and around animal
houses, and they may transfer resistant infections to the
general community. Two studies have examined exposures
of farmers and farm workers to AMR pathogens in poultry
houses. Van den Bogaard and Stobberingh et al. (van den
Bogaard and Stobberingh 1999) reported that poultry
farmers were at greatly increased risks of carrying drug-
resistant Enterococci as compared to community referents,

1997 1999 1996 2001
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while Price et al. (Price, Graham et al. 2007) found that
poultry house workers were 30 times more likely to carry
gentamicin-resistant £. coli as compared to community
referents. More recently, Huijsdens et al. (Huijsdens,

van Dijke et al. 2006) reported on a case of methicillin-
resistant Staphylococcus aureus infection in seven persons
living or working at a large hog farm in the Netherlands;
molecular methods were also used to confirm the
clonality of the human and hog isolates. In a follow-up
study, this group found a high prevalence of methicillin-
resistant Staphylococcus aureus (MRSA) in pigs sampled at
slaughterhouses in the Netherlands (39% of 540 pigs) (de
Neeling, van den Broek et al. 2007).

These exposures can translate into community risks as
well, through person-to-person contacts (Smith, Dushoff
etal. 2005). Smith et al. (Smith, Besser et al. 1999)
carried out investigations of AMR C. jejuni in Minnesota,
confirming elevated risks among communities in close
contact with IFAP operations. As shown in Figure 7,
an increasing number of outbreaks of enteric disease
have been reported in association with animal contact,
including farms as well as petting zoos and other events, to
indicate the importance of ascertaining nonfood pathways
of exposure (Steinmuller, Demma et al. 2006). Salmonella
and E. coli 0157 were the most frequently reported
pathogens in these outbreaks.



[N

Figure 7. Number of reported outbreaks of enteric disease associated with animals in public
settings in the US, by year, 1991-2005 (Steinmuller, Demma et al. 2006).
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Environmental routes of release
of AMR bacteria

Increasing attention is now being paid to nonfood routes
of exposure, through environmental pathways of air,
water, and dusts or soils. Exposures via these routes may
contribute to the community burden, and they are also

of importance because increased vigilance in terms of
food safety and consumer initiatives (such as improved
handling and cooking of meat products) will not diminish
these nonfood risks. Because of the failure of current
regulations and practice to cover nonfood routes of exposure to
AMR from IFAP, this issue is examined in further detail in this
section. AMR pathogens can be released into the general
environment from animal houses through ventilation

and waste disposal. Because confinement of thousands

of animals requires controls to reduce heat and regulate
humidity, poultry and swine houses are ventilated with
high-volume fans that result in considerable movement

of materials into the external environment. Tunnel
ventilation systems that are increasingly used in the

US industry generally consist of eight 1-meter-diameter
fans positioned at one end of the building. These fans
generate large quantities of aerosolized dust. Emissions

of small particles (<10 m in size) from broiler house fans
over a period of 24 hours can range from 25 to 40 grams
per cubic meter, representing a million-fold increase of
aerosolized dust near poultry house fans as compared

to air sampled in a semi-rural area (Power 2004). AMR
bacteria, originating in swine houses, have been detected
in the environs of these houses as far as 30 meters (m)
upwind and 150 m downwind (Gibbs, Green et al. 2006).
Campylobacter strains with identical pNa fingerprints

1998 1999 2000 2001 2002 2003 2004 2005

to those colonizing broilers have been measured in air up
to 30 m downwind of broiler facilities. In addition, the
antimicrobial drugs themselves have been found in dust
from swine cAFos (Hamscher, Pawelzick et al. 2003).
There is evidence for the spread of resistant bacteria from
animal houses by insects, rodents, and wild avians that
may be particularly attracted to poultry Concentrated
Animal Feeding Operations (CAF0s) where sources of
food exist (e.g., spilled feed, animal manure, and poultry
carcasses). For example, flies are found in significantly
increased numbers in areas close to animal houses
(Winpisinger, Ferketich et al. 2005). Houseflies have
been found to play a major role in the epidemiology of
Campylobacter infections in communities near CAFOs
(Nichols 2005). Rodents can also transfer pathogens

in and out of animal houses (Henzler and Opitz 1992).
In a study of antibiotic resistance in E. coli, isolated

from wild avians near caFos, the proportion of isolates
resistant to antibiotics was significantly higher among
isolates from birds in proximity to swine waste lagoons
as compared to a reference set of samples (Cole, Drum et
al. 2005). Additionally, the resistance patterns observed
matched those most commonly reported by the National
Antimicrobial Resistance Monitoring System for
Enterobacteriaceae isolated from swine (Cole, Drum et al.
2005).
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The major route of transfer of AMR pathogens to the
environment is via waste generation and disposal on land.
The magnitude of this transfer is more fully described in
another technical paper. According to the US Department
of Agriculture, confined food animals produce roughly 335
million tons (dry wt.) of waste per year (Uspa National
Program Annual Report—www.ars.usda.gov/research/
programs/programs.htm?np_code=206&docid=13337),
which is more than 40 times the mass of human
biosolids generated by publicly owned treatment works
(7.6 million tons in 2005). In contrast to human
biosolids, no treatment-process control requirements or
prescribed criteria for pathogens have been established
for animal waste, although levels of pathogens, as well
as antimicrobial-resistant bacteria, are often higher than
levels found in human feces. For swine and cattle (i.e.,
beef feedlots and dairy cows), an estimated 95% to 99%
of the waste produced is applied to land (uspa /apHIs
1995; Walton 2002), and for poultry litter (i.c., excreta,
spilled feed, feathers, soil, and bedding material), over
90% is applied to land (Moore, Daniel et al. 1995).

Animal wastes carry a vast number of bacteria (Gerba
and Smith 2005), and in cases where animals are exposed
to AMs, these bacteria include resistant strains. A study
of fecal samples from dairy cattle in Minnesota found
significant increases in the prevalence of multidrug
resistant £. coli from animals provided Ams in feed as
compared to those from organic farms (Sato, Bartlett et
al. 2005). Land disposal of animal wastes can have near
and distant impacts. Tetracycline-resistant genes in pig
waste are highly persistent in lagoons of hog waste and
in soils amended with these wastes (Jensen, Agerso et al.
2002; Schmitt, Stoob et al. 2006). AMR E. coli from 1rAP
have been detected in surface waters and in groundwater
sources for drinking water sampled near hog farms in
Maryland (Sapkota, Curriero et al. 2007; Stine, Johnson
etal. 2007), North Carolina (Anderson and Sobsey
2006), and Iowa (Chee-Sanford, Aminov et al. 2001),
and in soils amended with hog wastes (Jensen, Agerso et
al. 2002). In terms of public health significance, it should
be noted that groundwater makes up roughly 40% of the
water used for public water supplies and provides drinking
water for more than 97% of rural US populations (Hutson
et al. 2005). However, no studies have been done on
population exposures via drinking water or water contact.

Contamination of surface waters from waste disposal
can also impact food safety through irrigation (Stine
2005). Runoff from land amended with caro wastes has
been implicated as a source of AMR pathogens recovered
from food crops grown in soils amended by animal wastes
or irrigated with contaminated water (Tauxe 2002; Islam,
Doyle et al. 2004; Sivapalasingam, Friedman et al. 2004).
These events can occur through water contamination
from relatively distant sites of land disposal. This is the
probable pathway for two recent outbreaks of E. coli 0157:
Hy7 in the US involving spinach and green onions used by

fast food restaurants.
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Health and Societal
Impacts of AMR




The burden of food-borne disease in the US and other countries has been dealt

with extensively (OECD 2003); this burden is increased in terms of direct

and indirect health care costs when bacterial disease involves AMR organisms

(see introduction; also review by (Barza and Travers 2002), among others).

Thus, for example, in the case of Campylobacteriosis, one of the leading food-

borne causes of gastroenteritis in the US, the additional costs of infections by

AMR Campylobacteriosis in humans was considered by the FpA in evaluating

regulatory interventions to remove fluoroquinolones from use in poultry

production (Bartholomew, Vose et al. 2005).

Attributable risk of AM use in
agriculture to AMR as a public
health problem

An important element in policy making is estimating the
proportion of the risk that can be attributed to a specific
source or activity; this information permits estimation
of the benefit (risk reduction) that may be attained by
controlling this source or activity. Attributable risk is the
amount of proportion of the incidence of a disease or other
adverse health impact in populations exposed to a specific
risk factor that can be attributed to exposure to that factor
(Last 1995). It is an important concept in medicine
and epidemiology, and it has real-world importance in
evaluating options for controlling or reducing a risk. As
noted in the introduction to this technical report, AMR
is associated with all uses of AMs, including clinical,
veterinary, and agricultural (nonveterinary). Both
appropriate and inappropriate uses contribute to AMR as
we have learned from studies of AMs in the laboratory as
well as in practice. Moreover, from the microbial “point
of view,” all sources of selection pressure contribute to
AMR, and its appearance (in a hospital or food-borne
illness outbreak) may result from multiple sources. For
this reason, it may not be possible or even appropriate
to determine the attributable risk of AM use specific to
agriculture or to the use of AMs as feed additives, in terms
of the overall incidence of AMR in human infections given
a community model of both risk and exposure.

Overall, there is a lack of critical data on human
exposures to AMR from agricultural sources sufficient
to support a rigorous analysis of the attributable risks
of agricultural Am use. The existing monitoring and
surveillance programs are passive systems, and the
investigations following detection of AMR usually focus
on nosocomial (hospital or healthcare or food sources
of exposure and infection. For example, waterborne
infections are not usually traced back to agricultural
inputs (for example, Lee, Levy et al. 2002).

Moreover, the surveillance network (FoodNet) does

not provide coverage of those regions in the US where

most IFAP are located. Thus, our ability to evaluate these
impacts is significantly limited by the data available

for source attribution (Sivapalasingam, Friedman et

al. 2004). It is both methodologically difficult and
scientifically inappropriate to attempt an apportionment
of the burden of these impacts to agricultural AM use and
other uses given the flow of resistance among bacterial
species and human populations. That is, in attempting to
calculate attributable risks on the basis of data related to
infections by specific pathogens with specific resistance
traits, it is imperative to incorporate the concepts of
resistance reservoirs, movement of resistance cassettes, and
gene flow among commensals and pathogens, as discussed
previously. Moreover, a simple concept of antimicrobial
pressure in terms of mass action supports the conclusion
that the preponderant use of antimicrobials—which is in
food animal production—must be a significant source of
antimicrobial resistance.

Some of the research discussed earlier, in terms of time
trend studies, can be related to the question of attributable
risk. As discussed above, there are data to indicate that
substantial increases in AMR in bacterial isolates from
human populations have followed on the registration
of aMs for application in drinking water for animals
or use in animal feeds. These data are reviewed here to
emphasize their relevance to discussions of attributable
risk. In Spain, a striking increase was observed starting
in 1990 in the prevalence of fluoroquinolone resistance
in C. jejuni isolates from hospitalized patients in Spain.

In 1990, the Spanish government authorized the use of
fluoroquinolones in poultry production; otherwise, no
dramatic changes occurred in the volume of clinical use
of this antimicrobial. In a study by the cDc on trends

in resistant Campylobacter, no isolates from US hospital
patients were found to be resistant to fluoroquinolones
prior to 1991, at which point this family of compounds
was permitted in poultry production by the EDA; after this
time, there has been a steady increase in the prevalence of
resistance, as shown below (Gupta, Nelson et al. 2004)
comment by (Collignon 2005)). While these studies did
not trace the origin of resistant isolates in the population
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sampled, the trend is consistent with an impact associated
with governmental registration.

The intervention studies conducted by European
researchers following up on AMR in animals, food
products, and clinical isolates subsequent to the ban on
avoparcin in agriculture are also relevant. As discussed
previously, monitoring of food animals in Denmark
indicates a significant decline within five years in the
prevalence of vancomycin-resistant isolates collected from
pigs and poultry, as well as in the prevalence of vancomycin
resistance in human isolates. These data are not conclusive,
but they are also consistent with a role for animal
agriculture use of antimicrobial resistance in that resistance
prevalence appears to rise and fall with regulatory decisions
and practice concerning agricultural use.

While these studies provide some measure of the
likely contribution of agricultural AmM use to the incidence
and prevalence of vancomycin-resistant enterococci in
human isolates, the incompleteness of these data must be
recognized (Bywater 2004). More importantly, AMR may
be “silent” in the reservoir of microbial communities or
within asymptomatic persons. Its impact—expressed as
incidence of an AMR infection—will appear only when a
person enters medical treatment and treatment failure is
recognized.

These data are also of special interest since they indicate
that interventions to reduce agricultural AM use can have a
significant public health benefit in the relatively short term.

There may be more fundamental challenges to
estimating attributable risk in terms of any specific use,
such as agricultural vs. clinical AM uses, given the flow
of resistance among bacteria and human populations
(Summers 2006; Wright 2007). In terms of human
disease risk, there is a similar and increasing realization of
the role of community infections as sources of nosocomial
(hospital) infections, in contrast with assumptions that
AMR infections in hospitals were largely associated with
hospital use of AMs (Smith, Yago et al. 2005). While
hospital use of AMs has generally been assumed to
generate the highest risk of AMR and transmission of
AMR infection, this conclusion may be biased by the fact
that most resistant infections are identified in hospitals.
From an ecological perspective, the greater selection
pressure for resistance generated by agricultural uses
may result in carriage of AMR bacteria, both pathogenic

A

and commensal, by persons in the nonhospitalized
population. When these people enter hospital, they may
be a major source of transmitted infections in the hospital
environment. The community basis of hospital infections
is increasingly recognized (Pop-Vicas and D’Agata 2005;
de Neeling, van den Broek et al. 2007). Although hospital
use of AMs may generate the highest risk of transmission of
resistant infection (due to opportunities for contact among
large populations of susceptible populations, similar to
poultry houses), agricultural uses may result in a larger
reservoir of antimicrobial resistance outside the hospital,

in the form of pathogenic and nonpathogenic bacteria,

as well as transposable genetic elements. As these people
enter hospital, they may be a major source of resistant
infections to the hospital environment. Because conditions
in the hospital enhance the likelihood of person-to-person
transmission, the risks of becoming infected by a resistant
pathogen are higher in hospitals, but the source of
resistance from outside the hospital is largely determined
by this larger community reservoir of resistance (which,
for many reasons discussed in this paper, is driven in large
part by the magnitude of agricultural uses and affects
environmental and dietary pathways of exposure through
drinking water and consumer meat and poultry products).
As Smith et al. (Smith, Yago et al. 2005) conclude, a large
number of people exposed to a low risk may generate more
cases than a small number of people exposed to a high
risk. This is shown visually in Figure 8.

Valuation of impacts

The same limitations on attributing risk also impede our
ability to value the impacts of AMR on human health,

in monetized and other metrics. The economic burden
of AMR on medical care systems has been evaluated in
studies carried out in specific hospitals (Kim, Oh et al.
2001; Capitano, Leshem et al. 2003) and more generally
(Okeke, Laxminarayan et al. 2005; Smith, Yago et al.
2005) as well as by governmental and international
organizations (OECD, cDC) as well as Non-Governmental
Organizations (NGOs) (apua). The Fpa also conducted
an impact analysis in connection with its regulatory
assessment for the ban on fluoroquinolones in poultry
production. This analysis was challenged by industry.

Figure 8. How large is the impact of antibiotic use in agriculture? The community reservoir is
driven by the animal reservoir, which then largely determines the entry of resistance into the

hospital (From Smith et al. (2005).
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Because of the importance of risk assessment as a formal method in policy

making in the US, we review risk assessments and scientific issues relevant

tO IFAP.

The principles of risk assessment have been adopted

by international organizations and national agencies,
including the US EDa, in activities to evaluate agricultural
antimicrobial use (Doyran 2004; Helmuth and Hensel
2004; Maudoux, Saegerman et al. 2006). While there is
an extensive literature and research base on risk assessment
methods with respect to chemicals and agents such

as ionizing radiation, the methodologies and critical
evaluations are more limited with respect to microbial

risk assessment (see AMR annotated bibliography). These
methods are not as sophisticated as those that have been
developed for chemical regulation, particularly with
respect to the incorporation of biological and mechanistic
principles such as growth rates, evolutionary rates, and
gene flow.

For these reasons, there are substantial limits on
current methods of risk assessment (Barza and Travers
2002). Most risk assessments continue to focus on specific
resistance traits in specific bacteria, with an emphasis
on resistance to clinically important antimicrobials in
clinically significant pathogens (e.g., NRC 1999). As
discussed above, this approach does not reflect current
understanding of the role of resistance reservoirs and the
multiple opportunities for exposures to AMR pathogens.
There is moreover a lack of attention to the importance
of bacteria as living organisms—which are fundamentally
different from chemicals—since living organisms are
capable of expanding in number and potential risk. This
complicates the notion of “threshold of resistance,” which
is utilized by the EPA in its microbial risk assessments.

US Government Risk Assessments

The risks of consumer exposure to AMR pathogens via
food consumption have stimulated considerable regulatory
and voluntary risk reduction activity. The nature of the
hazard—aMR in food-borne pathogens—is recognized
in the HACCP principles, which cover from farm to fork
(emphasis added) and not within the farm. Thus, Haccp
accepts the fact that, under current practices, animals
will be contaminated with pathogens and AMR pathogens
during their raising; controls are instituted to contain

this problem affer the animals leave the farms. Whether
this is an effective or reliable policy approach is an issue for
the PCIFAP to consider. The focus of HACCP is to reduce,
insofar as possible, the presence of all pathogenic bacteria,
whether or not they are resistant, through ensuring a high
standard of operations at the processing plant, including
slaughter, processing, packaging, storage, and shipment.
Additional guidance is provided to wholesale and retail
sales outlets, restaurants and food service organizations,

as well as to consumers. From the perspective of a fully

implemented HACCP system, there is no added burden
on the management of all aspects of food animal
production to contain risks of AMR bacteria as compared
to susceptible bacteria. HACCP does not consider the
potential for health risks associated with nonfood
pathways of release and exposure, as discussed above.

In the process of reviewing and eventually revoking
the registration for fluoroquinolones in poultry
production, the DA has recently developed approaches to
the risk assessment of AMs as feed additives (Bartholomew,
Vose et al. 2005). This approach utilizes a linear model
for estimating risk that is consistent with a conservative
approach utilized in chemical risk assessment (NRC
1983; NRC 1990). This approach has been criticized by
industrial consultants (Phillips, Casewell et al. 2004;
Cox 2005 but see many commentaries on this article),
but constitute US policy at the present time. In the
context of recent proposals to register a fourth-generation
cephalosporin (cefquinome) for use in confined food
animals, some limitations on the scope of the Fpa
risk assessment guidelines as proposed have emerged.
These concern the barriers to assessing risks of a novel
antimicrobial for which the first use will be in agriculture
as well as the lack of a comprehensive risk assessment that
incorporates both-food borne risks as well as contributions

to the AMR reservoir.

World Health Organization (WHO)/
Food and Agricultural Organization
(FAO)/CODEX Alimentarius (CA) Risk
Assessments

These three organizations coordinate many international
activities related to food safety, and they have explicitly
coordinated their consultations and policies on the subject
of antimicrobial resistance (see above). In addition, these
organizations are now reference organizations under

the World Trade Organization (wT0) with respect to
resolution of national differences on risk assessment and
other policies related to international trade in animals,
animal products, and other foods (Luetzow et al. 2003).
Thus, if there were trade issues arising from different
policies on agricultural antimicrobial use (for example,
between the US and the EU), the risk assessment methods
of the FA0 and ca would be dispositive in any adjudicative
process, as they were in the US/Eu dispute over hormonal
additives for cattle production (EEA 2001).

The FA0/wHO/copEX adopted principles for risk
assessment of microbiological risks (sometimes referred to
as “risk analysis” in Europe) in 1999.

The elements of risk assessment are similar to those
first explicated in the US (NRc 1983), that is, consisting

Definitions and
methodologies (US):

Risk assessment is the process
of assembling, evaluating, and
integrating information related
to hazard, dose-response, and
exposure in order to inform
appropriate management and

protection of health.
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of hazard identification (nature of the toxicity or health
impact associated with the entity being assessed),
dose/response evaluation, quantitation of the magnitude
(severity or likelihood) associated with the amount or
duration of exposure, and exposure assessment (evaluation
of the range of likely exposures to be encountered by
human populations). A report on recent assessments by
FAO, WHO, and OIE on agricultural antimicrobial use and
AMR is available in a set of papers published in the journal
of Veterinary Medicine Series B, Volume s1 (2004).

Conclusions

One of the most significant public health issues associated
with 1EAP is its contribution to the increasing crisis of
antimicrobial resistant infections worldwide. All uses of
antimicrobials contribute to the selection of resistance
among commensal and pathogenic bacteria, and for that
reason, controls over inappropriate use are of high priority
internationally. There is considerable evidence associating
antimicrobial use in agriculture with resistant pathogens
in the food supply, on the farm, and in the environment.
Temporal studies following both the introduction

and the removal of antimicrobials from feeds and water
have demonstrated strong associations between these

uses and the prevalence of antimicrobial resistance in
animal wastes, human food, and isolates from human
populations. Because of opportunities for dispersal from
farms into the environment, agricultural antimicrobial use
is a significant contributor to the expanding reservoir of
resistance within microbial communities. It is increasingly
recognized that the reservoir of resistance is the source of
resistance genes in pathogens that may be recognized in
hospitals.

Finally, the use of antimicrobials for nontherapeutic
purposes (growth promotion) in agriculture is not
justified for economic reasons in the modern food animal
production setting. Several large-scale studies conducted
in poultry and swine operations have demonstrated that
the cost of antimicrobials as feed additives outweighs any
marginal increase in profits, and that improvements in
growth and disease prevention can be accomplished by
increasing the hygienic conditions in which animals are
held. As the industrial model of food animal production
is adopted worldwide for poultry, swine, beef, and aquatic
organisms, there is an urgent need to institute guidelines
for prudent use of drugs in food animal production and
for excluding the use of the drug as growth promoters.
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Antibiotic (classic definition): A substance
produced by a microorganism that has the ability to

kill or inhibit the growth of other microorganisms.
Synthetic antibiotics, usually chemically related to natural
antibiotics, can now be produced.

Antibiotic (popular usage): A drug used to treat
infections caused by bacteria. Most antibiotics in use are
specific to bacteria because they act on aspects of bacterial
growth, development, and/or structure that are specific
to bacteria and are not part of the growth, development,
or structure of the host organism. Thus, the bacterium is
harmed, but not its host.

Antibiotic Resistance: The ability of
microorganisms to withstand the effects of one or multiple
antibiotics (can be innate or acquired). Resistance to
multiple drugs is known as multidrug resistance. Some
bacteria are naturally resistant to multiple drugs; all can
acquire resistance genes. Selective pressure from exposure
to antibiotics is among the most potent forces that drive
antibiotic resistance.

Antibiotic Resistance (modified from WHO):
Resistance to antimicrobials is a natural biological
phenomenon that can be amplified or accelerated by a
variety of factors, including exposure to antibiotics. Use
of antimicrobials (whether for treatment or prophylaxis)
forces microbes to adapt or die. Those that survive carry

genes for resistance that can be passed on.

Antimicrobials: Substances that kill or inhibit the
growth of microorganisms. The terms “antibiotics”

and “antimicrobials” are often used interchangeably,
although “antimicrobial” actually covers a wider range of

substances.

Category 1 Drugs: Drugs that do not require a
withdrawal period prior to slaughter. A withdrawal period
is a period of time before the animal is slaughtered (for
human consumption) during which the drug may not

be administered to the animal. If the category 1 drug is
being administered at doses above the approved dose for
the particular purpose, a withdrawal period may still be

necessary.

Category 2 Drugs: Drugs that require a withdrawal
period prior to slaughter, regardless of the dose. It must be
shown that no drug residues are found in the slaughtered
animal.

Commensal Bacteria: Bacteria that share a symbiotic
relationship with their host are termed commensal.

That is, both the bacteria and their host benefit from the
bacteria living within the host. In humans, and all other
animals, the largest example is the bacteria that populate
the gut. Those bacteria perform a wide range of tasks,
from metabolism to defense, which benefit the host.

The bacteria benefit by being provided room and board.
However, when commensal bacteria replicate to levels
higher than their normal population, they can be harmful
to the host.

Concentrated Animal Feeding Operations
(CAFOs): For regulatory purposes, the EPa defines
cAFos as: “New and existing operations which stable

or confine and feed or maintain for a total of 45 days or
more in any 12-month period more than 1,000 animal
units from a combination of slaughter steers and heifers,
mature dairy cattle, swine over 55 pounds and sheep; OR
new and existing operations which discharge pollutants
into navigable waters either through a man-made ditch,
flushing system, or other similar man-made device, or
directly into waters of the United States, and which stable
or confine and feed or maintain for a total of 45 days or
more in any 12-month period more than 300 animal
units (from a combination of slaughter steers and heifers,
mature dairy cattle, swine over 55 pounds and sheep).
Provided, however, that no animal feeding operation is a
concentrated animal feeding operation as defined above if
such animal feeding operation discharges only in the event
of a 25-year, 24-hour storm event.” The Epa is currently
in the process of reviewing this definition. In general, the
term CAFO is popularly used to refer to animal production
in confined, high-density conditions.

Confinement Agriculture/Systems: This refers
to types of agriculture in which the movement of animals
is confined and they are raised in high density, usually
with stimulated feeding, and weight gain optimized so as
to decrease time to mature weight.

Control: In terms of antibiotic use, this refers to the
administration of antibiotics when morbidity (instances of
disease) or mortality (instances of death) is elevated above
normal levels. These antibiotics are usually administered

at the herd or flock level.

Dosage: The amount of antibiotic administered to the
animal(s), often in weight of antibiotic per weight of feed
(i.e., X grams of antibiotic per ton of feed).

Federal Food, Drug, and Cosmetic Act: A
regulatory act in the United States that, since 1938, has
regulated all use of antibiotics in the United States. The
Food Additives Amendment of 1958 pertains to the use
of antibiotics in feed for animals and products for direct
human consumption. The Animal Drug Amendments of
1968 added new drugs and antimicrobials used in animals
to this regulation.



Feed Efficiency: This term refers to the efficiency
by which an individual converts food into weight. For
example, chickens have very high feed efficiency, on
average converting two pounds of food into one pound
of weight at slaughter. Other larger and longer-lived
animals, such as cattle, are less efficient, needing ten

or more pounds of food to create one pound of animal
weight at slaughter. Increasing feed efficiency decreases
costs of production and generally decreases the amount
of time needed to produce a mature (in terms of weight)
individual.

Growth Promoter: Compounds used as additives
to animal feed which are intended to increase the rate of
growth or maximal size and/or weight of the individual.

lonophore: A lipid-soluble molecule made by
microorganisms such as bacteria to transport ions into and
out of the cell is called an ionophore. They are carriers for
ions which otherwise would not be able to move into or
out of the cell.

Medically Important Antibiotics: This term is
used to describe antibiotics used in treatment of human
disease and designated by the FDA as highly or critically
important for the treatment of disease in humans.

Medicated Feeds: Animal feeds sold with antibiotics
or other drugs in the feed mixture may be called
medicated feeds. The majority of these are sold over the
counter, with the exception of a very few which require

a Veterinary Feed Directive (akin to a prescription in

human medicine) for sale.

Metaphylaxis: This term may refer to the use of high
doses of antibiotics over short periods of time to control
the spread of bacterial infection from animal to animal.
It is meant to treat disease in one individual while

preventing disease in other individuals.

Microbiological Safety: This is terminology used
by the FDA in determining the safety of antibiotics, for
example the probability that use in animal feed will result

in the creation of resistance in bacterial populations.

Natural Growth Promoters: Agents added to
animal feed intended to increase the rate of growth or the
size of the individual that do not contain antibiotics, are
often called “natural growth promoters.” Common classes
of natural growth promoters include: acidifiers, probiotics,
prebiotics, synbiotics, phytogenics, feed enzymes, and

immune stimulants.

New Animal Drug Application: This is the
current regulatory procedure for approval of antibiotics
and other drugs for use in animals, either intended for

veterinary or agricultural use.

Nontherapeutic: The use of antimicrobials in food
animals in the absence of microbial disease or known
(documented) microbial disease exposure; i.e., any use

of the drug as an additive for growth promotion, feed
efficiency, weight gain, routine disease prevention in the
absence of documented exposure, or other routine purpose
is considered nontherapeutic.

Prophylactic: The use of antimicrobials in healthy
animals in advance of an expected exposure to an
infectious agent or following such an exposure but
before onset of laboratory-confirmed clinical disease as
determined by a licensed professional. Prophylactic use
of antibiotics is usually employed in situations where
there is a high risk of developing disease or illness. In
human medicine, this usually involves situations of high-
density cohabitation where a disease has been detected
(i.e., meningitis diagnosis of one student may result in
treatment of an entire dorm). In food animals, the term
has also been used to describe situations where a drug is
used due to the high probability of the development of a

disease, without actual diagnosis.

Subtherapeutic: The use of antibiotics at doses or
concentrations below those known to effectively harm
or kill bacteria so as to prevent or cure disease is called

subtherapeutic use.

Therapeutic: This term refers to the use of
antimicrobials in food animals with diagnosed microbial
disease.

Veterinary Feed Directive: A prescription for a
medicated feed or antibiotic to be added to animal feed is
called a Veterinary Feed Directive.
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Executive Summary

Antibiotics have long been used to treat illnesses in humans and farm
animals. About 50 years ago, the U.S. Food and Drug Administration
(FDA) approved their use in feed in subtherapeutic or low doses to help
animals grow faster, produce more meat and avoid illness.

As antibiotic use increased in both animas and humans, bacteria
emerged that are resistant to the same drugs given to both. There is aso
evidence that resistance may develop in chemically similar bacteria.

Scientists agree that the widespread use — and overuse — of
antibiotics to treat disease in humansis the primary cause for the increase
in resistant bacteria. A growing body of science suggests a link between
the low-level use of antibiotics in farm animals and the increase in
bacteria resistant to the same or similar antibiotics administered to
humans. The leading health agencies in the U.S. and European Union
(EVU) and World Heath Organization (WHO) agree that the link is
serious enough to ban the subtherapeutic use of at least some antibiotics
in farm animals. In 2001, the American Medical Association (AMA)
approved a resolution to ban all low-level use. The FDA, EU and WHO
are selectively banning such use, blocking the drugs that are used in both
animals and humans. Consumer advocacy groups strongly support these
actions and are calling for more widespread bans. Animal health groups
disagree, saying that a smal percentage of antibiotics are put to
nonmedical uses, minimizing this application in promoting drug resistance.

The U.S. Department of Agriculture (USDA) and animal health
organizations have developed guidelines to limit low-level use. Major
private buyers of livestock products such as the McDonal d’s Corporation
are requiring suppliers to stop using antibiotics as growth-promoters that
are also given to humans. To be certified organic, U.S. meat must come
from animals raised without antibiotics.

At issue is whether low-level use of antibioticsin animal feed should
be more widely banned.

1. Why are antibiotics routinely fed to livestock and poultry?
There are three major reasons, according to the CDC:*

=  Treat sick animals.

1 CDC National Anti-microbial Resistance Monitoring Systems (NARMS)
“FAQ: Antibiotic Resistance and Foodborne IlIness’ (www.cdc.gov/narms/fag.htm).
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= Prevent disease among animals susceptible to infections. This use
affects a larger number of animals, because it usually involves
treating a whole herd or flock, which increases the likelihood of
genetic selecting for organisms that are resistant to the antibiotic.

=  Promote the growth of cattle, poultry and swine when they are fed low
doses for long periods. As a growth-promoter, antibiotics in feed help
animals gain weight more efficiently by controlling the bacteria that
can interfere with their ability to absorb nutrients. Animals become
healthier, grow faster and stronger, and fewer die from disease.

2. Aredrug residues in food the issue?
No. USDA routinely inspects meat, poultry and egg products for residues
that exceed tolerance levels. The inspectors seldom find residues that
exceed safe levels. The issue here involves antibiotic resistance of
bacteria, not antibiotic residues.

It is also important to understand that resistance has nothing to do
with potency. The resistant bacteria are not stronger; they simply cannot
be treated with antibiotics that are currently available.

3. Why has antibiotic resistance increased in humans?
It is widely accepted that the primary cause is overuse and misuse of
antibiotics. In some cases, doctors prescribe or patients demand the drugs
too frequently or inappropriately, such as for illnesses that are not caused
by bacteria and do not respond to antibiotics. In other cases, patients fail
to complete the prescribed course of an antibiotic treatment, making it
more likely that surviving bacteriawill develop resistance to the drug.
There is also evidence that antibiotic use in food-producing animals
contributes to human drug resistance, although to afar lesser degree than
human use does. The controversy centers over how significant this
contribution is, how much of the problem stems from subtherapeutic use
and how to respond.

4. What triggered the controversy?
The issue emerged in 1984 when a CDC study linked antibiotics in
livestock and poultry feed to resistant bacteria in humans.? The issue
resurfaced in the 1990s with reports about the emergence of antibiotic-
resistant strains of Salmonella, Campylobacter and E. coli O157:H7.
CDC reported an increase in resistance in laboratory samples from 0.6
percent in 1979 to 34 percent in 1996.° The study noted that a serotype of
Salmonella known as DT104 is resistant to five antibiotics and has
become a mgjor cause of illness in humans and animals in Europe,
especially in the United Kingdom.

A Minnesota study linked an increase in quinolone-resistant
Campylobacter jejuni infections from 1992 through 1998 to the licensing

2“Drug-Resistant Salmonella From Animals Fed Antimicrobials,” New Eng-
land Journal of Medicine, September 6, 1984.
3 “Emergence of Multidrug-Resistant Salmonella enterica Serotype Typhi-

murium DT104 Infections in the United States,” New England Journal of Medi-
cine, May 7, 1998.
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of fluoroquinolones for use in livestock and poultry.* FDA approved
these drugs in 1995 to prevent bacterial diseases in poultry. The report
cited Minnesota Health Department data showing that Campylobacter
became increasingly resistant to a fluoroquinolone. The resistant bacteria
were found in samples from people suffering from foodborne illness.

A 2001 study cited the appearance of bacteria resistant to the drug
Synercid (quinupristin/dalfopristin) in patients who had never been
exposed to it, suggesting a nonhuman source.® Synercid is an
antimicrobial used as a last-resort treatment against antibiotic-resistant
bacteria. FDA was assessing the possible link between human resistance
to quinupristin/dalfopristin and the use of a structurally related growth-
promoter in animals.

5. What is the position of the scientific community?
There is considerable debate over the use of antibiotics to promote
growth in farm animals. Among the strongest opponents is the World
Health Organization (WHO), which in August 2003 recommended that
nations stop using antibiotics for growth promotion. WHO asserts that
“the largest quantities” of antimicrobias given at low doses to food-
producing animals “are used as regular supplements for . . . growth
promotion, thus exposing a large number of animals, irrespective of their
health status . . . .”® Its recommendation was based on a Denmark study
of food-producing animals that have not consumed antibiotic growth
promoters since the end of 1999. The Danish ban led to significant
declines in resistant bacteria in pork and chicken: 60-80 percent had
bacteria resistant to three widely used antibiotics before the ban,
compared with 5-35 percent afterwards.

In June 2001, the American Medica Association adopted a
resolution opposing all subtherapeutic use of antibioticsin farm animals.”

Others say such action is unnecessary. In September 2003,
scientists at the Interscience Conference on Antimicrobial Agents and
Chemotherapy released a study of two macrolide antibiotics, tylosin and
tilmicosin. They found that the risk of humans acquiring resistant
bacteria by eating meat or poultry from animals treated with the drugs is
less than one in 10 million per year for resistant Campylobacter and less
than one in three billion for E. faecium. “People would be more likely to
die from a bee sting than for their antibiotic treatment to fail because of
macrolide-resistant bacteria in meat or poultry,” said Stephanie Doores,
Ph.D., of Pennsylvania State University.?

*“The Consequences for Food Safety of the Use of Fluoroquinolones in Food
Animals,” New England Journal of Medicine, May 20, 1999.

® Nawaz, Mohammed S., et al. “Human Health Impact and Regul atory |ssues
Involving Antimicrobia Resistance in the Food Animal Production Environ-
ment.” Regulatory Research Perspectives, July 2001.

® Communicable Diseases Cluster, WHO Global Strategy for Containment of
Antimicrobial Resistance.

" Res. 508, A-01, H-440.895, Antimicrobial Use and Resistance.

8 AVMA pressrelease, “New Antibiotic Risk Assessment Concludes Mac-
rolides Can Be Safely Used in Food Animal Production,” September 16, 2003.
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FDA, CDC and USDA all agree that antibiotics are as critical in
treating bacterial infections in animals as in humans. Government
scientists aso acknowledge the relationship between the use of
antibiotics in food-producing animals and the emergence of drug-
resistant bacteriathat can infect people.

6. Where do animal health experts stand on this issue?
Antibiotic resistance is a magjor concern among drug manufacturers and
veterinarians. The Anima Veterinary Medical Association (AVMA)
notes that “evidence is accumulating to support the hypothesis that
antimicrobial resistance in animals can result in the transfer of resistant
bacteria . . . or genetic determinants to humans through the food supply
by direct anima-to-human contact or indirectly through the
environment.”® In May 2003, AVMA issued a position statement
reading, in part, “The AVMA supports a national, coordinated, and
appropriate response to the issue of antimicrobial resistance in bacteria
that includes an open or public FDA approva process that is rigorous
and that includes an assessment of food safety to approve animal health
products for use in animals.” AVMA, the Animal Health Institute (AHI)
and other groups are now developing guidelines for the prudent use of
antibioticsin farm animals.

At the same time, some animal health experts argue that most of the
antibiotics given to farm animals are to prevent or treat illnesses, and that
relatively little is administered to promote growth. AHI says each ton of
animal feed contains just four to 25 grams of antibiotics, with only 13
percent of all antibiotics in animal feed used for growth promotion. AHI
aso cites declines in the incidence of drug-resistant Salmonella and
Campylobacter in humans since 1996, pointing to data from CDC's
National Antimicrobial Resistance Monitoring Systems (NARMS).*°

In 2001, a study by the European Federation of Animal Health
concluded that humans consumed 65 percent of all antibiotics
administered in the European Union in 1999, versus 35 percent for
animals. The study found that only 6 percent of all antibiotics took the
form of growth promotersin animal feed. It also claimed that this use of
antibiotics fell by 50 percent between 1997 and 1999. Reacting to these
findings, the Animal and Plant Health Association (APHA) asserted that
the use of antibiotics in farm animals is, at most, only a “very small
contributing factor to the problem of antimicrobial resistance,” according
to Declan O’ Brien, the group’ s director.™

7. What is the position of consumer advocates?
The Union of Concerned Scientists (UCS) supports reducing the use of
antibiotics in food animals, saying the drugs produce benefits that “are

® AVMA, “Judicious Therapeutic Use of Antimicrobials’
(www.avma.org/scienact/jtua/default.asp).

10 See footnote 8.

1 APHA press release, “ Antibiotic Use in Farm Animals Does Not Threaten
Human Health, a New Study Suggests,” June 13, 2001.
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economic, not therapeutic.” In a January 2001 report titled “Hogging It!:
Estimates of Antimicrobial Abuse in Livestock,” the advocacy group
estimated that U.S. livestock producers use 24.6 million pounds of
antimicrobials for subtherapeutic purposes each year, including
tetracycline, penicillin, erythromycin and other drugs that are important
for human use. The group argues that banning or curtailing this use
“would have the added benefit of pushing livestock management in the
direction of more sustainable practices.”

In 1998, UCS joined the Center for Science in the Public Interest
(CSPI) and other advocacy groups in petitioning FDA to withdraw
approval of farm uses of antibiotics that threaten human health.
“Specifically, the FDA should not allow an antibiotic to be used as a
livestock feed additive if that antibiotic is used (or related to one used in)
human medicine,” according to CSPI.*2

CSPI reasserted this appeal in 1999 after a study in the New
England Journal of Medicine showed that humans with fluoroquinolone-
resistant Campylobacter most likely acquired the infection by eating
poultry that had been given these antibiotics.

The following year, FDA’s Center for Veterinary Medicine banned
subtherapeutic use of fluoroquinolones in poultry. In March 2004, and
FDA administrative law judge upheld the ban.

8. How has the federal government responded?

HHS is coordinating a public health plan to address antimicrobial
resistance. A key player is USDA, which approves al antibiotics used
for food-producing animals. In recent years, the agency has
acknowledged a proven — though unquantifiable — link between the
use of antibioticsin animals and drug resistance in humans.

Since 1996, USDA has engaged in programs to better understand,
track and reduce antimicrobial resistance in humans. These efforts
include supporting improved nutrition for farm animals, biosecurity to
minimize infections on farms and prudent use of antibiotics. USDA now
undertakes three activities related to antimicrobia resistance:
surveillance, research, and prevention and control.

In 1996, the agency’s Food Safety and Inspection Service (FSIS)
joined with CDC, FDA and 28 state and local heath departments to
establish the NARMS Enteric Bacteria program to test for antimicrobial
resistance in agriculture. The program collects and analyzes Salmonella,
Campylobacter, E. coli and Enterococcus samples from animals and
humans. Among other monitoring projects, the NARMS initiative also
investigates outbreaks caused by particular bacteria,

The FDA Center for Veterinary Medicine (CVM) investigates
antibiotic resistance. It must approve every drug used in animals, looking
at how drugs may harm animals and humans who consume the meat. It
works with USDA to inspect food products, such as sampling body

12 CsPI Petition to the U.S. Food and Drug Administration to Ban the Use of
Certain Antibioticsin Livestock Feed
(www.cspinet.org/reports/petition_antibiotic.htm).
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tissues from slaughtered animals. CVM has also taken steps to enable the
animal-drug approval system to make adjustments when antimicrobial
resistance becomes a concern, either for human or animal treatment. The
adjustments are incorporated into a framework that calls for drugs with
the highest risk of creating problems for human therapy to be the least
likely to be approved for animal uses.
Other government responses:
= USDA National Organic Program, which took effect in 2002,
permits neither subtherapeutic nor therapeutic antibiotics in organic
livestock.

= Bipartisan legislation introduced in July 2003 would phase out the
use of subtherapeutic drugs in livestock that are used to treat or
prevent infection in humans. The drugs would still be used to treat
sick animals; they also would retain approval for subtherapeutic use
if their manufacturers prove that such use poses no risk to human
health.*®

9. How has the industry responded?

Many companies that make medicines for animals, together with
veterinarians, food producers and others, have expressed interest in
working with U.S. and global authorities to enhance monitoring and
surveillance programs. Some companies have also altered their practices.

Groups such as AHI and AVMA are developing guidelines for the
prudent use of antibictics in farm animals. These include guidelines for
“judicious therapeutic use of antimicrobials’ in pork and poultry
production, as well as for the veterinarians of beef cattle, dairy cows,
swine and poultry.

In 2001, AVMA and the American Association of Veterinary
Laboratory Diagnosticians initiated a pilot project to develop a
monitoring program for animal pathogen resistance.

In June 2003, the McDonald's Corporation announced a policy
giving direct suppliers until the end of 2004 to stop using 24 growth-
promoting antibiotics that are also used in human medicine. The fast-
food giant’s producers supply more than 2.5 billion pounds of chicken,
beef and pork annually, prompting speculation that the policy could set
the stage for others to take similar steps. The Coalition for Animal
Health — consisting of AHI, AVMA and other industry groups —
condemned the policy as not being grounded in science, noting that the
banned products have received FDA approval .**

3 American Veterinary Medical Association, “Lawmakers seek to curb an-
timicrobial usein livestock,” JAVMA News, September 15, 2003
(www.avma.org/onl news/javma/sep03/030915g.asp).

14 AgriNews Online, “Industry coalition questions WHO recommendation on
antibiotics,” September 9, 2003 (www.agrinewspubs.com).
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10. What are the economic implications of restricting or ban-
ning subtherapeutic use of antibiotics?

This, too, is subject to debate. According to a 2003 lowa State University
study, a U.S. ban on growth-promoting antibiotics in hog feed would
increase disease-treatment costs by $4.50 per pig per year ($700 million
over 10 years).” Funded in part by the National Pork Board, this study
was based on Denmark’s suspension of antibiotics used for
subtherapeutic purposes. It found that most of the costs were incurred
when the ban was imposed at the weaning stage, when piglets
“encountered severe heath problems and incurred large costs’ by
requiring more antibiotics as therapeutic medications.

In its own review of Denmark’s experience, the World Health
Organization (WHO) said the ban increased the cost of producing pigs
by just over 1 percent. The WHO report noted that this figure excluded
some costs, including some “associated with modifications of the
production systems,” but added that additional production costs “may be
at least partially offset by the benefits of increased consumer confidence
in, and demand for, Danish pig and poultry meat produced without
antimicrobial growth promoters.”*®

11. How significant an issue is the use of antibiotics in animal
feed outside the United States?

The United Kingdom (UK) banned the use of penicillin and tetracycline
for growth promotion in the early 1970s;, Sweden banned the use of all
antibiotics for growth promotion in 1986; and Denmark banned the use
of the antibiotic virginiamycin in animal feed in 1998. Virtualy no
antimicrobial growth-promoters have been used in Denmark since the
end of 1999.

Recent actions taken by the European Union (EU) may stem from
the outbreak of mad cow disease in Britain in the 1990s. In July 1999,
the EU banned four widely used antibiotics in animal feed that are
similar to drugs used in human medicine after banning 15 antibiotics for
this use in the past. The ban does not apply the using antibiotics to treat
animal diseases — only to their routine use in feeds. It was triggered by
concerns over laboratory tests showing that a Dutch poultry farmer had
become infected with the same antibiotic-resistant bacteria found in his
chickens.

Canada's health department has called for a voluntary reduction in
the amount of antibiotics used in agriculture, but is considered unlikely
to ban their use. Instead, experts there say they would prefer to evaluate
each drug individually to see if the benefits outweigh the risks.

> Dermot J. Hayes and Helen H. Jenson. “Lessons from the Danish Ban on
Feed-Grade Antibiotics,” Briefing Paper 03-BP 41, June 2003, Center for Agri-
cultural and Rural Development, lowa State University (www.card.iastate.edu).

8 WHO, Executive Summary to Impacts of antimicrobial growth promoter
termination in Denmark.
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Rockville, MD 20855
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The Qveruse of Antibiotics in Food Animals Threatens Public Health

Antibiotics have been used since the 1940s and have led to a dramatic
reduction in iliness and death from infectious diseases. But according to the
federal Interagency Task Force on Antimicrobial Resistance, “[t]he exiensive use
of antimicrobial drugs has resulted in drug resistance that threatens to reverse
the medical advances of the last seventy years.”1 Since antibiotics have been
used so widely and for so long, antibiotic resistance has become a major puhlic
health threat.

in response, there has been a concerted effort by the Centers for Disease
Control and Prevention (CDC) and others to encourage doctors and patients to
use antibiotics more wisely. Unfortunately, little progress has been made to
reduce the use of antibiotics on farms, where most of these drugs are
administered.

Approximately 80 percent of the antibiotics sold in the United States are used in
meat and poultry production.2 The vast majority is used on healthy animals to
promote growth, or prevent disease in crowded or unsanitary conditions. The
meat and poultry production industry argues, however, that that there is no harm
in this. They say for example that “animal use contributes [ittle, if anything, to
the burden of human antibiotic resistance...”3 .

A key question is, can antibiotic use in animals promote the development of
hard-to-treat antibiotic-resistant superbugs that make pesople sick? And if it
can, are the ilinesses rare occurrences, and the risks theoretical, or could
current usage in animals pose a serious threat to human health.

But Consumers Union has concluded that the threat to public health from the
overuse of antibiotics in focd animals is real and growing. Humans are at risk
both due to potential presence of superbugs in meat and poultry, and to the
general migration of supearbugs into the environment, where they can transmit
their genetic immunity to antibiotics to other bacteria, including bacteria that
make peopie sick.

Numerous health organizations, including the American Medical Association,
American Public Health Association, Infectious Disease Society of America, and
the World Health Organization, agree and have called for significant reductions
in the use of antibictics for animal food preduction.

History of Expert Opinion

Scientific expert bodies for more than two decades have conciuded that there is
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a connection between antibiotic use in animals and the loss of effectiveness of
these drugs in human medicine. In 1988, the Institute of Medicine (part of the
National Academy of Sciences) concluded that “the committee befieves that
important, although as yet sparse, data show the flow of distinct salmonella
clones from farm animals medicated with antibiotics in subtherapeutic
concentrations, through food products, to humans, who thus acquire clinical
salmonellosis,”4

Ten years later, the National Research Council {part of the National Academy of
Sciences) concluded that “a link can be demonstrated between the use of
antibiotics in food animals, the development of resistant microorganisms in
those animals, and the zoonotic spread of pathogens to humans.”5

In 2003, an Expert Workshop co-sponsored by the World Health Organization,
Food and Agricultural Organization (FDA), and World Animal Health Organization
{(OIE} concluded “that there is clear evidence of adverse human health
consequences due io resistant organisms resulting from non-human usage of
antimicrobials. These consequences include infections that would not have
otherwise occurred, increased frequency of treatment failures {in some cases
death) and increased severity of infections”6 .

in 2010, the U.S. Food and DPrug Administration, U.S. Department of Agriculture,
and the CDC all testified before Congress that there is a connection between
the routine use of antibiotics for meat production and the declining
effectiveness of antibiotics for people.7 Dr. Thomas R. Frieden, Director of the
CBC, noted that “there is strong scientific evidence of a link between antibiotic
use in food animals and antibiotic resistance in humans.”8

Most recenily in 2012, the FDA stated “Misuse and overuse of antimicrobial
drugs creates selective evolutionary pressure that enables antimicrobial
resistant bacteria to increase in numbers mors rapidly than antimicrobtal
susceptible bacteria and thus increases the opportunity for individuais to
become infected by resistant bacteria.”8 Also in 2012, the FDA, in its final rule
banning certain extralabel uses of cephalosporin antimicrobial drugs in certain
food producing animals, stated “in regard to antimicrobial drug use in animals,
the Agency considers the most significant risk to the public health associated
with antimicrobial resistance to be human exposure to food containing
antimicrobial-resistant bacteria resulting from the exposure of food-producing
animals to antimicrobials.”10

Nevertheless, the livestock industry continues to argue that while antibiotic use
may have something to do with antibiotic resistance in bacteria on the farm, it is
not an important human health issue, and little change in current practices are
needed.

What Happens on the Farm

Numerous studies have demonstrated that routine use of antibiotics on the farm
promotes drug-resistant superbugs in those facilities. Some of the most
dramatic evidence came as a result of FDA approval of flouroquinolones-a class
of antibiotics that includes Cipro (ciprofloxacin), which has been used in pouttry
preduction since 1995. By 1999 nearly 20 percent chicken breasts sampled
contained ciprofioxacin-resistant Camplobacter, a disease-causing

bacteria.11 After a long fight in the courts, FDA finally banned use of the drug in
2005, at which point nearly 30 percent of C. coli found in chicken breasts were
ciprofloxacin resistant; by 2010, resistance to ciprofioxacin had declined to 13.5
percent.12

The reason for this is that when you feed antibiotics to animals, the bacteria in
and around the animals are exposed 1o the drug, and many of them die. But
there are always some that the drug can't Kill, and those survive and proliferate.
Voila, superbugs.

htep:/iconsumersunion.org/news/the-overuse-of-antibiotics-in-food...
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While not disputing these facts, the industry argues essentially that what
happens on the farm stays on the farm. There may be some superbugs there,
but they don't affect peopie. There are two main routes, however, by which
superbugs can leave the farm and infect humans. One is a direct route, in meat
and poultry proeducts, and the other Is an indirect route through the environment.

Superbugs Move From Farm to Kitchen

Once they appear on the farm, superbugs most definitely move from the farm to
the kitchen, via uncooked meat and poultry. Consumer Reports tests of chicken
in both 200613 and 2010 14 revealed widespread presence of antibictic-
resistant pathogens in retail poultry products.  In both years, more than two
thirds of chicken samples were contaminated

with Salmonella and/or Campyiobacter, and more than 60 percent of those
bacteria were resistant to one or more antibiotics.

The industry argues that even this is not a concern because people know to
cook poultry thoroughly. Indeed they do, but packages can drip in the
refrigerator, or cutting boards can become contaminated, as welt as other
problems. There aren’t good data on how frequently this causes illness,
especially difficult-to-treat iliness, because most people just ride out an infection
and it fades into the background of the estimated 48 million cases of foed borne
illness we have annually in the US.

But occasionally a superbug outbreak is serious enough to command the
attention of the Center for Disease Controi. One such case cccurred in 2011, in
which ground turkey was linked to 136 illnesses and cne death, all caused by a
strain of Salmonella resistant to four different antibiotics, ampicillin,
streptomycin, tetracycline and gentamicin.15 Some 36 milliocn pounds of ground
turkey were recalled.

Another case was ground heef from the Hannaford grocery store chain in New
England linked in 2011 o 19 infections and at least seven hospitalizations, all
caused by a strain of Salmonella resistant to multiple antibiotics, including
amoxicillin/clavulanic acid, ampicillin, ceftriaxone, cefoxitin, kanamycin,
streptomycin, and sulfisoxazole. 16

Superbugs Move From Farm to the Environment

Superbugs can aise spread beyend the farm and threaten public health through
environmenial iransmission. This can happen in various ways, particularly via
workers, or farm runoff. Once farm-raised superbugs make it off the farm, they
can exchange genetic material and give their resistance to other bacteria, even
of other genera and species, that have never been anywhere antibiotics. This
can happen in lakes, in wild animals, and even in the human digestive tract.

Workers are particularly likely to pick up resistant bacteria from animals and take
them elsewhere. A study of poultry workers in the Delmarva peninsula found
they were 32 times more likely to carry gentamicin-resistant Escherichia coli,
and more than five times more likely to carry multi-drug resistant E. cofl,
compared to other community members.17 A study performed in the Midwest
found methicillin-reststant Staphylococcus aureus (MRSA) in 70 percent of the
pigs and 64 percent of the workers at one facility, while no MRSA was found in
pigs or workers at a facility in another state, strongly suggesting that the MRSA
strain moves between pigs and humans.18 Indeed, a careful genetic analysis
has found that a particular MRSA strain found in pigs {e.g. ST398} criginated as
a methicillin-susceptible S. aursus (MSSA) in humans, jumped into pigs, where
it acquired resistance to methicillin and tetracycline, and then jumped back to
humans, where it's known as livestock-associated MRSA (LA-MRSA).19 This
LA-MRSA (e.g. ST398} is quite prevalent in the Netherlands, where itis
responsible for over 20% of all MRSA.20

hitp://consumersunion.org/news/the-overuse-of-antibiotics-in-food...
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However, resisiant bacieria can also escape from a large livestock operation
{often known as a confined animatl feeding operation, or CAFQO) by a number of
routes, including via manure applied to fields as fertilizer,21 from trucks
transporting animals,22 the wind leaving hog facilities23 or even via flies
attracted to the manure which can pick up and transmit resistant bacteria.24 A
recently released study of the South Platte River found that antibiotic resistance
genes {coding for resistance to sulfonamides) were 10,000 times higher in river
sediments downstream from larger feedlots {ones with 10,000 cattle) compared
1o river sediment upstream from such feedlots.25 The same siudy found these
same antibiotfc resistance genes were only 1,000 times higher from sewage
treatment plants that discharge ten million gallons of effluent per day, compared
to pristine sediments.

Bacteria in many environments can readily exchange genes coding for antibiotic
resistance with neighboring bacteria. Antibiotic resistance genes are often
located on mobile genetic elements, especially plasmids, transposons and
integrons which can easily move between bacteria of the same or different
species, which facilitates the spread of resistance to multiple drugs by multipie
types of bacteria.26

The industry says that 40 percent of all the antibiotics used on the farm are
drugs (called ionophores) not used in human medicine, so it doesn’t matter if
bacteria become resistant to them. However, a study by scientists from the
United States Department of Agriculture {USDA) and Cornell University involving
monensin, one of the most commonly used ionophores in cattle production in
the U.S., demonstrated that use of monensin in cattle feed and the selection of
monensin-resistant ruminal bacteria lead to a 32-fold increase in resistance to
bacitracin, which is used in human medicine.27 This study demonstrates that
one cannot claim that ionophores cannot select for cross resistance to any
antibiotic used in human medicine. The study called for more research.28 S, it
is appropriate to consider ionophore use as part of the antibiotics used in animal
agriculture.

Conclusion

Use of antibiotics on the farm most definitely poses a risk to human health.
Antibiotic use can promote creation of superbugs which can contaminate meat
and pouliry and cause hard-to-cure disease in people.

Superbugs can also exit the farm via farm workers, wind, runoff, and wildlife.
Even if they don't immediately cause illness, bacteria are uniquely equipped to
exchange genetic immunity via their plasmids, with other bacteria wherever they
encounter them.

It is for these reasons that the public heaith community and FDA have been
proposing to limit use of antibiotics on livestock for more than three decades
(see list below}). Consumers Union believes that as a prudent measure, we
should drastically reduce use of antibiotics on food animals, and eliminate use
altogether for growth promotion or disease prevention in healthy animals.

Some of the Organizations Supporting Restrictions on the Use of Amtimicrobials
in Animal Prodtiction

American Medical Association, 2001

Adopted Resolution 508, Antimicrobial Use and Resistance, which states, in
part, “AMA is opposed to the use of antimicrobials at non-therapeutic levels in
agriculture, or as pesticides or growth promoters, and urges that
non-therapeutic use in animals of antimicrobials (that are used in humans)
should be terminated or phased out”.29

American Public Health Association, 1999, 2004

http://consumersunion.org/news/the-overuse-of-antibiotics-in-food...
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Policy Number 8908: Addressing the Problem of Bacterial Resistance to
Antimicrobial Agents and the Need for Surveillance, which urged “FDA to work
for regulations eliminating the non-medical use of antibiotics and limiting the use
of antibiotics in animal feeds”30 In 2004, passed a resolution urging "butk
purchasers of foodstuffs to adopt procurement policies that encourage and,
where feasible, require procurement of meat, fish, and dairy products produced
without nontherapeutic use of medically importani antibiotics.”31

Infectious Diseases Society of America, 2009

“IDSA supports efforts to phase out the use of antimicrobial drugs for growth
promotion, feed efficiency, and routine disease prevention in food animats.”32

World Health Organization, 2001

The WHO Global Sirategy for Containment of Antimicrobial Resistance,
recommends that governments “terminate or rapidly phase out the use of
antimicrobials for growth promotion if they are also used for treatment of
humans.”33

For the PDF version, click here.
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Storteboom, H., Mazdak, A., Davis, J.G., Crimi, B. and Pruden, A.: Tracking Antibiotic
Resistance Genes in the South Platte River Basin Using Molecular Signatures of Urban,
Agricultural, And Pristine Sources. Environ. Sci. Technol., 2010, 44 (19), pp 7397-7404

Abstract

A novel approach utilizing antibiotic-resistance-gene (ARG) molecular signatures was applied to
track the sources of ARGs at sites along the Cache la Poudre (Poudre) and South Platte Rivers in
Colorado. Two lines of evidence were employed: (1) detection frequencies of 2 sulfonamide and
11 tetracycline ARGs and (2) tet(W) phylotype and phylogenetic analysis. A GIS database
indicating the locations of wastewater treatment plants (WWTPs) and animal feeding operations
(AFOs) in the watershed was also constructed to assess congruence of the surrounding landscape
with the putative sources identified by ARG molecular signatures. Discriminant analysis was
performed on detection frequencies of tetARG groups that were previously identified to be
associated with either WWTPs or AFOs. All but one (South Platte River-3, just downstream
from the confluence with the Poudre River) of the eight sites were classified as primarily
WWTP-influenced based on discriminant analysis of ARG detection frequencies. tet(W)
phylotype analysis also aligned South Platte River-3 with putative AFO sources, while
phylogenetic analysis indicated that it was not significantly different from the AFOs or WWTPs
investigated. South Platte River-3 is situated in an intense agricultural area, but the upstream
portion of the South Platte River receives substantial loading from metropolitan Denver. By
contrast, tet(W) phylotype and phylogenetics of site Poudre River-4, located 4 km downstream
of a WWTP, was also characterized and found to be significantly different from the AFO
lagoons (p < 0.05), as expected. In general, a good correspondence was found between
classification of the impacted river sites and the surrounding landscape. While the overall
approach could be extended to other watersheds, the general findings indicate that transport of
ARGs from specific sources is likely the dominant mechanism for ARG proliferation in this
riverine environment relative to selection of ARGs among native bacteria by antibiotics and
other pollutants.



Pruden, A., Mazdak, A., and Storteboom, H.: Correlation Between Upstream Human Activities
and Riverine Antibiotic Resistance Genes. Environ. Sci. Technol., 2012, 46 (21), pp 11541-
11549

Abstract

Antimicrobial resistance remains a serious and growing human health challenge. The water
environment may represent a key dissemination pathway of resistance elements to and from
humans. However, quantitative relationships between landscape features and antibiotic resistance
genes (ARGS) have not previously been identified. The objective of this study was to examine
correlations between ARGs and putative upstream anthropogenic sources in the watershed. sull
(sulfonamide) and tet(W) (tetracycline) were measured using quantitative polymerase chain
reaction in bed and suspended sediment within the South Platte River Basin, which originates
from a pristine region in the Rocky Mountains and runs through a gradient of human activities. A
geospatial database was constructed to delineate surface water pathways from animal feeding
operations, wastewater treatment plants, and fish hatchery and rearing units to river monitoring
points. General linear regression models were compared. Riverine sull correlated with upstream
capacities of animal feeding operations (R(2) = 0.35, p < 0.001) and wastewater treatment plants
(R(2) = 0.34, p < 0.001). Weighting for the inverse distances from animal feeding operations
along transport pathways strengthened the observed correlations (R(2) = 0.60-0.64, p < 0.001),
suggesting the importance of these pathways in ARG dissemination. Correlations were upheld
across the four sampling events during the year, and averaging sull measurements in bed and
suspended sediments over all events yielded the strongest correlation (R(2) = 0.92, p < 0.001).
Conversely, a significant relationship with landscape features was not evident for tet(W), which,
in contrast to sull, is broadly distributed in the pristine region and also relatively more prevalent
in animal feeding operation lagoons. The findings highlight the need to focus attention on
quantifying the contribution of water pathways to the antibiotic resistance disease burden in
humans and offer insight into potential strategies to control the spread of ARGs.
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Antibiotic-Resistant Enterococci and Fecal Indicators in Surface Water and
Groundwater Impacted by a Concentrated Swine Feeding Operation
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BACKGROUND: The nontherapeutic use of antibiotics in swine feed can select for antibiotic resistance
in swine enteric bacteria. Leaking swine waste storage pits and the land-application of swine manure
can result in the dispersion of resistant bacteria to water sources. However, there are few data com-
paring levels of resistant bacteria in swine manure—impacted water sources versus unaffected sources.

OBJECTIVES: The goal of this study was to analyze surface water and groundwater situated up and
down gradient from a swine facility for antibiotic-resistant enterococci and other fecal indicators.

METHODS: Surface water and groundwater samples (7 = 28) were collected up and down gradient
from a swine facility from 2002 to 2004. Fecal indicators were isolated by membrane filtration,
and enterococci (7 = 200) were tested for susceptibility to erythromycin, tetracycline, clindamycin,
virginiamycin, and vancomycin.

RESULTS: Median concentrations of enterococci, fecal coliforms, and Escherichia coli were 4- to
33-fold higher in down-gradient versus up-gradient surface water and groundwater. We observed
higher minimal inhibitory concentrations for four antibiotics in enterococci isolated from
down-gradient versus up-gradient surface water and groundwater. Elevated percentages of erythro-
mycin- (p = 0.02) and tetracycline-resistant (p = 0.06) enterococci were detected in down-gradient
surface waters, and higher percentages of tetracycline- (p = 0.07) and clindamycin-resistant
(p < 0.001) enterococci were detected in down-gradient groundwater.

CONCLUSIONS: We detected elevated levels of fecal indicators and antibiotic-resistant enterococci
in water sources situated down gradient from a swine facility compared with up-gradient sources.
These findings provide additional evidence that water contaminated with swine manure could
contribute to the spread of antibiotic resistance.

KEY WORDS: antibiotic resistance, CAFO, concentrated swine feeding operation, E. coli, enterococci,
fecal coliforms, fecal indicators, groundwater, surface water. Environ Health Perspect 115:1040-1045

(2007). doi:10.1289/ehp.9770 available via http://dx.doi.org/ [Online 22 March 2007]

In 2005, the United States produced > 103
million pigs at 67,000 production facilities
[U.S. Department of Agriculture (USDA)
2006a, 2006b]. Facilities housing > 55,000
pigs accounted for more than half of the total
U.S. swine inventory, reﬂecting the increasing
consolidation and concentration of U.S. swine
production (USDA 2006a). This trend in
swine production has resulted in the concen-
tration of large volumes of manure in relatively
small geographic areas. Manure is typically
stored in deep pits or outdoor lagoons and
then applied to agricultural fields as a source of
fertilizer. However, as a result of runoff and
percolation events, components of manure,
including human pathogens and chemical
contaminants, can affect surface water and
groundwater proximal to swine concentrated
animal feeding operations (CAFOs), posing
risks to human health (Anderson and Sobsey
2006; Campagnolo et al. 2002; Jongbloed
and Lenis 1998; Krapac et al. 2002; Sayah
et al. 2005; Thurston-Enriquez et al. 2005).
Specific swine production practices, including
the use of nontherapeutic levels of antibiotics
in swine feed, can exacerbate the risks associ-
ated with exposures to manure-contaminated
water sources.
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An estimated 10.3 million pounds of anti-
biotics are used annually in U.S. swine pro-
duction for nontherapeutic purposes such as
promoting growth and improving feed effi-
ciency (Mellon et al. 2001). These antibiotics
are the same drugs that are used in human
clinical medicine and include tetracycline,
erythromycin, lincomycin, virginiamycin, and
ampicillin, to name a few [U.S. Food and
Drug Administration (FDA) 2004]. The prac-
tice of administering nontherapeutic levels of
antibiotics in swine feed selects for antibiotic
resistance among commensal and pathogenic
bacteria in swine (Aarestrup et al. 2000; Bager
et al. 1997; Wegener 2003), resulting in high
levels of resistant bacteria and resistance genes
in swine waste (Chee-Sanford et al. 2001;
Haack and Andrews 2000; Parveen et al.
2006). Haack and Andrews (2000) detected
1.6 x 107 colony forming units (CFU)/mL of
total tetracycline-resistant bacteria and
2.1 x 10> CFU/mL of tetracycline-resistant
enterococci in swine waste. Parveen et al.
(20006) identified resistance to at least one
antibiotic in 85% of Escherichia coli isolates
recovered from a swine lagoon. In addition,
Chee-Sanford et al. (2001) detected up to
eight known tetracycline resistance genes in

total DNA extracted from swine lagoon sam-
ples. In the same study, a broad range of
tetracycline resistance determinants were
found in groundwater samples collected
downstream of swine lagoons (Chee-Sanford
et al. 2001). Anderson and Sobsey (2006)
also detected higher percentages of antibiotic-
resistant E. coli in groundwater collected in
the vicinity of large-scale swine facilities com-
pared with groundwater collected at reference
sites. In another study, Sayah et al. (2005)
found that 80.6% of E. coli isolates collected
from surface waters located near swine and
other livestock facilities were resistant to at
least one antibiotic.

The presence of swine-associated resistant
bacteria in rural surface water and ground-
water sources is important to human health
because exposure to these sources could
enable the transfer of resistant bacteria from
swine to humans, contributing to the spread
and persistence of antibiotic resistance.
However, beyond the studies of Chee-
Sanford et al. (2001), Anderson and Sobsey
(20006), and Sayah et al. (2005), there are few
data in the published literature regarding the
presence of antibiotic-resistant bacteria in sur-
face waters and groundwater located in the
vicinity of swine CAFOs. Moreover, there are
few data available comparing concentrations
of fecal indicators in groundwater and surface
waters impacted by swine CAFOs compared
with unaffected waters. Thus, the goal of this
study was to analyze surface water and
groundwater samples collected up gradient
and down gradient from a swine CAFO for
the presence of antibiotic-resistant entero-
cocci. Enterococci are commensal bacteria (as
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well as opportunistic pathogens) that are
found in the intestinal tracts of animals and
humans and are often used as indicators of
fecal contamination in water sources [U.S.
Environmental Protection Agency (U.S. EPA)
2000]. The presence of other fecal indicators,
including fecal coliforms and E. coli, was also
investigated in surface water and groundwater
samples collected throughout this study.

Materials and Methods

Study site. This study was conducted around a
swine finishing CAFO located in a rural area in
the Mid-Atlantic United States (Figure 1). The
CAFO is composed of two tunnel-ventilated
swine houses, and the full day-to-day capacity
of the entire facility is 5,000 hogs. However,
throughout the sampling period, approxi-
mately 3,000 hogs were present at the facility.
Manure wastes from the CAFO are stored in
12-ft deep concrete manure pits that lie
beneath each swine house. Once the pits are
filled to maximum capacity, the waste is
siphoned off and applied to agricultural fields
both on-site (Figure 1) and off-site. At this
facility, nontherapeutic levels of antibiotics are
administered in swine feed; however, specific
usage data could not be obtained from the
swine grower.

Sample collection. Surface water and
groundwater samples were collected during six
sampling trips that took place between 2002

@ Groundwater sampling location
A Surface water sampling location

DG GR
DG SW3
DG SW2
Swine
houses
Onsite manure DG swi
application

N UG SW

0 100

Met

eters UG GW

Figure 1. Map of study site and sampling locations.
Abbreviations: DG GR, down-gradient groundwater
sampling location; DG SW 1, first down-gradient
surface water sampling location; DG SW 2, second
down-gradient surface water sampling location;
DG SW 3, third down-gradient surface water sam-
pling location; UG GW, up-gradient groundwater
sampling location; UG SW, up-gradient surface
water sampling location. Topographic contour lines
are given in feet, and contour intervals = 20
vertical ft. Arrows indicate the direction of surface
water flow. Topographic data were obtained from a
U.S. Geological Survey map of the study area (U.S.
Geological Survey 2006).

and 2004 (Table 1). A total of 15 surface
water samples were collected from three loca-
tions situated down gradient from the swine
CAFOQ, and a total of 4 surface water samples
were recovered from one location situated up
gradient from the swine CAFO (Figure 1). As
indicated in Figure 1, the down-gradient sur-
face water sampling locations were situated in
a stream system that was likely affected by sur-
face water runoff events from the swine
CAFO. Sampling locations on two different,
connecting tributaries in this stream system
were chosen in order to determine the impacts
of the swine CAFO on both of these tribu-
taries. Down-gradient surface water samples
were collected only when there was adequate
flow at a sampling location such that water
samples could be collected into 1-L sampling
bottles in an upstream motion, midway
between the surface and the stream bottom,
without disturbing bottom sediment. We were
unable to obtain access to an up-gradient sur-
face water sampling location situated within
the same stream system because 2) we could
not penetrate dense and deep thickets that
completely surrounded the stream (on accessi-
ble property) without making major modifica-
tions to existing vegetation; or ) we were not
allowed access to personal property farther
upstream. Because of these challenges, we
identified an up-gradient pond located on
accessible property (Figure 1) to serve as an
up-gradient surface water control site that was
not affected by the swine CAFO.
Groundwater samples were collected from
one drinking water well situated down gradient
from the swine CAFO (7 = 4) and one drink-
ing water well situated up gradient from the
swine CAFO (7 = 5) (Figure 1). Both wells are
located in the Piedmont Plateau Province of
the Mid-Atlantic United States in an area
characterized by unmetamorphosed bedrock
composed of red shale. The up-gradient well
was constructed in 1990 and is used as a pri-
mary source of drinking water by the property
owners. It is 250 ft deep and lined with steel
casing to a depth of 56 ft. Water is encoun-
tered at depths of 185 ft and 228 ft. The
down-gradient well is an older well that was
used as a primary source of drinking water by
the property owners before the neighboring
swine CAFO was built. Information on the
precise depth and construction of this well was

unavailable; however, groundwater on the
property is encountered at depths of approxi-
mately 90 ft and 132 ft. None of the wells were
subject to any disinfection before sampling; at
each well, water was flushed for 1 min before
groundwater samples were collected.

A manure pit sample was collected directly
from the manure pits during one sampling
trip in January 2004. All surface water,
groundwater, and manure pit samples were
collected in 1-L sterile Nalgene Wide Mouth
Environmental Sample Bottles (Nalgene,
Lima, OH); labeled; and transported back to
the laboratory at 4°C. Sample processing took
place within 3-6 hr after sample collection.

Isolation and enumeration of fecal indi-
cators. Enterococcus spp., E. coli, and fecal coli-
forms were isolated from each water sample
using standard membrane filtration methods:
U.S. Environmental Protection Agency (EPA)
Method 1106.1 and Method 1103 (U.S. EPA
2000), and standard method SM 9222D
[American Public Health Association (APHA)
1998]. Briefly, 10-fold dilutions of each water
sample were prepared (10, 101, 102, and
1073), and 10 mL of each dilution were fil-
tered through 0.45-pm, 47-mm mixed cellu-
lose ester filters (Millipore, Billerica, MA),
which were placed onto appropriate agar
plates. We used mE agar for the detection and
enumeration of Enterococcus spp., mTEC agar
for the detection of E. coli, and mFC agar for
the detection of fecal coliforms (all from
Becton Dickinson, Sparks, MD). Negative
control filters and negative control agar plates
were included in each membrane filtration
analysis. Incubation conditions for the agar
plates were as follows: mE plates, 41.5°C for
48 hr; mTEC plates, 35°C for 2 hr followed
by 44.5°C for 22 hr; and mFC plates, 44.5°C
for 24 hr. After 24 hr, membrane filters from
mTEC agar plates were placed in 1.2 mL urea
for 5 min; bright yellow colonies were consid-
ered presumptive E. coli. Blue colonies arising
on the mFC agar plates were considered pre-
sumptive fecal coliforms. After 48 hr, mem-
brane filters from mE agar plates were placed
on esculin iron agar (EIA) plates and incu-
bated at 41.5°C for 20 min. Colonies charac-
teristic of Enterococcus spp., ranging from pink
to dark red on mE agar and producing a
brown to black precipitate on EIA agar, were
considered presumptive Enterococcus spp.

Table 1. Sampling dates, sampling locations, and number of samples collected.

Sampling date UG GW DG GW

UG SW

DG SW
Site 2

Site 1 Site 3 Manure pit

29 Sep 2002

31 Mar 2003 1
11 Jun 2003 1
24 Jun 2003 1
30 Jul 2003 1
6 Jan 2004 1

JEENENS NN

1
1
1

1

Abbreviations: DG, down gradient; GW, groundwater; SW, surface water; UG, up gradient.
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(U.S. EPA 2000). All resulting colonies were
counted, and concentrations of Enterococcus
spp.» E. coli, and fecal coliforms per 100 mL
water were determined from dilution plates
containing 30-300 CFU using back calcula-
tions. One to 10 presumptive Enterococcus spp.
recovered from each sample were archived in
tryptic soy broth with 20% glycerol at —-80°C
for additional analyses.

Identification of Enterococcus spp.
Presumptive Enterococcus spp. (n = 200) were
identified to the species level using isolation
and identification procedures described previ-
ously (Chapin et al. 2005; Murray et al. 2003).
Enterococcus faecalis 29212 and Enterococcus
faecium 19434 (American Type Culture
Collection, Manassas, VA) were included as
quality control strains. Briefly, all isolates and
control strains were streaked from —-80°C
archived stocks onto tryptic soy agar No. 2
amended with 5% defibrinated sheep blood
(Quad Five, Ryegate, MT), and incubated for
24 hr at 37°C. Gram-positive cocci were veri-
fied by Gram stains, and the production of
catalase was tested for each isolate in the pres-
ence of 3% hydrogen peroxide. All isolates
were negative for catalase activity and were fur-
ther tested for pyrolidonyl-arylamidase
(PYRase) activity using Remel’s PYR kit
(Remel, Lenexa, KY). All isolates were also
PYRase-positive and were distinguished further
by testing for the reduction of tellurite. Isolates
and quality control strains were streaked from
—80°C archived stocks onto nutrient agar with
0.4% potassium tellurite (Sigma-Aldrich
Corp., St. Louis, MO) and incubated for
24-72 hr at 37°C. Isolates producing a black
precipitate were considered positive for tellurite
reduction and identified as E. faecalis. The
remaining isolates were identified using the fol-
lowing standard biochemical tests: lactose,
sucrose, arabinose, sorbitol, raffinose, and
mannitol carbohydrate fermentation; deamina-
tion of arginine; methyl-o-D-glucopyranoside
acidification; utilization of pyruvate; and pig-
mentation of the isolate.

Antimicrobial susceptibility testing. We
used the minimal inhibitory concentration

(MIC) agar dilution method [Clinical and
Laboratory Standards Institute (CLSI) 2002]
to test antimicrobial susceptibility among the
Enterococcus spp. (n = 200). E. faecalis 29212
was included as the quality control reference
strain. We tested susceptibility to the following
antibiotics: erythromycin, clindamycin, tetra-
cycline, and virginiamycin (streptogramin A
and B combination), all of which are approved
for use in U.S. swine production (FDA 2004);
and vancomycin, which has never been
approved for use in U.S. livestock. All anti-
biotics were obtained from Sigma-Aldrich (St.
Louis, MO), except for virginiamycin, which
was purchased from Research Products
International Corp. (Mt. Prospect, IL). The
following concentrations of antibiotics were
tested: 0.5-256 pg/mL erythromycin,
0.5-256 pg/mL tetracycline, 0.03-256 pg/mL
clindamycin, 0.03-64 pg/mL virginiamycin,
and 0.03-64 pg/mL vancomycin. These
antibiotic test ranges were chosen to include
the MIC quality control ranges of the reference
strain (E. faecalis 29212), the antibiotic resis-
tance break points established by the CLSI for
enterococci (CLSI 2002), and antibiotic con-
centrations that exceeded resistance break
points by at least 2-fold.

In preparation for the MIC agar dilution
tests, all Enterococcus spp. isolates were
streaked onto plates containing tryptic soy
agar No. 2 amended with 5% defibrinated
sheep blood (QuadFive, Rygate, MT), and
incubated at 37°C for 24 hr. Each isolate was
then suspended in 3 mL Mueller-Hinton
broth and adjusted to a 0.5 McFarland stan-
dard using a Vitek colorimeter (Hach,
Loveland, CO). Two hundred microliters of
each suspension were loaded into individual
wells within a Cathra replicator plate (Oxoid
Inc., Ogdensburg, NY) and replicated onto a
series of Mueller-Hinton agar plates amended
with 2-fold increasing antibiotic concentra-
tions. Plates were incubated at 37°C for
24 hr, and MICs were subsequently recorded
as the minimum concentration of antibiotic
that completely inhibited growth. Each iso-
late was categorized using the following

Table 2. Concentrations (CFU/100 mL) of fecal indicators in up-gradient (n = 4) and down-gradient (n = 15)
surface water samples and up-gradient (n = 5) and down-gradient (n = 4) groundwater samples collected

in the proximity of a swine CAFO.

Sample type Up-gradient samples Down-gradient samples
and bacteria [median (range)]? [median (range))? p-Value?
Surface water
Enterococcus spp. 35(1-100) 610 (150-4,700) 0.003
E. coli 35 (0-40) 400 (10-3,500) 0.007
Fecal coliforms 15(0-70) 500 (18-2,400) 0.010
Groundwater
Enterococcus spp. 18 (0-67) 85 (16-140) 0.085
E. coli 0(0) 11.5 (3-40) 0.007
Fecal coliforms 0(0) 20.5(3-70) 0.007

aMedian and range summaries are reported to match more consistently with the nonparametric statistical tests per-
formed. ?p-Values were calculated using the two-sample Wilcoxon rank-sum test. °No E. coli or fecal coliforms were

detected in these samples on any sampling trip.
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MIC resistance breakpoints established for
Enterococcus spp. by the CLSI (2002): erythro-
mycin, = 8 pg/mL; clindamycin, = 4 pg/mL;
tetracycline, = 16 pg/mL; virginiamycin,
= 4 pg/mlL; and vancomycin = 32 pg/mL.
Statistical analyses. We compared con-
centrations of fecal indicators (Enterococcus
spp., E. coli, and fecal coliforms) between up-
gradient and down-gradient surface water sam-
ples and up-gradient and down-gradient
groundwater samples using two-sample
Wilcoxon rank-sum tests. Fisher’s exact tests
were used to compare rates of erythromycin-,
tetracycline-, clindamycin-, virginiamycin-, and
vancomycin-resistant Enterococcus spp. between
up-gradient and down-gradient surface water
samples and up-gradient and down-gradient
groundwater samples. For the surface water
analyses, data obtained from the three surface
water sampling locations situated down gradi-
ent from the swine CAFO were pooled because
these sites did not represent a significant source
of variation in the data. Specifically, levels of
fecal indicators, patterns of antimicrobial resis-
tance, and geographic proximity were compa-
rable among all samples obtained from these
locations (data not shown), providing evidence
for a shared source. Since E. faecalis can be
intrinsically resistant to clindamycin and vir-
giniamycin (Singh and Murray 2005), analyses

Table 3. Enterococcus spp. isolated from ground-
water, surface water, or manure pits located
around or beneath a swine CAFOQ.

Enterococcus spp. source No. of isolates (%)

Up-gradient groundwater 30(15)
E. faecalis 12 (6)
E. pallens 1(0.5)
Other Enterococcus spp. 17 (8.5)

Down-gradient groundwater 26 (13)
E. faecalis 21(10.5)
E. faecium 1(0.5)
E. gallinarum 1(0.5)
E. raffinosus 1(0.5)
E. sulfureus 1(0.5)
Other Enterococcus spp. 1(0.5)

Up-gradient surface water 22 (11)
E. avium 1(0.5)
E. faecalis 14(7)
E. faecium 2(1)
E. hirae 1(0.5)
E. raffinosus 1(0.5)
Other Enterococcus spp. 3(1.5)

Down-gradient surface water 107 (53.5)
E. casseliflavus 1(0.5)
E. dispar 1(0.5)
E. durans 5(2.5)
E. faecalis 80 (40)
E. faecium 12 (6)
E. pallens 1(0.5)
Other Enterococcus spp. 7(3.5)

Manure pit 15(7.5)
E. faecalis 7(3.5)
E. hirae 5(2.5)
E. mundtii 1(0.5)
E. sulfureus 1(0.5)
Other Enterococcus spp. 1(0.5)

Total 200 (100)
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comparing rates of clindamycin resistance and
virginiamycin resistance were restricted to
non—E. faecalis isolates. All statistical analyses
were performed using Intercooled Stata 7.0
(Stata Corporation, College Station, TX).

Results

Concentrations of fecal indicators. Median con-
centrations of Enterococcus spp., E. coli, and
fecal coliforms were 17-, 11- and 33-fold
higher, respectively, in surface waters located
down gradient of the swine CAFO compared
with surface waters located up gradient of the
CAFO; the differences were statistically signifi-
cant (p = 0.003, 0.007, and 0.010, respectively)
(Table 2). Likewise, median concentrations of
Enterococcus spp., E. coli, and fecal coliforms
were 4-, 11-, and 20-fold higher, respectively,
in down-gradient groundwater samples versus
up-gradient groundwater samples (p = 0.085,
0.007, and 0.007, respectively) (Table 2).
Concentrations of Enterococcus spp., E. coli, and
fecal coliforms found in manure pit samples
were 5.2 x 105 CFUs/100 mL, 1.0 x 10°
CFUs/100 mL, and 8.8 x 10° CFUs/100 mL,
respectively.

Enterococcus spp. isolated from water and
manure pit samples. A variety of Enterococcus
spp. was identified in groundwater, surface
water, and manure pit samples (Table 3).
E. faecalis was the predominant species iso-
lated from all sample types, representing 67%
of all Enterococcus spp. that were analyzed for
antibiotic susceptibility in this study. For
29 (14.5%) of the Enterococcus spp., results
from the standard biochemical identification
tests were not completely consistent with
known species of enterococci. These isolates
could only be identified to the genus level and
are listed as “other Enterococcus spp.” in
Table 3.

Antibiotic resistance. Overall, higher
erythromycin and tetracycline MICs were
detected among Enterococcus spp. (E. faecalis
and non—E. faecalis) recovered from down-gra-
dient groundwater and surface water samples
compared with up-gradient groundwater and
surface water samples (Table 4). For example,
erythromycin MICgyy, (MIC required to inhibit
the growth of 90% of organisms) for
Enterococcus spp. recovered from down-gradient
groundwater and surface water samples were at
least 4-fold and 128-fold higher, respectively,

than that of isolates recovered from up-gradient
groundwater and surface water samples. These
data suggest that down-gradient surface water
and groundwater sources are contaminated
with Enterococcus spp. that express higher lev-
els of erythromycin and tetracycline resistance.
The highest erythromycin and tetracycline
MICs were observed among Enterococcus spp.
recovered from manure pits, where ery-
thromycin and tetracycline MICqg, were
> 256 pg/mL and 179.2 pg/mlL, respectively
(Table 4). In contrast, MICs for vancomycin,
a drug that has never been approved for use in
U.S. swine production, were generally below
the CLSI vancomycin resistance breakpoint of
= 32 pg/mL (CLSI 2002) among Enterococcus
spp. recovered from all sample types. The
exceptions were isolates recovered from up-
gradient groundwater samples, which exhib-
ited elevated vancomycin MICs (Table 4).

Similar to the findings for erythromycin
and tetracycline, higher clindamycin and
virginiamycin MICs were observed among
non—E. faecalis isolates recovered from down-
gradient groundwater and surface water sam-
ples compared with up-gradient groundwater
and surface water samples (Table 5). For
instance, clindamycin MICqy,, for non—
E. faecalis isolated from down-gradient
groundwater and surface water samples were
at least 2,133-fold and 2-fold higher, respec-
tively, than that of non—E. faecalis recovered
from up-gradient groundwater and surface
water samples. The highest clindamycin and
virginiamycin MICs were observed among iso-
lates recovered from manure pits (Table 5). As
anticipated, clindamycin and virginiamycin
MICs among E. faecalis—which have been
shown to be intrinsically resistant to both of
these antibiotics (Singh and Murray 2005)—
were similar among isolates recovered from all
sample types, except in the case of E. faecalis
recovered from manure pits. These isolates
exhibited higher levels of both clindamycin
and virginiamycin resistance (Table 5).

In comparing the percentage of antibiotic-
resistant Enterococcus spp. present in up-gradi-
ent versus down-gradient surface water
samples, higher percentages of erythromycin-,
tetracycline-, virginiamycin-, and vancomycin-
resistant isolates were observed in down-gradi-
ent versus up-gradient surface waters (Table 6).
In contrast, we observed a higher percentage of

clindamycin-resistant isolates in up-gradient
surface water samples. However, using Fisher’s
exact test, we found that only the elevated per-
centage of erythromycin-resistant isolates
found in down-gradient surface water samples
was statistically significant (p = 0.02) (Table 6).
The higher percentage of tetracycline-resistant
isolates observed in down-gradient surface
water samples was marginally significant
(p=0.06) (Table 6).

In groundwater samples, higher percent-
ages of tetracycline- and clindamycin-resistant
Enterococcus spp. were observed in down-
gradient versus up-gradient groundwater sam-
ples (Table 6). The elevated percentage of clin-
damycin-resistant isolates in down-gradient
groundwater samples was highly statistically
significant (p < 0.001), whereas the higher per-
centage of tetracycline-resistant isolates in
down-gradient groundwater samples was mar-
ginally significant (p = 0.07) (Table 6).
Conversely, higher percentages of erythro-
mycin- and vancomycin-resistant Enterococcus
spp. were observed in up-gradient versus
down-gradient groundwater samples, and the
differences in erythromycin resistance were

statistically significant (p < 0.001).

Discussion

In this study we investigated surface water and
groundwater located up gradient and down
gradient of a swine CAFO for the presence of
fecal indicators (Enterococcus spp., E. coli, and
fecal coliforms) and antibiotic-resistant entero-
cocci. Findings indicate that surface waters and
groundwater located down gradient of the
swine CAFO are contaminated with signifi-
cantly higher levels of Enterococcus spp., E. cols,
and fecal coliforms compared with surface
water and groundwater located up gradient of
the swine CAFO (Table 2). The groundwater
data are in agreement with two previous stud-
ies that examined groundwater wells situated
near large-scale swine facilities (Anderson and
Sobsey 2006; Krapac et al. 2002). Anderson
and Sobsey (2006) detected E. coli at a range of
0.5-32.7 CFU/100 mL in groundwater sam-
ples collected at two large-scale swine facilities
in North Carolina. Krapac et al. (2002)
detected fecal coliforms at a maximum concen-
tration of 7 CFU/100 mL in shallow ground-
water samples collected at a swine finishing
facility in Illinois. In addition, Krapac et al.

Table 4. MIC data (pg/mL) for erythromycin, tetracycline, and vancomycin among Enterococcus spp. isolated from groundwater, surface water, or manure pits.

Erythromycin?

Tetracycline?

Vancomycin?

Enterococcus spp. source MICsg MICgg MIC range MICso MICgq MIC range MICsq MICgq MIC range
Up-gradient groundwater (n = 30) 16 60.8 1-128 <1 <1 <1-32 0.25 58 0.25—> 64
Down-gradient groundwater (n = 26) 2 > 256 <0.5—> 256 2 64 <1->256 4 8 0.25-8
Up-gradient surface water (n=22) 1 2 <05-4 <1 108.8 <1-128 2 8 0.5-8
Down-gradient surface water (n=107) 2 > 256 <0.5—> 256 2 153.6 <1—>256 2 8 0.25—> 64
Manure pit (n=15) > 256 > 256 <0.5—> 256 128 179.2 <1256 05 2 0.5-2
MICsg, MIC required to inhibit the growth of 50% of organisms.

aCLS| resistance breakpoints are as follows: erythromycin, = 8 pg/mL; tetracycline, = 16 pg/mL; vancomycin, = 32 ug/mL (CLSI 2002).
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(2002) detected fecal streptococcus in more
groundwater samples and at higher concentra-
tions than fecal coliforms. Similarly, we idend-
fied E. coli and fecal coliforms in down-gradient
groundwater samples at ranges of 3—40
CFU/100 mL and 3-70 CFU/100 mL, respec-
tively, and Enterococcus spp. (members of the
fecal streptococcus group) were consistently
detected at higher concentrations than fecal
coliforms (Table 2). To our knowledge, the
surface water data presented here are the first
data to compare levels of fecal indicators in up-
gradient versus down-gradient surface waters
located in the proximity of a swine CAFO.
The presence of Enterococcus spp., E. coli
and fecal coliforms in rural surface water and
groundwater sources impacted by swine
CAFOs may pose health risks to people who
either recreate in contaminated surface waters
or use the groundwater as a drinking water
source. Concentrations of Enterococcus spp.
and E. coli in down-gradient surface water
samples collected in this study were consis-
tently in excess of the following U.S. EPA bac-
terial water quality standards for recreational

fresh waters: Enterococcus spp., 33 CFU/
100 mL; and E. cofs, 126 CFU/100 mL (U.S.
EPA 2003). Throughout the sampling period
for this study, young children were observed
swimming and playing in surface waters
located within 500 m down gradient of the
swine CAFQ; these children could have been
exposed to elevated concentrations of
Enterococcus spp., E. coli, and other more
harmful microorganisms that may have been
present. In addition, if the down-gradient pri-
vate well tested in this study was part of a
public drinking-water-system testing pro-
gram, it consistently would be in violation of
current maximum contaminant level stan-
dards for total coliforms (including fecal coli-
forms and E. coli) (U.S. EPA 2002). On each
sampling trip, this down-gradient well tested
positive for both fecal coliforms and E. coli.
Before the swine CAFO began production,
the owners of this well relied on it as their
sole source of drinking water. However, after
the facility reached a full working capacity of
5,000 hogs, the owners told us that they had
their well tested by an independent, certified

Table 5. MIC data (pg/mL) for clindamycin and virginiamycin among E. faecalis and non—E. faecalis
isolated from groundwater, surface water, or manure pits

Clindamycin? Virginiamycin?

Enterococcus spp. source MICsg MICgg MIC range MICsq MICgg MIC range
Up-gradient groundwater

E. faecalis(n=12) 8 16 0.06-16 1 1 0.5-1

Non—E. faecalis (n=18) <0.03 0.06 <0.03-0.06 0.13 0.13 0.06-0.13
Down-gradient groundwater

E. faecalis(n=21) 8 28.8 0.5->128 1 2 1-4

Non—E. faecalis (n=5) 8 >128 4—128 05 1 0.5-1
Up-gradient surface water

E. faecalis (n=14) 16 32 8-32 15 8 0.5-8

Non—E. faecalis (n=8) 16 64 4-64 1 2 0.5-2
Down-gradient surface water

E. faecalis (n=80) 16 32 0.06—>128 1 8 0.13-32

Non—E. faecalis (n=27) >128 > 128 <0.03— 128 1 5.6 0.25-8
Manure pit

E. faecalis(n=7) 128 > 256 64—> 256 8 16 2-16

Non—E. faecalis (n=8) 192 > 256 8—> 256 1 32 0.5-32

MICsg, MIC required to inhibit the growth of 50% of organisms.
aCLSl resistance breakpoint for clindamycin and virginiamycin

is = 4 pg/mL (CLSI 2002).

Table 6. Percentage of antibiotic-resistant Enterococcus spp. in up-gradient (n = 4) versus down-gradient
(n=15) surface water samples and up-gradient (n = 5) versus down-gradient (n = 4) groundwater samples.

Sample type Percent resistant
and antibiotic Up-gradient samples Down-gradient samples p-Value
Surface water
Erythromycin 0 18 0.02
Tetracycline 14 33 0.06
Clindamycin? 100 89 0.76
Virginiamycin? 0 23 0.17
Vancomycin 0 1 0.83
Groundwater
Erythromycin 67 20 <0.001
Tetracycline 3 19 0.07
Clindamycin? 0 100 <0.001
Virginiamycin? 0 0 —b
Vancomycin 10 0 0.15

p-Values were calculated using one-sided Fisher’s exact tests.

aAnalyses for clindamycin and virginiamycin resistance were restricted to non—E. faecalis isolates. ®No p-value could be
calculated due to zero counts of virginiamycin-resistant isolates in both sample types.
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laboratory and the water was subsequently
deemed nonpotable.

The results of this study also emphasize
that human health risks associated with expo-
sures to surface water and groundwater situ-
ated down gradient of swine CAFOs could be
exacerbated by the presence of antibiotic-
resistant bacteria. Overall findings indicate that
Enterococcus spp. recovered from down-gradient
surface water and groundwater samples express
higher levels of resistance (higher MICs) to
antibiotics that are commonly used in both
swine production and human clinical medicine
(erythromycin, tetracycline, clindamycin, and
virginiamycin) compared with Enterococcus
spp. recovered from up-gradient surface
water and groundwater samples (Tables 4
and 5). In contrast, Enterococcus spp. recov-
ered from all sample types (down-gradient
water samples, up-gradient water samples,
and manure samples) were, in general, simi-
larly susceptible to vancomycin (Table 4), a
drug that has never been approved for use in
U.S. swine production.

The patterns of antibiotic resistance
observed in Enterococcus spp. recovered from
down-gradient surface water and groundwater
samples were similar to those observed in iso-
lates recovered from manure pit samples, par-
ticularly resistance patterns associated with
erythromycin, tetracycline, and clindamycin
(Tables 4 and 5). We also have reported simi-
lar patterns of erythromycin, tetracycline, and
clindamycin resistance among Enterococcus
spp. recovered from indoor air samples col-
lected within the same swine CAFO during
the same sampling period (Chapin et al.
2005). These data support previous findings
of Chee-Sanford et al. (2001) showing that
the movement of resistant bacteria and resis-
tance determinants from swine CAFOs into the
environment can be extensive. Chee-Sanford
etal. (2001) found a high occurrence of tetracy-
cline resistance determinants in groundwater
wells located close to swine lagoons; however,
they also detected one resistance determinant in
a well situated over 250 m downstream of one
of the lagoons. In the present study, antibiotic-
resistant Enterococcus spp. were detected in a
drinking water well located 400 m down gradi-
ent of a swine CAFO, as well as in surface water
situated 300 m down gradient from the facility
(Figure 1). The presence of resistant bacteria in
both drinking water and surface water sources
contaminated by swine CAFOs could con-
tribute to the spread and persistence of both
resistant bacteria and antibiotic resistance deter-
minants in humans and the environment.

However, in rural environments, swine
CAFOs are not the only potential sources of
antibiotic-resistant bacteria. Other sources
could include poultry farms, dairy farms, and
human sources such as leaking septic tanks
and land-applied biosolids. In the present
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study, an unexpected finding was that up-
gradient groundwater samples that were not
impacted by the swine CAFO contained signif-
icantly higher percentages of erythromycin-
resistant Enterococcus spp. compared with
down-gradient groundwater samples (Table 6).
The levels of erythromycin resistance (MICs)
in these isolates were not as high as those
observed in Enterococcus spp. recovered from
down-gradient groundwater samples and
manure pit samples (Table 4); however, lower-
level erythromycin-resistant Enterococcus spp.
were still present in significant numbers. After
sampling was completed, the owners of this
up-gradient well informed us that they had
experienced problems with their septic tank
and field in the past, and perhaps this may
have contributed to the presence of ery-
thromycin-resistant Enterococcus spp. in their
well. However, the role of possible contamina-
tion from their septic tank was not confirmed.

Similarly, we found a slightly higher per-
centage of clindamycin-resistant non—E. faecalis
in up-gradient surface water samples compared
with down-gradient surface water samples
(Table 6). Although the difference was not sta-
tistically significant and the levels of clinda-
mycin resistance observed in these isolates were
lower than those of non—E. faecalis recovered
from down-gradient surface water samples
and manure samples (Table 5), the presence
of resistant non—FE. faecalis in up-gradient sur-
face water suggests that additional sources of
resistant bacteria may exist in this environ-
ment. These sources could include human
septage, companion animals, wild animals,
and migratory waterfowl such as Canada
geese (Middleton and Ambrose 2005; Sayah
et al. 2005). These findings point to the chal-
lenges of identifying pristine, uncontaminated
control sites for field studies of water sources
located in rural settings, where a variety of
agricultural and other human and animal
activities can introduce pollutants into the
surrounding environment.

Limitations of this study concern sample
size and antibiotic usage data. A larger sample
size would have provided more statistical
power to detect differences in percentages of
antibiotic-resistant bacteria present in up-
gradient versus down-gradient water samples.
Additional samples also would have allowed
for statistical analyses regarding seasonal varia-
tions in water quality. Beyond sample size, this
study would have been enhanced if we had
been able to obtain specific antibiotic usage
data from the swine grower. Unfortunately,
the grower did not have this information
because the feed used in this facility was pre-
mixed and delivered to the swine CAFO by
the contracted integrator, which had deemed
antibiotic usage data proprietary information.
Instead, we used general FDA data describing

the types of antibiotics approved for use in
U.S. swine production (FDA 2004) to deter-
mine which antibiotics to test in this study. In
future studies, we plan to improve the sample
design (including sample size) so that statistical
analyses can be used to explore spatial and tem-
poral variation in antibiotic-resistant bacteria as
it relates to surrounding swine CAFOs.
However, the difficulties in obtaining specific
antibiotic usage data from swine growers could
continue to be a challenge for environmental
health researchers in the absence of federal
and/or state regulations that require growers or
integrators to report these data.

Conclusions

We observed high levels of erythromycin,
tetracycline, and clindamycin resistance in
Enterococcus spp. recovered from surface water
and groundwater situated down gradient
from a swine CAFO compared with surface
water and groundwater located up gradient of
the facility. Significantly elevated concentra-
tions of all three fecal indicators tested in this
study were also observed in down-gradient
surface water and groundwater samples com-
pared with up-gradient surface water and
groundwater samples. Although the specific
source or sources of these contaminants was
not definitively determined, it is likely that
swine manure pit leakage or runoff from
swine manure—applied fields (Thurston-
Enriquez et al. 2005) contributed to these
findings. Swine manure management prac-
tices, as well as swine feeding practices such as
the administration of nontherapeutic levels of
antibiotics in swine feeds, continue to pose
both environmental and public health chal-
lenges, particularly in the immediate environ-
ment of swine CAFQOs, where vast amounts of
swine manure are produced and applied to
agricultural fields.
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BACKGROUND: Inappropriate use of antibiotics in swine feed could cause accelerated emergence of
antibiotic resistance genes, and agricultural application of swine waste could spread antibiotic resis-
tance genes to the surrounding environment.

OBJECTIVES: We investigated the distribution of plasmid-mediated quinolone resistance (PMQR)
genes from swine feedlots and their surrounding environment.

METHODS: We used a culture-independent method to identify PMQR genes and estimate their
levels in wastewater from seven swine feedlot operations and corresponding wastewater-irrigated
farm fields. Concentrations of (fluoro)quinolones in wastewater and soil samples were determined
by ultra-performance liquid chromatography—electrospray tandem mass spectrometry.

RESULTS: The predominant PMQR genes in both the wastewater and soil samples were gnrD, gepA,
and 0gxB, whereas gnrS and ogxA were present only in wastewater samples. Absolute concentrations
of all PMQR genes combined ranged from 1.66 x 107 to 4.06 x 10% copies/mL in wastewater and
4.06 x 10° to 9.52 x 107 copies/g in soil. Concentrations of (fluoro)quinolones ranged from 4.57
to 321 ng/mL in wastewater and below detection limit to 23.4 ng/g in soil. Significant correlations
were found between the relative abundance of PMQR genes and (fluoro)quinolone concentrations
(r=0.71, p = 0.005) and the relative abundance of PMQR genes in paired wastewater and agricul-
tural soil samples (» = 0.91, p = 0.005).

CONCLUSIONS: Swine feedlot wastewater may be a source of PMQR genes that could facilitate the
spread of antibiotic resistance. To our knowledge, this is the first study to examine the occurrence of
PMQR genes in animal husbandry environments using a culture-independent method.

KEY WORDS: agricultural soil, culture-independent method, environmental health, (fluoro)quinolones,
PMQR genes, swine feedlot, wastewater. Environ Health Perspect 120:1144-1149 (2012). http://

dx.doi.org/10.1289/ehp.1104776 [Online 8 May 2012]

The growth of the swine-breeding industry
has led to the increased use of antibiotics for
therapeutic purposes and to promote growth
and improve feed efficiency, including some
antibiotics that are important in human clini-
cal medicine. The use of subtherapeutic con-
centrations of antibiotics for nontherapeutic
purposes could drive the selection of bacte-
rial resistance in the gastrointestinal tracts
of swine (Chee-Sanford et al. 2001; Mackie
et al. 2006). Under chronic antimicrobial
pressure, resistance may increase because of
the rapid reproduction and spread of resistant
strains (Silbergeld et al. 2008). Jensen et al.
(2006) and Bager et al. (1997) found that
the agricultural use of antibiotics had a sig-
nificant effect on the prevalence of antibiotic-
resistant bacteria in swine waste. A large
proportion of swine waste is typically stored
in open-air lagoons and subsequently applied
to surrounding agricultural fields through
irrigation or fertilization (Sapkota et al. 2007)
although some may be discharged into sur-
rounding rivers via drainage ditches. These
activities might pose a risk to public health if
they result in the spread of genetic elements
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encoding antibiotic resistance and the spread
of unabsorbed antibiotics into the environ-
ment (Pruden et al. 20006).

Antibiotic resistance genes (ARGs)
released from dead microorganisms can persist
in the environment for an extended period
of time (Pote et al. 2003) and spread among
bacteria through vertical transfer (generation)
or horizontal transfer (conjugation, transduc-
tion, transformation, and transposition). The
ARGs could therefore be considered to be
emerging environmental “contaminants” as
defined by Pruden et al. (2006), and they have
the potential to be further distributed to vari-
ous environmental compartments (Agerso and
Sandvang 2005; Rodriguez et al. 2006). There
have been various strategies for investigating
environmental ARGs. One such strategy is by
a culture-independent method that analyzes
DNA extracted from all the microorganisms
present in environmental samples (Riesenfeld
et al. 2004). This avoids bias that results from
the non-culturability of a large proportion
of microorganisms in standard culture con-
ditions (Rappe and Giovannoni 2003) and
from variation in the effects of environmental

media on the success of culture-based tech-
niques (Allen et al. 2010). Seyfried et al.
(2010) identified tetracycline resistance (¢erY)
genes associated with oxytetracycline use in
aquaculture facilities. They also demonstrated
that Class 1 integron gene and zef® genes
(tetA and tetC) were disseminated in differ-
ent aquatic environments in Jiangsu Province
in China (Zhang et al. 2009). The various
te® genes and erythromycin resistance genes
found in different environmental compart-
ments appeared to be influenced by surround-
ing swine feedlots (Chen et al. 2010; Wu et al.
2010). Moreover, some studies have reported
that the absolute concentrations of zeR genes
were significantly correlated with the concen-
trations of corresponding antibiotic residues
in the environment (Peak et al. 2007; Wu
etal. 2010).

(Fluoro)quinolones are broad-spectrum
antimicrobial agents that predominantly have
been used to treat various infections in humans
and animals. Their current use has been
extended to employment as a growth enhancer
in pigs (Danish Integrated Antimicrobial
Resistance Monitoring and Research
Programme 1999). The expanded usage of
(fluoro)quinolones has also lead to serious
cases of widespread resistance to these agents
(Strahilevitz et al. 2009). Before the emergence
of bacterial plasmid-mediated quinolone resis-
tance (PMQR) genes, research on the resis-
tance mechanisms of (fluoro)quinolones were
confined to mutations of chromosomal genes
coding DNA gyrase or topoisomerase IV in
the quinolone resistance determining region
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(QRDR) (Hopkins et al. 2005). Currently,
three types of PMQR genes and their varia-
tions have been more frequently reported in
various bacterial pathogens around the world.
These are the quinolone resistance determi-
nant (gnr) genes (gnrA, gnrB, qnrC, gnrD,
and gnrS), variant aminoglycoside acetyl-
transferase gene [aac(6')-Ib-cr], and efflux
pumps-encoding genes (gepA and 0gxAB)
(Cattoir et al. 2008; Hernandez et al. 2011;
Strahilevitz et al. 2009). The gene gnrA
was one of the first identified PMQR genes
(Martinez-Martinez et al. 1998), and research
on the PMQR genes has since expanded in
environmental and health science (Robicsek
et al. 2006; Strahilevitz et al. 2009). The pres-
ence of gnr genes may increase the selection of
mutations with high-level (fluoro)quinolone
resistance (Rodriguez-Martinez et al. 2007).
Furthermore, PMQR genes usually combine
with other resistance genes in the same plas-
mid, so the presence of any other antibiotics
for which the plasmid confers resistance
will select for quinolone resistance as well
(Hernandez et al. 2011). The PMQR genes
may also be horizontally transmitted among
bacterial isolates of different origins (Martinez-
Martinez et al. 1998; Zhao et al. 2010).

To our knowledge, only two previous
publications have reported the study of the
environmental occurrence of PMQR genes
(Cummings et al. 2011; Kristiansson et al.
2011). In contrast to those studies, we used a
culture-independent genomics study method
to investigate the occurrence of PMQR genes
in wastewater samples collected from swine
feedlots and corresponding soil samples from
nearby agricultural fields where the waste-
waters were used for irrigation.

Materials and Methods

Sampling procedure. Wastewater samples
(about 2.5 L for each site) were collected
from the effluent of seven conventional swine
feedlots located in three districts of Beijing:
Fangshan District (defined as Fj-w, Fy-w,
and F3-w), Daxing District (Dj-w, Djy-w,
and D3-w), and Shunyi District (S-w), dur-
ing August 2010. These feedlot effluents are
periodically used for irrigation in surrounding
agricultural fields and are occasionally dis-
charged into surrounding rivers. Before col-
lecting the wastewater samples, samplers and
sample bottles were rinsed three times with
ethanol, once with sterile deionized water,
and three times with the wastewater. At each
site, three swine feedlot wastewater samples
were collected at 1-2 hr intervals and then
combined to form one composite sample for
each site. The wastewater samples were stored
in presterilized 500-mL amber polypropyl-
ene high-density bottles (Embalator AB,
Ulricehamn, Sweden) equipped with Teflon-
lined polypropylene caps.
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Concurrent with the collection of waste-
water samples, soil samples (about 500 g for
each site) were collected from agricultural fields
adjacent to the seven swine feedlots (defined
as Fy-s, Fy-s, F3-s, Dy-s, Dy-s, D3-s, and S-s)
using a shovel and sterilized amber plastic bags.
For each site, the top 15 cm of the surface soil
from three different locations were pooled to
form one composite sample. For example, F1-w
and Fi-s are paired wastewater and soil samples
from the same site; this also applies for samples
from the other sample sites.

Additionally, surface river water and cor-
responding farm soil samples collected at
sites upstream from the swine feedlots were
used as control samples (and defined as being
uncontaminated by wastewater from swine
feedlot operations).

Sampling was kept as sterile as possible,
and all samples were immediately stored in a
cooler box until returned to the laboratory for
immediate processing (< 12 hr).

Sample processing and DNA extraction.
Each composite water or soil sample was
divided into two aliquots under aseptic con-
ditions. One aliquot was used for quantifica-
tion of (fluoro)quinolone residues after storage
at 4°C for < 1 week. The other was used for
quantification of PMQR genes. Each aliquot
was further divided into three subsamples.
Sample processing for molecular analyses was
always carried out first.

Power Water DNA Kits (MO BIO
Laboratories Inc., Carlsbad, CA, USA) were
used to extract total DNA from each waste-
water subsample after pretreatment to remove
particulates via layered filtration with Whatman
grade 4 qualitative filter paper (20-25 pm),
Whatman grade 3 qualitative filter paper
(6 pm) and glass-fiber Whatman GF/B (1 pm).
Approximately 200 mL of each prefiltered
wastewater subsample was immediately con-
centrated in duplicate using the sterile filter
(0.2 pm) from the Power Water DNA Kit
(MO BIO). We followed the manufacturer’s
protocol for the subsequent extraction steps.

Soil subsamples were aseptically equili-
brated and homogenized at room temperature.
All thawed soil subsamples were passed through
a 2.0-mm sieve, and about 1 g of homogenized
soil was extracted in duplicate using a commer-
cial Power Soil DNA Kit (MO BIO) in accor-
dance with the manufacturer’s instructions.

We performed DNA extractions for each
subsample in duplicate, and the duplicate
extracts were then pooled to form a single
composite sample for that site that was stored
at —80°C until subsequent molecular analyses.

Polymerase chain reaction (PCR) assays
Jfor PMQR genes. Qualitative PCR assays were
used to assess the presence of nine PMQR
genes [gnrA, qniB, gnrC, gnrD, qniS, qepA,
ogxA, 0gxB, aac(6’)-Ib-cr] in all environmen-
tal and control subsamples. All primers were
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previously validated [for primer sequences,
amplicon sizes, annealing temperatures, refer-
ences for each sequence, and additional details
regarding PCR conditions, see Supplemental
Material, Table S1 (http://dx.doi.org/10.1289/
¢hp.1104776)]. To ensure reproducibility,
two replicates for each sample were performed
in parallel with a control sample in each run.
To prevent false-negative results due to PCR-
inhibiting substances such as humic acids,
2 ng of DNA extract from each sample that
did not show amplification of each target
gene was spiked with positive-control tem-
plate at 10 copies/pL. There was no evidence
of PCR inhibition in any extracts (data not
shown). An Agilent 2100 bioanalyzer (Agilent
Technologies, Santa Clara, CA, USA) was
used to analyze DNA fragments (Panaro et al.
2000). Chips in the DNA 7500 LabChip kit
(Agilent Technologies) were loaded with PCR
amplification products according to the manu-
facturer’s instructions, with minor modifica-
tions. Briefly, microchannels on the chips were
filled by pipetting 9 pL of gel-dye mixture
into the appropriate well and then forcing the
mixture into the microchannels by applying
pressure to the well via a 1-mL syringe. The
ladder well was subsequently loaded with 5 pL
of marker mixture plus 1 pL of molecular size
ladder, while sample wells were loaded with
5 pL of marker mixture plus 1 pL of PCR
amplification products. The marker mixture
for the Agilent DNA 7500 Lab Chip con-
tains lower and upper molecular size markers
of 50 bp and 10,380 bp, respectively. After
vortexing for 1 min, the chip (with 12 PCR
amplification products) could be read within
30 min by the Agilent 2100 bioanalyzer.

Amplification products from each positive
sample were purified with PCR quick spin™
PCR Product Purification Kit (Tiangen
Biotech Co. Ltd., Beijing, China) and
ligated into pGEM-T Easy Vector (Promega,
Madison, W1, USA) before being cloned into
Escherichia coli DH5a. using the pEASY-T1
Simple Cloning Kit (TransGen Biotech Co.
Ltd., Beijing, China). Clones containing target
gene inserts were selected and confirmed by
PCR. Plasmids carrying target genes were
extracted and purified with the MiniBEST
Plasmid Purification Kit (TaKaRa, Dalian,
China) and sequenced by Invitrogen Ltd./
Applied Biosystems Ltd. (Beijing, China),
and the resulting sequences were compared
with GenBank (http://www.ncbi.nlm.nih.gov/
nuccore/) sequences for the target genes using
the BLAST alignment tool (http://www.ncbi.
nlm.nih.gov/blast/). These plasmids were used
to generate standard curves for subsequent
quantification of each gene in the subsamples
as described below.

Quantitation of PMQR genes. The quan-
titative PCR (qPCR) reactions were con-
ducted using SYBR Green I chemistry and
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the Bio-Rad Chromo4 real-time PCR instru-
ment (both from Bio-Rad, Hercules, CA,
USA) with the Analysis software version 3.0
(BioRad) to quantify levels of the PMQR
genes and 16S rRNA in all subsamples.
Sample-derived standards were diluted serially
in molecular biology-grade water. The qPCR
reactions were conducted in 96-well plates.
Optimal qPCR conditions were determined
empirically [for details, see Supplemental
Material, pp. 2-3 (http://dx.doi.org/10.1289/
¢hp.1104776)]. DNA extracts were amplified
against the 10-fold serially diluted calibration
curve over seven orders of magnitude and
DNA-free negative control on the same real-
time PCR plate in triplicate. Standard error
values of the measurements were determined
from these parallel data. 16S rRNA was also
quantified (Graham et al. 2011; Peak et al.
2007; Smith et al. 2004) on the same plate,
using the SybrGreen (BioRad) approach.
Following qPCR, melting curves for the
amplicons were measured by slowly raising the
temperature while monitoring fluorescence to
verify that nonspecific amplification did not
occur (data not shown). Matrix effects associ-
ated with extraction of DNA from environ-
mental samples were corrected as described by

Pei et al. (2006). The presence of inhibitory
substances in the sample matrix was assessed
by spiking the samples with defined amounts
of DNA template and comparing concen-
tration thresholds between the matrix and
controls, whose difference was always < 1. The
qPCR efficiencies (90-102% in this study)
were examined by comparing plasmid con-
trols and serial dilutions of selected samples,
using a 16S rRNA assay as described in the
Supplemental Material (pp. 2-3). There was
very low inhibition in these samples (data not
shown). Results from the assays were analyzed
based on the slope for the gPCR calibration
curve. R? values were greater than 0.992 for
all calibration curves.

Copy numbers of target PMQR genes were
normalized to the 16S rRNA copy number
(defined as relative abundances) and to 1 g for
soil samples or 1 mL for wastewater samples
(defined as absolute concentrations: copies
per gram or copies per milliliter) to take into
account any temporal variations among sites,
overall extraction efficiencies, total bacterial
community, and potential sample degradation
(Graham et al. 2011). We used the term “levels”
to describe findings that relate to both relative
abundances and absolute concentrations.
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Quantitation of (fluoro)quinolones. In this
study, extraction and quantitative analysis of
(fluoro)quinolone residues in wastewater and
soil samples was performed according to Shao
et al. (2009). The method is based on solid-
phase extraction (SPE) and analysis by ultra
performance liquid chromatography—tandem
mass spectrometry (UPLC-MS/MS; Acquity
UPLC; Waters Corporation, Milford, MA,
USA). Orbifloxacin, danofloxacin, pipemidic
acid, marbofloxacin, lomefloxacin, peﬂoxa-
cin, enrofloxacin, norfloxacin, ciprofloxacin,
and ofloxacin were purchased from Sigma
(St. Louis, MO, USA) with purities > 97%.
The recoveries for (fluoro)quinolones based on
matrix-matched calibration ranged between
100% and 117% in aqueous solution and
between 77% and 114% in soil samples, and
the quantification limits were in the range of
0.2-10 pg/mL for water and 0.38-2.00 ng/g
for soil samples. The analytical method is
described in detail in Supplemental Material,
p- 2 (http://dx.doi.org/10.1289/ehp.1104776).

Statistical analysis. Data analysis was
conducted using SPSS Statistics version 16.0
(IBM, Armonk, NY, USA). A one-way analy-
sis of variance test and independent-sample
t-tests were used to compare samples with
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Figure 1. Levels of five PMQR genes among the soil and wastewater samples. (A) gnrD. (B) ogxB. (C) gepA. (D) gnrS. (E) ogxA. (A Total of the five PMQR genes.
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controls (the level for statistical significance
was set at p < 0.05). Data were log-transformed
when necessary to obtain a normal distribu-
tion before statistical analysis. A two-tailed
Pearson’s bivariate correlation analysis was used
to compare levels of total PMQR genes in soil
and wastewater samples and to compare levels
of total PMQR genes and (fluoro)quinolone

concentrations.

Results

Occurrence and levels of PMQR genes. Among
the nine PMQR genes investigated, gn7D,
0gxB, and gepA were found in all environ-
mental samples from the target sites; gn7S and
ogxA were only detected in wastewater sam-
ples; gnrB was found in only three wastewater
samples (F3-w, D,-w, and D3-w); and gnrA,
gnrC, and aac(6’)-1b-cr were not detected
at all [see Supplemental Material, Figure S1
and Table S2 (http://dx.doi.org/10.1289/
ehp.1104776)]. In addition, no PMQR genes
were detected in control samples. The posi-
tively identified PMQR genes were identical
to the corresponding sequences deposited in
the GenBank database (data not shown).
Absolute concentrations and relative abun-
dances of the five major PMQR genes (97D,
0qxB, gepA, gnrS, and ogxA) are shown
in Figure 1 and reported in Supplemental
Material Tables S3 and S4, respectively
(htep://dx.doi.org/10.1289/ehp.1104776).
Concentrations of (fluoro)quinolones.
Ten (fluoro)quinolones were detected in the
samples (orbifloxacin, danofloxacin, pipemidic
acid, marbofloxacin, lomefloxacin, pefloxa-
cin, enrofloxacin, norfloxacin, ciprofloxacin,
and ofloxacin) with concentrations ranging
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from below the limit of detection (LOD)
to 244 ng/mL in wastewater samples and
20.4 ng/g in soil samples [see Supplemental
Material, Table S5 (http://dx.doi.org/10.1289/
ehp.1104776)]. All (fluoro)quinolones were
< LODs in all control samples. Norfloxacin
was detected in all target samples with the
exception of three soil samples (F;-s, F3-s, and
D;-s) in which none of the (fluoro)quinolones
was detected (Figure 2). The frequencies
of detection were thereafter followed by
ofloxacin, ciprofloxacin, enrofloxacin, and
lomefloxacin. Other (fluoro)quinolones
(marbofloxacin, pipemidic acid, danofloxacin,
and orbifloxacin) were detected only in the
S-w wastewater sample, whereas pefloxacin
was found in S-w and F,-w. The average
concentration of norfloxacin was 1.16 ng/g
in soil and 40.6 ng/mL in wastewater sam-
ples (see Supplemental Material, Table S5).
Ciprofloxacin was identified in the wastewater
and soil samples from the Dj site at the highest
concentration of any of the (fluoro)quinolones
measured in wastewater (244 + 2.04 ng/mL in
Dj3-w) and soil (and 20.4 ng/g in Ds-s) sam-
ples, respectively (see Supplemental Material,
Table S5). Total (fluoro)quinolone concentra-
tions were highest in S-w (321 ng/mL) among
the wastewater samples and at the Dj-s site
(23.4 ng/g) among soils (see Supplemental
Material, Table S5).

Correlation analysis. Significant posi-
tive correlations between paired wastewater
and soil samples were observed for the rela-
tive abundances of gepA (r = 0.94, p = 0.001),
0gxB (r = 0.96, p = 0.001), and total PMQR
genes (sum of five PMQR genes: gnrD, gepA,
0gxB, gnrS, and ogxA; r = 0.91, p = 0.005)
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Figure 2. Concentrations of 10 (fluoro)quinolones (ng/mL or ng/g) in study samples. Bars represent
mean concentrations of the 10 (fluoro)quinolones. Numbers above bars show the total concentration of
(fluoro)quinolones in each composite sample. The concentrations of the 10 (fluoro)quinolones were < LOD

in all control samples.

Environmental Health Perspectives -

vOLUME 120 | NumBer 8 | August 2012

but not gnD (r = 0.56, p = 0.19). Absolute
concentrations were significantly correlated
between paired soil and water samples for ogxB
(r=10.95, p = 0.001) and total PMQR genes
(r=10.91, p = 0.005), but not gepA (r = 0.63,
2 =0.13) or gnrD (r=0.72, p = 0.07).

The relative abundance of total PMQR
genes (sum of the five genes: gnrD, 0gxB,
qepA, gnrS, and ogxA) and measured con-
centrations of total (fluoro)quinolones were
significantly correlated (r = 0.71, p = 0.005)
(Figure 3). Significant correlations also were
observed for some but not all concentra-
tions of individual (fluoro)quinolones and
the relative abundance of individual PMQR
genes and for total (fluoro)quinolones and
four of five individual PMQR genes [see
Supplemental Material, Table S6 (http://
dx.doi.org/10.1289/ehp.1104776)].

Discussion

We investigated wastewater from seven differ-
ent swine feedlots and corresponding agricul-
tural soil samples for the presence of PMQR
genes. The findings indicate that gnrD, 0gxB,
qepA, gnrS, and ogxA genes were widespread in
almost all of the wastewater samples. In another
study, some of these PMQR genes were also
found in environmental E. coli strains from
swine (Liu et al. 2008), and ogxA and ogxB
have been found in a conjugative plasmid that
conferred resistance to the antibiotic olaquin-
dox, which has been used as a swine growth
enhancer (Hansen et al. 2007). Additionally,
gnrS has been found in E. coli strains from
swine in China (Xia et al. 2010). In a survey by
Cummings et al. (2011), gepA and gnrS were
commonly observed PMQR genes in micro-
bial DNA extracted from surface sediments
of the Tijuana River Estuary in San Diego
County, California, USA. Less information is
available on the environmental occurrence of
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Figure 3. Correlation between the relative abun-
dance of total combined PMQR genes (gnrD, ogxB,
gepA, gnrS, and ogxA) and the total combined
(fluoro)guinolone concentration (orbifloxacin,
danofloxacin, pipemidic acid, marbofloxacin, lom-
efloxacin, pefloxacin, enrofloxacin, norfloxacin,
ciprofloxacin, and ofloxacin).
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the PMQR gene, gnD, which previously has
been identified in samples from humans and
companion animals only (Zhu et al. 2010)
but was observed in all samples in the pres-
ent study. Interestingly, the aac(6 )-Ib-cr gene,
which has been reported as the most common
PMQR gene among clinical Enterobacteriaceae
isolates (Strahilevitz et al. 2009), was absent in
all samples in the present study.

Although levels of the three PMQR genes
(gnrD, 0gxB, and gepA) varied among the
environmental samples, they were identified in
all wastewater samples and corresponding farm
soil samples. In contrast, no PMQR genes
were detected in control samples, support-
ing the hypothesis that swine feedlot waste-
water may be a source of PMQR genes in the
surrounding environment. These genes could
have migrated along with quinolone-resistant
bacteria and horizontally mobile genetic ele-
ments and transferred from swine feedlots to
agricultural fields during agricultural applica-
tions of swine waste and wastewater. The sig-
nificant positive correlation between PMQR
genes in paired wastewater and soil samples
further supports the possibility that swine
feedlots are sources of PMQR gene contami-
nation in adjacent farm fields.

Some (fluoro)quinolone residues were also
commonly detected among the swine waste-
water samples, probably reflecting their fre-
quent usage in swine feeding practices. The
wastewater concentrations among the differ-
ent swine feedlots varied by about two orders
of magnitude, which could be related to dif-
ferences in antibiotics usage and operational
scales of the swine feedlots.

Significant correlations were found between
some individual (fluoro)quinolones and indi-
vidual PMQR genes as well as between total
(fluoro)quinolones and PMQR genes among
all the paired samples, which is consistent with
the hypothesis that exposure to antibiotics
could lead to selective pressure for resistance
genes (Wu et al. 2010). However, the correla-
tions were not as strong as those found in other
studies (Smith et al. 2004), which may reflect a
variation in the fate and transport of resistance
genes and antibiotics after their release into the
environment (Peak et al. 2007).

Swine wastewater that contains PMQR
genes and (fluoro)quinolone residues and is
applied to agricultural fields or released to sur-
rounding rivers might increase the risk that
nearby residents will be exposed during farm-
ing or through their use of contaminated river
water. Our sampling campaign coincided with
the rainy season, and thus some of the field-
applied swine waste could have been trans-
ferred by rain and wind to surrounding rivers
and other environmental compartments.
Sapkota et al. (2007) suggested that resistant
bacteria in surface water sources contami-
nated by swine waste could contribute to the

1148

spread of antibiotic resistance in humans and
the environment. In addition, Wilcks et al.
(2004) confirmed that antibiotic resistance
genes could be transferred between agricul-
tural fields and plants that could enter into
the human food cycle. During our sampling
campaign we often observed young children
playing in the river around the swine feedlots,
probably increasing their risk of exposure. In
addition, local residents informed us that they
used to wash vegetables or fruit in the contam-
inated river. Rural environments and life styles
might thus increase the risk of exposure to
water and soil contaminated by PMQR genes
and (fluoro)quinolones and could have health
implications for local residents.

There were several limitations to our study.
The swine producers declined to provide us
with antibiotic usage data for proprietary rea-
sons, thus, we chose to analyze the samples
for some commonly used (fluoro)quinolones.
A more extensive sampling campaign includ-
ing crops, waste from humans, and additional
river water samples collected at different dis-
tances from the point sources would permit a
more detailed assessment of the environmen-
tal health risk of PMQR genes. In addition,
phylotype and phylogenetic analyses should
be conducted in future studies to track the
fate of specific PMQR genes from swine feed-
lots to the environment.

Conclusions

To our knowledge, this is the first study to
examine PMQR genes in environmental sam-
ples collected from swine production facili-
ties using a culture-independent method. It
is also, to our knowledge, the first report on
the occurrence of gnrD, ogxA, and ogxB in
environmental samples. Our findings are con-
sistent with the hypothesis that the PMQR
genes found in fields adjacent to swine feedlots
were transported from the feedlots through
waste amendment and irrigation, and high-
light the potential role of swine feedlots as
a source of antibiotic resistance genes iden-
tified in other environment compartments.
The correlations observed between PMQR
genes and (fluoro)quinolone residues in soil
and wastewater samples would also be consis-
tent with the positive selection of antibiotic
resistance genes as a consequence of antibi-
otic residues in the environment. Therefore,
selection for PMQR genes could occur both
in the animal gut (as a result of feeding prac-
tices) and after the environmental release of
(fluoro)quinolones.

The rapid expansion of swine production
and its potential role as a source of PMQR
genes in the environment highlights the impor-
tance of international cooperation to promote
the prudent use of antibiotics in medical ther-
apy, agriculture, and animal husbandry and
supports the need for effective treatment of

husbandry wastewater before its release into
the environment. The correlation of PMQR
genes between wastewater and paired farm soil
is a valuable first step in the environmental
risk assessment of PMQR genes, but further
research is needed to better understand transfer
mechanisms. We also recommend the estab-
lishment of programs to monitor antibiotic
resistance genes in the environment on a global
scale in order to clarify the extent of potential
risks to public health.
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- EDITORIAL

Antibiotics
Overuse in
Animal
Agriculture: A
Call to Action
for Health Care
Providers

Recently, the World Health Or-
ganization called antimicrobial
resistance “an increasingly serious
threat to global public health that
requires action across all govern-
ment sectors and society.”

Of all antibiotics sold in the
United States, approximately 80%
are sold for use in animal agricul-
ture; about 70% of these are
“medically important” (i.e., from
classes important to human medi-
cine).? Antibiotics are adminis-
tered to animals in feed to
marginally improve growth rates
and to prevent infections, a prac-
tice projected to increase dramati-
cally worldwide over the next
15 years.® There is growing evi-
dence that antibiotic resistance
in humans is promoted by the
widespread use of nontherapeutic
antibiotics in animals. Resistant
bacteria are transmitted to
humans through direct contact
with animals, by exposure to ani-
mal manure, through consumption
of undercooked meat, and through
contact with uncooked meat or
surfaces meat has touched.*

The practice of medicine and
the state of public health would be
catastrophically affected if antibi-
otics were not generally effective
in treating bacterial illnesses.
Physicians and health care insti-
tutions are regularly cautioned to
avoid unnecessary or incomplete
treatment in an effort to stem
potential antibiotic resistance, and
antibiotic prescriptions are in-
creasingly scrutinized as part of
antimicrobial stewardship pro-
grams. However, the inappropri-
ate overuse of antibiotics in
animals also should be addressed
as another important source of
antibiotic resistance. To the degree

December 2015, Vol 105, No. 12 | American Journal of Public Health

that antibiotic overuse in food an-
imals exacerbates problems with
resistance, this overuse is a factor
contributing to the increased costs
to treat antibiotic-resistant infec-
tions in humans. According to the
Infectious Diseases Society of
America, longer, more expensive
hospital stays for treating antibiotic
resistance cost the US health care
sector an estimated $21 to $34
billion and eight million additional
hospital days annually.

LEGISLATION AND
REGULATIONS

Many countries have already
restricted antibiotic use in animal
agriculture. In 2006, the Euro-
pean Union banned the use of
antimicrobial growth promoters in
animal food and water. Denmark,
the world’s largest exporter of
pork, has further restricted use of
antibiotics for growth promotion
and for the routine prevention of
diseases caused by overcrowded
and unsanitary feedlot conditions.
Researchers documented a subse-
quent decrease in antibiotic resis-
tance in Danish livestock and
retail meat, and within the general
Danish population. For example,
after Denmark banned avoparcin,
an antibiotic similar to vancomy-
cin that was only used in food
animal production, levels of
vancomycin-resistant enterococci
found in Danish livestock and
humans dropped within two
years. Moreover, there have been
no adverse effects on Danish pork
production levels because of re-
strictions on antibiotic use.’

In the United States, progress
in restricting antibiotic use in
livestock has been slow at the

federal level. The Preservation of
Antibiotics for Medical Treatment
Act (PAMTA), a bill that would
phase out the use in animal feed of
eight classes of medically impor-
tant antibiotics—aminoglycosides,
cephalosporins, lincosamides,
macrolides, penicillins, strepto-
gramins, sulfonamides, and
tetracyclines—has routinely
stalled in Congress. The US Food
and Drug Administration has fi-
nally issued guidance documents
for industry to follow in volun-
teering to no longer sell their
antibiotic products for “growth
promotion” (effective December
2016). However, the routine use
of identical or nearly identical
antibiotic feed additives in the
same dose range to prevent dis-
ease will still be permitted.

In 2014, in response to rec-
ommendations from the Presi-
dent’s Council of Advisors on
Science and Technology (PCAST),
the White House released the
National Strategy to Combat
Antibiotic-Resistant Bacteria.
Although it acknowledges the
antibiotic resistance crisis, the
Strategy fails to set national tar-
gets to reduce antibiotic use in
animal agriculture and does
not mandate the collection of
antibiotic usage data. It also
defers to the voluntary guidelines
set by the Food and Drug Ad-
ministration that allow routine
use of antibiotics for disease
prevention.

Because the actions of fed-
eral legislators and regulators
remain insufficient, it is time for
the health care sector to expand
its stewardship over these life-
saving drugs beyond clinical
practice.
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HOSPITAL FOOD
PROCUREMENT: AN
AVENUE FOR ACTION

Individuals and institutions can
discourage the use of nonthera-
peutic antibiotics in animal agri-
culture by only purchasing meats
from animals raised without the
use of nontherapeutic antibiotics.
Now is the time for health care
providers to leverage our sub-
stantial professional and economic
clout. We should encourage, per-
suade, and even pressure our
health care institutions to phase
out the purchase of meat from
animals raised with nontherapeu-
tic antibiotics.

The primary arguments against
implementing such actions relate
to (1) the availability of meat from
animals not subject to routine,
nontherapeutic antibiotics, and (2)
potential cost increases. However,
if individuals and institutions fa-
vor meats raised without antibi-
otics, the supply and availability of
these meats will grow to meet the
demand, and cost differences will
narrow over time. In 1998 the
National Research Council esti-
mated that eliminating nonthera-
peutic use of antibiotics in the
United States would cost less than
$10 per person annually (in 2015
dollars).® Costs can also be kept
down by reducing the amount of
meat served, which will have
added health and environmental
benefits.”

BUILDING ON PAST
ACHIEVEMENTS

Health care providers and in-
stitutions have previously taken
the lead in areas such as exposure
to secondhand smoke and the
risks of nuclear weapons, where
the health of individuals and the
general population has been at
risk. These actions are easily
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justified because health care pro-
viders have an ethical imperative
to promote health and prevent
illness in both individuals and the
population. This ethical impera-
tive should now guide health
care providers to push for restric-
tions by health care institutions
on the purchase of meat raised
with nontherapeutic antibiotics.
This action will stimulate similar
action by other individuals,
institutions, and government
agencies.

THE UNIVERSITY OF
CALIFORNIA, SAN
FRANCISCO

The University of California,
San Francisco (UCSF) has taken
a leadership role in the movement
toward limiting the use of meat
raised with excessive antibiotic
use. In 2013, UCSF’s Academic
Senate passed a resolution calling
for a phase-out of the purchase of
meat raised with nontherapeutic
antibiotics. Responding to this
resolution, the hospital’s Food and
Nutrition Services convinced
a major food distributor to carry
new sustainably raised meat prod-
ucts, and is currently purchasing
chicken breasts, eggs, and ground
beef that have been raised with-
out the routine use of antibiotics.
In addition, the Academic Senate
resolution generated media atten-
tion and highlighted within and
outside the university the issues
related to nontherapeutic uses of
antibiotics in animal agriculture.
Other institutions, including the
University of California, Los
Angeles, are following suit.

The above actions taken by
UCSF have not drawn attention or
emphasis away from the ongoing
efforts to control antibiotic use in
clinical settings at UCSF. In fact, at
UCSF and around the country
some of the strongest proponents

of similar policies have been
leaders of antimicrobial steward-
ship programs.

A CALL TO ACTION

The current indiscriminate use
of antibiotics for animal agricul-
ture is irresponsible and mis-
guided. In order to prevent
adverse consequences to public
health, health care providers
and health care institutions can
and should logically, ethically, and
culturally take responsibility to
reduce nontherapeutic use of an-
tibiotics in animal agriculture.
Health care providers and health
care institutions can start this
process by refusing to buy meat
raised with nontherapeutic antibi-
otic use. Health care providers can
also encourage their individual
patients to purchase meat that is
sustainably raised without the
overuse of antibiotics.
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The Potential Role of Concentrated Animal Feeding Operations in Infectious
Disease Epidemics and Antibiotic Resistance
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TUniversity Hygienic Laboratory, lowa City, lowa, USA; 2National Veterinary Institute, Uppsala, Sweden; 3Institute for Agriculture and
Trade Policy, Minneapolis, Minnesota, USA; 4lowa State University, Ames, lowa, USA; ®College of Public Health, The University of lowa ,

lowa City, lowa, USA

The industrialization of livestock production and the widespread use of nontherapeutic antimicrobial
growth promotants has intensified the risk for the emergence of new, more virulent, or more resis-
tant microorganisms. These have reduced the effectiveness of several classes of antibiotics for treating
infections in humans and livestock. Recent outbreaks of virulent strains of influenza have arisen from
swine and poultry raised in close proximity. This working group, which was part of the Conference
on Environmental Health Impacts of Concentrated Animal Feeding Operations: Anticipating
Hazards—Searching for Solutions, considered the state of the science around these issues and con-
curred with the World Health Organization call for a phasing-out of the use of antimicrobial growth
promotants for livestock and fish production. We also agree that all therapeutic antimicrobial agents
should be available only by prescription for human and veterinary use. Concern about the risk of an
influenza pandemic leads us to recommend that regulations be promulgated to restrict the co-loca-
tion of swine and poultry concentrated animal feeding operations (CAFOs) on the same site and to
set appropriate separation distances. Key words: antibiotic resistance, influenza, manure lagoon, poul-
try, swine, zoonotic disease. Environ Health Perspect 115:313-316 (2007). doi:10.1289/ehp.8837
available via hrtp.//dx.doi.org/ [Online 14 November 2006]

Background and Recent
Developments

As a general principle, the concentration of
humans or animals in proximity enhances
potential transmission of microorganisms
among members of the group. It also creates
greater potential for infecting surrounding life
forms, even those of different species. The
conditions created also may be a breeding
ground for new, more infectious, or more
resistant microorganisms.

As the human population increases, and
mega cities grow, there is greater risk that
infectious diseases will evolve, emerge, or
spread readily among the populace. The
increasing food needs of the growing human
population likely will lead to greater popula-
tions of livestock. The concentration of ani-
mals may augment the risk of zoonoses,
diseases transmissible from animals to
humans. All segments of livestock production
might potentially contribute to zoonotic dis-
ease, including transportation of livestock,
manure handling practices, veterinary medi-
cine, meat processing and animal rendering.
Ideally, everyone involved in each of these
components of the industry should be cog-
nizant of the infectious disease risks to ani-
mals and humans alike.

Among the many examples of existing
risks, some of the more recent are highly per-
tinent. Nipah virus infections, which
occurred in concentrated swine herds in
Malaysia and Singapore, killed swine and
swine workers (Chua et al. 1999; Paton et al.
1999). Avian influenza has recently infected
and caused deaths among poultry and poultry

workers in Asia, South America, North
America, and Europe [Centers for Disease
Control and Prevention 2005; World Health
Organization (WHO) 2004]. Many zoonoses
may not be related solely to concentrated ani-
mal husbandry, but this workshop was
devoted to those at least partially attributable
to concentration and practices associated with
them. While there are many known potential
risks for human infection that may result
from high concentrations of animals, this
article will focus on two—influenza and
antibiotic resistance. In addition, we briefly
discuss the means of transmission or propaga-
tion of infectious agents, including water,
animal feed, and human food.

Antibiotic resistance. State of science.
Antibiotic resistance is increasing among most
human pathogens. The many bacteria resis-
tant to multiple antibiotics in particular has
heightened concern. In some cases there are
few or no antibiotics available to treat resistant
pathogens [Institute of Medicine (IOM)
1998; Molbak et al. 1999]. Development of
new antibiotic classes has lagged behind phar-
maceutical innovation in other areas, and
some innovative new approaches to combat-
ing infection are still immature and unproven
(Infectious Diseases Society of America 2005;
IOM 1998). Escalating resistance has raised
concern that we are entering the “post antibi-
otic era,” meaning we may be entering a
period where there would be no effective
antibiotics available for treating many life-
threatening infections in humans. If this
proves true, deaths due to infection will once
again become a very real threat to substantial
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numbers of children and young adults as well
as the sick and the elderly.

Increased antibiotic resistance can be
traced to the use and overuse of antibiotics.
Much of that use occurs in human medicine.
Health care policy and practice changes
designed to minimize this phenomenon are
in place in many countries, yet much more
can be done. Although antibiotic overuse in
animals is problematic, the magnitude of the
problem is unknown. There is no national
mechanism for collecting data on antibiotic
use in many countries and the pharmaceutical
industry treats production and sales figures as
confidential business information. However,
the Union of Concerned Scientists (2001)
has estimated that 11.2 million kg of the
antibiotics used annually in the United States
are administered to livestock as growth pro-
moters. This compares with their estimate of
1.4 million kg for human medical use. Their
estimates indicate that 87% of all antibiotic
use is for animals, while 13% is for human
therapeutic and nontherapeutic use. One
researcher suggests lower figures for antibiotic
use in growth promotion, stating that no
more than 40% of antibiotics in the United
States is for animals (Levy 1998). As the
IOM recently concluded,

Clearly, a decrease in antimicrobial use in human
medicine alone will have little effect on the cur-
rent situation. Substantial efforts must be made to
decrease inappropriate overuse in animals and
agriculture as well. [National Academy of Sciences

(NAS) 2003]

Therapeutic antibiotic administration at
high levels for the duration of an illness is
obviously an important aspect of veterinary
care. However, most animal antibiotic use is
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designed to promote growth and improve
feed conversion ratio. However, the growth
rate gains with antibiotic growth promotants
are less significant with currently used breeds
of swine and poultry (Wegener 2003). This
prolonged use of antibiotics, especially at low
levels, presents a risk of not killing the
bacteria while promoting their resistance by
selecting for resistant populations. The resis-
tance genes can pass readily from one kind of
bacteria to another (Levy 1998). Thus, workers
in the animal units may become colonized
with resistant organisms and can pass them on
to co-workers and family members or friends.
Consumers of meat may also become colo-
nized through mishandling of raw meat or
through insufficient cooking. Ultimately, these
genes may pass into pathogens, and diseases
that were formerly treatable will be capable of
causing severe illness or death (NAS 2003).
Evidence of resistance associated with
antimicrobial growth promotants has been
emerging over the past three decades.
Tetracycline-resistant organisms were found
in 1976 in chickens raised on feed supple-
mented with tetracycline, a human-use anti-
biotic. In a prospective study of 11 poultry
farm members and 24 neighbors, Levy and
co-workers (1976a) found that before the use
of tetracycline on the farm neither the farmers
nor the animals were positive for tetracycline-
resistant intestinal flora. Within 5 months of
the introduction of tetracycline in the poultry
feed, 31.3% of fecal samples from farm mem-
bers harbored intestinal flora that were resis-
tant to tetracycline even though none had
been treated clinically with tetracycline.
Tetracycline-resistant bacteria were found in
only 6.8% of the samples from neighbors.
Vancomycin-resistant enterococci arose in
livestock in Europe in the 1970s because of
use of Avoparcin as an antibiotic growth pro-
motant. Neither Avoparcin nor vancomycin
was approved for use in livestock in the
United States, and vancomycin-resistant
enterococci did not emerge in U.S. livestock
(Levy et al. 1976b). White and co-workers
purchased 200 samples of ground meat in the
Washington, DC, area and found that 20%
contained culturable Salmonella. Of these,
84% of the organisms were resistant to at
least one antibiotic tested, and 53% were
resistant to three or more (White et al. 2001).
Tetracycline resistance genes were identified
in a swine CAFO and also in the manure
lagoon serving that CAFO and in ground-
water 250 m downstream of the lagoon
(Chee-Sanford et al. 2001). Using a med-
icated feed containing tylosin (a macrolide
antibiotic), Zahn et al. (2001) compared
swine CAFOs with CAFOs using a nonmed-
icated feed and observed a 3-fold higher con-
centration of tylosin-resistant bacteria in the
exhaust air from the CAFOs. Antibiotics have
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also been measured in the dust from swine
CAFOs (Hamscher et al. 2003).

Several recent studies clearly demonstrate
the transmission of multidrug-resistant
pathogens from swine to humans. A French
group studied 44 nasal Staphylococcus aureus
isolates from healthy pig farmers and
21 healthy controls. Five isolates were found in
pig farmers that were methicillin resistant.
Other isolates were resistant to penicillin, lin-
comycin, erythromycin, pristinamycin,
kanamycin, pefloxacin (Armand-Lefevre et al.
2005). By comparing these findings with
analyses of isolates from swine infections, the
authors concluded that transmission of these
resistant organisms from swine to pig farmers
may be frequent. Voss and co-workers (2005)
in the Netherlands studied methicillin-resistant
S. aureus (MRSA) among 26 Dutch farmers
living nearby a sentinel case of MRSA. Their
study demonstrated transmission of three
strains of MRSA from swine to pig farmers,
from pig farmers to their family members, and
from a hospitalized patient (the sentinel case)
to a nurse. Investigators in the United States
collected air samples via liquid impingers in a
swine CAFO and analyzed the samples for
viable isolates of antibiotic resistant bacteria
(Chapin et al. 2005). Enterococci, staphy-
lococci, and streptococci were analyzed for
resistance to erythromycin, clindamycin, vir-
giniamycin, tetracycline, and vancomycin.
None of the isolates were resistant to van-
comycin, which has never been approved for
use in livestock in the United States. In con-
trast, 98% of the isolates displayed resistance to
two or more of the other four antibiotics that
are commonly used as growth promotants in
swine. It is important to note that 37 of
124 isolates were resistant to all four of these
antibiotics (Chapin et al. 2005).

Sweden banned the use of antibiotics as
feed additives for growth promotion in 1985
(Swedish Veterinary Antimicrobial Resistance
Monitoring 2003). At that time Sweden used
20 metric tons of antibiotics for growth pro-
motion, 14 metric tons for group treatment
and 17 metric tons for treating individual sick
animals. In 2003, with no use allowed for
growth promotion, the amount of antibiotics
used for group treatment was 2 metric tons
(down from 14 metric tons), accompanied by a
decrease, rather than an increase, of individual
treatment use from 17 to 14 metric tons. This
demonstrates that the banning of growth pro-
motants did not lead to increased antibiotic use
in other categories. In Denmark, veterinary
researchers observed a 74% incidence of van-
comycin-resistant Enteroccocus faecium in
broiler chickens in 1995. Following a 1997
ban, the level of resistance fell to 2% by 2000
[Aarestrup et al. 2001; Danish Integrated
Antimicrobial Resistance Monitoring and
Research Programme (DANMAP) 2004]. In

the European Union, antibiotics also used for
human medicine were removed from animal
use in 1998, and all use of antibiotics as
growth promotants are being phased out by
2006 (Casewell et al. 2003). Currently,
Sweden and Denmark use less than 3 g of
antimicrobial agents per pig slaughtered,
whereas the United States uses 47 g (WHO
2003). The experience from the antibiotic bans
for broiler chickens demonstrates that the
decrease in production—in terms of decreased
feed efficiency—is small and is offset by the
savings in the cost of antimicrobial growth pro-
motants (Wegener 2003). According to the
WHO the increased cost to producers of pro-
ducing pigs without antibiotic growth pro-
motants is approximately 1% (WHO 2003)
and should be compared with the “likely
human health benefits to society of anti-
microbial growth promoter termination”
(WHO 2003).

Animal crowding, CAFO hygiene, tem-
perature and ventilation control, and stress all
have an impact on growth rate and the ability
of animals to resist disease. Research on the
use of other treatments such as probiotics and
vaccines holds promise. Probiotics involve the
deliberate use of harmless or even beneficial
colonizing organisms in food production. It
will be important to provide solutions for the
spread of antibiotic resistance via air, water,
and direct contact to CAFO workers.

The WHO has called for human and vet-
erinary antimicrobial agents to be sold only
under prescription. They have also recom-
mended that all countries establish monitor-
ing programs for tracking use and resistance
to antimicrobials. The WHO has also called
for a rapid phase-out of the use of anti-
microbial growth promotants and the creation
of prudent use guidelines for veterinary care
(WHO 2003).

These practices are not limited to CAFOs.
However, it is widely recognized that anti-
biotic resistance can be staunched only if
every effort is made to limit inappropriate
use, both with humans and animals.

Risk assessment. Microbial risk assess-
ment is an evolving discipline. Methods have
not been developed for estimating risks associ-
ated with more than one antibiotic and one
bacterium at a time. This approach does not
fully address the reality of the CAFO environ-
ment, where animals harbor multiple micro-
bial species that are exposed to multiple
antibiotics over the course of their lives.
Moreover, the existence of genetic multidrug
resistance determinants (e.g., plasmids carry-
ing genes coding for resistance to multiple
drugs) means that exposure to one antibiotic
may lead to increased reservoirs of multiple
other antibiotics as well. The fact that resis-
tance determinants may be transferred from
benign to pathogenic bacteria means that
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exposure of one bacterium to antibiotics today
hypothetically could result in manifestation of
human disease only months to years later.
Reservoirs of resistance may develop relatively
rapidly and may not be completely reversible.
This suggests that reducing antibiotic usage
may not lead to equivalent reductions in resis-
tance among all bacteria of concern. Thus,
research should be concurrent with new public
policies to reduce antibiotic overuse and
ensure the protection of public health.

Vaccines. Development of vaccines could
reduce our reliance on antibiotics. The timing
of vaccine administration with respect to
maternal antibody levels in infants should be
studied. Human vaccine administration is
undergoing a revolution in anticipation of
mass vaccination strategies that may be
required to respond to a bioterrorism event.
These strategies may also be applicable to ani-
mals in veterinary disease prevention. Several
diseases afflicting livestock require further
research, including necrotic enteritis in poultry
(and the use of ionophores for coccidiostats);
pasteurella respiratory disease, and; swine
ileitis and swine dysentery, as well as diseases
of swine at weaning,

Policy initiatives. A number of policy ini-
tiatives should be explored to establish consis-
tent and responsible operating practices as well
as to promote a shift in current thinking about
the value of antibiotic-free meat products.
These policies should address all levels of
CAFO operation, from the CAFO operators
themselves to local, state, and federal govern-
ments, veterinarians, agricultural and pharma-
ceutical industries, and the scientific research
community. To ensure sensible use of anti-
biotics, these issues should also be included in
the curricula of pharmacists, doctors, and
other medical providers. Furthermore, patients
must be suitably informed on the proper use
of antibiotics including safe disposal.

Producers and industry leaders can and
should be afforded the opportunity to assume a
leadership role in reducing antibiotic overuse.
This should be encouraged by identifying
existing producers—either domestic or interna-
tional—who are using no or reduced anti-
biotics and might assume demonstration
projects. Along with this, a mentoring system
could be created for the purpose of sharing
practices that have proven successful in estab-
lished CAFOs. For example, partners in
Sweden and Denmark—countries that have
experienced successful transitions to antibiotic-
free meat production—might be visited by
demonstration team producers, along with vet-
erinarians from the respective countries. Where
possible, Danish immigrants or American pro-
ducers of Danish descent might be paired with
Danish producers and veterinarians. These col-
laborative efforts would require travel funds
and the availability of antibiotic-free feed at

market prices for the duration of the project.
Costs should be tracked and producers reim-
bursed at the outset so that the interval of
adjustment to the new antibiotic-free regimen
is not burdensome.

Measures to improve the domestic market
for meat raised without routine antibiotics
should be sought to promote its vitality as a
marketable commodity in the United States.
At the same time, new overseas markets
should be identified, and these special U.S.
products heavily promoted as imports of
value and interest to the global economy. In
addition, product labeling could be made
more comprehensive and explicit so that con-
sumers can identify the product and make
selections according to their value system. In
fact, such improvements in labeling could be
an integral part of an overall quality assurance
program that drives the label.

Infectious diseases. Influenza. Zoonoses
can be transmitted via water, air, consumption
or handling of meat products, or by direct
transmission from animals to humans. Recent
work by Myers and colleagues demonstrated
significantly elevated seroprevalence of anti-
bodies against HIN1 and HIN2 swine
influenza virus in occupationally exposed
adults compared with controls without swine
exposure (Myers et al. 2006). Odds ratios for
swine HIN1 infection were 35.3 for farmers,
17.8 for veterinarians, and 6.5 for meat proces-
sors. For HIN2 infection odds ratios were
13.8, 9.5, and 2.7, respectively (all significant).

The transmission of influenza is a continu-
ing concern. Whether it comes to humans from
avian species or swine, or from avian species via
swine, or perhaps from humans to swine,
strains of high transmissibility and pathogenic-
ity are likely to evolve and create another pan-
demic (Nature 2005; Webster and Hulse
2005). Recent outbreaks in Asia have shown
that transmission of infectious agents can arise
from small farms raising poultry in proximity to
domiciles and to other animals. However,
because CAFOs tend to concentrate large num-
bers of animals close together, they facilitate
rapid transmission and mixing of viruses. There
is a concern that increasing the numbers of
swine facilities adjacent to avian facilities could
further promote the evolution of the next pan-
demic. The swine industry has adopted a set of
guidelines to minimize these risks, including
a) entry of wild birds and rodents into CAFOs
should be limited; &) untreated surface water
that may have influenza viruses from aquatic
birds should not be used for washing facilities,
and ¢) waterfowl use of farm lagoons should be
minimized. Such prudent practices will mini-
mize risk. To avoid their becoming a mixing
vessel for swine or poultry viruses with human
viruses, CAFO workers should be immunized
against influenza routinely, preferably with the
killed vaccine.
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The best means to limit transmission of
influenza may already be inferred from avail-
able data. However, new questions may arise
as practices change. What distances should be
established between CAFOs housing swine
and those housing poultry? Is there a defin-
able, small farm size with minimal numbers
of animals that may be allowed?

Surveillance programs should be insti-
tuted that maintain biosecurity in CAFOs
while maximizing the ability to identify and
respond to animal and zoonotic disease out-
breaks quickly and effectively.

Waterborne diseases. Concerns persist
about surface and groundwater contamination
that may have ecosystem and human health
impacts. Optimal siting and improved con-
struction practices of CAFOs would reduce
the potential for contamination. Escrow
accounts or insurance policies that would
ensure restoration of a vacated manure lagoon
to previous conditions should be imposed on
those considering building a CAFO. Solid
tanks or reservoirs rather than earthen waste
lagoons and municipal-style waste treatment
are needed to prevent manure contamination
of surface and groundwater with infectious
agents or antibiotic resistance genes.

Animal feed containing animal by-
products. Animal feed containing animal tis-
sues and by-products is a major concern, as
sporeforming bacteria likely will be present
even after processing. Included are feathers,
offal, carcasses, bone and blood meal, and ner-
vous system and brain tissue. Gram-negative
enterobacteria of the genus Salmonella will
multiply in the food when it is reintroduced at
the feeding unit. Salmonella can be transmitted
to humans through the slaughtering process.
Meat packing and CAFO workers are at
greater risk of acquiring infection because of
their close access to animals and feed. CAFOs
are so large and densely populated that when a
pathogen is introduced into the system, it is
difficult to eliminate. Biosecurity should be rig-
orous, and extreme quality assurance systems
are warranted in these large operations.

Meat for human consumption. Pathogens
tend to be amplified in animals raised in
CAFOs and, thus, are more difficult to elimi-
nate in meat packing processes. Research is
needed to develop better ways of controlling
pathogen growth in meat. Studies should inves-
tigate measures to control Salmonella cycling
within a CAFO. Improved hygiene and ventila-
tion may be sufficient measures. Better controls
on the food processing environment are also
indicated. Organisms can amplify very effi-
ciently in a holding pen containing live animals.
Multidrug-resistant pathogens are of grave con-
cern and are more likely to arise in animal feed-
ing operations that rely on nontherapeutic
antibiotic use instead of enhanced hygiene, air
filtration, biosecurity and disease surveillance.
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Finally, research needs include developing
better means to reduce colonization of animals
and meat with Campylobacter, Salmonella,
Escherichia coli, and other organisms.

Workshop Recommendations

Priority research needs.

* Discontinue nontherapeutic use in the
United States: The practice of feeding
antibiotics to animals as growth enhancers
should be phased out in the United States as
it has in the European Union and as called
for by the WHO, the IOM, and many sci-
entific and public health organizations.
Research studies should monitor the discon-
tinuation to ensure that the ban on anti-
biotic use for growth promotion is not
supplanted by increased therapeutic use.
Surveillance programs: Coordinated nation-
wide surveillance programs (Aarestrup
2004) should be instituted to fully assess the
contribution of antibiotic use in livestock
production to the creation of ecological
reservoirs of resistance, or the transmission
of that resistance to humans.

Strain identification: Fingerprinting of iso-
lates of antibiotic-resistant bacteria and the
resistance elements should be conducted to
establish relationships among members of
the same species. Results should be used to
identify unknown sources of resistance and
to track changes in resistance profiles in
response to diminished antibiotic use.
Influenza risk: Countries and states should
establish minimum separation distances for
swine and poultry facilities to reduce the
risk of influenza outbreaks.

Manure storage and waste processing:
Livestock production facilities should incor-
porate solid tanks for manure storage and
municipal style waste treatment to limit
microbial and nutrient contamination of
surface and groundwater.
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Waste from agricultural livestock operations has been a long-standing concern with respect to
contamination of water resources, particularly in terms of nutrient pollution. However, the recent
growth of concentrated animal feeding operations (CAFOs) presents a greater risk to water quality
because of both the increased volume of waste and to contaminants that may be present (e.g.,
antibiotics and other veterinary drugs) that may have both environmental and public health
importance. Based on available data, generally accepted livestock waste management practices do
not adequately or effectively protect water resources from contamination with excessive nutrients,
microbial pathogens, and pharmaceuticals present in the waste. Impacts on surface water sources
and wildlife have been documented in many agricultural areas in the United States. Potential
impacts on human and environmental health from long-term inadvertent exposure to water conta-
minated with pharmaceuticals and other compounds are a growing public concern. This work-
group, which is part of the Conference on Environmental Health Impacts of Concentrated Animal
Feeding Operations: Anticipating Hazards—Searching for Solutions, identified needs for rigorous
ecosystem monitoring in the vicinity of CAFOs and for improved characterization of major toxi-
cants affecting the environment and human health. Last, there is a need to promote and enforce
best practices to minimize inputs of nutrients and toxicants from CAFOs into freshwater and
marine ecosystems. Key words: ecology, human health, poultry, swine, water contaminants,
wildlife. Environ Health Perspect 115:308-312 (2007). doi:10.1289/ehp.8839 available via

http://dx.doi.org/ [Online 14 November 2006]

Background and Recent
Developments

Concentrated animal feed operations and
water quality. Animal cultivation in the United
States produces 133 million tons of manure per
year (on a dry weight basis) representing
13-fold more solid waste than human sanitary
waste production [U.S. Environmental
Protection Agency (U.S. EPA) 1998]. Since the
1950s (poultry) and the 1970s-1980s (cattle,
swine), most animals are now produced for
human consumption in concentrated animal
feeding operations (CAFOs). In these industri-
alized operations, the animals are held through-
out their lives at high densities in indoor stalls
until they are transported to processing plants
for slaughter. There is substantial documenta-
tion of major, ongoing impacts on aquatic
resources from CAFOs, but many gaps in
understanding remain.

Contaminants detected in waste and risk
of water contamination. Contaminants from
animal wastes can enter the environment
through pathways such as through leakage
from poorly constructed manure lagoons, or
during major precipitation events resulting in
either overflow of lagoons and runoff from
recent applications of waste to farm fields, or
atmospheric deposition followed by dry or
wet fallout (Aneja 2003). The magnitude and
direction of transport depend on factors such
as soil properties, contaminant properties,
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hydraulic loading characteristics, and crop
management practices (Huddleston 1996).
Many contaminants are present in livestock
wastes, including nutrients (Jongbloed and
Lenis 1998), pathogens (Gerba and Smith
2005; Schets et al. 2005), veterinary pharma-
ceuticals (Boxall et al. 2003; Campagnolo
et al. 2002; Meyer 2004), heavy metals [espe-
cially zinc and copper; e.g., Barker and
Zublena (1995); University of lowa and Iowa
State Study Group (2002)], and naturally
excreted hormones (Hanselman et al. 2003;
Raman et al. 2004). Antibiotics are used
extensively not only to treat or prevent micro-
bial infection in animals (Kummerer 2004),
but are also commonly used to promote more
rapid growth in livestock (Cromwell 2002;
Gaskins et al. 2002; Liu et al. 2005). In addi-
tion, pesticides such as dithiocarbamates are
applied to sprayfields (Extension Toxicology
Network 2003). Although anaerobic diges-
tion of wastes in surface storage lagoons can
effectively reduce or destroy many pathogens,
substantial remaining densities of microbial
pathogens in waste spills and seepage can
contaminate receiving surface- and ground-
waters (e.g., Burkholder et al. 1997; Mallin
2000). Pharmaceuticals can remain present as
parent compounds or degradates in manure
and leachates even during prolonged storage.
Improper disposal of animal carcasses and
abandoned livestock facilities can also

contribute to water quality problems. Siting
of livestock operations in areas prone to
flooding or where there is a shallow water
table increases the potential for environmen-
tal contamination.

The nutrient content of the wastes can be
a desirable factor for land application as fer-
tilizer for row crops, but overapplication of
livestock wastes can overload soils with both
macronutrients such as nitrogen (N) and
phosphorous (P), and heavy metals added to
feed as micronutrients (e.g., Barker and
Zublena 1995). Overapplication of animal
wastes or application of animal wastes to sat-
urated soils can also cause contaminants to
move into receiving waters through runoff
and to leach through permeable soils to vul-
nerable aquifers. Importantly, this may hap-
pen even at recommended application rates.
As examples, Westerman et al. (1995) found
3-6 mg nitrate (NO3)/L in surface runoff
from sprayfields that received swine effluent
at recommended rates; Stone et al. (1995)
measured 6-8 mg total inorganic N/L and
0.7-1.3 mg P/L in a stream adjacent to
swine effluent sprayfields. Evans et al. (1984)
reported 7-30 mg NO;/L in subsurface flow
draining a sprayfield for swine wastes,
applied at recommended rates. Ham and
DeSutter (2000) described export rates of up
to 0.52 kg ammonium m~2 year~! from
lagoon seepage; Huffman and Westerman
(1995) reported that groundwater near swine
waste lagoons averaged 143 mg inorganic
N/L, and estimated export rates at 4.5 kg
inorganic N/day. Thus, nutrient losses into
receiving waters can be excessive relative to

levels (- 100-200 pg inorganic N or P/L)
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known to support noxious algal blooms
(Mallin 2000). In addition to contaminant
chemical properties, soil properties and cli-
matic conditions can affect transport of cont-
aminants. For example, sandy, well-drained
soils are most vulnerable to transport of nutri-
ents to underlying groundwater (Mueller
et al. 1995). Nutrients can also readily
move through soils under wet conditions
(McGechan et al. 2005).

Presence of contaminants in water sources.
The presence of many contaminants from live-
stock waste has been documented in both sur-
face water and groundwater supplies in
agricultural areas within the United States
(e.g., Campagnolo et al. 2002; Kolpin et al.
2002; Meyer 2004). Urban wastewater streams
also contain these contaminants, and efforts to
accurately determine sources of contamination
are under way (Barnes et al. 2004; Cordy et al.
2004; Kolpin DW, unpublished data). The
U.S. Geological Survey (USGS) began pilot
surveillance programs for organic wastewater
contaminants in 1999 and expanded that
effort to a national scale over the past 5 years
(Kolpin et al. 2002). Recent USGS efforts have
focused specifically on water quality in agricul-
tural locations (Kolpin DW, unpublished
data). Nutrient levels have been detected in
high parts per million (milligrams per liter) lev-
els; pharmaceuticals and other compounds are
generally measured in low levels (ppb [micro-
grams per liter]). In Europe, surveillance efforts
conducted in Germany documented the pres-
ence of veterinary pharmaceuticals in water
resources (Hirsch et al. 1999).

Animal wastes are also rich in organics and
high in biochemical oxygen-demanding materi-
als (BOD); for example, treated human sewage
contains 20—60 mg BOD/L, raw sewage con-
tains 300-400 mg BOD/L, and swine waste
slurry contains 20,000-30,000 mg BOD/L
(Webb and Archer 1994). Animal wastes also
carry parasites, viruses, and bacteria as high as
1 billion/g (U.S. EPA 1998). Swine wastes
contain > 100 microbial pathogens that can
cause human illness and disease [see review in
Burkholder et al. (1997)]. About one-third of
the antibiotics used in the United States each
year is routinely added to animal feed to
increase growth (Mellon et al. 2001). This
practice is promoting increased antibiotic
resistance among the microbial populations
present and, potentially, increased resistance of
naturally occurring pathogens in surface
waters that receive a portion of the wastes.

Contaminant impacts. Some contami-
nants pose risks for adverse health impacts in
wildlife or humans. The effects of numerous
waterborne pathogens on humans are well
known, although little is known about poten-
tial impacts of such microorganisms on
aquatic life. With respect to nutrients, exces-
sive phosphorus levels can contribute to algal

blooms and cyanobacterial growth in surface
waters used for recreation and as sources of
drinking water. Research is beginning to
investigate the environmental effects, includ-
ing endocrine disruption and antibiotic resis-
tance issues (Burnison et al. 2003; Delepee
et al. 2004; Fernandez et al. 2004; Halling-
Sorensen et al. 2003; Sengelov et al. 2003;
Soto et al. 2004; Wollenberger et al. 2000).
However, knowledge is limited in several cru-
cial areas. These areas include information on
metabolites or environmental degradates of
some parent compounds; the environmental
persistence, fate, and transport and toxicity of
metabolites or degradates (Boxall et al. 2004);
the potential synergistic effects of various
mixtures of contaminants on target organisms
(Sumpter and Johnson 2005); and the poten-
tial transport and effects from natural and
synthetic hormones (Hanselman et al. 2003;
Soto et al. 2004). Further, limited monitoring
has been conducted of ecosystem health in
proximity to CAFOs, including monitoring
the effects on habitats from lagoon spills dur-
ing catastrophic flooding (Burkholder et al.
1997; Mallin et al. 1997; Mallin et al. 2000).

Ecologic and wildlife impacts. Anoxic
conditions and extremely high concentrations
of ammonium, total phosphorus, suspended
solids, and fecal coliform bacteria throughout
the water column for approximately 30 km
downstream from the point of entry have
been documented as impacts of waste effluent
spills from CAFOs (Burkholder et al. 1997;
Mallin et al. 2000). Pathogenic microorgan-
isms such as Clostridium perfringens have been
documented at high densities in receiving sur-
face waters following CAFO waste spills
(Burkholder et al. 1997). These degraded con-
ditions, especially the associated hypoxia/anoxia
and high ammonia, have caused major kills of
freshwater fish of all species in the affected
areas, from minnows and gar to largemouth
bass, and estuarine fish, including striped bass
and flounder (Burkholder et al. 1997). Waste
effluent spills also stimulated blooms of toxic
and noxious algae. In freshwaters, these blooms
include toxic and noxious cyanobacteria while
in estuaries, harmful haptophytes and toxic
dinoflagellates arise. Most states monitor only
water-column fecal coliform densities to assess
whether waterways are safe for human contact.
World Health Organization (WHO) guide-
lines for cyanobacteria in recreational water are
20,000 cyanobacterial cells/mL, which indi-
cates low probability of adverse health effects,
and 100,000 cyanobacterial cells/mL, which
indicates moderate probability of adverse
health effects (WHO 2003). Yet fecal bacteria
and other pathogenic microorganisms typically
settle out to the sediments where they
can thrive at high densities for weeks to
months following CAFO waste effluent spills
(Burkholder et al. 1997).
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The impacts from CAFO pollutant load-
ings to direct runoff are more substantial after
such major effluent spills or when CAFOs are
flooded and in direct contact with surface
waters (Wing et al. 2002). Although the acute
impacts are often clearly visible—dead fish
floating on the water surface, or algal over-
growth and rotting biomass—the chronic,
insidious, long-term impacts of commonly
accepted practices of CAFO waste manage-
ment on receiving aquatic ecosystems are also
significant (U.S. EPA 1998). One purpose of
manure storage basins is to reduce the N con-
tent of the manure through volatilization of
ammonia and other N-containing molecules.
Many studies have shown, for example, that
high nutrient concentrations (e.g., ammonia
from swine CAFOs, or ammonia oxidized to
NOj, or phosphorus from poultry CAFOs)
commonly move off-site to contaminate the
overlying air and/or adjacent surface and sub-
surface waters (Aneja et al. 2003; Evans et al.
1984; Sharpe and Harper 1997; Sharpley and
Moyer 2000; Stone et al. 1995; U.S. EPA
1998; Webb and Archer 1994; Westerman
et al. 1995; Zahn et al. 1997). Inorganic N
forms are added to the atmosphere during
spray practices, and both ammonia and phos-
phate can also adsorb to fine particles (dust)
that can be airborne. The atmospheric deposi-
tions are noteworthy, considering that a signifi-
cant proportion of the total ammonium from
uncovered swine effluent lagoons and effluent
spraying (an accepted practice in some states)
reenters surface waters as local precipitation or
through dry fallout (Aneja et al. 2003; U.S.
EPA 1998, 2000). The contributed nutrient
concentrations from the effluent greatly exceed
the minimal levels that have been shown to
promote noxious algal blooms (Mallin 2000)
and depress the growth of desirable aquatic
habitat species (Burkholder et al. 1992). The
resulting chronically degraded conditions of
nutrient overenrichment, while not as extreme
as during a major waste spill, stimulate algal
blooms and long-term shifts in phytoplankton
community structure from desirable species
(e.g., diatoms) to noxious species.

A summary of the findings from a
national workshop on environmental impacts
of CAFOs a decade ago stated that there was
“a surprising lack of information about envi-
ronmental impacts of CAFOs to adjacent
lands and receiving waters” (Thu K,
Donham K, unpublished data). Although the
knowledge base has expanded since that
time, especially regarding adverse effects of
inorganic N and P overenrichment and
anoxia, impacts of many CAFO pollutants
on receiving aquatic ecosystems remain
poorly understood. As examples, there is
poor understanding of the impacts of fecal
bacteria and other microbial pathogens from
CAFO waste effluent contamination on
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aquatic communities; impacts of antibiotic-
resistant bacteria created from CAFO wastes
on aquatic life; impacts of organic nutrient
forms preferred by certain noxious plankton;
impacts from the contributed pesticides and
heavy metals; and impacts from these pollu-
tants acting in concert, additively or synergis-
tically. This lack of information represents a
critical gap in our present ability to assess the
full extent of CAFO impacts on aquatic
natural resources.

Despite their widespread use, antibiotics
have only recently received attention as envi-
ronmental contaminants. Most antibiotics are
designed to be quickly excreted from the
treated organism. Thus, it is not surprising
that antibiotics are commonly found in
human and animal waste (Christian et al.
2003; Dietze et al. 2005; Glassmeyer et al.
2005; Meyer 2004) and in water resources
affected by sources of waste (Glassmeyer et al.
2005; Kolpin et al. 2002). Although some
research has been conducted on the environ-
mental effects from antibiotics (e.g., Brain
et al. 2005; Jensen et al. 2003), much is yet to
be understood pertaining to long-term expo-
sures to low levels of antibiotics (both individ-
ually and as part of complex mixtures of
organic contaminants in the environment).
The greatest risks appear to be related to
antibiotic resistance (Khachatourians 1998;
Kummerer 2004) and natural ecosystem
functions such as soil microbial activity and
bacterial denitrification (Costanzo et al. 2005;
Thiele-Bruhn and Beck 2005).

Human health impacts. Exposure to
waterborne contaminants can result from
both recreational use of affected surface water
and from ingestion of drinking water derived
from either contaminated surface water or
groundwater. High-risk populations are gen-
erally the very young, the elderly, pregnant
women, and immunocompromised individu-
als. Recreational exposures and illnesses
include accidental ingestion of contaminated
water that may result in diarrhea or other gas-
trointestinal tract distress from waterborne
pathogens, and dermal contact during swim-
ming that may cause skin, eye, or ear infec-
tions. Drinking water exposures to pathogens
could occur in vulnerable private wells; under
normal circumstances community water utili-
ties disinfect water sufficiently before distribu-
tion to customers. Cyanobacteria (blue—green
algae) in surface water can produce toxins
(e.g., microcystins) that are known neuro-
toxins and hepatotoxins. Acute and chronic
health impacts from these toxins can occur
from exposures to both raw water and treated
water (Carmichael et al. 2001; Rao et al.
2002). Removal of cyanotoxins during drink-
ing water treatment is a high priority for the
drinking water industry (Hitzfield et al. 2000;
Rapala et al. 2002). The WHO has set a
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provisional drinking water guideline of 1 pg
microcystin-LR/L (Chorus and Bartram
1999). While there are no drinking water
standards in the United States for cyanobacte-
ria, they are on the U.S. EPA Unregulated
Contaminant Monitoring Rule List 3 (U.S.
EPA 2006).

Exposure to chemical contaminants can
occur in both private wells and community
water supplies, and may present health risks.
High nitrate levels in water used in mixing
infant formula have been associated with risk
for methemoglobinemia (blue-baby syn-
drome) in infants under 6 months of age,
although other health factors such as diarrhea
and respiratory disease have also been impli-
cated (Ward et al. 2005). The U.S. EPA
drinking water standard of 10 mg/L NO5-N
and the WHO guideline of 11 mg/L NO3-N
were set because of concerns about methemo-
globinemia. (Note: “nitrate” refers to nitrate—
nitrogen). Epidemiologic studies of noncancer
health outcomes and high nitrate levels in
drinking water have reported an increased risk
of hyperthyroidism (Seffner 1995) from long-
term exposure to levels between 11-61 mg/L
(Tajtakova et al. 2006). Drinking water nitrate
at levels < 10 mg/L has been associated with
insulin-dependent diabetes IDDM; Kostraba
et al. 1992), whereas other studies have shown
an association with IDDM at nitrate levels
> 15 mg/L (Parslow et al. 1997) and
> 25 mg/L (van Maanen et al. 2000). Increased
risks for adverse reproductive outcomes,
including central nervous system malforma-
tions (Arbuckle et al. 1988) and neural tube
defects (Brender et al. 2004; Croen et al.
2001), have been reported for drinking water
nitrate levels < 10 mg/L.

Anecdotal reports of reproductive effects
of nitrate in drinking water include a case
study of spontaneous abortions in women
consuming high nitrate water (19-26 mg/L)
from private wells (Morbidity and Mortality
Weekly Report 1996).

While amassing experimental data suggest
a role for nitrate in the formation of carcino-
genic N-nitroso compounds, clear epidemio-
logic findings are lacking on the possible
association of nitrate in drinking water with
cancer risk. Ecologic studies have reported
mixed results for cancers of the stomach,
bladder, and esophagus (Barrett et al. 1998;
Cantor 1997; Eicholzer and Gutzwiller 1990;
Morales-Suarez-Varela et al. 1993, 1995) and
non-Hodgkin lymphoma (Jensen 1982;
Weisenburger 1993), positive findings for
cancers of the nasopharynx (Cantor 1997),
prostate (Cantor 1997), uterus (Jensen 1982;
Thouez et al. 1981), and brain (Barrett et al.
1998), and negative findings for ovarian can-
cer (Jensen 1982; Thouez et al. 1981).
Positive findings have generally been for long-
term exposures at > 10 mg/L nitrate.

Case—control studies have reported mixed
results for stomach cancer (Cuello et al. 1976;
Rademacher et al. 1992; Yang et al. 1998);
positive results for non-Hodgkin lymphoma
at > 4 mg/L nitrate (Ward et al. 1996) and
colon cancer at > 5 mg/L (De Roos et al.
2003); and negative results for cancers of the
brain (Mueller et al. 2001; Steindorf et al.
1994), bladder (Ward et al. 2003), and rec-
tum (De Roos et al. 2003), all at < 10 mg/L.
Cohort studies have reported no association
between nitrate in drinking water and stom-
ach cancer (Van Loon et al. 1998); positive
associations with cancers of the bladder and
ovary at long-term exposures > 2.5 mg/L
(Weyer et al. 2001); and inverse associations
with cancers of the rectum and uterus, again
at > 2.5 mg/L (Weyer et al. 2001).

Exposure to low levels of antibiotics and
other pharmaceuticals in drinking water (gen-
erally at micrograms per liter or nanograms
per liter) represent unintentional doses of sub-
stances generally used for medical purposes to
treat active disease or prevent disease. The
concern is more related to possible cumulative
effects of long-term low-dose exposures than
on acute health effects (Daughton and Ternes
1999). A recent study conducted in Germany
found that the margin between indirect daily
exposure via drinking water and daily
therapeutic dose was at least three orders of
magnitude, concluding that exposure to
pharmaceuticals via drinking water is not a
major health concern (Webb et al. 2003). It
should be noted that when prescribing medi-
cations, providers ensure patients are not tak-
ing incompatible drugs, but exposure via
drinking water is beyond their control.

Endocrine-disrupting compounds are
chemicals that exhibit biological hormonal
activity, either by mimicking natural estro-
gens, by canceling or blocking hormonal
actions, or by altering how natural hormones
and their protein receptors are made
(McLachlan and Korach 1995). Although
very low levels of estrogenic compounds can
stimulate cell activity, the potential for
human health effects, such as breast and
prostate cancers, and reproductive effects
from exposure to endocrine disruptors, is in
debate (Weyer and Riley 2001).

Workshop Recommendations

Priority research need.

* Ecosystems monitoring: Systematic sustained
studies of ecosystem health in proximity to
large CAFOs are needed, including effects of
input spikes during spills or flooding events.

* Toxicologic assessment of contaminants:
Identification and prioritization of contami-
nants are needed to identify those that are
most significant to environmental and public
health. Toxicity studies need to be conducted

to identify and quantify contaminants
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(including metabolites), and to investigate
interactions (synergistic, additive, and
antagonistic effects).
Fate and transport: Studies of parent com-
pounds and metabolites in soil and water
must be conducted, and the role of sediment
as a carrier and reservoir of contaminants
must be evaluated.
Surveillance programs: Programs should be
instituted to assess private well water quality
in high-risk areas. Biomonitoring programs
should be designed and implemented to assess
actual dose from environmental exposures.
Translation of science to policy.
Wastewater and drinking water treatment:
Processes for water treatment must be mon-
itored to ensure adequate removal or inacti-
vation of emerging contaminants.
Pollution prevention: Best management
practices should be implemented to prevent
or minimize release of contaminants into
the environment.
Education: Educational materials should be
continued to be developed and distributed
to agricultural producers.
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Blackmore, W.: "The Meat Industry Can't Stop Buying More and More Antibiotics". TakePart. April 15,
2015. www.takepart.com/article/2015/04/10/antibiotics-sales-livestock-rise

In 2013, the Food and Drug Administration managed to actually do something it had vowed to
accomplish since 1977: Limit the nontherapeutic use of antibiotics in livestock.

Since farmers first discovered in the 1950s that feeding cattle, pigs, and chickens a small, steady stream
of antibiotics somehow fattened up healthy livestock, it’s become the status quo—and turned feedlots
into breeding grounds for drug-resistant bacteria. In 2011, the industry bought 30 million pounds of

antibiotics, close to four times as much as were used in human medicine in the United States that year.

Amazingly, that number has continued to climb. New figures were announced by FDA Friday, and overall
sales are up to 32.6 million pounds. Furthermore, annual sales of medically important drugs have
climbed 20 percent since 2009. In 2013, 62 percent of the antibiotics purchased by the industry—more
than 20 million pounds—were drugs that are imporant to human medicine. The only figure the industry
is required to report is the volume that's sold and distributed—no federal data on usage is collected.

“The data released today shows us that use of human antibiotics on the farm has continued to rise,
including the use of cephalosporins, which FDA specially added new use restrictions to in 2012,” Steve
Roach, a senior analyst with the health advocacy group Keep Antibiotics Working, said in a statement.
“This reaffirms just how timid FDA’s approach to addressing the problem of antibiotic overuse really is,
and suggests that it may have limited impact.”

The FDA’s voluntary measures were announced in December 2013, and the continued increase (save for
cephalosporins) cannot be pegged to the many issues with the regulations that critics have pointed out.
Still, the regulations allow the status quo to continue with a simple turn in language: Instead of growth
promotion, routine antibiotic use is recast as “preventative.” As long as that’s the case, it’s likely that the
upward trend will continue. In a recent study, researchers estimated that global antibiotics in livestock
will increase by 67 percent come 2030.

“Implementing this strategy is an important step forward in addressing antimicrobial resistance. The
FDA is leveraging the cooperation of the pharmaceutical industry to voluntarily make these changes
because we believe this approach is the fastest way to achieve our goal,” Michael Taylor, FDA deputy
commissioner for foods and veterinary medicine, said in a statement back when the regulations were
announced.

A 20 percent increase in antibiotic sales between 2009 and 2013 would suggest that might not be the
case, and not very much is actually being done to address antimicrobial resistance, a sentiment that
none other than Congress’ only microbiologist agrees with. Rep. Louise Slaughter’s Preservation of
Antibiotics for Medical Treatment Act, which was once again reintroduced in March, would keep eight
classes of antibiotics used in human medicine out of farming operations—an involuntary regulation.

The new data from the FDA is just the latest statistic to point toward a growing public-health crisis—the
post-antibiotic era, as higher-ups at Centers for Disease Control and Prevention have called it. Two
million people suffer infections from antibiotic-resistant bacteria annually, according to the CDC, and
every year, 23,000 of those cases prove fatal.
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