


56264 NOTICES 

[4110-03] 
DEPARTMENT OF HEALTH, 

EDUCATION, AND WELFARE 
Food and Drug Administration 
* [Dsaket No. TZN-03lB~ 

PFIZER, INC., tZT AL 
Tetracycline (Chlortetracycline and Oxy- 

tetracycline)-Containing Premixes; Op- 
portunityfor Hearing 

$~LCYZ Food and Drug Adminfstra- 

ACTLON: Notice. 
SOMMARY: Thh is a notice of opportu- ..- - . .- 

drws in the feed of animals (21 cia 
558.15) : P 558.55, Amprolium (21 CFR 
558.55) ; 5 558.58, Amprollum aad etho- 
pabate (21 CFR 558.58) ; 6 558.105, Bu- 
suinolste (21 CFR 558.105) ; 0 558X8, 
ChlortetracYcUne (21 CFR 558.128): 
0 558.145, Chlortetracycline, procaine 
PeticIllin, and sulfamethazine (21 CFR 
558.145) ; 0 558.155, Chloreiracyclfne, 
procaine pencIlUu, and suifathiazole (21 
CFR 558.155); 0 558.175, Clopidol (21 
CFR 558.l75): 5 558.195, Decoquinate 
(21 CFR 658.195) : 0 558.225, Diethylstfl- 
bestrol (21 CFR 558.2251; 9 558274, Hy- 
gramycin B (21 CFR 558.274) ; 9 558.450. - . -. 
OxYtetracYcline (21 CZ!R 558.450); 
0 558.515, RobenkUue hydrochloride (21 

m&Y for a hearing on the PropOSsl by the , CFR 558.515) ; and g 558.880. Zoalene 
Director of the Bureau of Veterhmrv (21 CFR 558.680). 
Medicine to withdraw approval of new 
animal drug applicatfons (NADAs) for 
h?b.cycliue (chlortetracycllne and oxy- 
tetracycliue) -containIug premba An- 
tended for certain uses in anin@ feed 
on the grounds that (1) new evidence 
ohows that the tetracycline-containing 
Products have not been shown to be safe 
for widespread subtherapeutic use as re- 
quired by section 512(e) (11 (B) of the ’ 
Federal Food, Drug, and Cosmetic Act 
(21 tJ.S.C. 360b(elG) (B)) and 9 558.15 
(21 CFR 558.15) ; (2) certain applicants 
have failed to establish and maintain 
records and make reports as required by 
section 512(e) (2) (A) of the act (21 

. U.S.C. BBOb(el(2fA)) and S 558.15; and 
(3) new evidence shows that there is a 
lack of substantial evidence that t&a- 
cycline-containing premires are effeotive 
for certain subtreapeutic uses under sec- 
tlon 512(e) (1) (C) of the act (21 U.S.C. 
360b(elG) (Cl 1. _. 
DATES: Written appearances requesting 
a hearing must be submitted by Novem- 
ber 21, 1977; data aad analysis upon 
which a request for a heariug rep&s 
must be submitted by January 19, 1978. 
ADDRESS: Written appearauces and 
data and analysis to the Hearing Cierk 
(HFC-20). Food and Drug Adminfstra- 
tion, R~L 4-65,5600 Fishers Lane, Rock- 
vllle, Md. 20851. 

. FGR FURTHER INFGRMATlON CON- 
TACT: 

Gerald B. Guest. Bureau of Veterinary 
Medicine (HFV-loo), Food and Drug 
Administration, Department of Health, 
Education, and Welfare, 5600 Fishers 
Lane, Rockville, Md. 20857, 301-%43- 
4313. 

SUPPLEMENTARY INFORMATlON: 
RU.ATED Acxro~s 

In a notice published elsewhere in this 
Issue of the FE&RAL REGISTER, the Dire& 
tor of the Bureau of Veterinary Medi- 
cine is proposing to delete certain pro- 
visions that provide for the subtherapeu- 
tic use of tetracycline (chlortetracyciine 
and oxytetracyciine) in animal feeds by 
amending 5 610.515, Animal feeds bear- 
lng or containing new animal drugs sub- 
ject to the provisions of section 512(n) 
of the act (21 CFR 510.515); 8 558.15; 
Antlblotic, nitrofuran, and sulfonamide 

DISCUSSION 

Since the Direct& discussion of the 
issues involved in this matter is neces- 
arIb detaiied, he is setting forth, for 
the reader’s convenience, an outliue of 
the discussion as follows: 

I. TEE wvos 
=. fNTl%ODVClTON 

A. ReguhatoryBa&gromxL ’ 
B. Safety Concerns. 

m. 8-Y OF TX%? &,OV,HENT 

A. Transfer of Drug Reststance (Criterion 
1); The Pool of R-Plasmid-Bearing Orga- 
nhuns Is Increasing. - 

1. Background. 
2. crlterfon. 
3. Studies relevan& to transfer of Drug 

Reststance. 
(a) R-plasmld-bearing E. calf develop in 

domestic anImala that are fed mabtherapeu- 
tic levels of antlblqtlcs, including t&may- 
cline. 

(b) E. calf contrIbute their R-plasmlds to 
mm through several mechanZsms. 

(1) Direct contact wlth nnbnals. 
(ii) Contact with E. colf-contamlnated 

food. 
(Ill) Widespread presence in the envlron- 

minti 
(c) I?.-plasmid-bearing human and animal 

strains of bncterla overlap. 
(i) EpldemIologlcal lnvestlgations-E. coZf 

serotyphlg. 
(ii) Direct ingestion evidence. 
(ffl) In vlvo studies show that Et-plasmlds 

transfer from E. calf to pathogens. 
iiv) R&xnld compatlbllltp studies. 

4. Dlrector%‘conaluslons. 
B. Shedding and B.&stance Oharacterlstlcs 

of SaZmoneUu (Criterion 2). 
1. Background. I 
2. Crlterlon. 
(a) Sheddlhg. 

, (b) Reelstance chmacteristlca. 
3. Industry studies in chickens on the ef- 

fects of subtherapeutlc tetracycline use in 
animal feed. 

(a) Ameriaan Cyanamid 00. 
. ‘,I& Es~xp~tal design. 

(lil) Direct& analysis. 
(b) Rachelle Laboratorlzs. Inc. 
ii j ExperImental deslgn. 
(11) Summarv and the Dlrector’a annlvsis. 
ic,: wzer. Ini. 
(I) ExperImental design. - 
(11) summary. 
(Ill) DIrector’s analysts. 

(d) Director% conclusions. 
4. fuellstry studlcfl In swim ou ulo crfcots 

of subtberapoutlo t&aoycUno nso lu animal 
fee& 

(m Tetraoycllno alono. 
il,’ Bspsrtientnl dcslfp~ 
(U) Summary and tho Dlrcotor’a andlysl% 
(b) TetrncyCllne In combimtlon vrltli sul-. 

fonfunldea and petiolllln. 
(I) Erperlmentnl dt-slgn 
(il) Summatg and the Dlrcotor’e nnnlycls. 
(oj Dlrector’i conaluslons. 
6. Industry studies In cattle on tho offeats 

of subthernnoutlo tOtmcvollno 1130 in anlmnl 
feed. - 

(0) studlea Of thaoyoIhlo fulcl t.&aoycllrla 
combinations In cattle and calfc~. 

( 

(1) Experlmontal design. . 

r’% ‘5%%X annlvsle. 
ib j Director’s con&slons. 
6. fnformntlon from other &K&X rolatlng 

to EaZmoxeZZa and E. toll antlblotlo rcslst- 
BllCB. 

(a) ‘Surveys. 
(I) Neu,,Chorubln. Longo, Flouton, and 

X7luter studies. 
(11) CD0 mports. 
(lli) American aymnmld mwvoy. 
(iv) Other surveys-of SaZmoncZfa rcslst- 

atkv 
(b) Fecdmg studlca 
(i) cnlckons. 
(U) swhlo. 
(ill) cattle. 
ic) VDlreclorB mnlysls. 
7. DIrectOr’s concluslons. 
0. Cornpro& of Thcmpy (Urliorlotr 

Z(C)). 
1. Background and orltorlon. 
2: Qucstlona rnlsed bv FDA-funded re. 

sear& and literuturiet&x. 
(a) E.xperlm~ntnl clcslgn. 
(b) DIrectorB analysis. 
3. Compromise of therapy otudles In 

ohlckens. 
(n) Wzer study. 
(b) American UyanamId study. 
4. Compromlso of therapy ntudics In awIn@. 
(a) Dlnmond Shamrock Study No. 1, 
(b) Diamond Shamrock Study No. 2. 
(c) l3lzer study. 
(d) Amerlcnn Oyanamld study. 
6. Compromlse of therapy study in c&lo, 
(n) Diamond Shrmmok study. 
(b) Wzer study. 
(0) Amerloan Clranamld study. 
B.,DIrectm’s coxioluslons. - 
7. Optlmnl level of offoctlvoncss (Auluml 

Health Crlterlon 4). 
D. PathogenI& (Crlterlon 3). 
1. Background nnd Urlterlon. 
2. Wnlton study. 
3. Falkovr study. 
(8) In vitro trmsfer. 
(b) In vho transfer. 
4. Questions raised by other studlcs. 
6. Director’s conoluslons. 
E. Tissue Besldues (Ccltorfon 4). 
1. Tbo crlterlon. 
2. Background. 
3. American Cyannmld study. 
I;{ Ex%$qtal design. 

(c) Dlrector’s’analysls. 
4. Llternturo survey. 
6. Director’s conoluslous. 

v. ~FEClWCNC33 

A. oxyt0tracycllno. 
B. Chlortatmaycllno. 
I. FZoche Prombica. 
2. American Oyanamld and Napco p 

mlxes. 
3. American Cyanamld’e oh1ortetraoyoUno 

and vltamln product% 
4. Ralston Pm-ha promix. 
C. DIrector’s conclusions, 

. 

. 
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n CON‘XVSION 
I. TBE DRUGS 

The gfmfzric names are chlort&mOF- 
dine as chIortetracgcline hydrcchlorIde, 
and mytetmcycIine 2s the mono-al&l- 
kimethyl-ammonium salt. 

The dosage form is feed premix. 
The following companies hold or have 

ef@Kve apProvaIs for premixes mhkh 
contain chlortetr2cycIine or o.sytetmw 
dine and are-subject to the provisions 
ofthisnotice: . 
IJBD9--8696; TAG.5 antiblotlc Feed Supple- 

ment (Osytetracycllne). Pfizer, Inc. 235 
B. 426 St. New York, N.Y. 10017. 

NADA 8-804; ‘IS-IO: Tfn’ramy~in animnl 
Mix Temmk-10 (osytetracycline) , Pfizer, 
Iuo. 

NADA B-770; stmJ~;-osstet Renlk (d- 
etbylstllbestrol osstetracycUne1. 
PIlzer, Inc. 

ITADa 1X-661: Tran-Q Plus Terramycin RC- 
mls (osyt.e~cU.ne and hydroxyzlne by- 
droehlorlde), Pfker. Inc 

NADA 13-470; W-10- Remfir (o~td?Sy- 
ellne) , Paer, Inc. 

_ NADA W-GX?; DES Remix (dlet.hyMilbes- 
troI and chlortetracycllne). Thompson- 
H&yxvfud Chemicsl Co. P.O. Box 2383, 
gsnsas cl*, u. 68110. 

NADA 35468; AUREO SP-250 (chlortetrncy- 
eline. suifameme, penlclUln), Amerl- 
cau Oyanamld Co., P-0. Bos 400, Princeton, 
NJ. 03540. 

NADA 36-361; AAE’ROL PLUS WITH CTC 
(amproilum, ethopabate, chlortetrncy- 
cilne). Amerlcau Cyaaamld Co. 

NADA 36-664~ CUstom Beef Remk No. 6 
(diethylstUdestror and osytetracstie) . 
Dale Alley Co., P-0. Bos 444,222 Splvtie 
St., St. Joseph, Ido. 64502. 

NADA 37641; FakMt Beef Fortifler B (dl- 
etbyIStilbestro1 and cblortetracycllne) , Na- 
tional Oats Co.. East St. Louis. MO. 62205. 

NADA 38509; Vitamy Freedlot RemiS (di- 
&hylstnbestrol and chlo~tracydlne) , 
Tezas Nutrition b: Service Co, Fort Worth, 

_ Tes. 76108. 
NADA 39-Om CSP-250 (chlortetmcp3lne, 

sulfathiazole. penicillin) , Diamond Sbsm- 
rods chemkd Corp., Nutrltlon & AIUIIUI 
Health Div., 1100 Suaerlor Ave.. Cleveland. 
Ohio44l14.~ - 

NADA 44-795; Custom Beef Fortifier B (di- 
etbylstilbestrol and cblortetracycline) , FOI- 
stdBrewlnRCors3. 

NADA 46-699;-Nopin OX! 4/.5S (chlortetrn- 
cwline, sodium sulfate), Diamond Sbam- 
rock Chemical Co.: Nopoca CTC 6.66/sS 
(ohlortetrecycUne, sodium sulfate). Dla- 

mond Shamrock Chemical Co.: Nopco CTC 
IO, ab. 60.100 (ohlortetracycllne) , Dlanond 
Shamrock Chemical Co. 

NADA 48-760: Deznret (chlort.etraqcUne). 
American Cyanamid Co. 

NADA 46461: Aueromycfn Feed Premises 
~chl~rti?trac@lne). American .Cyamunfd 

Nkl 46-762: Aureomycfn Crumbles with. 
VS.funlm (chlortetfacycUne), .4mfflcan 
Cj’mamid Co. 

NAD6 46-763; Aureomyclu Rends (cbiortet- 
racycllne). American Cyauamid co. 

NADA 49-181; Spence Special stie Re 
ARK-LA Special Swine Rem.& (ChlorteG 
raCpCli.IIe). Hoffman-La Roche. II&. NUG 
1ey. NJ. 07110. 

-NADA 49-287: ccc premix (cmortetmcyc- 
line. RacheUe Lahoratorles, Inc, 700 

.Henrp Ford Are., P-0. Box 2029, Long 
-Bench, Callf 90801. 

1vADA 65-005: KIortet 10: glortet 50 (chlor- 
~tracycline); Dames Laboratorlea, Inc., 450 

.stste St, OhiCa$g Height&IL 60411. 
MD6 654~~ hrho CM: Ioa (ehlortetm- 

KVCme), Diamond sham&k Chemical co. 
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NADA w-w% NaPco arGG0 (cblortchl- 
cycllna), Diamond Shamrock Chcmkal Cu. 

NADA 6s33s; cra Feed arode (chlartcb 
CjCUXE),~Ul~SSd 

NADA 91-666; CbWs~%el2Co; Super Chlo- 
mchel 250 (chloro~cllue, sulfnmcth- 
2 pcnlcillln), lb?.chcUo Labomtarlcs, 

DESI 6-635: Purina Aurcompzlu Ettn Efcdi- 
cated (chlortctrncycnno). lmcton Purmu 
Co., Checlxrboard Squorc. St. Loub MO. 
63188. 

Underwztion 108(b) (2) ofthe Animal 
I)- Amendments of 1868 Wuh. L. So- 
389). any npprotml of a new 3nlmnl drug 
-ted prior to the effective dote of the 
amendments, whether through nppro~d 
of a new drug rrppllution. nutster IlIe, 
3ntibiotic rfzguhtion, or food addltlve 
reguwion continues ill emct u.utiI ah- 
drawn in nccorfhnce with tbc provisfous 
of section 512 of the Federal Food. Drucf, 
and Cosmetic Act (21 USC. 300b). hiring 
such npprovals wre bsued low nco, and 
some may never have been used by UIC 
holder of the approval. Consequentlv, the 
current files of the Food and Drum Ad- 
mfnf3tmtion WDAI mw bt3 incomplete 
and may fail to r-e&& the eXf&XIce of 
some approwak. Also, maw npsxovnls 
have been withdrarm by other ngen~y 
actions, e.g. FDA’s ruIe mahint Proce- 
dure published in the FXD~JIAL Rixnzaa 
of February 25. 1870 (41 FR 82821. The 
burden of comin9 fornard with docu- 
mentatfon of unrecorded approvals in 
such circumstances is therefore properly 
placed on the person clalmhrc to hold 
such apprcvnls so as to permit definitive 
revocation or amendment of the rezula- 
tions. 

The Director of the Bureau of Vckri- 
nary A&dicSnc kuows of no npprovds 
affectti by this notice other than those 
named herein. Any petson xrho intends 
to assert or rely on such an approrti 
that is not Usted in this notice shall 
submit proof of Its asistence ntithln the 
period allovxd by this no&e for oppor- 
tuniQ to request a heariq. The fallure 
of any person hold@ such nn approval 
to submit proof of its esktcncc within 
that perSod shall constitute a aaiver of 
any rkht to assert ok rely on it. In the 
event that proof of the exltence of such 
an aPProval is presented, this- notice 
shall also constitute a notice of oppor- 
tunity for hearin with respect to that 
approval, based on the same funds set 
forth In this notice. 

ITS IrflXlODUCIIOXi 

A. REGULAIORY DACXGRODXD 
Antibacterial drug have been used at 

subtherapeutic levels (lorcer Icvels than 
therapeutic levels needed to cum dJs- 
ease) in 2nb.U feed for over 25 gem. 
Gmdh benefh from this use sere f&t 
observed when animals xvere fed the dk- 
crrrb’ products from the fermentation 
rxcces that w3s or&imUy u5cd fn the 
mannfacture of cbloretetrocycline. The 
mdse mf3zhd.a 
remains unclear. 

of nctlon, hosever, 

MW, C~ZLJII aWb!otio for use In 
mh2l feed, Lg., chIortek2~cIlnc, nre 
remWed under thaprcvHons of C&~OU 
507 Of the Federnl Food, Drug, and Ca- 

mctic Act (21 USC. 357). Unlike the 
h&c priate Ucmsfng .5sstem 2mliubIe 
to new drngs, the provisbus of section 
507 of the act created a public re@a- 
tion or nwno3mph svstam for rezukt- 
ins thfze pmducts, in pcut becauso of 
the complexities fn manufacturina the 
products and the Iach of ImoMedse of 
thclr chemfc2l dciCtures. Ailtmidic 
r&dues Ln food from food-producing 
nnbmds mre then regulated under the 
provlsions of the act deahng vzith ad& 
teration and misbranding. After enact- 
ment of the Food AddSKves Amendment 
of 1858 (Pub. L. 85-829). hovxver, resi- 
dues wrre princlpall~ rewlated bF sec- 
tion 459 of the 3ct (22 USC. 34W, 
which ako established a puhhc mona- 
csu?h &em of wemarket ammal 
Under the antibIotic monograph proce- 
dune., the pIone6r ~uf&urer gener- 
nted and submitted the basfc -tie& and 
cffectivencss data fn an FD Form 5 ktovz 
FD-;1675) I A regukatfon vxs subsepuentlr 
publkhed setting forth &standards of 
idenW, strength. wahtp. and pnrits. 
and the packasins and labeling require- 
ments that the product must meet. The 
Food and Drug Adminktration approval 
of the same product made by another 
mnnufncturer wcs then condftioned 
rolcly upon a demonstratfon that it met 
the requircmmts of the regulation, end 
thfs b normally accomplished br bat& 
certillutfon. Sectfon 507tc) of the act 
f 21 U.S.C. 35?(c) ), hoxvevff, permits the 
nsncy to exempt by re,*tfon aq drus- 
or &ES of drugs from the certification 
rcoufrcment %vhen he concludes that cer- 
tific3Mcn is unnefxx~ for the manu- 
facharc of the drugs. Antfhiotics for use 
in nnfmai feeds as feed insredifmt~ vxre 
csmUhd from the cerKlic3ffc11 reqtdre- 
ma&i in 1951 Bee the FZD~IEALRXCISPEE 
01 April 28, 1951 (16 FR 3647>), aad 
those for use as drums wre esemptedin 
1853 Qee the Fsssrx Ramarsa of April 
22, 1953 (18 FR 23351). These are nor7 
EC+ forth fn fS 51Q.5la and 5lii515 (25 
Ci?R 510.51O.aud 5111.515~. 

Conm mncted the AnimQ Drug 
Amendmalts of 1968 6Puh. L. 9a-399) 
tmd cansdfdated the prmfsions of the 
cct deal&with the pmmarltet approval 
Of drugs bd3fded for use in animals 
(Ccct!o~ 409,505. and 507) into one IIS 
CeCMOn, 512 (21 U.S.C. 360b). to regulate 
these artfcles more e&fently and efk- 
thdY t&n3te Ccmrnittee on Labor and 
PublfC WelfzLre, A.dm3l Drug Amend- 
mllnts of 1964 S. Rep. No. 1308. 80th 
COT.% 2d Sexi. (1868) I. This Ie&datfon 
also brouzht the raanufactura of anti- 
blot& under the private liceuse system 
for new dnxs Cd: Hearing on s. 1600 
and HR. 3639 Wore the Subcommittee 
On HUIth of the Senate Committee an 
IACr cnd PI&UC Wi?if~~ 90th can,= 
2d SELG rfQti81). TO eQicitmtly accom- 
PIish this change, the 2mcndmmts con- 
talned 3 tr35iticn clause fsection 
108(b)) which provfdcd that a~ prior 
LIPPrOvaIs continue in effect and be sub- 
ject to change in accordance witi the 
pro-h-km of the b&c act as amended 
III 6Ummtwn 2RPersonSI~markd- 
b&c adibiotks under the provfsfons of 
c&fOns 409.505. and 507 of that 2d on 
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August 1, 1969, the effective date of the 
Animal DNg Amendments of 1968, were 
considered 8s holding the equivalent of 
an approved new animal drug appllca- 
tion; however, ali holders of such ap- 

’ 
DrOVah are t&O subject to all applicable 
requirements of the act and regulations. 

B. SAFEXY CONCERNS 
In the mid-1960% FDA became con- 

cerned about the safety to man and ani- 
mals of subtherapeutic antibiotic use; it 
studied the effects of lowlevel subthera- 
peutic feeding of antibiotics for some 
years. The agency supported research, 
held symposia, and consulted with out- 
side experts to review these nonmedics 
uses of antibiotics in animal feeds. Fol- 
lowing a report issued by the British 
Government Joint Committee (the 
Swaxm Committee) “On the Use of An- 
tibiotics in AnimaI Husbandry and Vet- 
erinary Medicine,” the Commissioner of 
Food and Drugs in ApriI 1970 established 
a task force of scientists, with consflt- 
ants from government, universities, and 
industry, to review comprehensiveIg the 
use of antibiotic drugs in animal feeds. 
Xts conclusions were published in a no- 
tice of proposed n&making published 
in the FEDERAL REGISTER of February 1, 
1972 (37 FR 2444). -which initiated the 
mandatory testing procedure to resoIve 
oonchudvels the issues of safety sur- 
rounding the subtherapeutic use of an- 
tibiotics in animal feeds. 

The principal conclusions of-the task 
force were the foIlowing: 

(1) The use of antibiotics and sulfon- 
amide drugs, especially in 8rowth pro- 
motant and subtherapeutic amounts, fa- 
vors the selection and deveIopment of 
single and multipIe antibiotic-resistant 
and R-plasmid-bearing bacteria. 

(2) Animals thag;vtrreceived either 
subtherapeutic therapeutic 
amounts of antibiotic and sulfonamide 
drugs in feeds may serve as a reservoir 
of antibiotic-resistant pathogens and 
nonpathogens. These reservoirs of path- 
ogens can produce human infections. 

(3) The prevalance of multiresistant 
R-pIssmid-bearing pathogenic and non- 
pathogenic bacteria in animals has in- 
creased and has been related to the use 
of antibiotics and sulfonamide drugs. 

(4) Organisms resistant to antlbae- 
terial agents have been found on meat 
and meat products. 

(5) There has been an increase in the 
prevalence of antibiotic- and sulfona- 
mide-resistant bacteria in man 

In its report to the Commissioner, the 
task force aIso identified three areas of 
primary concern: human health haz- 
ards, animal halth hazards, and anti- 
biotic effectiveness: guidelines were es- 
tablished to show whether use of any 
antibiotic or antibacterial agent in ani- 
mal feed presents a hazard to human and 
animal health. 

The February 1972 proposal also ai- 
nounced that all currently approved sub- 
therapeutic uses of antibiotics, nitro- 
furans, and sulfonamides in animal feeds 
would be revoked unless data were snb- 
mltted to resolve conchrsively the issues 
concerning safe& to man and animals in 

NOTICES 

accordance with th task force guide- 
ljnes. That notice 3s o proposed to es- 
tab&h a time table for filing commit- 
ments, conducting studies. and submit- 
ting relevant data and information. 
Based on the guidelines, the agency then 
began developing specific criteria by 
which the safety and effectiveness of 
each antibiotic product might be estab- 
lished. The notice further suggested that 
protocols be submitted to the agency for 
comment. The criteria and studies to 
address them may be summarized as 
follows: 

1. Transfer of drug resistance: (a) An 
ant4bact.eriBl drug fed nt subtherapeutlc 
IeWE to animals muSt be shownnot to DIO- 
mote inmessed reslhanco to antlblrcteflale 
used In humrut medicine. Suechkahv. in- 
creasedmultiple reslstauceca~nbleoij;eing 
fXSn.sferTed to other bacterls in auhnals or 
mnn should not ocour. (b) If increased 
transferable multiple zeshtanca b found ln 
wllforms, stndfea may be done to show 
whether this resfstanco Is transferable to 
man. 

2. The SaZmonelIu reservoir: The use of an- 
tlbacterial drugs at subtherapeutic leve& in 
animalfeedmustbe shownnotto result In 
(a) au increase in quantlty, prevalence or 
durationofsheddfngof Salmonellafnmedl- 
catedanfmalsascotipfuedtonoruuedlcated 
controW (b) an &crease intho number of 
sntibiotio‘klstant Salmonella or in the 
spectrumofantlblotlcreslstance: (c) dfsesso 
(caused by SaZmmeIIa or other organisms) 

thatlsmore dlfflcultto treatwitheltherthe 
samemedlcatedorotherdrugs. 

3. The use of subtherapeutlc levels of an 
antibacterial drun should not enhance the 
pathogenlcfv of 6acterIa. e.g., by increasing 
enterotoxin productlon. The ‘&ssoclatlon of 
tosIn production characterIsticswIth tram- 
fer facta% must bo investfgated lu well- 
designed studies. (Final resolution of thJs 
qu~~onwasMtexpectedwithtn~ea-yeat 
perlod.Drugsponsors were expectedtoshow 
evfdenceofworkrunderwriywhlchvrouldlead 
toward answers tothle question.) 

4. An anttbacterlrd dNe used at sub- 
therapeutkal levels In the”feed of &r&s 
shall notresultlnresidues in food ingested 
which may cause either increased nninbers 
of Dathogenlc bacteria or an increase In the 
rcsistanc.~ of pathogens to antfbacterlal 
agentsused lu h-u medlome. Hppersen- 
sltlvlty to reslduea was to-be addressed by n 
literature survey. 

‘Ihe Commissioner promulgated a final 
order that was published in the F~ERAL 
REGISXER of April 20. 1973 (38 FR 9811). 
and at that time the requirements im- 
posed by the regulation became legally 
binding on all firms marketing anti- 
bacteria1 drugs used at subtherapeutic 
levels in feed. In the FEDERAL REGI~STER 
of August 6. 1974 (39 FR 2839). the 
Commissioner proposed withdrawal of 
all approvals held by persons who had 
not complied with the initial require- 
ments, and all these approvals were 
withdrawn by his order, published in the 
FEDERAL REGISTER of February 25, 1976 
(41 PR 8282). Therefore, only those 
PrOdUcts listed in Part 558 (21 CFR Part 
558) can be legally marketed at this 
time. 

By April 20, 1974, the BGeau of Vet- 
erinary Medicine had begun a review of 
the data: required by 9 658.15 which was 
applicable to the principal antibiotics 

used subtherapeutically in animal feeds 
(penicillin and tetracycline), and by 
April 20,1976, data concerning the srrfoby 
and elllcacy criteria for all antibiotlc 
and sulfonamide drugs’ had been re- 
celved. To assist the Bureau, the Cornmix- 
sioner asked the agency’s National Ad- 
visory Food and Drug Committoo 
(NAFDC) to review the data and issues 
involved and to make rocommendatlons 
to him on the future uses of subthora- 
peutic antibiotics in animal feds. A sub- 
committee of three members, the Anti- 
biotics in Animal Peeds Subcommittee 
MAFSS), was appointed to work in conu 
junction with four oxpert consultant3 
from disciplines related to the Issue, 

The Bureau prepared 2 days’ preson- 
tations concerning the t&mc~clina dur- 
ing which comments were hoard from 

’ the drug industry, animal scientists, and 
other interested parties. (Chlortotra- 
cycline. oxytetracychne, and totracy- 
cline have the &me basic chemical struo- 
ture and mechanism of action. Hi&or- 
lcally, FDA has treated these drugs simi- 
larly, and is treating them identically 
in this matter because there is no solon- 
tiffc be& for deahng with them othor- 
wise.) The Bureau also prepared a com- 
prehensive summary report with tenta- 
tive recommendations for the subcom- 
mittee. (An identical procedure was car- 
ried out for the peniciilin.) Two addl- 
tional meetings were hold during whloh 
subcommittee dehberations wero con- 
ducted and other statements given. 

In September 1078, the AAPS prosent- 
ed its preliminary recommendations con- 
cerning the continued subtherapeutlo 
use of the tetracyclfnes to the NAFDC, 
and in January 1977, the subcommltteo’s 
final report was submitted to theNAFDC. 
For tetracycline.% the subcommittee rec- 
ommended that PDA (1) dlsconthmo 
their use for growth promotion and/or 
feed efllciency in all animal species for 
which effective substitutes are available, 
(2) permit their use for disease control 
where effective alternate drugs are un- 
available (the approved use should bo 
limited to the extent possible, to thoso 
periods of time for which the presence 
of the drug in the feed of a particular 
animal species is necessary due to the 
threat of animal disease), and (3) oon- 
trol the distribution of the tetraoycllncs 
(and penicillins through E!D Form 1800’8 
and a veterinarian’s order to restriot * 

_ 

their use. 
The NAFDC rejected the first ttvo reo- 

ommendations. Instead, it recommended 
that FDA make no changes in the por- 
mitted uses of chlortetracyclino and 
oz&etracycline in anhnd feed. The 
committee did adopt the subcommlttco’s 
recommendation that the addition of the 
tetracycline in feeds bo restricted, 

The Food and Drug &imlnistration 
carefully considered the recommondn- 
tions of the NARDC, the Subcommittee, 
and the Bureau of Veterinary Medicine, 
On the basis of this information, the DI- 
rector of the Bureau of Veterinary Mcdl- 
tine is proposing to withdraw approval of 
the subtherapeutic use of tetraoyclines 
in animal feeds except for those condl- 
tions of use for which there are no safe 
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and effective substitutes. The Director is 
aIs illcorporaung tha conclusion of the 
NationaZ Academy of Sciences/National 
Research CouuciZ (NASJNRC) Drug Rf- 
ficacy Study Group pertaming to the ef- 
fectiveness of the tetracycline for sub- 
therapeutic use; he accordingly is pro- 
posing to withdram approval of all such 
claims for tetraoychne use in animnl 
feed that he concludes lack substantial 
evidence of elfectiveness. Therefore the 
Director is proposing to withdriw ap- 
proval of all subtherapeutic tetracycline 
in akmal feed except for the folIoxving: 

(1) Oxytetracyohne, as au aid in the 
contro1 of foml cholera caused by Pa.+ 
tf3mma muztocidu iu chickens and infec- 
tious smovftis caused by lIf?lcWasma 
sunoviae In chickens and turkws: (2) 
&ZortetraeycZfue (a) as an aid in the 
maintenance of -iveight gains in the 
presence of respiratory diseases. such as 
shfmiue fever. 3n combination tith sul- 
fameth&ine in beef cattIe (b) as an aid 
in the control of infe&ious synovitii 
tmwd by df. pasteurella in chickens and 
tnrkeys, <cl for the control of active in- 
f&ions of anauhuuosis in beef cattle 
(d) as an afd in reducing the incidence 
of virbrionic abortion in breeding sheep. 

Soon after the discovery of penicillin, 
sir Arthur Fleming noted that some 
bacterial organisms could become re- 
sistant to the antibiotic. As the use of 
antibiotics has increased, the number 
and types of bacterial resistance have 
s&o muZtipZied. There is a serious con- 
cern that. in- time. thfs will lead to de- 
&infng u&ulncss’of antibiotics m the 
treatment of both human and animal 
diseases. 

The Bureau’s primary concern is with 
that portion of increased bacterial enti- 
biotic xsistsnce which may result from 
the xvidcspread practice of using sub- 
therapeutic levels of the tetracychnes 
and other antibiotics in animal feed for 
prolonged periods. This practice, which 
sometimes produces incresses in grov&h 
promotion/feed efficiency, provides au 
ideal environment for selective pressure 
7% operate. When esposed to an anti- 
biotic. the organisms that are drug re- 
sistant survive mhiIe the growth of other 
Mrug-sensitive) bacteria is inhibited. 
EveutuaIIv. the antibiotic-resistant 
organi& predominate in the b&t&& 
Population. and continuous antibiotic 
pressure perpetuates this abnormal situ’- 
ation. 

Bacterial antibiotic resistance is pri- 
marib determined by genetic elements 
termed '93-~lasmids" (Rfactors, R-l-1. 
!rhe Bureau’s specific concern, therefore, 
Is with the health hszards that may 
arise through an increase ip the pool of 
R-P- in the animal population 
and the Poteutial transfer of these R- 
plasllrds and R-pZzmid-bearing orga- 
nisms to -the human population and sur- 
round euvfroIunent. _ 

R-Phsmids are small kngtbs of DNA 
bat are SePade from the bacterial 
chromosome. These R-plasmids carry 
transferable genes for drug resistance 
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as WeZZ as the capncity to reproduce 
themselves. Pkismfds may determfne 
resistance to more than one antihlotie. 
and resistance to severaZ antibfoties is 
common. hforeover, pmds cnn tmns- 
fer fmm one b&erIa to another and 
from nonp3thozenfc to pathogcnla 
strafns. Transfer oc4urs‘ elthowh tith 
veryfng frequency, nmong tilI members; 
of the enteric ba&rZa and also to mem- 
bers of other famfhes of bacteria. The 
nomml Gram-negative bactcdal S&s- 
tinal flora al-gely Escllcricflia COIiI 
serves as a reservoir of R-p~& tb?. 
R-plasmid-bearing bacteria fnteEhaLISe 
axnon= anlmnh, man and the c~vlron- 
ment. The potentlol. for harm fucrczo3 
as the R-plasmid reservoir fncrcasco bo- 
cause the pmbabillty of R-pWxuld 
amnsfer to pnthomls iunc~cs. men 
the Conmdssloner required eU holders 
of approved NADA’s for the subthora- 
peutic use of the tetracyclIm3 in anZmaZ 
feed, to submit data to resolve the -4ctS 
questions raised, he was princ~paU~ 
concerned Mth the effect of the anti- 
blotics approved for subtherapcutfc USC 
dn txnhud feed on the emcrccnce of 
transferable drug resistance in the Sal- 
mon.eZZu rcwrvoirs and the 25. coZZ of ani- 
mals. In the Dlrector's opInlon, the rc- 
suits of the studies submitted and the 
iida avnilablc ore ckw-the niTectcd 
part&s have failed to shorn that cxtc+ 
sire subtherapeutic use of the tctra- 
c~clines Is safe. 

Evidence demonstrates that the use of 
subtherapeutlc ZeveZs of the tetracxhncs 
and,other antibiotics ln anJnuU Iced con- 
tributes to the mcrease Jn antibbUc-re- 
sistant E. COZI and In the subseouent 
transfer of this resistance to SaZnroncZZa 
Further, Some Sirdns oi E. cOti and Sat 
moneZ&z infect both man aud anhuaZs. 

The holders of approved NADA’s have 
submitted no evidence to demonstrate 
that the observed skalus E. calf and Sal- 
mo?k?ZZa in man and ankuabi are mutu- 
ally e&u&e; in fact, there fs evidence 
to the contrary. Furthermore, in rome 
cases the Rphsmids L-S m?lI DS the re- 
slstance geues from humans and anhuaZ 
sources are indIstingufshable. Thus, the 
potenthl for harm esists, as ilZus&ated 
by the studies submitted aud verlficd by 
evidence from stadk?s conducted by in- 
dependent scientists. 

The holders of approred Z&WA’s tvere 
also required to submit studJcs demon- 
strating that the subtherapcutfc use 0K 
the tetracschue iu animal feed would 
not compromise subsequent antlblotlc 
them~g in man or anlmnls, but animal 
shuiicz submitted to determSne whether 
subtherapeUtic tetracycline use compro- 
mised subsequent therapy tith rclatcd 
drugs were fnconchsire because the 
studie3 vere inappropriate 

Additiouahy, the NADA holders rxxe 
rewired to prove that the subthcrapeu- 
tic use of the tetracrchues aould not in- 
crease the pathogeulclty of the fnfcctfug 
ox-mnfsm. They hm submitted no ade- 
quate studks on the issue, and other re- 
cent evideuce nom rmceests that the ge- 
netic determinants for toxin production 
may become Ziuked 1~3th drug r&stance 
genes. 

5626-7 

Also the SPmlsarsha~e~tocstsa- 
grnaFf no-Beet levels far the d&- - 

transm&slble R-Wmzi& re- 
&dance, nIlthough hating may ittac& 
vate the residues. 

nllalry, tba NIAs.mRc Drug E!fE%acy 
Study Group erjluated the effectiveness 
cbhus fox the tetracyclfne me5 and 
condudcd that there u-s a Iack of sub- 
stautinl evidence that the premixes vvere 
?oekpAf;z of their subtherapeu- 

“. 
For aU the forLzoing reasons, the Di- 

rector b prw353sg totithdraw approU 
of certzSn XUD.Vs for the subtherapeuff 3 
uco of ktracyclfne and tetracychue com- 
blnatfon products teg., chlorotetracy- 
cline-sulfruueth3zlneenS~ in aub 
mal ftxd1, because they have not befin 
shorn to I;e We or ktck substentizrz eri- 
dence of efkctiven~ 

tnut on&l and human heaith s&&y 
criteria (number l., set forth in DR. 
above) concerns the roZe ofsubtherapeu- 
UC antibfotia uce in the selection for an 
increase in the pool ok mkrobfal pIas- 
mfds detexnining muZt@Ze drug rev&t- 
CIICC. and in the transfer of these pZas- 
mfd; nmoug bacterZa in anir.uaZs aud 
m3311. Resistice to nntmrotfcs has been 
Imorn ns long 0s the nnUbiotfcs them- 
StW2s hare b2en kum Until 1959, it 
vzs bclfeved that antibfotic resfstance 
x70.5 a rWilt of chance mutation andnat- 
tlrd zh?&oion illone Hoaecer. in 1959. 
Japanare tiertfgators (Rei. 11 dfscov- 
cred that re.sktmce to SWeraI coInulon 
~ltimf~robhl agcntscoald be transferred 
sirnt~IlaucousIs &cm one bacterhun fo 
mlother by chz-to-celz contact bmju- 
a’ation).~!vasshovmtobPduetothe 
tmusferof~chromosmnaI:resfst3nce 
determhmnts caRed ‘?G-~lasmkls,~ Le., 
R-factors, or I+ Resissce produced 
by R-pk?zmicZs frcquentZy fnvobxs the 
pmduction of enzymes that inactivate 
the antibfoffc. Par example, R-p&mid- 
medZattxi nFintrmln re.vance 3s due fo 

cule Thk same enzyme f3 al;0 active 
ru&uoti runny cemt-sPthetic penicillins. 
incladlu~ amPfdUfn. R-pZasmi& are es- 
trachromosomaJ geuetfc dementi GXA 
molecuk) that may carry as many as 
nhe drug msistauce genes. The pZasmZds 
also carry other genes that determine 
the R-~lamfdk replication, independ- 
ent of tbe host chromkm~e, as wll as 
inform3Uan for trausfer of the R-plas- 
mlds from one b~cterhmx to another by 
con ju.gaff on. R-pbzsmid.s are fmnsferred 
by confugatfon to vhtuaRy aZZ eutero- 
bacterZaceae as IWZ as to such unreZatcd 
Grzuu-nmUre tncteria as VfZdo, Pseu- 
~amonas, aud Pa-teurena. lTus. r&st- 
mce mnnnss from struix to strai14 spe- 
ck to species. an& most importaMy, 
from nonpathogen to pathogen R-pZas- 
mids are nw kxo~ to he the predomi~ 
nimt cause of antibiotic r&stance 14 
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While the development of antibiotics 
revoIutfonfzed the treatment of fnfec- 
tfous disease in both man and animals, 
the magnitude of thfs achievement has 
been dlmlnlshed by the wfdespread emer- 
gence of antibiotic-r&&ant bacteria. 
R-plasm%medfated resfstance fs par- 
ticularly omfnous since selection of re- 
sistance to a single antibiotic may also 
Iead to the sfmul-tieous selection of re- 
sistance to a wide spectrum of other 
antfbiotfcs. In recent sears. antibiotic re- 
sistance has emerged in fmportant path- 
ogens; for example, in Hoemoplafl~ in- 
fW%nza6, Neisssria gonmr@oeae, Sainao- 
nellu &phi, and Shfgellu dysenteriae. R- 
plasm&mediated resfstauce has been 
identified in epidemics around the world, 
e.g., Salmonella tgphimwium. Borne of 
these organisms have acqufred . both 
ampicillin and chloramphenfcol resfst- 
awe, resulting in disease that will no 
longer respond to therapy. Hence, drug- 
resistant organfsms have become an 
important concern fn both human and 
veterinary medicine (Refs. 2 and 3). 

Because the use of antibiotics is exten- 
sive, an effort must be made to assure 
the future utfffty of these lffesavfng 
products. In 1960, the annual productfon 
of antibiotics in the United States was 
4.16 million pounds, of which 2.96 mfhfon 
pounds were used for therapeutic pur- 
poses fn human and veterfnary medfcfne 
‘and 1.20 mfllfon pounds fn animal feed 
additives. By 1970, 9.6 million pounds 
were befng used for human and veterf- 
nary medicine phermaceutfcals; while 

- 7.3 mfllfon pounds were being used for 
animal feed additives. tireover, accord- 
ing to “Synthetic Organic Chemicals, 
Unffed _ States Production and Sales 
(1971-1975)” (U.S. International Trade 
Commfssion Rubffcatfon 8041, the 5-sear 
average production for lS?l through 
1976 was 11.16 mfllfon pounds for me- 
dicinal uses and 7.68 mfllfon tiunds for 
nonmedfcinal uses, including feed add& 
tfve uses. Over those 6 years, the aggre- 
gate average of the total production for 
nonmedicinal uses was 40.6 percent, but 
48.6 percent fh 1975. Thus, the* use of 
antibiotics fn animal feeds fs a consfder- 
able element in the overall use of anti- 
biotics in. this country and conse- 
quently must be considered a potentially 
significant contributor to the reefstance 
problem. 
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2. Critkrion. The FDA task force con- 
cluded that a human health hasard 
exists if the subtherapeutic use of antf- 
blot&s fn animal feeds leads to an fn- 
crease fn R-plasmfd-bearing orgaheme, 
K these,antibfotfcs used subtherapeutf- 
tally are also used fn human clfnfcal 
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medicine, and if R-~lasmids subsequent 
appearfnbacterfafnman.Itwasthe 
intent of the task force as wefl as the 
fnbrnt of 4 558.15 to reduce the toGload 
of resistant organfsms fn the envfron- 
ment and to fnsure the effectiveness of 
antibiotics fn the treatment of disease fn 
man and anfmals. Accordfngly, 0 558.15 
required that an antibacterial drug fed 
to animals shall not pro&ote an increase 
of coIKorms that are resistant to antf- 
bacterfal drugs used fn human clfnfcal‘ 
medicine and capable of transferring 
thfs resistance to bacteria indigenous to 
the intestinal tract of man. Studfes must 

and significance of these events: 
a. Controlled studies shah be under- 

. . . . 

taken to determine whether or not the 

,- 

administration of an antfbacterfal drug 

tx maeruucen to assess me occurrence ’ 

at low and/or 3ntermedfate levels to tar- 
get animals results fn an increase fn the 
numbers of colfforms bearing R-ples- 
mfds present fn the fntestfnf4l tract of 
thGa.nfmal or a change In the resistance 
spectrum of these organisms compared 
to those found-fn controls receiving no 
antfbacterfal drug. The resfstance spec- 
trum must be determfned to ascertafn 
whether or’not there are determinants 
present for resfstance to sntfbacterfcrl 
drug& used fn human clfnfcal medfcfue. 

sk%ent, .even in the absence of totraoy- 
cliue hssure. Once the reservoir of R- 
plasmids develops (whether due to sub- 
therapeutic use of tetracycline or some 
other antiblotio). tho plasmids can 
transfer among bacteria fnfcotfng nnf- 
mals and man. 
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b. If the resistance determinants fn- 
dfcated fn paragraph a above are found, 
a sponsor may elect to conduct ad& 
tfonal studies to determine if such multf- 
ple drug resistance fs transferable to the 
mfgenous coxfforms in the fntestfnal 
tract of man. 

3. Studies relevant to transfer of drug 
resistunce-(a) R-plasmid-bearing E. 
coli davelop in domestic animals fed sub- 
thcrapcutic levels of antibiotics, includ- 
ing tetracycline. Many investigators have 
reported the presence of R-plasmfd- 
bearfne E. coZi in domestic anfmals. and 
the e&ect of antfbiotfc-supplemented 
feed in increasing the number of antf- 
biotic-resistant organisms has been ex- 
tensivehr documented. Mercer et al. 
IR-ef~ 1) showed that 80 nercent of the 
I.&&&l -%ola&s from &mals exposed 
to tetracycline and other antibiotics fn 
feed were antibiotic resistant, Whffe only’ 
21.9 uercent of isolates obtafned from un- 
exposed anfmals were resfstant. Seigel et 
al. (Ref. 2) and Smfth and Tucker (Ref. 
3) as well as others have also shown 
that the addftfon of tetracyclfues to feed 
at subtherapeutic levels causes an fn- 
crease fn the R-plasmit-bearing colfform 
populatfon of the fntestfnal flora. Data 
submitted by drug sponsors on the effect 
of subtherapeutic administration of tet- 
racycffnes fn anfmafs also show an fn- 
crease fn.dnm-resistant E. calf fn medi- 
cated an&a&, compared to nonmedf- 
cated ‘controls. A review of data from 
the literature, from FDA control studies, 
and from drug sponsors’ submfssions 
leads to the conclusion that subthera- 
peutic use of tetracyclfnes fn animal feed 
produces a high level of antibfotfc-re- 
&taut E. coli in animals by select&g for 
R-plasmid-containing bacteria (Human 
Health Crfterfa No. la). These bacterid 
populations appear to be stable and per- 
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(b) E. coli contribute their R-pkas- 
mids to man through several mcclra- 
nfsms. Drug-resistant bacterfa orfglnnt- 
fw in animals may reach man (1) by di: 
rect contact with animals (2) through 
the food chain, and (3) because of thofr 
wfdespread occurrence fn the environ- 
ment. 

(1) Direct cOntact with animals, A 
number of studies have shown that hu- 
mans fn contact wfth anfmals receiving 
meclfcated feed have a higher inofdenco 
of drug-resistant organistifs in tholr fn- 
testfnal flora than do control populations 
wfthout this direct contact. Lfnton ot al. 
(Ref. 1) found a higher incidonco of 
drug-resistant E. coli in adults employed 
with livestock husbandry than fn other 
rural or urban adults. Wells and Jam& 
(Ref. 2) found, a hfgher fncfdenco OP 
drug-resistant E. calf in humans in con- 
tact with pigs given ccrtafn antlbloffcs 
than in humans in contact with plf.18 
that had not been given antfbfotfcs. 

Siegel et al (Ref. 3) compared tho pro- 
portion of resfsfant organfsms in fccnl 
samples from: (a) Farm workers in con- 
tact with the resistant flora of anfmnls 
receivfng subtherapeutic levels of poni- 
cfllin, lb) people residiug on the same 
farms wfth no direct exposure to tho 
farm anfmals; (c) nonfarm ~~0~10 
treated wfth antfbacterfal drugs; (d) un- 
treated people residing with treated in- 
dfvfduals: (e) untreated people with no 
exposure to farm anfmafs or treated 
fndfvfduals. 

The data (Ref. 3) indfcate that tho 
enteric flora of individuals who have not 
been treated with antfbiotfcs can bo af- 
fected by contact wfth anfmals; furthor- 
more, these fndfviduals may be affooted 
by contact wfth people who have dovcl- 
oped a predomfnantly resistant flora as 
a result of their exposure to subthora- 
seutfc levels of antibacterfals in feeds. 

A study sponsored by the Animal 
Health Institute. Lew et al. (Ref. 4). ox- 
amfned the change in intestinal micro- 
flora of chickens, farm dwellers, and 
their neighbors before and after the in- 
troductfon of a tetracyclfne-supplement- 
ed feed to the farm. Wfthfn 1 week after 
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intMducMon of this antibiotic in their 
c diet. the E. coli of-the chickens were 

fkhnost edirexy tetmcycline-resist 
Subsequently, and at a slower ra@ in- 
creased numbers of a&biotic-r&t 
bacteria. appeared in the flora of the 
farm dw&lIers. No such incre&e mas ob- 
served in the farm neighbors. who wefe 
not exposed to the animals fed subtheta- 
peutic antibioUcs. within 5 to 6 months. 
316 percent of weekly fecal samples 
from farm dweUers contained greati 
than 80 percent tetmmlJrie-resist 
bacteria compared to 6.8 percent of the 
samples from the neighbors. Using a 
specianp markd resistance gene toiden- 
tify a particulat plasmid. Levy was also 
able to demonstrate the direct spread of 

.resistant .organbns from chickens to 
chickens and fmm cl&kens tu man 
(Ref. 5). 

* The studies do not establish that the 
shift in the antibiotic-resistant E. cOU 
flora of rural human poPulstions WBs a 
re3ult of contact with liVestock. Per SR 
sinhe.some shift could have also OCCUT- 
red as a result of contact with the anti- 
biotic-supplemented feed used On the 
fanas. Nonetheless, it was demonstrated 

-that the subtherapeutic use of certain 
antibiotics, inchMing the tetmcydlines, 
increases the pool of R-plasmid-bearing 
E. coZi, and the. studies define one route 
by which antibiotic-resistant strains uUl 
enter the human pobulatien. Whfle this 
MI&C is of great importance to farm 
dwellers, the majori& of the population 

. has no contact with live animals. For this 
latter group of individuals, a more im- 
portant route of exposure by whfch re- 
sistant bacteria can pass to man is by the 
handUg and ingestion of meat and poulh 
try products contaminated with F&-plaS- 
mid-bearing E. coli of animal origin. 
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(ii) Contact loith E. coli-contaminated 
food. To assess adequately the sign& 
cance of the problem of human food con- 
taminated with E. coZf, Howe and LInton 
(Ref. 1) described four factors that must 
be measuqxi: <a) The incidence of R- 
plasmid-bearing E. c0l.f in food-pmduc- 
ing anim&; (b) the load and frequency 
of excretion of B. coZi from these ad- 

/ 

NOTICES 

rnayG&% degree and ~)urce of con- 
curcusses at slaushter;.and 

(d) the overlap of E. co11 sero&pes in 
vurious host nnlmnls with those com- 
monly found in humans. A number of 
surveys have clearly documented that 
pigs, cnlves, and ~oultrg carry a.lorse 
reservofr of antibIotic-resistant E. coZi 
(Anderson; Laker; Mercer; Smith; Howe, 
Linton and Osborne; Smith and crabbe 
CR&s. 2 through 8, and 15)). The anl- 
m3ls excrete a large number Of E. coIf 
reshstant to n tide range of clinically 
useful entlblotlcs and constftute (L rcser- 
voir “rich” in R-pInsmids. ~Sorcover, they 
excrete a lnrge vnrIety of semtypec; of E. 
calf. 

During the slaughtering Pmcess, con- 
t3mblution of carcasses with intestinl-d 
mic~ormnfszns cannot be prevented. 
hfent and meat products are often con- 
taminnted with antiblotlc-resistant E. 
calf, and these often reach the consumer. 
Walton (Rd. 9) demonstrated that 52 
percent of the cnrcpsses of cattle and 83 
percent of plg carcssses fmm commfxclal 
abattoirs were contaminated with E. calf. 
Wnlton end Lewb (Ref. 10) isolntcd rc- 
slsfant E. calf from 21 to 50 spechneos of 
fresh meat and fmm 4 of 50 specimens of 
cooked meat. Bnbcock et aL (Ref. 11) 
isolated mu&resistant E. calf from 80 
percent of 98 znmples of dressed beef. 
ma;lt.most cases was found to be 

Slmilnr incfdentsof E. coff conktminn- 
tion occur with the slaughter of chickens 
Skim and Stephens <Ref. 12). Cooke et 
al., and Shooter et al. U%?fs. 14 and 18) 1. 

The prexnce of antibIotic-resIstant E. 
calf in the nnimnl lntcsthml tmct and 
on. the cnrcnss does not conclusively 
prove thnt the E. calf are identical or- 
ganlsms. However, recent studies uslng 
serotypSng methods have chara&&ed 
resistant and sensitive E. coZf isolated 
from the animnl intesthml tract and car- 
cass tRefs. 13,15,16. and 17). and have 
found that the resistant O-serotppes on 
the carcnsscs of P&S, cnlves, and paultry 
frequently are identical to those isolated 
fmm the fecal contents of the same anl- 
mnl. liIorwver, Lfnton, Howe, et al. CR&. 
17). showed that a huge number of E. 
calf found oq table-ready thn!~ed ch!ck- 
ens men: rcslstnnt to them~eutlcauy im- 
portant anMbIotks. The orsnnism6 
reaching the kitchen included a wide dl- 
versifa of O-serotmm of antlblotic-re- 
sistant E. calf. Simihuly, Shooter et al. 
(Ref. 13) described the dfshibutfon and 
serolme of shnins of E. calf from n poul- 
try packing station and an abnttolr and 
concluded that “results in both the ab&- 
toir and the poultry pacl;lng stntfon in- 
dicate thnt there Is transfer of strafns 
from the faeces of the animals to the en- 
vironment and that the strains of E. cozf 
found on the carcasses of poultry, cnttle, 
and beef mill orIginate from the faeces of 
the animal and fmm the environment 
and will reflect the hfstory of the car- 
cass.” 

The epldcmiolow of SaImonclIa i&c- 
Mms also supports the conclusfon that 
the reserX& Of R-Plasm&bearing en- 
terfc bacteria in flnlmnb is I3 fdgnJfic&lnt 
source of R-plasm!ds for humans. Food- 
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borne SdmonelZa Mecffons in man are 
a vsell-known and contiming emblem. 
Animal merit products that serve 85 8 
primnty source of S&rwtteUa InfectIons 
In humms rdso serve as a source of other 
bactezia for man. fnc.ludIng R-pIasmfd- 
beming mterfc bacteria (Ref. 19). 

Based on this eridence, the Director 
must conclude that man is exposed to R- 
plasmld-bearing h&stinal bacteria 
throush contact tith contaminated food. 
Because the ~resistance of these bac- 
t&u is increased by feeding theanimals 
subtherapeutic levels of antfbiotfcs, such 
feodhg enhnnces the likelihood of tram+ 
mltti~~g R-plasmid-beariug bacteria to 
z through contact tith contaminated 
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10. FIXJ Docket No. 77N-0153, Fbvlron- 
mental Impact Analysis and Assessment Re- 
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(lllu) Widespread presence in the en- 
vironment. Many studies (Refs. 1 
through 6) have shown that intestlnaI 
bacteria (e.g., E. colt and SaZmoneZla) 
carry~ R-plasmlds are widespread ln 
the environment. Resistant strains reach 
the environment from both raw and 
treated munlclpal, hospital, and animal 
wastes. The number of resistant bacteria 
reported in sewage snd the effects of 
sewage treatment vary. Most surveys in- 
dicate that hospital sewage contains 
more drug-resistant coliPorms. more R- 
plssmlds, and a greater proportion of 
R-plasmlds carrying multiple resistance 
than sewage from domestic-and other 
sources. However, hospitals do not con- 
stitute a large proportion of total sew- 
age. Therefore, I&ton et aL (Ref. 4) 
compared the contributions of hospital 
and domestic sewage to the total pooled 

4 sewage output of the cl& of Bristol. and 
concluded that sources such as lndus- 
tries and homes, rather than the hospl- 
tab, appear to be by far the greatest 
contributors to the reservoir of RzpIas- 
ml&s in the community (Ref. 7). 

R-plasmid-contaf bacteria also 
occur in rivers and sea water, and some 
authors have .urged stricter control of 
discharges to surface waters. Feary et 
al. (Ref. 2) examined the lncfdence of 
antihlottc-resistant E. coU present at 
sites along a fresh water river system 
and within the salt water bay into which 
it empties. Antlbfotlc-resfstant colifonns 
were detected ln nearly all the fresh 
water sites sampled and in about 50 per- 
cent of the salt water sites. Feary found 
that 20 percent of the 194 strains tested 
contained Rplasmlds carrymg multiple 
antlblotlc resistance which could be 
transferred to sensitive SaEmoneZZu 
tgphfmurium <S. typhimurfum) , Shf- 
gella dgsenteriae, and 8. colt. They also 
isolated coIlforms contalnmg R-pIasmld- 
mediated resistance to chloramphenlcol. 
Transferable chlotimphenicol resistance 
21 a sfgnlflcant health concern since - 

NOTICES 

c.bloramphenlcoI’is often the antibiotic 
of choice for. the treatment of typhoid 
fever and for the treatment of systemic 
lUmss caused by other Salmonella spe- 
cies. In Feary’s study, the Incidence of 
coIlform organisms appeared higher 
around heavily populated areas, but coh- 
forms were also recovered with ease from 
rnral areas. In one case where partlc- 
nlarkv high count8 were obtained, the 
sample was taken below a large cattle 
feedlot. . 

The high levels of resistant coliforms 
may b of more consequence in the salt 
water &me certain sections are utilized 
heavily by fishermen ln harvesting fish, 
shrimp, clams, and oysters. Uysters and 
clam3 are of primary concern since they 
continuously f&r water and concen- 
trate bacteria in their gut and are often 
eaten uncooked 

Recent reports by Cooke (Ref. 1) have 
also described a Ngh incidence of re- 
sfstant coliforms in marine sheUfU and 
freshwater mussels. These data are re- 
viewed in more depth ln the CSP EIAR/ 
EAR (Docket ?‘QT-0156). 

Therefore, the Director must conclude 
that the environment is heavily ponta- 
minated with bacteria containing trans- 
ferable antibiotic resistawe. Man is ex- 
posed to the danger of acquiring reslst- 
ant collforms from the environment, and 
the relative number of resistant bac- 
teria are increased both by the use of 
antibiotics ln animal husbandry and in 
human medicine. Antiblotlc-resistant 
bacteria are now so widely distributed in 
the general environment that it is dif% 
cult to relate their appearance to a par- 
&mIar use, but any unnecessary practice 
which results in the ineffectiveness of 
antlbiotlcs for the treatment of disease 
should be eliminated. 
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(i) Epldemiological. fnvcstigations-E, 
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tlon ln strains isolated from man ahd 
animals: they also suggested that nnl- 
mal strains of E. colt wero not reaohlng 
the human population or wero falling to 
implant ln the bowel. More recCntlY, 
however, this same group, Bettelhelm at 
al. (Ref. 2). compared the eerotypea of 
13,139 strains of E. calf isolated from 
humans with the sero’types of 1,070 ani- 
mal strains of E. CON; 708 different O/R 
serotype combinations were fouhd, Of 
these, 520 were found ln human &ains 
only, 130 from animal strains only, and 
58 O/H serotype from humans and ani- 
mals. The’authors concluded: 

At Drst glance tho results dascrlbcd in thlo 
paper mo6ld lncleed support tho vlotv that 
humnn and anlmol strabls of E. colt aI‘0 
largely dlstlnct. Second thoughts, howevor, 
sug@st n llttlo cmttlon In cccoptlnf,’ tho Oplu- 
Ion too ,@mlY. 

However thoroughly human or nnhncd 
stools -are exnmlned. only a mlnuto fraotlon 
of the total buctorlnl contont iu examlncd, 
and lnevltably atralna mcordcd as bolng 16b 
U&ted tend to be thoso that prodomlnato. 
It ls always probable thot lf ezmmfiatlon la 
continued. furthor etmlna III&Y bo lsolutod 
but titer-on ax&& of world’ that $ lm- 
practicable in any ordlnnry lnvostlgatlon. 
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dlltgent examlnotlon, bo racordod es pmsont 
la both man and anlmcds. 
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portant& the studies suggest a wnsider- 
able overlap in the dfstrmutf~n 01 R- 
p&mid-bearhrg O-serotgpes in man and 
in fmimak. Moreover. the same resistant 
st~~types. which predomhuxtx3 in the E. 
cozi po~uIations from heaZthy human 
and animal fecal sources, were aho 
prevalent among R-~Zasmicl-bearing 
stzains from cZin.ScaZ material (Ref. 5). 

Because the use of 0-serotyping aZone 
as an epidemiological tOOI has been m%i- 

. cized on the grounds that it is inwm- 
pIete and inadequate, Howe and Linton 
CR&. 2) examined E. coZZ for the K and 
H antigens as well as the 0 antigen 
They studied 90 strains, 17 chosen at 
random from hmnsn urinary tract m- 
fections. I7 from human feces, and 56 
from calf feces; ah belongfng to O-types 
8, 9, and 101. The authors found the 

. sameKandHantSgensfncertainstrains 
of the same O-types from each of the 
three E. wZf sources. Additionally, K and 
H antigens associated with these O-sero- 
tapes were not s~eciilc to antigens ss- 
sociated with these O-zerotypes were not 
specific to 8. coZi isolsted from humans 
or from caZve.v. Although further sub- 
divbion of the three O-serotypes was 
possible by this means, the authors wn- 
eluded that 0-serotyping alone provided 
a very useful means of dZst5nguishmg 
strains of E. cozi in a general survey. 

- 

These studk.s show that a simiZar 
range of drug-resistant R-plasmid-bear- 
ing 0-serolmes of E. coli have been 
found in msn and the various animal 
species examined. Furthermore, the 
studies show that the ratio of drug-re- 
sistant to drug-sensitive isolates was 
much higher in animals’tha~ in man 
tRefs. 2 and 6). Thus the abundance and 
diversitp of drug-resistant R-phxsmid- 
bearing 0-serotgpes in animals are much 
greater than that currentJy found in 
man, and the serotypes overlap. 
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uil Dfrect f?z9eslfoYz fx?Zdem%. Dfl-ect 
ingestion experiments have aIso been 
conducted to show that R-@asmId-bear- 
ing E. con of farm origin can colonlze the 
human iatest.inaZ tract. In 1969, Smith 
(Ref. 1) concluded that animal E. COZY 
s&dns were poorer at colonlzlng thC m- 
testine of man than were human E. coZi 
sh-nins. However. his observatfons were 
based on a sing10 volunteer (himsell) 
and a smaB number of E. COZL sbnins. 
Cooke In 1972 (Ref. 2). on the other 
hand, reported that it mns relatIVelg easy 
to produce tempomy wlonizatIon of the 
intestine by E. coZf strains from both hu- 
man and anZmaZ sources. She reported 
the persistence of an E. coZf lnfectfon Of 
animal orlgln in a human volunteer for 
120 days r0u0mlng the insestlon of a 
very large dose. 

Other esperimentaZ studies (Refs. S 
and 4) confhm that temporary coZonZm- 
Uon occurs provided a Iurge dose of UIC 
org9nisms Is taken, but there is a great 
deaZ of bloloslcal varmtfon between 
colonization for dEerent strnlns and for 
different human ZndivZduals. In normaZ 
individuaZs, the carriage of intesthrnl E. 
co8 seems to follow 0 characteristic pat- 
tem. Bach person carries one or ixvo resi- 
dent strains that establish thcmscZves 
and muhipls for months or years. In 
addition, four or more translent strains 
are present for a fern days or necks. 
Strains disappear and are rep&cd by 
others. SometImes, under antiblotlc 
pressure, a new strain suddenly takes 
over. Inter disoppearlng. Strains of E. 
coZi thus di5er in their nbillty to colonkc 
man. Although some strains are not well 
adapted to coloniaing man. others pro 
asabletolivclnhumanasinanlmalLn- 

.ti&ines. The greater the divemlt~ of 
R-plasmid-bearlng 0-serotypcs that 
reach the consumer, the greater the 
probablhty that one more of these antf- 
biotic-resistant strains wZh bo capnblc 
of colonizing man. 

Recently, Linton, Howe, Bennett, ct aL 
(Ref. 5) demonstrated thnt antiblotlc- 
resistaut E. calf found on n commercially 
prepared ChIcken cnrcnss coIonlzcd the 
intestinal tract of a human volunteer. 
Two stmlns present on the chicken car- 
cass handled and eaten by the human 
volunteer were subsequently excreted by 
her. Both strains mere undetectable ln 
the human before con&t with the 
chlcken cnrw. The stmhw were shown 
to be IdenttcaZ in chicken and man by 
cornParing tbelr serotypes (0, IX, and H 
nntlgens) and R-plasmIds. The pZasmld 
complements were determincd to be 
identical by ehctron mlcroscopy and re- 
StrIction endonuclease patterns. R~~trlc- 
tion endonudeases nro enzymes that 
DNA at specific &es. PhysZochemlcnZ 
technisues then vfsuahre these pZasmid 
fragments. The identity of these plas- 
mkls cau be determined by n comparhon 
of the DNA fragments generated using 
rc.stricMon enzymes with dlfcerent recog- 
nition sefmences. The Linton study ah0 
sugsestcd tbnt the handUng of the un- 
cooked carcsss provided a greater oppor- 
tunity for tnansmissIon thnt does eating 
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cooked meat. The strains persisted for 
10 days, and the process occurred with- 
out feeding any antibiotics to the vohm- 
teer during the study. This Zs consistent 
with reports of SaZmoneZZa InfectZons 
from nnimnl sourc=. 
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w!3,” lzl prcs, lQ77. 

(iiD In ufuo sfudfes sZzow thrrt 
E-pZa.mids transfer jrom IL cofi to 
pathogens. The ingestion of R-p&mid- 
conks bsctcrlu can result in in vivo 
R-plasmid transfer to the normal intes- 
tfnalflornWhenthfsocm,theE.coZi 
constitute a reservoir of organ&mm ca- 
pable of transferring R-Z&ismids to in- 
testlnal pathogens, e.g., Salnmz6ZZa. The 
in vivo trims&r of R-pZssmids has been 
demonstrated in sheep, mice. calves, 
pigs, cbkkens. turBey6, and ln the hu- 
mnn nument;us tract azek 1 throa 
8). Geuerally, in viva transfer is not s.v 
rc%uZiW detectable as in vitro transfer: 
In the absence of drug sebxtion., the rate 
of in vivo R-factor transfer is generaUy 
low, and Zarge numbers of resi.&mt do- 
nor; may be required for transfer (R&L 
1 and 61. DemonstratZons of in viva 
trnnsfer have usmlly been achfeved by 
first mu&Pyiug the normal ffora of the 
fUnen- tract by feedfug antibiotic;. 
by starvntion, or by using germ-free 
mlw or nec;ly hatched chic4 and these 
Procedures probabZy counteract the in- 
hibitory eSect.s of biZe saZt.v, fatty adds, 
ncld PR, and anaerobic wnditfuns of the 
normal htesMnal firact. 

These exiental resulb may not be 
a true indication of the extent of 
R-phxnld transfer in natural pop&x- 
tion!i since they of ten mvoive indivfduah 
who are expozd to restricted numbers 
and types of donor and recipfeut orga- 
nlsms. In some instances the methods 
were not suitable for the dctectfon of 
low level trnnsfer. Horvever, Smith and 
Tucker (Ref. 9) studfed the efZect of 
~tfblotic administratfon on the fecs,Z 
excretion of SaZmoneZla by mmerimen- 
t&v infected chlckeus. The authors 
found that R-plasmid msfstance de- 
VeZOPcd fn the ind@nouS E. coZi and 
th3t VerY similar resistance patterns 
thau deveZopcd in the SaZm&eZZa~ These 
~mhs were dupZ!cated in some of the 
Studlcr; submitted by the NADA holders, 
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’ w%ich are also discussed in deDth under 

Part IV. B. below. 
Ragmess of the frequency w%h 

v~hich R-plasmid transfer occurs in the 
absence of modifHDg influences, It has 
occurred and given ‘rise to antibiotic 
resistance in bacteria, including patho- 
gens. The conditions of the Smith and 
Tucker studies -mimic those brought 
about by the practice of feeding sub- 
therapeutic levels of telzacycline and 
other antibiotics to animals. That prac- 
tice leads tc an increase in and selection 
for R-plasmid-bearing organSsms, and 
it therefore increases the probability of 
in vivo R-plasmid transfer to pathogens. 
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(iv) R-glasmfd compatibility studies. 
Another FDA spons&ed study (Ref. 1) 
e.xamined the compatibiIi& prcperties of 
more than 100 R-plasmids from B. c&i 
and Salmonella isolated form animals in 
order to determine whether the plasmids 
are related to those fsolated from man.’ 
The usual method of genetically classify- 
ing plasmids is based on their ability to 
exist with each other-in the same bac- 
terium. Genetically unrelated plasmids 
can exist in the same host, and they 
are caUed compatible. On the other hand, 
related pl&nids cannot coexist, and they 
are caUed incompatible. Plasmids be- 

longiug tc tie same incompatability 
group aie presumed to be related. 

The Food and Drug Administration 
study showed that the R-plasmid incom- 
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patibility groups s&n ln animal isolate8 
shorn the same distribution as %hose 
fopna iu human fsolates:This.therefore 
suggests that human and animal bac- 
teriaI populaticns overlap; there are not 
separate and distinct human and animal 
R-PlllSLllidS. 

A more direct approach for examining 
the relationships between plasmids is to 
measure’ the proportion of DNA 
sequences (that is, the number of similar 
or identical gene.9 that are common to 
any two plasmids (DNA-NA hybridlxa- 
tion) . R-plasmids belonging to the same 
incompatibilitY groups of human and 
aninial origin are identical when ex- 
amined. by DNA-DNA hybridixation 
techniques. (Ref.% 2 and 3). Restriction 
endcnuclease activity has also confhmed 
the &nilarity of R-~lasmids isolated 
from- enteric -organisms of human and 
animal sources (Ref. 4). Therefore, the 
Director must conclude that R-plasmids 
of human o&in are indistinguishable 
from those of animal drigin. 

’ 1. FDA contract 223-73-7210. 
2. Anderson E. 8.. G. 0. Humnbreve. and 

of Itlisctom ln Enterobaoterla of Human 
and Animal Orlafn.” JoumaZ or General 
MfmobfoZOgy, 011i?&383,1976. - 

3. Grindlay, N. D. F., (3.. 0. Hum&reps. 
and E. S. Anderson, “‘MOleoular Study of 
R-factor CompatlbllIw Groups,” Journal oj 
Bac:erfoZogy, 116:367~8,i973. 

4. Crosa, J., J. Olarte. L. Matry, L. Lut- 
tropp and M. Penaranda. “Characterlmtlon 
of an R-plasmtd Associated with Ampicil l in 
Reslstanca in ShfgeZZa dysenteriae !t’ype I 
Isolated from Epidemics.” * AnttmfcrobtaZ 
Agents and Chenwtherapy, 11:663-668. 

<VI Hpards. While the presence of 
antibiotic-resistant E. coli in the W&&i-  
-nal tract of humans may generaly cause 
no hnmediaete problems tc an individ- 
ual, under certain circumstances it may 
lead tc dangerous situations. For exam- 

.ple, E. coli is the most usual cause of 
human urinary tract Infections and 
commonly arises from an Individual’s 
own intestinal flora. Sulfonamides are 
generally the drug of choice for treat- 

.ment of urinary infections: however, a 
significant number of infections with 
sulfonamide-resistant strains are now 
reported. 

Antibiotic-resistant IL ccli in’ the 
bowel of man also constitute a reser- 
voir of organisms capable of transferring 
resistance to intestinal pathogens. Per- 
haps the greatest hazard to human 
health arIsing from the use and misuse 
of antibiotics is the large reservoir of 
p&mid borne resistance genes in the 
normal intestiial flora of auimals and 
man and their presence in the envlron- 
men&-resistance that cau be tranferred 
from nonpathogenic to pathogenic orga- 
nisms. , 

In recent years the emergence of R- 
plasmid~mediated resistance in patho- 
gens has been identified in epidemics 
around the world. Astrain of Salmonella 
tgphi carrying an R-plasmid-determin- 
ing resistance ia chloramphenicol caped 
an epidemic of typhoid fever in Mexico. 
Transferable chloramphenicol resistance 
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has also become common in S. tuphf I30- 
&ted in Indian, Vietnam. and Thailand 
(Ref. 1). The recent epidemio of drug- 
resistant Shioella duscntcriac infection 
in Central America (Ref. 2) la another 
example of an epidemic discaso v/h!ch 
was no longer susceptible to trcatmcnt 
by antibiotics that had previously bcon 
useful. Plasmld-mediated roststanco 
has been reported in strains of Bordc- 
teZZu bronchfseptfca (Ref. 3), and FDA 
scientists liave demonstrated plasmid- 
mediated resistance to pcnioillin, t&s- 
cyoline, streptomycin, and sulfonamide 
in strains of Pasteurella multocida and 
Pa-steurelh haemolutica, both of which 
cause serious diseases In anImala (Refs. 
3and4). * 

_ 

Recent studies (Refs. 6 through 12) 
have also shown that the gene3 specify- 
ing raslstance to am~icillln, tctracyclino, 
kanamycin, chloramphenicol, trlmetho- 
prim, and streptomycin reside on DNA 
sequences that are able to tranr;looato 
or move from plasmid to plasmld cs a 
discrete ur@. or from a pleamId to tho 
bacterial chromosome. Theroforo, in ad- 
dition tc movement of resistant bnctorla 
from animals to m(Ln and tho transfer of 
R-~1asmIds betmeen bacteriu, the genes 
that reside on the plastids can thom- 
selves migrate from plasmid tc plasmid 
by translocation. Furthermore, an R- 
plasmld does not have to be stably mnin- 
tained v~ithin a cell to donate its resistant 
genes to a redplent chromosome or nn 

I 

indigenous plasmfd. 
Tetracyclines are the drug of cholco 

for most infections caused by myco- 
plasma, rickett-sfa and chlam~dh. Somo 
of these organisms (o.g., tho cnusativo 
agents of Psittacosfs, OmithosIs, nnd 
Q-fever) are known to spread from 
animals to man. Under antibiotic prcs- 
sure, the development of tetracycllno to- 
&tame has been shown in Coxiclla bur- 
netif, the pathogenic rickettsla oauslng 
Q-fever (Ref. 13). Mycoplasmas racontly 
have been shove to possess plasmids ot 
as yet unknown function (RoZ. 14). 
Tetracycline-resistant mycoplasmarr hnvo 
beon isolated from the urinogonltal 
tract of patients with various disorders 
LRfSs. 15 and 10). It is uncertain wivhothor 
this resistance is chromosomal or pins- 
mid-mediated. However. there is c@r- 
tainl~ a possibility of animals lmder 
antibiotic pressure fbcquking totracy- 
cline-resistant mycoplasmcs, and of the 
translooation of chromosomnl tetracy- 
C&e resistance to R-plasmids. Thoro am 
recent data indicating that some iWcc- 
miasma mav be pathorrcnlc for a wider 
spectrum oi life -than has originally bc- 
iteved (Ref. 17). e 

Most bacterial species pose39 indIg& 
nous plasmid gene pools. Iu fact, pins- 
mids have been found in all speclcs oP 
bacteria which have been examined. Tho 
function of these plcamkis is ofton un- 
known, but they could Berve as olTco- 
tive recipients for the insertIon of trams- 
locatable genes. The recent emorgcnco 
of ampicillin-resistant strains of ‘ffaetno- 
phflus fnlluenzae and pen!cllUn-resistant 
strains of Nefsserfa gonorrhcao repro- 
sent alarming examples of the extension 
of the R-plasmid gene pool (Refs. 18 nnd 
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19. The resistance genes found in both 
species 2re identic2l to that? Preolouslg 
found onIy in E. coh and other enteric 
organisms. 

The World Health organk~tion prophetl- 
car&- mer.2co: 

becomes inevitable and the larger the ibob 
the greater is th!s posslbUlty. Idoreover. the 
wider the distrlb~tl~n Of R-f- (R&Of.@ 
~te.roba&erla the greater tn8 possible 
t&&t R-plasmIds may emerge tbnt call cross 
bsologkal baufers so thee they cnn perhaps 
enter hactmial speclcs arid genera ap- 

.p~~;y~~vh~~k.t from tbelr otisha 
. 
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T-mycoptcsmo.w Brflfsh Joumat 01 VLmzccaS 
Dfseasc, 60:373-374.1974. 

10. Spx?pen, LL, ot ol., “T~tn~cUno Rcbt- 
ant T-mr~coars.ma From Patlcnt3 clth Hfz- 
tory of dcpiaductke Falb~!,~ AntimLcWrS 
Agents and Climnoti~c~~~~, B:lOl%lOlB,lB7Q. 

17. Tully, J.. I?. mhltxomb, E. CWZ, and 
D. X7lll lnmzon, "Patho~~nl~ EIyCop- 
Cultlvatlon and Vcrtcbmto Pntho~nlclty of 
a New Sporopln2mo.” Scfcnc,-. 195:B32-99& 
197x 

18. EWcll, L P, J. dcGn3n. D. EClbrt. 
and 8. Ff.dkor?, “PInsmId-Un%cd AmptclUln 
R~tonco In ZZaetrwpIsfXus fl;urn?ne typo 
b.” Zn@ztfon and Zmmmfftl. 12:4Bl410, 
1975. 

19. Elnzll. IL P, hf. EobC1t.3, L. X5’. tdr2.W. 
and 6. FUkom. “‘PksmId-mcdlatcd B-loeb- 
mcse Fmduction ln Ncfsmfa gonorrhcac,’ 
Antfmicrobfal Apmts acd CImmotbc~a$~, 
11:5?fMi33,lnn. 

JO. W.H.O. Report, 1070. ‘T’ubPc Rcz~Ith 
Aspect or AnMbbflc HtJ.xztanw ln Enrima- 
me&F Rq$onal OlQn for Curqx. Copx- 
hagn 

4. Dimtot- conclusions. Tim hohierj 
OP the npprovcd NADA’s for subthem- 
peutic tetracychne-coIltaininS products 
mre required to shorn thnt the sub- 
therapeutic use of tetnxxline does 
not Incresse drug rezhtant U.e.. increase 
the pool of R-p&mid-bcsrlnz) orgy- 
nisms Jn animds. If they vxrc unable to 
show that subthcxweutic tetrecsclSne 
use does not increase the pool oP R-PIX- 
mid-beering orgunfsms in enimnls, the 
hoIders cere then rewlrt?d to shorn that 
the R-jWankis are not trenskable 
from animals to mzn. They falkd to do 
2xly of this. 

The evidence shows that the pool of 
R-pInsmid-bearing or&wkms, pwtku- 
lnrly in C. coZf, 13 increasfnc. end that 
the increase ts due rrt lust in pti to 
the subtherapeutic ure of the tetrncS- 
dines in anlmnl feed Further evidence 
shows thnt E. coZI contribute thetr R- 
~Insmids to muu through his dtrect con- 
tact 1~1th rmimnls, throu& his dtrect 
contact with E. calf-contsmluatcd food. 
end by widespread presence of the R- 
plnsmfds In bacterln in the envfconmcnt. 
Shrdk also shorn thnt there Is no strict 
distinction behveen the E. calf thnt colo- 
nke nnhnnls and those that Infect m&an. 
On the contrwv, there is consldcrable 
overhp In these stmins, rend thvo b 
also en overI.a~ in the enterlc bsctcrfal 
R-plasmid pojmlntfon in hunums end 
a!.Umnls. This evtdence is derived from 
epldemiolocs studla, bectcrial ingestion 
studies, end compatiblltty studies of the 
normal fnkstinnl fion of mnn and anl- 
mnls. These bacteria rnw don&c their 
R-plasmid to ~3tho9ens in man rind 
anhnals even when transient. rind the 
NADA holders have submitted no evi- 
dence on the degree of coIonfPt!on, if 
any. that fs necessary for this trnnsfer 
to accur. ACCOrdiUgly, tho Dlrcctor con- 
cludes that the holders of the apprwuls 
for the subthera~c~tfc tetrac~cllnccon- 
t.aidng moducts for use in animdl reedi 
have failed to shorn that &.e&ve cub- 
therapeUtlC teh-acycllne KC 631LcUc3 the 
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requiremeits of 8 558J.5 rind criterion 1 
of tbk notice. , 
D. SEE!DDII:G AXD FZZXSi%ZlcE cHdpdCTEU+ 

TICS or s.mow ccm!rEF .x0x 2% 

1. Bac?mmd. kxder humor end 
rmhni3l &fzfety criterion nmubcr 2. the 
NADA ho?dem must shove that an antI- 
bacterial drug used in enimel feed sheIt 
not crux 2 ~dzufRc2nt increase in the _ 
qunutity, prevnknce. or duration of Sal- 
mmeRa shedding or 011 iucrese in tha 
antibiotic r&&nxe cheracterLstics of 
s3lmonelbe. !lThe Rureau of Peterin3rr 
EIedIcine emphasized this criterion be- 
catrx (10 lndepeudent studfes indfcated 
that me of nn nntibfotic had caused au 
incre!o in SaZuroneZZu shedding in med- 
iccted humans ClW. 1) : and Ib) en epi? 
demfc or 3 spxific -cinlIEut @hag*- 
29) SalmoneRa t~himutina had oc- 
currcd in Great Britain e&r pmphyks- 
tic use of antibfotfes in &tIe feed. This 
resulted in human fattitffs (ReL 2). 

Askerofp and Bennett G&f. 1) Pre- 
sented d&a on the effect of 2nKbfoti~ 
therapy on the excretion of SaDmaeRa 
in fcixs aI hmnans infected tith acute 
snhnoneUosl9. After a huge S. typhimu- 
tfum epidemfc caused bs eating conkun- 
iunted turker. the authors exemfned the 
feces of retreated pstknts and p&ients 
trated vSth tetrwzline, empfcftlin. end 
chloramphenicol for SalnzoneZfa, end 
they determhxd the antibiotic suxepti- 
bility of the S. t~phfmtwium &rains. Fa- 
tients saernlly received the recom- 
mended rczimeu of nntibioffc thera~r 
f 1 gmm per dr& - Fecal samples from 
07 xntients not reeking medication end 
185 mKent3 tiread vim antfbfoKcs 
men3 f.camlned. Of the patients treded 
tith u.utib!oKc9. 65 percent F5ere shea- 
dlnc SalmncRa 12 days after infectfon. 
fmd 27 percent wre positive (shedding1 
31 by3 after infectfon. In the untreated 
~Ments, hoxever, Sa~mune~a shedding 
m.9 obxrved in only 42.6 percent at &y 
12 and 11.5.percent nt dsr 31. 

T.hemp~ aIs0 f3vomi the acqu%ition 
Of entiblotic resistance & the infecting 
strain t-oh&d from pauky, M.dch ini- 
thl& had been susceptible to antibfotics. 
Ei&teecn 0r the 185 patients rs-~i* 
nntiblotics escreted resistant SahmnteRa, 
chile none of the 87 untreated p3tkmk 
mm+2d rccS&mt SahxnreRa W<.O5>. 
The antiblotk r&stance acr&rhed in the 
Salmonella strzdn ms shorn to be 
tmnsfenble. 

Anderson (Ref. 2* carefulIS dotu- 
mented the buiIdup of a reservoir oi 
muMply antibiotic-resir;tant SaIsroner- 
lac in the outbreak of SalmoneRa typhi- 
mwium phase-time 29 in cdves in 
Brhfn from 1993 to 1969. ~nttbfotfcs 
mere uied both t.herapenticalIy and pro- 
Phyhkcticahy in crmvded feed Iok AS 
each ZlErY nntfbiotic KleraP~ via2 tried. 
n aem antibIotic rfH&ince 
the p3thOp2n. 2nd em?n~~~ 
t~~~himurium strain carried r&s&xn.ce td 
2 wide range or antibiotics. XXI additf~n 
to dkt?xe and death in CattIe. she&&g 
k.scrotlom the multiply rest-tant s. 
t~hfrrw?um caused iu9eotion.v and eren 
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are increases in the quantiti, duration, 
and prevalence of-mhnonelta sheddhg~ 
in chhkt?n6~ caused~ by SuhtheraPeutic 
chlortetracycline in feed. Day-old chick6 
were feg either chlortetracycline at 200 
grams/ton of feed or anonmedfcated diet 
for 58 days after inoculation with a 
chlortetraoycline-sen6itive strain of Sal- 
monella typhimurium (S. typhimurium~ . 
The chicks were divided into four 
groups: two environmental control 
groups, a nonmedicated control group, 
and a me+cated &e&ment) group. 

(ii) summanh While there were no 
si8nificant differences in the quantity, 
prevrtlence, and duration of shedding be- 
tween the medicated ttreatment) gmup 
and nonmedic#?d &roups, there were 
st&istScally.s&nificant differences iu the 
antibiotic-resistance of the Salmonella 
shed by these 8~01~6. Chlortetracycline 
resistance of the Salmonella sh& try 
birds fed subtherapeutic levels of the an- 
tibiotic showed a statistically significant 
increase when the ratio of antlbiotic-re- 
sistant Salmonella shed to the number of 
birds excreting Salnwnetla is calculated 
for the npnmedicated and trealznent 
groups. The ratio increased from 27 
percent drug-resistant on day 1 to 
apprqately 95 percent from day 22 
until the’ end of the study. Further- 
more, when the total number of bird6 
excreting antibiotic-resistant SaZmo- 
nella is compared to the total number 
of birds in the study. mediated birds 
excrete significanUy higher percentages 
of antibiotic-resistant Salnwnelta than 
~.~~~.m~c.ated bfrcls (P<OOl), and the 

Salmonella predominantly 
showed one particular antibiotic resist- 
ance-tetracycline, streptoZnycin, kana- 
my&. and neomycin. 

W) Director’s analysts. Comparing 
the number of Salmonella-positive fecal 
samples to the number of birds excreting 
S&monella, the Director finds there are 
no signifibant differences between medi- 
cated groups and nonmedlcated control 
groups when the tetracycline-sensftive 
Satmonetta strain wes the infecting 
alrent. However. the oercentaae of anti- _~~ 
biotic-resista& -Sat&%aeila iso&ted from 
birds given chlortetraoycline iucreased 
rapidly, remained at 93 to 95 percent 
from day 22 of the stuctf until theon- 
elusion: and the maioritv of the samdes 
sim$l&eously- de&lop&d resist&cd to 
streptomycin, kanamycin. tetracycline, 
and neomycin in the samples of birds 
treated with chlortetracycline. 

s$ot?d?d in hUman in contact with 
-cEs 

1. Aekoroff. B. and J. V. Bennett, ‘%ffect of 
Antlblotla Thempy in Acute Mmonf?uoSiS 
on the Fecal Qcretlon of SaZmoneZZa,” New 
Emland Journal of Afedlclne, 281:631-840, 
lO&. . G 

2. Anderson, E. 8.. %zology and Epldti- 
ology of l’taxuferable Drug Resistance,” ia 
Olba Foundstlon Symp. Bmterl.sl EpLsoples 
and Pla+lds. pp. 102-114. Chwchlll, Len- 
don. 1OOfL 

2. Criteriou-(a) Shedding. Controlled 
studies were to be designed tQ deter- 
mine whether the administration of an 
antibacterial drug at 6ubtherapeutic 
levels would result in an increase in the 
relative quantity, prevalence, or dura- 
tlon of shedding of Satmoneltu which 
are pathogens in animrtls. Satm43uetta 
are often found in the intestinal tract 
of man and a&&s, and the small in- 
testine and colon are the primary sites 
of multiplication. After penetrating the 
epithellal iining, they multiply and elicit 
an fnilammatury response. Most Salmo- 
neZZaX.ufections are limited to the gastro- 
lntwtinal triwt, Producing the clinical 
symptom termed %sstroenteritis.” One 
of the more common strains, Salmonella 
typhtmurtum, causes d,iseases in both 
man and animals. 

When an animal is infected with these 
bacteria, the live organisms are excreted 
in the feces (%hedding”) . The-quantity 
of Salmonella in the feces can be deter- 
mined by a bacteriological procedure 
termed a “standard plate cbunt.” A spe- 
cific amount of f-1 material Is diluted 
and spread on a semi-solid bacterial 
growth medium which is selective for 
the growth of Salmonella. After a sufIl- 
cient time for growth, Lndfvidual colonies 
are counted and recorded BS the number 
of Salmonella per gram of wet feces. 
The urooortion of antibiotic-resistant 
Salmonella in fecal specimen6 is inde- 
pendent of the quantity o$ Satmonelta 
shed. -. 

(b) Resistance charactertstkx. Con- 
trolled studies al60 were to be designed 
to determine whether the administration’ 
of oxytetracycline and chlortetracycline 
at subtherapeutic levels would result in 
an increase in-the proportion of anti- 
biotic-resistant Satmonetla. Satmonetta 
isolated from feces can be tested for 
their suscentibfli9 to various antibiotic 
drugs by st&dard~rocedures. Escherich- 
fa cotY, a normal component of the intes- 
tina flora, were also examined to deter- 
mine their resistance spectrum since oral 
administration of certain antibiotics, 
whether at therapeutic or subtherapeu- 
tie levels, has been shown to result in an 
increased proportion of jmiigenous E. 
Cotf that contain R-plssmids which can 
be transferable to other E. Colt or to 
Salmonella. Antibiotic resistance may ‘be 
measured by use of an antibiotic iner- 
porated into the bacterial growth medi- 
um or by standardized antibiotic discs. 

3. In&&y studies in chickens on the 
effects of subtherapeutic tetracycline use 
in anfmal feed-(a) American Cyanumfd 
Co.-(f) Experimental de&n. This studs 
was deslgned to determine whetherthere 

(b) Rachette Laboratories, Inc.--d) 
Eaerimental design. TNS study was de- 
signed to measure the quantity, preva- 

-lence, and duration of Satmonetta shed- 
ding by chickens fed subtherapeutic 
chlortetraoycline for 28 days postinocu- 
lation. The chicken6 were divided into 
two- environmental control ~ouos of 
three birds each, and two g&ups that 
were orally inoculated with a chlortetra- 
cycline-sensitive straip of S. typhimu- 
rfum. The treatment. group received 100 
grama of chlortetraoycliue/ton of feed. 

(ii) Summary and the Director3 anal- 
v.sis.,During the first 8 days of infection, 
chlortetracycline at the 100 grams/ton 
of feed reduced the quality and preva- 
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lence of Salmonella shedding: howovar, 
by the 10th day, Satmonetta shedding in 
both the nonmedicated control and the 
treatment groups was comparable. More- 
over, the 6tud.~ again showed that ad- 
ministration of subtherapeutic levels of 
chlortetracycline to chickens resulted in 
am increase in the percentage of anti- 
biotic-resistnnt Salmonella kolated from 
the feces. 

(c) Pfizer, Inc.-(i) E~ertmentni de- 
sign. This study wag designed to mea6uTo 
the Prevalence, quantity, and duration 
of Salmonetla shedding in U-day-old 
broiler6 fed 200 gram6 of oxytetracy- 
cline/ton of feed (subtherapeutic) for 20 
days after inoculation with a tetracy- 
cline-sensitive strain of S. typibfmurium. 
Ten birds were assigned to o treatment 
group, 10 to a nonmedicated (aotive) 
control group, and 3 ench to 2 environ- 
mental control groups. Unlik J the Ameri- 
can Cyanamid and Rachelle stud& on 
the effect of subtherapeutic tetraoyolinc 
of Salmonella shedding by chiaken6, 
Pfizer measured the Pretest level of CUM- 
biotic resistance in the indigen& 
chicken coliforms (E. cold). It found the 
tetracycline resistance level to bc ati 
percent. 

(ii) Summary. The two environmental 
control groups were Satfnonctla-fruo 
throughout the study. In the nonmedi- 
cated group and the treatment group, tho 
Salmonetta population decreased with 
time, although the decrease ocotlrred 
more rapidly in the medicated group. The 
prevalence of the S. typhimurium in tho 
feces of the medicated birds wa6 lesu 
than the prevalence in the nonmedicated 
birds (17/170 (24 Percent) v. 50/70 (85 
percent) (PCO.001) 1. But there was a 
signftlcantly higher percentage (P<O.Oll 
of tetracycliue resistunce in Satmonelta 
lsoIated from medicated animal6 (21/32 
(66 percent)) than isolated from tho 
nonmedicated controls (O/283). The re- 
sistance ti tie Salmonella isoltbt~ wvag 
limited to oxytetracycline and strepto- 
D$C& with but one exception (ampi- 

(iii)‘Direc?!or% anattIa9. !I!hd Dlreator 
does not disagree with certain cOnOlU- 
sions drawn from this study by Pfizer. 
Based on the information submitted, the 
strtdy appear to show that subthora- 
peutic use of oxytetrncycliue did not in- 
crease the quantity of Salmonella shed 
in the feces of medicated birds. Nor did 
the quantities found in the liver, spleen, 
or cecal tissues differ. Also, the duration 
of Salmonella shedding rind the mev- 
alence of the infeotions were not grf?ater 
in the medicated chickens t.han in the 
nonmedicated control birds. Nevcrthe- 
less, the study fails to 6how that sub- 
therapeutic tetracycline is safe for tlse 
in feed for chickens since the Percentage 
of resistant Satmonetta is increased in 
medicated chiokens compared to non- 
medicated birds 0s in the AmeriCZtn 
Cyanamid and Rachelle studies. Neither 
American Cyanamid nor Rachelle, how- 
ever, measured the prestudy levels of 
antibiotic resistance in tho indigenous 
E. cotf, which was required by FDA 
guidelines. Since the Director and all 
omers in the area are concerned t.hat 
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digenous E. calf turd inoculated SaZmo- 
netk Agnln, the stud.~ d&p ~0 
comparable. In each &tardy, 10 IX&X! wae 
rissigned to each mow fed the comblna- 
tion (no groups received the indlviduuf 
qomponents of the txmbhmtlon) and 10 

‘were assigned to a nonmedlc&d control 
group. Swine in thece groups wore then 
infected with 0 tetracychne-censitive 
stmin of s. iyphfmuriu7n: the dsdm? 
were monitored for 28 dads pmtinfce- 
tion. Each study r&o had two envimn- 
mental cdntro1 groups, cont~lnfng 3 to 
10 nonmedicated swine whfch x7er-e not 
es.imImentaW fnfeoted. 

(ii) Summary and the Dlrcctor’s 
analysfs. In no study did the anibiotic 
combination increase SaZmoncRa &cd- 
diw in the swine. However, In each study 
antibiotic resistance lncreascd in the 
SaImoncZZa isolated from mvine fed the 
CSP combination compared to nonmedl- 
cated swfne. American CyanamId and 
Rachehe failed to make prestuds dctor- 
minat.ions of the antlblotic resistance in 
the indigenous E. coZi In any or nil swine, 
and in the Diamond Shamrock study, 
the background level of drug resistance 
in the E. co11 was estrcmcly h&h, 80 t0 
100 ~ercimt. Information on the E. coli 
resistcnce is cruclnl%~ nssessW the risk 
of hnrm nssocinted with subthcri.lPeutfc 
tetracycline. Tine E. calf may serve t?s n 
reservoir of tmnsmissibIo R-plasmidc for 
pathogens. An init,ialiy very high back- 
ground level of resistance wiii make it 
difiicult to detect any further dcFcloP- 
ment of antibiotic resistance in the 6. 
coti during the course of exposure to the 
medicated feed. 

The studies mere conducted for only 
28 days POSt~ectfOn, Unt!.i the SWIIE 
were apnximntely 10 weeks old, which 
differs from the condiffons under which 
mine are commercially crovm for mar- 
keting. Normally, swine are fed nntibt- 
otics until 16 weeks of nge, and the Dlrec- 
tar has no basis for ex-trapoWing the 
results on shedding for more than the 
28 days thnt the study wus nctuaiiy con- 
ducted. In fact, an estmPolation based 
on trends in some of the studies and the 
results from similar studies in the Uter- 
ature to be discussed belos would W- 
gest that the prevalence. duration, and 
quantity of SaZmoneZZa shed&g would 
increase nfkr a lancer thne period in tho 
swine fed subtherapeutic levela of anti- 
blot&. 

indigenous B. coZi are a prhnarr source 
of R-plasmids for the transfer of anti- 
biotic resistance to pathogens. FDA 
added this Point; to its test guidelines. 
l%ihne to c&duct the study properly is 
a ghvbg if no: fateI omission and 
negates its value. 

Id) Direet~s wnczusiGn.s. zn an three 
studies the percentage of antibiotic- 
resistant SaZmkteZZa isolated from chich- 
ens fed subtherapeutic levels of t&a- 
tmline was higher than that of chickens 
fed antibiotic-free feed. Moreover, the 
eponsors failed to use an enrichment 

- procedure for culturing the bacteria 
which, es the Director explained in his 
notice for penicilIin published in the 
-DERAL REGISTER Of August 30.197’1 (42 
PR 43782). may have biased the resnhs. 
For these re&ons, the Director concludes 
that the sh~dies have failed to demon- 
strate ConclusiveIy that the subthen%- 
yeumeuse of tetracycline in chtchen feed 

4. Industry studies in swine on the 
effects of stithera2xutic tetracMZne use 
in animal feed-(a) TetracWine alone- 
(i) Experimental de&n. Four holders of 
approved NADA’s. Americsn Cyanamid, 
Rachehe, Diamond Shamrock Corp., and 
Pfizer, submitted four studies of similar 
design to measure the effect, of subthera- 
peutic tetracycline in feed on the quan- 
tits. prevalence, and duration of S&no- 
neZ& shedding by swine. American 
Cyanamid and Rachelle studied the 
elf& of chlortetracycline at 200 grams/ 
ton of feed. Diamond Shamrock studied 
chlortetrawcline at 100 gQms/ton of 
feed, and P&er studied oxstetraoycune 
at 150 grams/ton of feed RI each study, 
10 swine were as$gned to a group given 
nufiifiotics and lb to a nonmedicated 
group. Swine in both groups were inocu- 
Mcd with tchacycline-sensitive SaZnw- 
n&la Only the Pfizer study Iached medi- 
cated and non-medicated environmental 
control groups not infected with Salmo- 
nefla. The Pfizer study was conducted 
for 31 days postinoculatlon, and the 
others were for approximately 4 weeks. 

(ii) Swnmary and the Di~ectw’s 
anuzysis. When the Director compared 
results of StzZmoneZZu isolates from j&e 
medicated and nonmedicated swine, -he 
found that the swine fed subtherapeutic 
tetmcr&e showed no increase in SaZ- 
nwnella colonization or shedding (preva- 
lence, duration, or quantity). But the 
Studio Slus~te a general pattern- 
statfsticahy skniflcant fncreases in the 
~arcentage of antibiotic-resistant Sal- 
monella isolated from medicated swine 
compared to those isolated from the non- 
medicated controls (Pc0.01 or 0.05). 

(b) TetracycZi~ in combination wfth 
SlrIfOmonidcsan& penicillin-<i) Experf- 
mentuZ tfedgn. American Cyanamid, Dia- 
mond Shamrock, and Rachehe each sub- 
mitted a study to measure the effect on 
SaZmmeZZa shedding of a w1deJ.y used 
combination of subtherapeutfc antlbac- 
teriais CSP. (chlortetraey&e 100 
grams/ton. sulfonamide 100 grams/ton, 
and v+dllfn 50 grams/ton in swine 
feed) on Salmonclbz shedding. The study 
R&X attempted to measure the change jn 
Percentage of antibfotic resistance In in- 1 

(cl Director’s concZzsions. Based on 
the results of these studk, the DIrector 
concludes thnt the subthempeutlc tctra- 
cycline has not been conclusively shown 
to be safe in swine, The use of subthera- 
peutio totmcxltne in smine feed, tn tho 
presence of R-plasmids. Ggain causes un 
increase in shcddlng of antibiotic-resist- 
ant SaZmoneUa, although enrkhmcnt 
Procedures were not used in culturing 
the back&a. 

5. In&&w stuafes in cattZe OR the 
effects of stitherapeutfc tetracrJclZne use 
in animal feed-W Studies of tetracp 
cZi7te and tetracycline combinatfons fn 
cattle alla cazucs-(1) E~r?Tfmcnraz de- 
sfgn Five drug &us-American Cyana- 
mid. Dhmond Shnmrocli. Rnchcile. Vibx- 
mln Premixem of Omnhu, and Pfizcr- 

conducted six stmifes OR SalmoneRa 
&waxIg in wives fed subtherapeutie 
htraqcline and a ,~therapeutfc corn- 
bh.atfon of t~&xwline and snlfamethz- 
zinc Amzricai~ ~anmnfd, Dizmond 
Shamrock, and RwbeU= Studied chtorte- 
trILeYcnIl0 at 350 mnn5am3fheadfc?aY, 
nhliB v1tamhl Premixels Gf Omaha 
0 studkd cblortetmoyeline at 200 
m3higraa/calf~dGy. Pfizer conducted a 
ntudr of o.x7tetmorcline at 100 grams/ 
ton of feed. Amerbn Cyanamid also 
parformedGstudyonthe effe~tof chlor- 
tetrxycline rind suffamethasine fn com- 
bimrtion each et 350 -fiW 
*!J. 

In genemY. the txperimental de&ns 
Wra simiiar to the following plan: 

Thtjwl~esrangedhagefrom6to8 
meis, and they were housed in animal 
pens in a nriefry of groups fram one anf- 
malperpantoaUanimals inatreafrnent 
m~up par pen. Also. American Cranamfd 
wed thosnme nonmedicated wntro1 ani- 
I&S for both its study Of chlGd4&lYlCp- 
dhe nilone and chIort&acychne plus 
suifnmcth&e. In three studia the 
calveswere infected with bovine S. fyphi- 
mwium A!iXX! 14028 whfch has a we& 
characterized R-p&mid recipient abil- 
W: in the Pllzer oxytetracycllne study, 
another stxafn of S. typhfmurfum uZth a 
wcli-cbnracterized recfpient ability we3 
used. But ti two stmifes the sponsxs ’ 
Provided no details Esther of the bac- 
terf&s ability to transfer or receive R- 
pitids. Finally, the SaImoneRa orga- 
ntsms uxd in nil the studfs were sed- 
tlve to both the anf&lotks used in-the 
rhxiy and to nntJbiotfcs in general. 

(11) Summara The Raebelle sub-- 
tion contained no information on EL coIi 
r&tGnce, but the bschgmund Ievel of 
n.ntiblotfc rcifstmce in E. wzi in the 
other aUdies generally mqgx? fmm 63 
to 100 percent CA.merican Cvancmfd 
meGsurcdGnlY1cGKperPendf5anf- 
maIs). The rn-eralence ol Sahnmella 
rhcd in nil the tiUdfes vvz less fn the 
madlwted gmups than fn the nonmsdf- 
cnted control croups. and the medfcated 
IWUPS CW~~Y escrekd fewer $a& 
nwneUa What the American czramdd 
chXortetrr?mcUne-ulone study was tern&- 
natcd. hoEever, more cakes fed snb- 
thcraPeutic chIGrtetracyclfne than ROIL- 
mediwted lzah?s twre shedding SUL 
monella. This VZLS also observed in the 
Dirunond Shamrock study. 

(lIZI DfrectWs anaZga*. In those cases 
in M&h the initial drug resfstance of 
ihe E. calf ‘~~3s determined, the Director 
found a cm-relation b&men the fnitfahy 
high antibiotic redslance in the E. coil 
md the development of antibfotfc re- 
ddimce in SalmmeUa by tmmfer of 
5-piximM.9, whether or not the calves 
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were exposed to antibiotIca. For example, 
E. coZf isolated fmm two cattle in the 
American Cyanamid study were 100 per- 
cent tetraoycltne-resistant, and both 
cattle developed drug-resistant sal- 
monellosis. mlforhmately, American 
Cyanamid did not measure the back- 
ground level of E. colt in alI cattJe. as -. -. .__. 

tlons concerning the widespread use of 
subtherapeutic tetracycline in antmal 
feed. Rather, the studies demonstrate 
that subtherapeutic tetracychne use In 
animal feed causes an increase lir ant& 
biotic-resistant E. COU as well as an m- 
crease ln the percent of shed Salmanella~ 
that are antibiotic_resi&ant. Studies aZso 

fore, the Director cannot correZate the 
development of antibiotic resistance in 
the E. calf with the development of antl- 
biotic resistance in Salnwx.efia. Despite 
thls, the Director fdentlfled the pervazdvd 
pattern already observed in the chicken 
and swine studies when there is 8 high 
level of antibiotic resistance in the E. coZf 
prestudy; antibiotic resistance (i.e. R- 
plasmids) generally transfers to the SuZ- 
monstZu, either remaining high through- 
out the study or increasing in the niedi- 
csted animals. 

In three experiment5 the percentage of 
antlblotlc-resistant cohforms was higher 
in the calvesfed subtherapeutic levels of 
chlortetracychne than in the nonmedi- 
oated control, and in one study the dlf- 
ference was statlstlcally signillcant at 
Pco.05. 

In the two studies where the Sponsors 
followed the changes in antibiotic resist- 
ance in the eollforms,-they observed dif- 
ferences between the nonmedlcated and 
the medicated calves. The tetramchne 
resistance in collforms in the medicated 
and unmedicated animals remained at 
approximateIy 80 percent throughout 
those studies: nevertheless, differences in 
the resistance to ampicillin, streptomy- I 
tin, and sulfathlaxole were observed. AZ- 
though the data are sparse. in every case 
x&stance ln the nonmedicated control 
group decreased whiZe the resistance in 
the medicated group inc$ased or re- 
mained constant, e.g.; the resistan8e to 
amplcihln went 14 percent to 80 percent. 
Siml1ar1g. in the Vitamin Premixers of. 
Omaha study, the percentage of coh- 
forms resistant to chlortetracyclZ.ne, 
cllhydrostreptomycln, and oxytetracy- 
cllne declined in the nonmedicated con- 
trol group, but it remained constant for 
the ch1ortetraoycZine and dihydrostrep- 
tomycin, and increased shghtly for oxy- 
tetracycline in the cattle given subthera- 
peutlc tetracychne. 

Thirtg percent of all human isolates 
colkckd in 1973 were resistant to one or 
more antibiotics. S. tvnhfmurfum. a sero- 
tme common ti.inaii and an&is, was 
the most frequent serotype isolated; 58 
percent were resistant to at least one 

-antibiotic. More than 50 percent of the S. 
- typhimurfum were resistant to four to 

flve antibacteria& Resistance to tetra- 
cycline in S. typhimurfum had increased 
from 12.5 percent in 1968-1969 to 44.8 
percent ln 1973, about-a 3.6-fold increase. 
When these results were compared with 
a 1965 survey conducted fn the Eastern 
United States by GiZZ and.Hook (Ref. 4). 
the authors found that the percentage 
of isolates of aZZ serotypes resistant to 
tetracychne and streptomycin had ap- 
proximately doubled. Antibiotic-resistant 
strains of S. typhfmurfum had increased 
from the 19 percent reported in the Gill 
and Hook study to 58 percent in the1973 
study ‘of Neu et SJ.. about a 3-fold fn- 
crease. Moreover, the resistance to am- 
picillln, tetracycline, chZoramphenico1, 
streptomycin, sulfisoxazole. and kana: 
mycm was transferable among the vari- 
ous SaLmonella strains. r _- 

(b) Director’s coxclusfons. The studies 
of subtherapeutic chlortetracyclme in 
cattle pose and fail to resolve the similar 
problems raised m chicken and swine 
studies. Subtherapeutic chlortetracycline 
causes an increase in the percent of R- 
plasmld-bearing SalmoneZZa shed. More- 
over, these studies identify another crlti- 
ca1 problem associated with the use of 
subtheraoeutic antibiotics in animal 
feed,Indigenous E. calf, which have re- 
sistance plasmids, are selected. for and 
contribute their R-plasmids to the 
pathogenic * S. typhfmutfum. Accord- 
ingly, the Director concludes subthera- 
peutlc chiortetraCyclme has not been 
shown to be safe for use in cattle feed, 

In an&Is S. typhf&wfum accounted 
for 70 percent of the Isolates. and 80 Per- 

6. Information from otirer studies re- 
lating to Salmonella and E. COB antibf- 
otfc resfstance. The studies submitted by 
the holders of the approved NADA’s faiZ 
to answer conclusiveZy the safety ques- 

cent were resistant to one or more anti- 
microbisl agents. R-plasmids were found 
in 86 percent of the S. typhfmurfum, and 
resistance to ampicillin, tetracycline, 
chloramphenicol, streptomycin, suI5- 
soxazole, and kanamycin was transfera- 
ble. Generally, the resistance patterns 
were similar to thpse encountered in the 
SaZmoneZZa isola@d from humans. 
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donate antibiotic resistance plasmids to 
SalmoneZZa. Investigations by independ- 
ent scientists have produced simlZar 
fIndings tRefs. 1, 2). Patterns of drug 
resistance seen in E. coZf and Salmonella 
isolates fmm man and aaimaZs are sim- 
ilar and develop in E hke manner. E. CoZf 
5rst deveZops R-plasmid-mediated an- 
tibiotic resistance, and then the Sdmo- 
ncZZa develop a shniZar and frequenidy 
identical pattern of reststance. Stud&n 
also show that the number of R-plasmid- 
bearing strains of pathogenic Salmonella 
are increasing. More hnportantti, the 
number of multi& resistant strains is 
incressine. 

(a) Surveys-(i) Ncu, Cherubin, 
Longo, Flouton.and Wfnter sludies. Re- 
cently, Neu et al. (Ref. 3) examined the 
antimicrobisl susceptibihly of 718 SaZ- 
mO?Lt?Zla Ssolatcs from humans cohected 
at a New York hospltal and 688 Isolates 
from animals. They compared the cur- 
rent (1973) antibiotic resistance in hu- 
man Salmonella isolates with data from 
a previous study which they had con- 
ducted in 1968-1989. They also compared 
the resistance patterns of animal SaZ- 
7?207k?ZZa isolates from animals obtained 

- from the National Animal Disease Center 
during 1973. 

The authors concluded that tho high 
fncidence of transferable resistance In 
man and animals suggests that most rc- 
sistant stmins seen today contain corn- 
pleto R-plasmlds, and that strains un- 
able to mobilize resistance determinants 
are less common than was formorly 
thought. They further concluded that 
comparison of the resistance XSaZmO- 
neZZa isolates from humans with that of 
SaZmoneZZa from animals shows that tot- 
racycline resistance is greater among t&a 
strains from animals, as in the case with 
sulfonamide and streptomycin resistance, 
While the resistance to ampicllhn fs 
hi&w in S. typhimurfum strbs from 
humans than from animals, the revorso 
is true for other serotypes, This dlffer- 
ence may reflect the greater current us0 
of tetrac~cllnes, sulfonamides, and strep- 
t4mychl in alllmrds. 

FbtV, the aUthOls CDndUde that the 
survey clearly demonstrates that reslst- 
ante to antibiotics is increasing in Sal- 
monella isolated from both humans and 
animals, and since there are groat slmf- 
larlties In the resistance patterns of 
human and animal Isolates, it would bo 
useful to know whether the R-plnsmkls 
are of a similar nature since this would 
Suggest that animal strains have con- 
tributed to the human pool of resistant 
organisms. This question hes since thon 
been examined and cortatn R-plasm&! 
have been found to be slmllnr fn both 
man and animals. (See Part IVAC3) (c) 
(iv) above.) 

(ii) CDC reports. When the Centor for 
Dfsease Control (Ref. 5) compared a 
1968 study on antibiotic resistance in 
SaZmoneZZa isolated from hospitalized 
patients with a more recent study (Rof, 
61, results similar to those seen by Neu 
et al. were found; the number of nnti- 
biotic-resistant Salmonelta &howed a 
marked increase as can be seen from the 
table below. 

GcL4pct. a 
43.9. 
40.7. 

g$nln.., 

(G9 rtmlsa). 

Nine antibiotics were used in common 
in both studies-collstfn, naldlxic aold, 
suhonamtdes. streptomycin, kanamycln, 
tetracycline, chloramphenicol, amplcfl- 
lin. and cephalothln. In the 1976 study 
gentamycin and bactrim substituted for 
the neomycin and nltrofurantotn in the 
1968 study. The substitutions fafl to cx- 
phdn the increase in antibiotic resiatanco 
since frequency of resistance to the sub- 
stituted drugs was actually Iower thnn 
the frequency of resistance to thoso 
tested initially (gentamycln (1976), 0.1 
percent to neomycin (1987),1.2 Percent; 
bactrim (1975), 1.3 percent to nltro- 
furantoin (19671, 2.5 percent). 

Between 1968 and 1975. overall anti- 
biotic resistance in Salmonella strain8 
more than doubled, from 22.2 percont 
to 49.7 percent. Furthermore, although 
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resistance in S. typhimwilcm increased 
1.7 times duriug this span, other sero- 
tspes of SalmoneZZa showed a greater 
fncmase in sntrbrotic resistance-a 2.8- 
fold increase. Muitiple antibiotic resist- 
ance increased significantly (from 15.0 
percent to 26.5 percent), and the number 
of %uper resistant strains~ i.e., those 
with R-piasmids carrying resistance to 
6 or more antibiotics. increased drama- 
tically from 0.8 percent in 1967 to 9.2 
percent in 1975. Perhaps more impor- 
tanUy, while the super-resistant strains 
accounted for oniy 0.5 percent of the to- 
tal number of pathosnfc isolates in 
1968. they accounted for over one-third 
of all muitipiy resistant strains isolated 
in 1915 (34.5 percent). 

The 1968 study included both noso- 
comial- and community-acquired infec- 
tions: therefore, some isolates in that 
survey may have been obtained after 
patients were treated with antibiotics. 
The 1975 figures, however, are based on 
isolates obtrtined ori& from untreated 
community-acquired infections and are 
thus partfcular~ sfgnfffcant. These ln- 
fections were Iikeiy to have occurred as 
a Result of exposure to contaminated 
anhal products rather than as a resuit 
of uusuccessfuZ or inappropriate ther- 
apeutic treatment of the patient. It lis 
estimated that the United States has 2 35 
mfllfon cases of sa.imoneIiosis per year, 
and about 30 percent of these cases are 
severe enough to be seen by a physician. 
ADproxiU&& I oercent of these devel- 
op- We-tbre&enbg sepUcemfa where 
appropriate antibiotic therapy is critical. 
However, in 27 percent of the cases 
treated, the first antibiotic chosen for 
treatment proves to be ineffective be- 
cause the d&&se is due to antibfotic- 
resistant SaZmoneZZa tl?& 68). 

(iii) Am&can manumid survey. 
Langmorth and Jarolmen in a study con- 
ducted for American Cyanamid (Ref. 
7). compared the antibiotic susceptibih- 
ty of bacteriai isolat& from patients 
in a rural Iowa hospital with isolates 
from patients in an urban Connecticut 
hospital. E. coZi isolated from patients in 
the Iowa hospital were siguiiicantly 
.more resistant to tetracyciiue and neo- 
mycin than were isolates from the Con- 
necticut hospital. There were no sig- 
nificant differences in antibiotic resist- 
au= in most species of bacteria studied 
other than E. colt. However. when the 
pod of all bacterial isolates from the 
Iowa hospital was compared with ali 
isoiates from the Connecticut hospital, 
the isolates from the Iowa hospital ex- 
hibited sfguificantiy greater resistance 
to tretracycline, ampicillin, furazolidone, 
audkanamycin 

(iv) OtherswVeys of SaZmoneZZa re- 
sistance. Other surveys of antibiotic re- 
sistance in SaZmoneZZa in farm animais 
show a continuous increase in t&racy- 
dine resistance Gtefs. 3, 8. 9. and 10). 
Also, in human infections, tetracycline 
resistance of SaZmoneZZa has shown a 
dramatic increase in the United States: 

. NOTICES 

Tclraoyd(na rcslsfancc in human 
salmoaenn typhfmwum f-.mzurcu 

(b) Fecdfng studies--(i) ChfcTxns- 
<a) Reid et al. (Ref. 17) demo&n&d 
that feeding subtherapeutic levels of tet- 
mcydfue to chickens resulted in aistUtis- 
tically sign&ant increase in the ehlor- 
tetmcyciine-resistant E. CJZf isolated 
from the birds. This observation was first 
made by Smith and Cmbbe in 1951 (Ref. 
18). Gordon, Garside, and Tucker (Ref. 
19) also demonstrated that tetracyeliuc- 
resistant E. eolf emerge in chickens fed 
subthempeutic leveis of teiracsch~~. In 
their study, chlortetracyclire resistance 
in the E. colt lsohtes dropped when anti- 
biotic use was discontinued, and it rose 
when chlorteimcyciine use was reiu- 
stituted. Once R-plasmid-medinted tet- 

an E. oozi stmin. the resistance rcmaincd . 
racyclin~ resi+uj& was estabiished in 
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antibiotic resistance 2 months after the 
investigators terminated the use of sub- 
thempeutfc tetracycbne in their feed. 
Cbfckens in the trwtment group were 
still excreting tetracycline-resistant E. 
coZf, and cleaning the chicken cages di3 
not 3lter the excretfon Pattern 

After subtherapeutic tetracyciine use 
r..as introduced into the farm environ- 
ment, the number OS antibiotic-resistant 
bacteria in the ffom of the farm dwellers 
increased, 3ltho1@1 at 8 slotxr rate than 
in the animals, and no increase was ob- 
served in the flora of their neighbors. 
rho uere not expes?d to the animals. 
Within 5 to 6 months. 31.3 percent of 
weekly feeal samples from farm dwehers 
contained greater than 80 Percent tetra- 
tmlfnc-rerdstant bacteria compared to 
6.8 percent of the samples from the 
neizhbors. This is statistically s&d&ant 
(P < 0.001). Noreover. usiug a marked 
reSistnnco gene, Levy was able to demon- 
strate the direct spread of R-phismid- 
b&e&tu&Ei.zong chickens and from . 

(19 Further, imfth and Tucker dem- 

resistance appeared in the Saimox.eZZa 
fsolnted from nonmedicated chicks, and 
little appeared in the E. coli. Althou& 

OnShkd that E. coZf donate their R- 
Phzimids to Pathogenic Sa1moneRarmde.r 
subtherapeutic tetracycline pressure 
(Ref. 23). They commred the redstance 
Pattas in SaZmoueZZa and 6. coZi 
fwkted from unmedicated chic- aud 
chfekfas fed tetracycline. No antibiotic _ 

duriug thefuli course of the study, which 
was long after the invesW8ators ceased 
feeding the birds subthenpeutlc t&a- 
cycline. Further, Harry (Ref. 201 found 
tbat eoliform <E. calf) isolates from 
chicks fed SubthemDeUtiC ehiortetracv- 
clfue GOD grams/t&of feed) were 100 
percent tctmcyclhmrcrdst-mt aftcr 8 
weeks of fmdment, whfIc no resfstanca 
developed in coliforms lsoiated from the 
nonmedicated control groups. Horvever, 
when the birds in the control PUP wetc 
mixed with birds in the treatment group, 
56 percent of the E. coZf isolated from 
birds whose coiiforms Tere previously 
sensitive to tetracychue became tetmcy- 
clfne resistant, and the coiiforms from 
the medlcnted group became more sensi- 
tive to the antibIotic. 

(b) In a study sponsored by the Animal 
Health Institute, Levy et al. GXefs. 21-22) 
examined changes iu the intestinrd mi- 
rofiom of chickens, farm duehers. and 
their neighbors, before and after the in- 
troduction of subtbemucutic tetmcy- 
elfne in anlmal feed to farms. Iu the 300 
chickens studied, the initial resistance to 
fzdxa.cYcllne In E. COIL was IWS thnn 10 
Percent. Within 48 hours n&r introduc- 
ing subthempeutic tetracycline in the 
birds’ diets, almost aii mcdZcated birds 
contafued resistant coZiforms with R- 
damids bearing multiple transferable 
reshtance to tetracychue, umpiciiiin, 
CarbeniciiZiu, strcptomgeiu, and suifonn- 
mides in various combinations. After 1 
week, the E. coZf isoiated from the ehick- 
en.5 were almost entirely letmcyciiue re- 
sistant. In contrast, E. calf from tho non- 
medicated birds had not acquired nny 

feeding subtherapeutic oxytetracycline 
(100 miihgrams of oxytetracsciine~o- 
mum of body weight) to chfckeus for 46 
dnys d&i not Produce a difference in the 
qunntitg and duration of SaZmoneZZa ex- 
cretfon or the coIKonn number betxeen 
tn?ated and control groups, it did pro- 
duce a sign&a& increase in the anti- 
biotic-resistant organisms iu the chick- 
ens. BY the 35th day of the experiment, 
nil E. coZf and SaZmoneZZu fsolntes from 
approximateiy 30 percent of the chickens 
fed subtherapeutic oxytetracycllne car- 
ried R-plasmids bearing multiple anti- 
biotic resistance. The tmnsmWbie pat- 
terns of nzdstance on the R-plasmids 
included am~iciUin, tetraeycllne. strepto- 
nu’ch. ~~ectfnomydn. sulfonamides, co- 
iistimethate or combiuations thereof. 
Nore fmportantl~, any specMc resistance 
pattern observed in the R-plasmids iso- 
lated from SaZmuneZZa was fkst observed 
in E. CON nt least 1 week prior to the 
emergence of resistance pattern in the 
SalmoneRa. Long-term feeding of thera- 
peutic levels of oxytetracychue (500 mii- 
lffzams/kflomam of body weight) like- 
wise did not depress E. coZi or Salmonet- 
la excretion by the chfckeus in this ex- 
perbrmut; however, E. calf and SaZmonel- 
Za fn the treatment group developed a 
higher level of antibIotic resistauce than 
did the birds in the nomedicated control 
crow. 

FEDERAL REGISTER, VOL 42, NO. 204-FRIDAY, OCTOSER 

NacKenzfe and Bains also shored that 
qunnfJMes of S. tgphfmurfum shed by 
chickens were not reduced by therapeu- 
tic ieveis of oxytetracycline or chlortetra- 
cswline tR.ef. 24). 
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(d) In a study of the excretion Of 
Salmonella Wantfs. Rantala (Ref. 25) 
found that dirds given subthera~eutic 
levels of oxytetracycline had statistical- 
ly siguificant increases of Salmonella in 
crops and smaii intestines compared .@ 
nonmedicated birds. Other investigations 
have shown that the subtherapeutic use 
of antibiotics can incresse Salmoxellar 
shedding and persistence (Garside and 
Hobbs, Refs. 26,27). 

or subtherapeutically after 1972. Al- 
though there wss no difference in the 
total coliform counts between the two 
herds, the percentage of- chiortetracy- 
cline-resistant E. colt isolates from the 
antibiotic-free herd dropped from 81 
percent to 22 percent in 3 years. During 
that tfme, chiortetracycline resistance in 
E. coZi from the swine that were contin- 
uaiiy fed subtherapeutic levels .of chior- 
tetracyciine remained at 85 Percent. 
Moreover, E. coli from the antibiotic- 
free swine whose resistance to tetracy- 
cline markedly decreased, showed a si- 
multaneous and related drop in resist- 
ance to ampicihin and streptomycin. 
This contrask sharpiy with the results 
in the treated herd where resistance to 
ampiciliin and streptomycin remained 
constant and high. Finally, E. cOZf iso- 
lated from the soil and mater surround- 
ings of the herd fed subtherapeutic 
chiortetrecycline contained a higher 
percentage of tetracychne, peniciihn, 
and sulfonamide resistance than did iso- 
lates from surroundings of the antibi- 
otic-free herd. 

Although Farrington and SmitZer 
(Ref. 32) suggest in a short-term study 
on antibiotic resistance of coiiforms in 
mine that tetracycline resistance wiil 
fluctuate even’in animals not fed sub- 
therapeutic ievels of the drugs, a Bureau. 
of Veterinary Medicine analysrS (Ref. 
33) of the aiiegediy nonmedicated feed 
used in the Iowa control herd for this 
study’found antibiotics in the feed. In 
the Director’s opinion, this casts serious 
doubt on the results of that study, if it 
does not totaliy invalidate them. 

(c) After observing antibiotic-resist- 
ant coiiforms in swine fed subtherapeutic 
chiortetraoyciine, Buiiing and Stephen 
(Ref. 34) infected the swine with Sal- 
monella. The svine were divided into two 
basic groups. One group wss infected 
with an antibiotic-sensitive Salntonella 

te> Siegel (Ref. 28) conducted numer- 
ous trials on the effect of subtherapeutic 
tetracycline on Salmonella in chickens 
using Salmon&a that were both drug- 
sensitive and drug-resistant. His results 
are similar to the previouslv discussed 
studies. Subtherapeutic o&&raWcline 
use incres&d antibiotic resistance in for- 
merly drug-sensitive SalmoneLla, ai- 
though shedding did not incresse. In ah 
treatment groups inoculated with anti- 
bfotic-resistant Salmonella, shedding 
was higher than in the nonmedicated 
group. 

Cf) The literature studies on the use of _ 
subtherapeutic tetracycline in chickens 
demonstrate that such use causes an in- 
crease in R-plssmid-bearing E. coli and 
R-plssmid-bearing SrZZmoneZZu. The anti- 
biotio resistance patterns develop first in 
E. coZf and then transfer to the pathogen, 
SalmoneZZa. Antibiotic resistance, par- 
ticuiariymuitiple antibiotic resistance, in 
Salmonella isdated from chickens is in- 
creasing ss a result of subtherapeutic 
tetracycline use in the feed. 

(ii) Swfne. (a) Mercer et al. <Ref. 29) 
studied the effect of tetracycline and the 
subtheraneutic combination of chlortet- 
racychne-sulfamethasine-penWUin on 
the resistance of E. coli isolated from 
swine. They compared swine on farms 
using medfcated feed with swine grown 
on other farms where there was no ex- 
posure to these antibiotics. On the treat- 
ment group farms, 79 percent of the 
E. coli isolated from swine fed subthera- 
peutic oxytetracyciine were tetracycline 
resistant, and 77 percent of the swine fed 
the combination exhibited tetracycline 

. resistance. The coiiforms from the swiue 
fed the combination were also 79 percent 
resistant to sulfonamides and 33 percent 
resistant -to ampicfiiin. No simiiar resist- 

typhfmrcrium, and one was infected with 
a sensitive strain of Salmonella chZorae- 
suis. These groups were then subdivided 
into antibiotic treatment and control 
groups.A3thoughoniy2ofthe8 p&sin- 
fected with the S. typhimurium excreted 
tetracycline-resistant S&7wneZta, 10 Of 
the 12 pigs infected with S. c?oZerat?+ _- . 

ante D&kmS devloDed on farms where _ develonecl saJmonellosls an0 excreura 
the swine were fed other antibiotic com- 
binations. 

In a study by McKay and Branion 
(Ref. 301, B-week-old pigs were fed sub- 
therapeutic levels of oxytetracycline (20 
grams/ton of fee&-. Qver a B-week pe- 
riod, E. colt and Aerobacter isolated from 
the treatment group developed tetra- 
csciine resistance, while bacteria from 
swine in the nonmedicated control herd 
did not. Iu the medicated group, i&a- 
cyciine resistance also deveIoped in Ba- 
CilZus species. 

<b) The Animal Health Institute (Ref. 
31) supported a study in Kentucky on 
the effect of subtherapeutic tetracycline 
use on E. coli isolated from smine. The 
study compared a herd in Coldstream, 
KY, fed subtherapeutic tetracycline con- 
tinuously from May 1972 until 1976 with 
a herd in Princeton, KY, that did not re- 
ceive antibiotics either therapeuticaLis 

bacteria carrying antibiotic-resistant R- 
phismids. Moreover, 3 of the 4 p&i fed 
subtherapeutic Ieveis of tetracycline de- 
veloped tetracycline-resistant S. chole- 
‘raesuis. 

When Findiayson and Barnum (Ref. 
35) found that pigs fed subtherspeutic 
chiortetracyciine excqeted Primarily 
coiiforms bearing multiple resistance R- 
phrsmids, they postuZated that the anti- 
biotic-sensitive E. coli had been replaced 
under antibiotic pressure with other an- 
tibiotic-resistant serotypes. They there- 
fore established a limited infection in 
swine fed antibiotic-sensitive S. tuphi- 
mu&m, and found greater numbers of 
antibiotic-resistant SaZmoneZZa in tissues 
and feces of swine fed subtherapeutic 
chlortetracycline than in the controls 
(Ref. 36). 

In a 1969 study. Sabo and Kromery 
(Ref. 37) reported that tetracyciine-re- 
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sistant Salmon&a did not transfer tho 
tetracycline R-plasmid. However, In R 
1973 study, they found that 2 of 23 
monoresistant strains transferred anti- 
biotic resistance with “good” frequency 
to an E. calf K12 recipient. Accordingiy, 
Babe and Kromery (Ref. 38) now bclievo 
that E. CON tetracycline R-pIasmids can 
be transferred from E. colt to all S. 
choleraesub strains, inchading varfantg 
that are fulrp virulent and can cnuso 
fatal enteric disease in man. This, in 
their opinion, rebuts the earlier concopt 
of Jarolmen (Ref. 38) that virulent 
smooth variants are poor recipients and 
donors in-contrast to rough avirulent 
SkafllS. 

(d) The Bureau of Veterinary Medi- 
cine conducted two studies (Ref. 1) de- 
signed to measure the effect of sub- 
therapeutic chlortetmcyclfne in feed 
(100 grams/ton of feea) on swine in- 
fected with antibiotic-sensitive or nnti- 
biotic-resistant SaZmonelZa. When &no 
fed subtherapeutic chiortet.racyolino 
were inocuZated wlth drug-sensitive Sal- 
moneZZa, they exhlbited less shedding 

‘over the duration of the study than did 
the nonmedicated contrais for that study. 
However, Salmonella isolated from medl- 
cated swine developed more tetracyoiino 
resistance than did t,hose from nonmedl- 
cated swine. When the swine were inoc- 
ulated with’ tetracycline-resistant Sal- 
monella, the medicated animals shed 
S&wnelZa more persistently, preva- 
lently, and in higher quantities than 
nonmedicated swine. 

(e) Epidemiological surveys demon- 
strate that isolates of Salmonella are 
general& at least 10 to 20 percent R- 
plasmid-bearing. More import~tly, the 
cl.tnfcaI isolates, Le., thoso that caused 
illness in man and nnimab and bra 
+refore the principal public health 
concern, have been reported to havo at 
least 60 percent R-phhsmid-determined 
a&biotic resistance. Some surveys show 
the resistance as high as 90 percent 
(Refs. 10, 39 through 45). 

In England, where tetraoycbne resist- 
ance in E. coli isolated from swine was 
ubig&ous because of the widespread us0 
of subtherapeutic tetracycline for 15 
years in swine feed, Smith (Ref. 46) 
determined that resistance deoreased 
only slightly in the 4 Years immedintcly 
following implementation of the Swnnn 
Committee’s recommendations. He also 
found that the incidence of swine shcd- 
ding tetracycline-resistant Salmonella 
had not decreased. Smith, howover, did 
not measure the chwges in the multiply 
resistant bacteria that aro documented 
eisewhere in this notice, and ho did find 
that the proportion of tetracyclinc-re- 
sistant strains of E. colt with self-trans- 
missible R-plssmids had declined. Lin- 
ton GZef. 47) more recently concluded 
that there has been iWe ndherenco to 
the recommendations of the S~c.nn Com- 
mittee in Engiand. 

But In Denmsrk, where the Use of 
peniciUin and tetracycline has been ro- 
stricted since 1972, Larsen and Nohsen 
(Ref. 48) found that coliforms isolnted 
from 17 swine herds have exhibltcd a 
sharp drop in multiple antibiotic resist- 
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ante Gram 68 Percent to 9.5 Percent) 
and that there has been a shn~t@nWUS 
increase in the number of tetxacycZine- 
semifive strains (from 3 percent to 36 

. percent). Changes In resistance -were 
somewhat less dramatic in herds with 
Zntermittsnt antibiotic use- or where 
medicated swine were added to the herd. 

(j) Agafq this information on is0Zate.s 
from swine corroborates the fesuhs seen 
in the swine studio submitted under 21 
CFIL558J5 for other animaZ species. 
Subtherapeutic tetraoychne use causes 
BP increase in R-PZssmid-bearing E. coZf 
and SaZnwneZZa; .increasZngZy, the R- 
plasm&are carrymg E. coZf and SaZmo- 
mUa. Fiually, overall imtibotic resist- 
ance is increasfug in SaZmonelZa. 

Ciii) CattLe. <a) In 1958 before knovd- 
edge of R-pZssmids was widespread, H. 

- WiILiasl Smith (Ref. 49) studied the ef- 
fect of subtherapeutic tetracycline in 
feed on 750 calves. After 12 weeks of ex- 
posure, 84 Percent of the E. coZf isolatsd 
from the calves were tetracychne resZst- 
ant, and the cohforms aZso were Zargels 
resZste.nt to steptomycin and the suZfon- 
amides. No tetracycline-resistant E. coZf 
were ever isolated from the feces of the 
110 ardmaZs in the nonmedicated contml 
iz-roup.‘Further,2month.saftertermina- 
tfon of the experiment. half of the &tZe 
in the treatment group were stih shed- 
ding drug-resistant E. coZi. 

Nercer et rd. CR&. 29) s&x&d the ef- 
fect of subtherapeutic chZortetraoychne 
and sulfamethazine on the deveZopment 
of drug resistance in E. coZf. The authors 

-compared isolates from farms usZng 
* niedicated feed with ZsoZates from farms 

using antibiotic-free cattle feed. E. coli 
_ isolated fmm calves fed subtherapeutic 
tetracycline acquired R-phusnid antibi- 
otic resistance while few did in the non- 
medicated groups. 

In Edwards’/study (Ref. 50) of sub- 
therapeutic tetracychne in caZve.s, the 
number of B. coli in the treatment groups 

\ was not reduced bs the antibiotic, and the 
resistance 5n the 5soZates remained high 
for the duration of the lo-week study. 
Resistbee dropped-when the tetracy- 
clone was discontinued at the end of the 
study. While tetracycbe resistance fn 
E. coZi fmm the untreated control group 
wasiniG.Uyhigh,the~ercentage~anti- 
biotic-resistant bacteria decreased to 
nearZ.y zero in the 6th week of the experi- 

. merit and, remained there until the 
conchtsion. 

(b) An FDA contraot study wZth the 
Universitv of Missouri (Ref. 51) showeds 
that tetraoycline resistance’ among E. 
coli iu ca;Ives fed subtherapeutic chZor- 
tetmoychne went from 19 Percent to 95 
percent during the study, whiZe tetracy- 
cline resistance among E. coZf in the con- 

- trol group went from 34 percent to 74 
percent. Oenerdly, r&t@nce is higher 
in calves that are fed titherapeutic an- 
tibiotics than in range cattZe or dairy 
cattle, which normally are not fed them. 
When Wyoming range cattle rsised with- 
out antibiotics were compared with dairy 
cows. the antibiotic r&stance in the E. 
coZi from the range cattZe was 9 percent 
in that survey: the IeveZ of tetracycline 
resistance in the dairy cattle was ap- 
PrOximatels 50 Percent. A study of tetra- 

cycline resistnnce in E. coZi isolated from 
calves fed subthernpeutfc levels of tetm- 
cycline with neomycin (Ref. 54) Pro- 
duced striking results. Although tetncsr- 
cllne resistnnce in the E. c0Zf from cdVeS 
in the treatment groups averaged S7 
percent, no teticycIinc resistrmce w3.s 
found in F. cou isolated from calves that 
were kept in a separate corral and had 
never been exposed to o&blot&. On 
five other ranges, where antiblotfcs had 
not been given for at least 1 year, Ze% 
than 1 percent of the cohforms were tet- 
racycline r&stanL 

‘<cl Severnl studies have examined the 
effect of subtherapeutic tetmcychno on 
the deveZopment of tehaCYcline resist- 
fmce in SaZmoneZZu isolated from calves. 
For example, Loken et aL (Ref. 59) es- 
amined the R-plasmId resistance in 
SaZmoneZta isolated from calves fed sub- 
therapeutic chZortetracyehne. The au- 
thors compared R-pla%nMs isolated from 
E. coZf and Salmonella. When tha c&v?3 
were fed subtherapeutlc chZortetracY- 
dine, the tetracychne resZstance in the 
E. calf fsolated increased to 100 percent 
after 63 dnys of treatment, and a concur- 
rentincreaseinamplclZhn&eptomyc~ 
and neomycm re!&tnnce OccUred. The 
indigenous SaZmoneZZu deveZoped the 
tetracycline resistance: they aZso became 
multiple resbtant. 

Cd) Sato and Kodcuna (Ref. GO) exam- 
ined SaZmoneZZu typlrfmurfum isolated 
from 36 calves fed subthernpeutlc chZor- 
tetracyclbe in tt feedot in Japan. Nest 
strnins exhibited greatly increased levels 
of a&biotic reslsbnce after 20 days. 

(cl Dfrector’s analysfs. The Zndepend- 
ent studies in the hterature on the sub- 
therapeutio use of tetracychne in cattZe 
feed show that this use causes an in- 
crease in R-PZasmZd-bearing E. coZf and 
SabzoneUa They nZs0 suggest thnt the 
R-phxsmlds in the E. coZf mny be tmw- 
ferred to the SaZmoneZZa. 

7. Mrecfor’s concZusfon3. The studb 
submitted by the NADA holders and in 
the literature show thnt feeding sub- 
therapeutlo tetracychne to chZckens, 
swine, and calves results in an increase 
in antibiotic-resIstant E. col and SaZ- 
monella, and resistant E. coZf tmnsfer 
their R-~lasmlds ti S~ZnumclZa given 
sufildent time. When the anlnuds are 
infected with resistant strains of SaZ- 
mOneZZa, feeding subtherapeutic tetra- 
CYCZhIe Ieads to a Prolongntion of shed- 
Guns Which fn~rea~es the R-plcrsmlds in 
the SaZmoneZla reservoir. Norwver, the 
Percentage of antlblotic-resIstant saz- 
nmteUfz, in mrtfculnr the muZtZpZy re- 
sistant SaZmoneZZa, have InemM in 
both man and anZmaZs as shown by re- 
cent epldemioZogZcnZ stud&i, and as a 
remIt of this phrsmld transfer, the pat- 
terns of n?sZstence in man and anmu& 
are slmUar. AecordingIy, the DIrector 
finds that the holders of approved 
BUDA’s for subtherapeutIc tetmcychne 
use have IalZed to show that wZdespre;ld 
subtherapeutic tetracycline use in am- 
Imll feed is safe under 21 CE’R 558.15. 
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C. COXPllOMlSE OF ‘3HEEAI.S 
exu!r&Rlox7 2 (C) 1 

1. Background and c&&a. The 1072 
FDA task force was concerned thnt tho 
continuous feeding of antibiotics to nni- 
mals might compromise the treatment 
of certain animal diseasea. St conoludcd 
that additional information was needed, 
and FDA accordingly determined that 
epidemlological and controlled challenzo 
studies should be carried out to doter- 
mine the relationship of the use of an& 
biotlcs in animal feed to the effectkxw 
of subsequent treatment of anhnnl dls- 
ease, which Is criterion 2 (c) of this no- 
tice. 

Controlled stud!es must bo undcrtnkou. to 
determine whether or not tho admlnlstrntlon 
of an antIbacterIa drug at aubthornpoutld 
levels resulta in: dlscase that is mom dh% 
cult or impossible to treat with thcrapbutlo 
levels 01 the mm0 drug or lf lt ls ncccssnry 
to resort to another drug for trcntmont, 
(Clinical dlseesa must, Do present as R natw 
ral or artlEclally lnduccd occurrcnco.) 

As the birector explained enrlier In 
this notice, and in the previous notice 
proposing to terminate npproval of penl- 
cillln use in animal feed, the subthern- 
peutic use of antibiotics, inch.tdinE tetrn- 
cycline in animal feeds, cause3 an in- 
crease 5n B-plasmid-bearing (antibiotic- 
resis@mtl E. Colt and SaZ?MtcZZa. These 
R-plasmid-bearing bacteria have become 
ubiquitous. Further, R-plasmids cnn 
transfer among E. coli and Salnronclta, 
and these antibiotic-resistant Orf$mlsms 
have been causing increased disease 
problems in man and animals. Each step 
in the process has been clenrly and rc- 
peat&W documented, and most hnvo 
been illustrated by the submitted studies 
conducted under 21 CFR 668.16. 

2. Questions raked by FDA-lundcd re- 
search and literature studies. Neverthe- 
less, due to the completity rind impor- 
tance of the compromise of therapy Issue, 
F!DA sponsored a study to develop a dls- 
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ese model with antibiotic-susceptible 
orga&msinamannerthatxvouldpm- 
ride susceptible pathogenic E. cdf 9th 
the opportunity to inter& in the intes- 
tinal tract with R-plasmid-htxu3ng or- 
ganisms and develop drug resistance 
(Ref. 1). A IJniversifz of Missouri survey 
for tetracycline-susceptible pathogenic 
E. calf, hornever. faiIed to Iocate an anti- 
biotic-susceptible strain irom swine. and 
therefore a compromise of therapy es- 
periment using tetracycline-resistant 
pathogenic E. coli was performed accord- 
ing to the fohowing design. 

<a) E~erfmentaZ design. Swine were 
fed an unmedfcated diet and hvo diets 
contdning different subtherapeutic lev- 
els of the combination chlortetracycline. 

. suIfamethardne, and penicllbn: the in- 
vestiga~rs then measured the effective- 
ness of therapeutic levels of chloram- 
pheniwl (a drug unrelhd ta chlortetm- 
cycIine1 and chlortatmcycline. 

Diet l-Unmedluted 

I 17 YcL,,- None. 
3 

3 

1 14 Yes-,-. Nom. 
4 

3 

(b) Director’s analysis. IO. each diet, 
ohIorampheniw1 treatment was signifi- 
cantly more effective for the treatment of 

. the disease than ms treatment with 
chlortetf3cycXhw. The rasult. in fact. 
show that chIort&scycIine treatment 
was ‘ineffective both in the untreated 
control group and in the groups fed the 
combination of subtherapeutic anti- 
biotics in the ration 
. TheMissouristudyindicates thananl- 
mal therapy may be compromised where 
the pathogen is resistant to the anti- 
biotic used for treahmt. 

Mackenzie and Raines (Ref. 2) In- 
fected broiler ohickens withtetracycliue, 
necmycin-, and sulfonamide-resistant 
SalmOn.eUia Wphfmtium collected from 

NOWES 
s 

a field outbreak of sahnonellosIs In broiI- 
em, and they then wmparcd the results 
of subsequent tekacychne thempy with 
therapy with fumlhdone and chlomm- 
phenJcoL While te&acychne thempy did 
not produce o laxer shedding nto than 
therapy with the other antSblotlcs, the 
group given therapeutic tehncychne 
treatment eshiblted a higher mortahtp 
rate than the groups treated with fuml- 
tadone and chloramphenicoL 

Hjerpe (Ref. 3) studled the ciRCt of 
chlortetrncgcllne thempp on PastcureZZU 
isolated from feed lot cattle that had 
been fed subtherapeutic chlortcfxecFc- 
Une. He found thnt the ure of subthem- 
peutic dhlorteracxW4e ceuSCd rU4 in- 
crease in PasteafeZZu that were rcslstant 
to chlortetracycllne, penicillLu, sulfona- 
mides, rind other antibloffcs; more hn- 
p0rtmt4, subsequent chlortetracschne 
therapy for the treatment of the Pus- 
teurclla infections in these cmimd3 
proved utlsucces!&lL 

!Cherefore, the Dhector finds that th0 
auestions ROM by the FDA T&r Force 
l&e been-reinforcid by compromise of 
therapy studies in swine, chickens, and 
cattle conducted by other iudepcndent 
scientists. 

The holders of the approved N&X’s 
submitted nine studies in thclr attempt 
to re6olve the compromise of therapy 
issue. After careful consldt?r&onof thKC 
studies, the Dhector hns found them to 
be inadequate for various reU0n.s. ‘IheY 
are of IimSted size and scope, and Ln hght 
of evidence gencmtcd from other somW5 
since the regulations and guldellncs Nero 
established they arc inconclusive. The 
Director beheves that on4 car&d long- 
term epldemfological field studies will be 
adequate to resolve the rmesblon of the 
estent to mhich therapy has been com- 
promised. 

3. Compromfse of tlrerasw studfcs fn 
ChW--tu) Pfizer study. Pfizer 
studied the effect of parentem and oral 
o.xytetmcgcclIne thempy in ftrUftcIfd4 
infected chickens thnt had been fed sub- 
therapeutic o.x~tetracscllnc. Aftor 0 2% 
day preexposure to subthernpeutlc om- 
tetrf~~ycllnc in the feed, chicks am-o in- 
fected by intranuricular injection with 3 
pat,hogenic but totmcycline-sensitive E. 
coZf. Although subsequent parenteral and 
oral thempeutic treatment with o.sr- 
tetracycline (12.5 mUUgrams~~ubcutanc- 
ouslg/bird and 500 grams/ton of feed) 
reduced the mortality rate lu the chfc& 
ens, oral themPy did not produce a re- 
duced lacldence of lesions. Moreorer. the 
Director finds the study dezlgn to bo 
faulty because the nonlnt&hkal route OP 
E. calf inlicxkion does not rezmbIe the 
normal route of infection, anti it there- 
fore byparses the opportuni~ for the R- 
plasmid transfer which can occur in the 
intestine. Pfixr also used (L t.ctmoycUnc- 
sensitive stmln of E. calf. AS recent evl- 
dence demonstrates, antibfotfc rzktancc 
Is nom high in the unbnal popuIation, rind 
this f3ct h ImPortant to the comprotio 
of therapy problem. For thex rcazonz, 
the Dir&or concludes that the study is 
fnadequate to resolve the compmmlze of 
themPy issue. 
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(b> Amerfcan Cyanamid Study. Amer- 
fcan CrmmmId conducted a 2-phze 
study to measure the eRecb5 of chlor- 
tetmcyWe in wder theram (1 gram/ . 
gallon of xvater) when chi&?ns were in- 
fected vvith Sulntonella isolated from 
other birds that had been fed subthera- 
PEUMC chlortebeycline. C.$ananud ussd 
the 2-phase stud.v because it had diffi- 
culty exmrimentdly SnducWw fatal oral 
inSections in chicks mom t&n 4 dzqs dd. 
The n!e of fatal infection v7as con- 
sldered an indication of the adequacy of 
the e..zrfment3l infection. 

In phase I, one group of chUs was fed 
CubthemPeutfc chlortetracychne (200 
$mms/tan of feeb) for 2 reeks, and fecal 
colKorms were kolated. Then the chfck; 
were orally infscted tifh a ns.UdfxIc aoid 
marked strain of n pathogen, SutmaneUa 
Sallfnarium. After 2 days fecal salmo- 
nella rem isolated. Coliforms and SaI- 
mone?Za wre bhted from an retreated 
but infeoted control group in the same 
mnluler. 

ThLs phase of the dUdr was designs8 
t0 alI0w R-pWmhis from C~liSoms to 
tmnskr to Salmonelfu dutfn,n the 2 days 
fn the chI&. In Phase II a second group 
of chicks wss inoculafed with bacteria 
obt%tied from the first group according 
to ths folIoMng desi3z.u 

E~~r’r?r=x?la Dcr:r 

YiLu: I 

Chlortetra~cUne therapy uas h&i- 
tuted 43 hours dter the Phase II iuocu- 
IaEion. Although therapy proved to be 
cqual4 successful *ether or not the 
bhds vz?re fnfected n%h organfm~~ &TO- 
Wed from chicks that had received sub- 
therapeuUc tetracycline fn Phase I, the 
bask es-SperimentftI de&n did not trrdy 
nddrezs the compromise OS therapy issue. 
MOreOr% the esmrimeut fs defective in 
severjlothcr~.EFidenceLtomUt~- 
hue shorz that Ionger errpove to sub- 
therapeutic chlortetraoychne in chicksn 
feed vvhlch is consWent with the actual 
conditions of the drug% use Ln the field. 
~roduccs an increase in R-plasmid-bear- 
fng bacteria. Phase I of the studs vzs 
conducted for on4 14 dam, and the M- 
rector finds this trunwted eqzct of the 
stud.v inappropriate os 8 model for an BC- 
htnl geld infectIon In birds infected aith 
both SaImoneZla and E. co%. the orga- 
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nism had only 2 days to interact and dine (100 grams/ton). On the 21st day. 
donate R-plasmids. which Is inconsistent 
with nom&I condkions and conditions” 

psthommic B. calf were added to the feed 
Of all-the pi& and at the first s&n of 

III other studies reported in the htera- disease one group of pigs from both the 
tare. Finally, the chickens in Phase II medicated and nonmcdicated groups 
were never exposed by any subtherapeu- was treated with. therapeutic furszoli- 
tic antibiotics In their feed, which was done in water. 

Feeding subtherapeutic chlortetraoy- 
dine to the pigs did not interfere with 
furazolidone treatment of the experi- 

contrary to.the guidelines. The agency 
developed that aspect of the guidehnes 
to assess the element of concurrent con- 
thlUOUs antibiotic exposure, and the Di- -mentsllJr mduced disease. However. the 
rector believes that point Is still relevant. nifs w&e fed ChlortetraovchUe for-only 
For ah these reason% the Director con- 
cludes that this study has failed to re- 
solve the compromise of therapy issue. 

(4) Compromfse of theraw studies fn 
swfne-(al Dfamond Shamrock Studs 
No. 1. Diamond Shamrock conducted a 
compromise of therapy study for swine 
using the subtherapeutic combination of 
chlortetracycline, sulfathiazole, pcnicfflin 
(CSP-250) in feed and neomycin as the 
therapeutic agent. 

Forty pigs, 4 to 5 weeks of age, were 
divided intd 4 groups of 10 Pigs each. 
Groups A and B served ss environmental 
controb and did not receive CSP-250. 
ffroups C and D were placed on CSP-250 
for the first 21 days of the trial. On the 
23d day, all four- groups of pigs were 
inoculated with 5. choZeraesuf.s. Approxi- 
matdy 72 hours after inoculation, neo- 
mycin therapy (7 mill&rams/pound/day 
in water) was initiated fn wouns B and 
D, and continued for 41/ d&. - 

From the standpoint of growth, 
weight, and feed/gain, the neomycm 
treatment group (Group B) performed 
the poorest of the four groups. Neomycin 
in the presence of CSP-250 (Group D) 
was better than neomycin without CSP- 
260 (Group B) , but not signil%antIy bet-, 
ter than the CSP-250 group alone or the 
nonmedicated controls. Because the neo- 
mycin shows no therapeutic value, the 
Dlreotor concludes the study is immate- 
rial. 

(b) Diamond Shamrock Study No. 2. 
The second Diamond Shamrock study 
attempted to determine whether an E. 
coZf infection of swine wzs more difOcult 
to treat with nitrofurazone whennizs had 
been maintained for 3 weeks Prior to 
therapy on chlortetracycline at 100 

Forty E-week-old pigs were divided 
into 4 groups of 10 animals each. !JWo 
groups did not receive subtherapeutfc 
antibiotics, while two groups were fed 
subtherapeutic levels of chlort&racy- 

- - 
3 weeks before infections and therapy 
was initiated at the first signs of 
disease. These points minimized the 
opportunity for the trsnsnnssion’ of 
R-pIa.mids. AJso, Animal Health Cri- 
teria l(c) states that the sponsors were 
to assess the effect of subtherapeutic use 
of a drug on subsequent therapy by that 
same or a related drug. Chlotetraoychne 
and furazolidone are not chemically 
related, and p&mid-mediated n&o-* 
furan resistance rarely occurs in a pat- 
tern of resistance with other drugs 
(Ref. 4). Moreover, because of questions 
about carcinogenicity, the Director pro- 
posed in a notice published in the Fzn- 
ERAL REGISTER of May 13, 1976 (41 FR 
19907) to withdraw approval of the 
NADA’s for the use of furazolidone. Ac- 
cordingly, the Director concludes the 
study has fafled to resolve the compro- 
mise of therapy issue. 

09 Pfizer study. Pflzcr carried out a 
study to determine the therapeutic ef- 
flcacy of oxytetracychne (500 grams/ 
ton) against induced salmoneI.losis in 
pigs previ6usIy fed subtherapeutic oxy- 
t&racy&me (15O grams/ton) for 21 
days. The infecting agent was Salmo- 
nella choleraeMs, given by oral inocu- 
lation. 

Sixty pig.% 6 to 8 weeks*Of age, were 
divided into 2 groups (A and B), which 
were then further subdivided into groups 
of 10 each. For 21 days, the 3 subgroups 
in group A were maintained on a non- 
medicated diet while those in group B 
were fed a similar diet containing sub- 
therapeutic oxytetracycline. On days 22 
to 24 aU animaki were fed a nonmedi- 
cated ration. AU feed w&s then with- 
drawn, and the p&s were infected with 
the S. choleraesufs. One subgroup of 
groups. A and B was fed the treatment 
ration ~oxytetracychne 500 grams/ton) 
at disease onset and continued for 14 
days. The table beIow summarizes the 
experimental design. 

A Tl Nonmcdl- Ncdnfecteb Noxuwdlatul___________ OIIO,O’PCL- ’ 12 0.708 I.63 

~~ 
hfetied. __e______ do __________________ 3/X0,30 PCL 

___.__________ do w-_-m 
g ;; ,jfdpd---- 

orytetrrrcyellnos5o p/m-- o/lo, 0 Pet.._ 
NonhfW Nonmodlcoted~.- ______ O/IO, 0 pet- 

________ Iofectod, ________ do -_________________ ‘~/IO, 60 pc.t- 
B  ‘IX! _____ do . ..__-__a___ do-,,- OXytohnc7cW3&Wp/m- l/IO, 10 pcfL 

Pigs that were given therapy after in- hours. Pathological finding at necr&sy 
fection (T2 and T5) showed clinical were consistent with sahnoncllosis, and 
signs of disease 24 hours postinoculation S. cholera&us w&s discovered from all 
and 100 percent morbidity by 48 to 96 anbnals that died. 
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Although OxYtetracYclfne nt 600 
grams/ton was effkacious in controlling 
mortality whether or not the animals 
had been premedfcated with o.xytetrn- 
cychne, 150 grams/ton, the results show 
a Bend toward compromise of therapy. 
@or mortality compare T2 v. TS and T3 
v. T6.1 Group A, which was not fed 
the subtherapeutic antibiotic-containing 
diet before infection, exhibited a hotter 
overall result against frequency of 
diarrhea and avernge daily gain. Despite 
the fact that the differences in the ro- 
suits are not statistically slgnifioant, 
there is no basis for the Dlreotor to con- 
clude that the results are tho same. For ’ 
these reasons and the general problems 
associated with the study’s design, tho 
Director concludes the study did not re- 
solve the compromise of thernpy lssuo. 

(d) Amerfcan Cganamfd study. Amori- 
can Cyanamid examined the use of tho 
subtherapeutic combination of chlor- 
tetracycline - sulfamethazine - ponbilliu 
(ASP-250) on the therapeutic effective- 
ness of sulfamethazine in pigs experl- 
mentally infected with Salmonella clro~ 
leraesuis, variety kotrzendorl. 

Sixty I-week-old pigs were divided into 
6 groups. Half were fed ASP-260 for 2 
weeks, and half were fed plain swlno 
grower mash. One week later 40 of tho 
60 pigs were inoculated vla nonmcdi- 
cated feed with S. choleraesufs. Feed was 
removed from all groups 18 hours boforo 
infection. Sulfamethaelne therapy was 
initiated in one infected group fed ASP- 
250 and one that was only fed tho un- 
medicated diet when 80 to 100 porcont 

-of the pigs In each group showed sovoro 
diarrhea (3 days postinfection). Tho 
drug was given intrbperltoncahy at 100 
grams/pound of body Fdelght, and daily 
medication was continued at 60 milk- 
grams/pound until dlarrhea had censca 
or 14 days postinfection. 

Prior subtherapeutic treatment with 
ASP-250 did not appear to reduce the 
therapeutic effectiveness of sufametha- 
zme. Nevertheless, the study involved 
short-term exnosure tr, the subthern- 
peutic drug. In ‘addition, therapy was 
admmistered by an unusual method rind 
not geared to practical therapy. Poor 
these reasons, the Director rejects tho 
study as inconclusive. 

5. Compromfse oj therapy studies fn 
cattle-(a) Dfamond Shamrock sturlg. 
In this #experiment, the effect of sub- 
therapeutic chlortetracycline in feed on 
the oxytetracychire treatment of induced 
sahnonellosb was measured. Ttventy- 
eight calves were distributed into 4 
groups of 7 each. Two groups rcceivcd 
subtheraputic chlortetracyclino 70 mihl- 
grams/calf/dayl, and two did not re- 
ceive any antibiotic in their feed. ’ 

On day 21, tetracycline-sensitive S. 
tgvhfmurfum were orally ndminhtered 
to each calf. After fecal samples were 
taken on day 2. parentral oxytetrnoyclmo 
treatment (5 milligrams/pound body 
weight/day) was begun in ono group of 
premedicaeted calves and in ono group 
of nonmedicated animals; treatment was 
continued for 3 days. 
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xmll iu 2 days of salmoneua im.locu- 
k&ion, all calves had fevers of 105’ F  or 
more;manyanimalshaddiarrhea,in- 
dfcaUng that. disease had occurred. 
Three deaths ocourred in the nontreated 
group, but none of the group,tbat was 
treated with 0lKytdracYcIine. 

azthough injection with therapeutic 
oxyt&racycline was successfuI fn reduc- 
ing the febrile responses and diarrhea in 
calves hlocuIated ol-dly with salmo- 
nella, the study by no means reeoMs 
the compromfse of therapy issue. The 
oalves mere fed subtherapeutic ebIortet- 
raomlbe for onlv 21 days before infeo- 
Koi; the cal&- were infected with a 
tetaacycune-sensitive strain of s. 2yphb 
m twium; the salmonella were never ax- 
posed tc subtherapeutic antibiotics; and 
therapy w3s initiated 2 days 3fter in- 
troduction. l%r ah of these reasons, the 
Director finds the study inedequate to 
resolve the compromise of therapy 
p,mbIem 

t-b) Pfizer studp. In this &udY of osy- 
tetr3c~cII.n~ 20 calve.5 were allotted in 
groups of,5 ta 4 pens. Two groups were 
fed a nomuetiicated basal ration for 21 
dam whlIe the other two groups were 
fed subtherapeutic oxytetracycline (350 
~tipau&hea$ay~sp) But the medi- 

terminated after 21 
dais. and normal rstiouwas substituted. 
Three days later all caIve.s were innocu- 
Iated subcutaneousIy with 8 strafn of 
titracyeline-sensitive PasteureZZa mul- 
toddu. Parenteral oxytetracycline ther- 
apy w3s iultiated (5 n0&rams~pound/ 
day) hnmediatdy ana cont&ued for 2 
additional deys. 

The results iUustz8te that o.xytetra- 
c~dine In.iected at B/mUgrams/pouud 
folIowing inocuIaU0x.1 is effective in wn- 
tmllhg tetracydiue-sensitive Pasteur- 
ells that are never esposed to subthem- 
Peutic antibiotics or R-~Iasdds in the 
gut- 

But this hxdy obviousby does not re- 
solve the compromise of therapy issue. 
Iudfgenous E. coZf were only brief& ex- 
posed to subtherapeutic oxytetmc~chne,’ 
and the calves mere placed on an anti- 
biotic-free diet before inoculation with 
the Pasteurella. This was contrars to 
the gufdehnes and sound science. More- 
over, the PsrenteraI route of inocuJation 
of the PastweZZa aid not permit ready 
essociation of antibiotic-re&tant en- 
talc c0lffmm.s and the infecting orga- 
ntsm. and after Onls 3 days’ systemic 
therapy was initiatea. 

(cl American Cpanamfd ‘study. The 
Pumcse of this experiment was to de 
termiue the infiuence of a combination 
of subtherapeutic combinations of anti- 
bacterials. ebIort.&meyoline and sulfa- 
methaainc on the therapeutic effeotive- 
ness of sulfxmethezirie in calves erperl- 
mental& infected with S. tpph5rnwium 
~-two 5- to B-week-old male CnIves 
were alvided into 4 groups of 8 cnim& 
per gmup. One fzroup was premed&&xi 
with the combhxation for 2 wee& while 
tae others received an sntihacterial-free 
diet. Then the premedlcatea group and 
the three ~unmedicated groups were in- 
W&ted OEtW with tekacyc~e and 
sulfonamide-sensitive S. tpphjmurfum. 

NOTICES 

One day after InfectIon. the premcdi- 
c&d group and an unmedicated infected 
group wcxe tm3ted with thempeutlc 3uI- 
fnmethadue (100 mIBkmms/mpg~mfdf.  
1 day lohomed by 50 mlllignm, 
day for 4 ndditIonal dam. The unhnnIs 
were monitored for 14 duys nftcr in- 
fection AU of the chlortetmcycIlnc- 
resistant E. coU koInted bud multIpIe 
antUxicterlal-reskit3nce p3ttems; the 
most common p3ttem wa3 streptomydq 
neomycin, knmm~dn, triple suI& tet- 
mc~dlnc!, and in some casc3 ~~P~cUIIIL 

Ameriwn Cyauamid concludes thut 
feedIng subtherapeutic chlortetrucychne 
and suKamether3ne does not interfere 
with the thempeutlc activity of sulfa- 
methnzfne n@nst SaI7noneRa ttfphf- 
mw-fum fn cdves. The DIrector d&i- 
agrees. The coUforms were esmmd to 
the subtherupeutic autfbacferfuIs for 
only 2 weeks before.lnfection and there 
wns no esposure nfter ixmxxhtion. Thus, 
the seusitive Salmonella were exwxd to 
coIifonns without thcnpcutic nnubIouc 
pressure for only 1 duy. Bcscd on thfe 
nnalysls, the Coxmnlsdoner conclude tho 
study Is inudequnte for resolvlnC the 
compmmlse of thempy issue. 

6. Directw’s conclusion. The Director 
hns annlyred ah the muteritd submlttcd 
by the holders of NADA*s submitted 
under 0558.15 to address the compm- 
mise of therapy Issue, and the informa- 
tion on this Issue gathered from other. 
Independent sources. ln his opinion. lt 
fails to resolve the questlous nbout the 
potentlnl for harm from compmmlse of 
therapy that wvs first rdsed by the PDA 
tssk force: rather, the qucstfons raised 
have been rclnforced by the information 
that has been subsequently coUcctcd. 

3. Optimal lcval of effectivcncss tnni- 
mat Health Crftcrion 4). This mns or&- 
Inal& stated OS 0 sc!pnlilte critclion 113 
follows: 

+he optimum uzqo love1 for c3eh mdl- 
cntlon of us0 or the nntxb3ctPrI8x drug at 
subthernpeutlc lovcl!~ sbnll not hcrcizo z&s- 
nificnntly with continued UZO. 

Onto the opt imum hx’ol h st3bUzhcd+ L 
study 8hnlX contlnuo orer tucwcdlng gone- 
tlons or popuX~tlonr~ of cnlmck~ to d@tcnnW 
Xf thl0 Em0 10~01 contlaue3 to ylold t&O nxn0 
mesuroblo cRcct 

To address this criterfon, the Animal 
Health IInstItute submitted the results of 
a study begun in 1372 mhleh compcres 
the effectiveness of four nntibIotki 
bhlortetracYcUne, tslosln. bacltracln, 
and vir&nhmycin) to a noumedlcnted 
group in 6-e <Ref. 51. The Dire&or 
concludes that the study ls luudequutc 
to resolve the issue. Hocever, this is In 
part due to the InobilIty to design studfes 
that would Produce meaningful rexN.s 
withiu a 2-~errr period. This study viu~ 
conducted at only one locution; tests at 
seversl locntfons me nec~ry to pro- 
vide uny evfdence tbnt may have cencnI 
applicution to the swiue ludustry. More- 
over, the tmtihlotics were not fed to tho 
smine nt grnded dosage levels (doxgo 
titration), which is necessary to deter- 
mine the 0ptimc.l level or tha W S  
effectiveness. Thnt ls the flrjt step in 
attemptmg to address the concerns. 
Wthout that evidence, the Dlrector cun- 
not mnke nny detenulnaffon about the 
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role or R-pIssmid-bearing orgmnisms in 
tho contlmxlug elktivencss and safe& 
t~~~~papeuUc me of any tested anK- 

fInal report tc the AdmaX HczUlth Institotc, 
April 14, 3876. 

D. PhFI lO~CRX tCRI!EUOX 3) 

I. Baaground and u-it&on. It fs cleax 
that bacterial plesmfds contribute sig- 
xdfkantly to a bacteria’s capadty to pro- 
duce dkease and to survive withiu the . 
host organism (Ret 1). The production 
0r enteroto*for example b au esseu- 
tial factor In the patho3enfcity of E. COB 
ctrnins of Pordne orf$n. and Smith and 
Halls (Ref. 2) demonstrated that U 
proxxerb was coverned by a p&mid. 
termed KNT. Similurly. the eenetic de- 
tefmluants for e&rot&in pr&xtim in 
Ii‘. coIi fsolnted from calves and lambs 
gve nlso been shown to be ccntrolwi 

tnnsmtfsIble pIasmfcLs (ReL.3). Re- 
cent studies support the memise that 
ontcrotoxln-pmducfng stratmi 0r E. co3i 
urc nko responsible for a signhlcant pro- 
portion or previously tmd&nosed hu- 
m m  dIarrheaI disesse m . 4 throt& 
13. Researchers have now shown that 
the ubWy of human E. coIf shahs to 
mnke uu entemtoxin is also mediated by 
a tmnssble p&mid CRes. 7 and 8). 

In nddstton to t&us, other pIa.smfd- 
medIated virulence fectors have been de- 
ccrfbed. One of the charact~sistics of the 
dIarrheaI dJstze caused by entemtort- 
pzrdc E. coti in mul or animals is the 
nbM@ or large numbers or the bacteria 
to colonize the SDMI bovxL There is evi- 
deuce thnt a surface ussociated antigen. 
KID, on E. cob iuerease pathcgtmfrdty 
for PII shxe it facihtates cohnszau~n 
by helping to overcome Intestinal mo- 
UlItr and other clear@ me&minus 
(Refs. 0 throush 13). EIuther. Orskov et 
al. (Ref. 14) showed thatK38 production 
is coverned by a tmnsmisa*le ~Ismic~ 
A &u&r sM&m, K93, hs.s been de- 
ccrihed for c&es (R&L 15 throwh 17). 
ItXoreover, these Kant&eus play a role 
ln tbe host speclfidtp or these pr&~ozens. 
The KS8 tintteen from pmdne isolates 
b unable to produce a&&on to the calf 
iutcstine. and the E!lS calf ant&en is un- 
rtbIe to adhere to the ~16 intee (Ret 
15). A  similar plasmIdumtroUed sur- 
Pm!e nntIgen has recently been described 
ln a strnin 0r E. CoZf, cause severe hu- 
man dferrheal dIseese (Ref. 18). 
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Another way plasmids can’ contribute 
to virulence is exempllfled by the colMn 
V plasmid (Ref. 19). Colicin V is the 
most common colicin produced by 8. 
colt, and pathogenic E. colt containfng 
the colicfn V p&mid have a greater abil- 
ity to redst the host species’ defense 
mechanism (Ref. 19). Such E. coti also 
tend to be more refractory to the bac- 
tericidal effects of undefined components 
in serum. In addition, Smith’s experi- 
ments in chickens and in humans reveal 
that the colicin V R-p&mid confers on 
organisms an increased. ability- to sur- 
vive in the alimentary tract as well as 
in the tissue (Ref. 20). On the basis of 
this evidence, the Director believes that 
other plasmid-mediated factors that‘en- 
hance pathogenicity may welZ be found 
in the future. 

Although pathogenicity is general& 
determined by more than one factor, the 
addition of a single specjflc character to 
a nonvirulent organism can endow that 
organism with virulence, and the po- 
tential dangers of this character being 
mediated by a transmissible element are 
apparent. Because R-plasm& and viru- 
lence plasmids can reside in the same 
bacterial cell, the- possibihtg is increas- 
ing that plasmids that contribute to 
pathogenicity may become.more wideZy- 
disseminated among bacterial species 
due to the selection of-the large reser- 
voir of R-plasmids within enteric or- 
ganisms. 

For these reasons, FDA established 
Human and Animal Health Safety Cri- 
terion 3: “The use of low and/or inter- 
mediate levels of an antibacterial drug 
;hzbg.o, enhance the pathogen&its of 

The Food and Drug Administration’s 
guideUrns required a series of well de- 
signed studies to determine if the use of 
antibacterial drugs in animal feeds en- 
hances pathogenicity of Gram-negative 
bacteria. First, the sponsors were to de- 
termlne if plasmids coding for toxin pro- 
duction could become linked to an R- 
plssmfd -and be transferred in vitro. 
Finally, if thfs was demonstrated in 
germ-free anmials, experiments were to 
be conducted in conventional animals. 

Due to the progressional nature -of the 
studies, the Director did not require the 
suonsors to comnlete the studies during 
the time alloted by 5 558.15. The sponsor 
were committed to conduct such studies 
and tc submit reports on the studies at 
regular intervals. The Animal HeaIth 
In&itute did submit a study conducted 
by Dr. John Walton to examine the esso- 
ciation of plasmid-mediated toxin pro- 
duction with R-plesmids, and data were 
also obtained from FDA contracts with 
Dr. Stanley Falkow’ and Dr. Carlton 
UYles. 

2. WaZtott. studg. The Walton study 
(Ref. 21) reported in vitro transfer ex- 
periments using a donor organism bear- 
lng both the enterototi pIesmid and 
R+ factors antibiotic resistance plas- 
mids and a recipient organism.that la&s 
an R-plssmid. Walton concluded that 
subsequent selectidn of R+ transcon- 
JugantS does not select for entcrotoxin 
production. 

The Director finds that the study con- 
tained major shortcomings in the pro- 
cedures used, and he rejects Walton’s 
conclusions as inadequately supported. 
The enterotoxin-producing strains (con- 
taining plssmids termed EET) used in 
the experiment were inadequateZy ex- 
amined for the frequency of transfer of 
their ENT ~lasmids, and the number of 
R-f- transcosiugants tested for BET 
transfer (20) was insufecient since only a 
frequency of 5 percent or greater could 
be detected. From each mating, 20 trans- 
coqiugant~wlonies were pooled and sub- 
cultured intO 100 milhliters of nutrient 
broth: then they were 8rown overnight 
to’ obtain culls and supernatant fluld to 
test for toxin production. However, no 
positive control was included in the ex- 
periment to show that, in screening, at 
least one known ENT positive colony, out 
of 20 colonies, would actually produce a 
positive reaction for toxin production. 
For these reasons, the Director concludes 
that the study neither conclusively re- 
solves the issue nor provides adequate 
evidence to support the conclusion that 
selection for R+ transconjugants does 
not select for enterotoxin production. 

3. FaZkow study-Cal In vitro transfer. 
On the other hand, Fallow (FDA Con- 
tract 73-7210) unequivocally ‘demon- 
strated that ENT and R-plasmids do co- 
transfer and that drug selection for the 
R-alas&d and subsequent%lonal screen- 
ing for ENT was an adequate laboratory 
tool for detection of cotransfer. 

In an in vitro mating. E. colt K12 (con- 
taining a bovine ENT plasmid. a K-anti- 
gen-determining plasmid (K99), and an 
R-plasmid coding for tetracycline and 
streptomycin) was crossed to three drug- 
sensitive E. coli K12 recipient s&&s. 
The reoipient strains were rifampicin 
resistant, and the donor was rifampicin 
sensitive. The rifampicin-resistant re- 
cipient that received the tetracycline- 
streptomycin plasmid were recovered on 
rifampicin-tetracyollne drug plates: 
these recombinant clones were then 
scored for coinheritance of ENT and 
K99. Of 225 clones tested (76 from each 
of the 3 crosses), 2 clones (0.88 percent) 
received both BET and K99+. Thus, 
cotransfer of K99 and ENT plasmid for 
pathogenic&v with the tetracscline- 
streptomycin drug resistance plasmid 
was of a low but detectable incidence. 

In another in vitro mating study, a 
bovine enterotoxigenic nonlactose-fer- 
menting E. coti isolate C344) (containing 
the following plasmids: ENT, K99. and 
an R-plasmid (fk) containing genes 
coding for ampicilhn, chloramphenicol, 
kanamycin. and streptomycin resist- 
ance) was crossed with a lactose-fer- 
meriting strain of E. calf, K92 strain 
1485. La&o&!-fermenting and chloram- 
phenicol-resistant transconjugants were 
scored for K99 and ENT. . 

The incidence of K99 plasmid transfer 
was 3/37 (8 percent) and the incidence 
of the ENT plasmid transfer was 9/37 
(24.3 percent). Furthermore, the inci- 
dence of K99, ENT, and RI cotransfer 
was 3/37 (8 Percent). 

(b) In V~VO frcnrfer. Falk0W fed B44 
E. calf bearing resistance (IhI, ENT, and 
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K99 plasmlds to baby calves, and in vho 
transfer of the (IhI plasmld to indi- 
genous microflora was monitored. In one 
experiment, BNT plasmid was cotraas- 
ferred at an incidence of 3/39 (7.7 por- 
cent) ; however, K99 was not transfcrrcd. 
In another in vivo transfer cxperlmcnt, 
the ENT was cotransferred at an inol- 
dence of l/88 (1.1 percent) nnd co- 
transfer of K99 did not occur. Furthor- 
more, detection of K99 cotransfer was 
hampered by the autoagglutination of 
50 percent of the trnnsconiugants when 
slide agglutinations with K99 antisera 
were’oerformed. 

Fr6rn these experiments, Falkow con- 
cluded that possession of an R-plasmld 
by an enteropathogenic strain dots not 
guarantee cotransfcr of ENT or K99; 
nevertheless, the impllcatfons of co- 
transfer at even-a low incldenco in tho 
intestinal traot of an animal, should th0 
animal be exposed to the same antiblotlcs 
to which the enteropathogen is resIstant, 

*has potent public health consequences. 
4. Questions raised by other studfes. 

(a) Naturally occurring toxigenic stzalns 
of E. coZi are often multfple resistant, 
and during a recent hospital outbreak 
of infantile diarrhea jn Texas, Wnchs- 
muth et al. (Ref. 23) reported that 
Plasmid-mediated toxin production and 
multiple antibiotic resistance wore dem- 
onstrated. Transfer of a 67 x 10’ nnd 
30 x lo” dalton n&mid wns assoaiatcd 
with the transfer‘ of resistances nnd on- 
terotoxin production, respectively. Moro- 
over, when antibiotics were used to select 
E. cozi K12 recipients from a One-step 
bacterial cross, all the resistances wore 
concurrently trabsferred, and 38 per&t 
of these drug-resistant recipient orgn- 
nisms also transferred their ENT plas- 
mids and produced enterotoxin. Clearly, 
the Director must conclude t.hat R-plas- 
mid transfer can enhance the po8slblllty 
;;tEtizmfer and the production Of 

(b) Ga&locatlon is believed to be the 
primary mechanism for the dbsomina- 
tion of resistance gents In viva. Under 
FDA Contract 223-73-7210, Falkow hns 
been able to show the translocation of 
antibiotic resistance genes to ENT plas- 
mids in vitro. He also demonstrated that 
ENT plasmids can acquire reslstanco 
genes from R-plosmids if they inhabit 
the same cell. Ampicillin, sulfonamldo, 
and streptomycin plasmids construotcd 
in vitro by translocatlbn are fnclistin- 
guishable from such ampicillin plasmlds 
obtained from clinical isolates of E. COIL 
and Salmonella (Ref. 24). 

More recently, Gyles (FDA Contrnot 
223-73-7219) demonstrated the in viva 
transfer of ENT PltiiaS~in the &o.&- 
nal traot of pies, using the seleotion of 
tetracycline-resistant reclplcnt oren- 
nisms as a b&s ‘for screenine ENT+ 
recipient colonies. All of the 36 totraoy- 
cline-resistant recioient colonies ob- . _ 
tained were sliovm to bear the ENT PI& 
mid. Gyles also showed that tetracycUno 
resistance and enterotoxin biosynthesis 
reside on the same plasmid. 

5. Director’s concZusfon.e. The evidenw 
from both in vitro and ln ViVo cxperl- 
ments demonstrates that ENT ~lnsmicl~ 
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Controlled studies In npproptite test ml- 
Xnclc shall bo conducted to do-c 
whether tho cousumptlon of food produced 
by cnlmnbi rccelvlng nntlb=terlcl drus wit 
result In: 

(a) An lncre~so ln the lntcstlnol non of 
the pr~~alcnco OK pntbogcnlo bncEterla: 

(b) An l~~crcaw In tbo drgrw and qec- 
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hVf% IXddLUU WitbdmWti  t&U0 aud &tob- 
llshed ~O~M~CCS. 

In IiddlUOn, o l lkmhrn GU-VO~ GIUU be 
&nductcd to detcrmlne tho lncldooco of r+ 

and R-plasmid can become linked. O&’ 
Dr. Walton’s study dcscribee data to the 
tm&ar.y; however, his studY is insde- 
quate for the reesone discussed Ac~rd- 
ingly, the Director concludes that the 
existing evidence demonstrates that R- 
phsmfds can increase the pathogenicW 
of organism, and inedequati evidence 
has been submitted to prove the con- 
tlm-Y. -&s 
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pot-to of h~ormnsltivity reSultin from anti- 
bxtcrlol drugs ln food. The llteratllre sumer 
ohoIl include ia(ornuMon rq%rw hmer- 
Gonsluvity rwcu0n.Y occurring as a result or 
pzrcntcml or toplul exp0mre to antm3c- 
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vz&n h~cmn!%vtty bm been 6boxn. eX- 
pcrlmcnts in nppmprlute Inbomtorp anlmak 
muzt bo conducted to dcvetop e3tfmateS Or 
v;hat lorol of nutlbactcrlal drus l.~ food -siU 
cn(to the praductlon of hypcrsensitlvttF. 
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of Agriculture’s Drus Residue i%ordtorhz 
Program (Ret 2). shows that tetracy- 
cUnes are among the antimfcrobiak con- 
~Ktuting the bulk of ViolatIVe residues 
because they are used theraPeutica&? 
and subtherapeutica.Uy~ Violative OgStet- 
mcydlne and tiortetrawcline residues 
r;ere nko detected in 1975 and 1976. 
When Nt-?scrsmSth, et aL. at American 
Cyanamid (Ref. 3) fed swine three to 
fbe th1~6 the nOr311d amDUd Of ChlOrkt- 
mcmline. suIfemethazine, ~enicilIin f 
combination continuousIy for 14 vieeks, 
they found residues of less than 1 part 
per million in alI*tfssues sampled 0.5 and 
7 dnys nfter withdrmd. The Food and 
Drus Adminktmtion conducted studies 
in dogs, rats. and hamsters to find a 
sultable small animal model in which to 
detennlne the no-efreot level of anti- 
mkroblal drugs on the resistance char- 
acterlstks 02 the enteric flora (Ref. 4). In 
dog fed subtherapentic oxytetracycline 
10 Parts per millIon in their diet. the 
COUfonn popuIation ShUted from pre- 
do-t& drug-sensitive to predomf- 
nitdl~ drug-resistant ~~lif~rm~.‘No such 
chUt in dms-resstance occurred in do= 
fed ol;ytetracycUne at 2 Parts per mil l ion 
or les. The study indkated 8 theoretical 
po=*bUty for such a ‘ho Meet” level. . 

3. American Cyanamid study-(a) Ex- 
lJ6Tfm6IttaZ design. American wd 
Gtudkd the elkct of tetracyclhe-con- 
-6 ehlckcll tissue on anthu.icrDblaI 
resistance in dogs. For thfs study, 450 
day-old chfcks were divfded into Tao 
CROUPS of 225 birds each. One group we.~ 
fed subtheraPeutic chlortetracycline, 
Whih the Other gmup vies fed a non- 
medicated dfet. The chickens were kilzed 
on days 55 and 56, and 200~gram tissue 
CamPIeS Were Prepared On days 58 and 59. 

m0 WOWIS of 16 adult beagles werefed 
PUdIm DOS chow for 20 days, and on 
the 21St day the mw &.WCII was added 
to this dIeti. The do6s were fed rm~ day 
40 ~WDdfIIg to the following dm 

InMrdIr, the do= food and chicken 
tk3uC were examined for SaZmoneZZa 
hlctuse-fQnnelltin6 organkms (coli- 
forms). Additionally, raw and cooked 
chicken t&sues from both gmup~ of 
birds were assayed for chlortetracytie 
r&dues. Fresh fecal samples were ob- 
talmd twice weekly from each dog 
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and examined for Salmonella. Coliforma 
In the feces were tested for sensitiviiy to 
ampicillin, chloramphenical, chlortetra- 
cyciine, and dihydrostrept Amer- 
lcun Cyanamid also examined samples 
ol commercially purchased chicken for 
bacteria. 

(bl Summary. Analyses of the dog 
food and the raw chicken tissue revealed 
no Salmonella or colfforms. Salmonella 
were isolated from the feces of only three 
dogs, and the isolations occurred on the 
same .day. None of the do& exhibited 
siens of cUnfcaI sulmoneUosis. 

The level of chlortetracycline residue 
in the chicken tissue that w&s fed to the 
dogs varied from 0.025 part per million 
in fat to 3.15 parts per million in kid- 
neys. The average concentrution in the 
tissue samples was 0.26 part per million 

In dogs fed tbe raw chicken, the num- 
ber of cblortetracycline-resistant coli- 
forms shed increased significantly, as did 
the number of coliforms resistant to di- 
hydrostreptomycin. Chicken tissue con- 
taining chlortetracycline residues also 
carried ttvo times as many coliforms as 
tissue without chlortetracycline residues 
did. l?urther, chlorteiracyclhie-contain- 
ing tissue had four times more chlortet- 
racYcl.ine-resistant organisms than did 
the antibiotic-free tissue. Dihydrostrep- 
tomscin-resistant coliforms were present 
at three times the number found in the 
control tissues. Cyanamid also indicates 
that cooking tissues at 60” C for 20 min- 
utes may inactivate chlortetracycline 
residues. American Cyanamid also sur- 
veyed a few commercially purchased 
Poultw specimens. The samples con- 
tained lrf000 the number of *coliforms 
found in the raw tissue fed the animals 
(10 versus 103. 

69 Director’s analysis. The Director 
flncls that the study has failed to e&al+ 
lish conclusively a no-effect level for the 
selection of resistant organisms for 
chlortetracycline residues in raw chicken 
tissue. 

4. Lfferatufe survey. Some drug fums 
conducted literature surveys on human 
hypersensitivity to the tetracYclines and 
to the combinntion of tetracYchne-sul- 
fonamide and penicillin AnaphYlactic 
reactions to penicillins are common; they 
may occur us s result of ingestion, con- 
tact, or occupational exPosure. Derma- 
tological reactions tc sulfonamides and 
to neomycins are frequent (Ref. 4 and 
5). The Wracyclines have produced 
Photoallergic and phototoxio reactions, 
and the hypersensitiviiY reactions range 
from skin rashes to ingioedema and 
anaphylaxis. Moreover, cross-sensitixa- 
tfon among. the tetracWim3s is com- 
monly observed. Although hypersensi- 
tivity reactions are rare, they are oeea- 
sionully extremely severe (Ref. 61, and 
allergio reactions from a skin contact 
w&h ixtracyclims are common. For this 
reason. hypersensitivity reactions. to 
tetracycline and the tetracycline prod- 
ucts must be considered Potentially 
harmful to man. However, there are no 
reported incidents of tetracycline hyper- 
sensitivity connected with, ingestion or 
handling of tissue with tetracycline 
residues. 

NOTICES 

5. Direclot’s conclusione. The Director 
has evaluated the literature and the 
studies and concluded that the holders of 
the N&DA’s have failed to estabU.sh eon- 
chsivcly a no-effect levf3 for the tetra- 
cycline residues, although there is no 
evidence that below tolerance the resi- 
$zeue&a public health problem in 
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V. EFPECTIWNESS . 

In 1970-71 FDA issued a series of FFZD- 
E&IL REGLTCER notices announcing the 
conclusions of the National Academy of 
Science/National Research Council Drug 
EOlcacY Study Group which evaluated 
animal feed premixes containing ox~tet- 
racydine and chlortetracycline intended 
for subtherapeutic use. For mose of those 
products. the Director has previously 
issued notices either withdrawing ap- 
proval of the drugs or concluding that 
the the labeling claims mere revised to 
comport with t@e AcademY’s evaluation. 
The Director is proposing to complete 
the process in this notice in accordance 
with the National Advisory Food and 
Drug Committee’s recommendation that 
FDA Propose to limit subtherapeutic 
tetracycline use in animal feed tc unique, 
important claims. A condition precedent 
for any claim is that it be supported by 
substantial evidence of effectiveness for 
that claim. 

A. OXZ!IlZTRAC??~E 

In the FRO= REGI~DCR of May 5, 
1970 (35 FR 7089: DESI: 8622V3. FDA 
announced the NfiWNRC evaluation of 
l?.ther’s T errawcin TM- premixes, which 
contain~oxytctracychne quaternary salt. 
The NAS/NRC concluded that these pre- 
mixes were probably efEective when_ used 
for the control and treatment of specific 
diseases of livestock (swine, cattle, sheep, 
rabbit& and mink) and poultry (broiler 
chickens, laying chickens, and turkeys), 
and concluded that use may result in 
faster gains and improved feed cfllciency 
under appropriate conditions. It also in- 
dicated that extensive labeling revisions, 
restricMons on the claims, and reword- 
ing of claims, for which further docu- 
mentation was required, were necessary4 
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The Food and Drug Administration 
concurred with the NlWNRC’s cvalua- 
tion of the premixes und further con- 
cluded that: 

(1) The clofmc for hexcmltlask chould ha 
iacluded under the 6U.SCCD~blO host. 

(2) Appropriate et&& regarding is&r 
weight gaffs and lmpmcd fowl aClclcncy 
8houId bo SW& as “For lncrensCa rat0 of 
mfght guin and improved Iced oackncy for 
(under approprloto conditions 01 use) #*’ (Id.) 

B. CBLOItTETRAOYCLll~C 

1. Recite $mmixes. The Food and Drug 
Administration announced the NASl 
NRC’s evaluation of Roche’s Sptmco Spa- 
cial Premix (each Pound contains 4 
grams chlortetracyclinel and AriGa 
Special Svhe Premix teach pound con- 
tuins 2 grams chlortetracyoline hydra- 
chloride) in the FELEUL RIIGI~TEK of July 
9,19?0 (35 FR 11070; DESI 0173NVl. 

The Academy concluded that more ln- 
forniation was necessary to &tab&h the 
effectiveness for faster gains and improv- 
Ing feed eftlciency in swine. It also dis- 
allowed claims for growth promotion or 
stimulation and indicated that claims 
for faster gains and/or feed efllciency 
should be reworded. Finally, the NAS/ 
NRC concluded that each active ingrc- 
client in a preparation containing moro 
thqn one drug must be effective or con- 
tribute to the effectiveness of the prep- 
aration to warrant acceptance as an 
active ingredient. 

The Food and Drug Administ.ration 
concurred with this evaluation; however, 
the agency concluded that the nppropri- 
ate claim for faster weight gains and 
improved feed efilciency, if supported by 
substantiaI evidence, should be “For in- 
creased rate of weight gain andimproved 
feed efaciency for (under appropriate 
conditions of use) .” (Id.) 

2. American Cvanamid and Nqxo Prc- 
mixes. In the ~?EDERAL R~exsnzn of July 
21, 1970 (35 FR 11646; DESI 0113NV1, 
the agency published the evaluation of 
premixes mnnufaotured by hmcrkxtn 
Cyansmfd and NOPCO ~OIItnining OhlOr- 
tetracycline’ at levels ranti[: from 4 to 
50 grams per pound. 

8. Aureomycln 60 Feed PromIx; contmhn 
sb gMms chIort&aoycIIno par pound. 

b. AUrcOmyCln IWB Focd Prcmlx; ContnIha 
25 grcms chIort&aCycIIno por pound. 

c. Aureomycln 10 Feed Prcmlx: contcihs 
10 gmuls chIortetraoycIlnc pm pound. 

d. ~urofnc-Dl contains 6 grams chlortotm= 
oyellne per pound. 

e. Aureomycln Layor Brunch, contnlno 4 
g13m~ dh&XtctrMyOuUe pOr pOWI& 

f. Deravet: contslns 10 gmmc chlortctrw 
cycflne hydrochIorIde per pound. 

g. Aureomycin Eolublo Powder; contalnu 
26 grams ehlortottnayalbto bydrochtor~do 
per pound. 

h. ~O~CO CT0 4/SS; COntcIDc 4 grnlns 
chIortotrncycIlno per pouud and GO parcenG 
eodlum wllato. 

1. Bopca 6Z.t~ 6.66/SS; contains 6.0 drama 
cbIortatrnaycllno par pound and 83.23 per- 
cent sodium suhnto. 

J. NOPCO CTC 10.25, 60, nnd 100; contnlu 
10.26, 60, nnd 100 gnma Of ChlortCtrflCyCllno 
per pound, respcctIveIy. 

The NAS/NRC rated theso producfg 
as probably effective for growth Promo- 
tion andfeed enlciency andfor the treat- 
ment of animal diseases caused by Path- 

21, 1977 

* 1 HeinOnline --- 42 Federal Register No. 204 page 56286 (1977) 1 



ogens sensitive to chiortetracycliW. It 
also reworded and restricted the claims. 

The Food and Drug Administration 
concurred with these ratings. but it 
agafn concluded that the appropriate 
claim for faster weight gains and im- 
proved feed efliciency should be “For inn- 
creased rate of weight gain and imProved 
feed efEciency for (under aPProPriate 
conditions of use) ” (Id.). 

3. Ametfcan Cyanamid’s chlortetrll- 
clycme and vitamin products. In the 
FED- REOWIER of August 18,197O (35 
3% 13156; DES1 0115NV), FDA pub- 
lished the NAS/NRC evaluation of 
~~.~erican cyanamid’s chlortetracycline 
and. vitamin products: 

a. A~re~myClIl CnUnbk& =Ch POUnd Eon- 
ttim~ a grsms of chl0rtixracyoUne. 250,000 
u~~~-aitasdtaita&~~ A. and 25,ooO USS. 

b. Aurecmyoln T.F.-Si ~XW.XI pound Con- 
&&s 6 gnuno of oEXort&racycXlne and 0.6 
mlulgmm of vltamln B-x.2 

o. Aureomyoln TP.45; each pound con- 
talns 16 grams of chlortetyacycllne and 1.6 
rolulgroms Of vltamln B-12. 

The NBS/NRC rated Aureomycin 
C~UID&S as probably not effective for 
prevention or treatment of bacterhil in- 
fections or for increasing growth rate in 
mine. calves, beef cattle, sheep, and 
horses. However, it concluded that AU- 
reomycin TJ?.-S and A~reomycin TX.- 
15 were probably effective for antibiotic 
activity 5x1 the control and treatment of 
baoterial infections in smine, cah’eS, 
sheep, and poultry. 

The NAS/NRCs reports indicate that 
(1) more hformation is necessary to 
document the value of vitamius and the 
a,mounts of vitamius which are added to 
the preparations, (2) substantial evi- 
dence was not presented + establish et 

NOTICES 

The Food and Drug Adminlsbauon 
concurred with the Academy’6 findlUG, 
but it concluded the a6enc~‘s Wording for 
the faster meIght 8&s and ImProvEd 
feed eftlcfency claim where supported by 
evidence of effectiveness was more aP- 
proprlate. (Id) 

C. DIBDXOXl’S COXICLUSlo~:S 

In accord with FDA’s COnChUdOn to 
adopt the recommendation of the Anti- 
biotics jn Animal Feeds SUbCOIUdttCe of 
the National Advisory Food and Drug 
Committee that the subtherapeutIc use 
of tetracycline in animal feed be lImIted 
to unique, essentlnl clnims, the DJrector 
has evaluated all of the iUformation 
available concerning the effeCtiW!neJs Of 
chlortetracyollne and oMehnCyClIne 
prem&s for subtherapeutlc use. Based 
on thfs review, the Dkector Ls pr~po~l!X 
to restrict the use of chlortetracycllue 
and oxytetmcycline ti animal feed to the 
follow& subtherapeutic condltio~s of 
use: 

OXXTEXMCPCLnre 
-(I) For chickens at 100 to 200 grams 

per ton of feed as an aid ln control of 
foml cholera caused by Pasteurella mul- 
tocida. At lg0 t0 200 grams per ton of 
feed as an aid in the control of fnfcc- 
thus synovltis cased by Wcoplasma 
sytwviae susceptible to oxytetmcyclIne. 

(2) For turkeys at 200 gram8 per ton 
of food for the control of lnfectlous syn- 
ovit.Ls caused by ZUycoplasma synoniae 
susceptible to o.xytetracycline. 

cELoaTErMcYcLINs 

(1) For chickens at 100 to 200 grams 
per ton of feed as an nid in the control 
of infectious synovitls caused by af. 
.wnoviae susceptible to chlortetracychne. 

(2) For turkeys at 200 grams per ton 
of feed as an ald in the control of in- 
fecbous synovltis caused by 5f. synouiae 

_ susceptible to chlortetracyclluc. 

each ingredient designatea as actwe 
makes a contribution to the total effect 

. clahned for the drug combinations, and 
(3) the claims should be reworded and - --. - - - ..- - --- (3) For beer cattle at 0.5 mllhgnun/ 

pound of body weght per dny for con- 
trol of active infectIon. of pnaplasmcsls. 

reStriCted. 
The Food and Drug Administration 

agreed with the Acedemy’s findings but it 
again concluded that the standard word- 
ing for the faster weight gains and im- 
proved feed efficiency claims should be 
adopted if supported by evidence of effec- 
tiveness act). 

4. x&don Purina premix. The Food 
and Drug Administration evaluated the 
NAS/NRC report on Purina Aureomycin 
Etb Medicated (2 grams of chlortetra- 
cycliue hydrochloride per pound), and 
published the results in the FEDERAL 

. REGISTER of July 22. 1970 (3S.FR 11705; 
DES1 0035NW. 

The Academy concluded that this vita- 
min-antibiotic preparation is probably 
not effective for the therapeutic and 
nontherapeutic claims in hogs, cattle, 

.<. and sheep. It found that the dose of the 
chlortetracycline to the animals is fre- 
quently low and incousistent. and it 
questioned the oral administration for. 
severely ill auimals. The Academy also 
indicated that rewording and restrictions 
on the claims were necessarJr tn addition 
to documentation of the value of vita- 
mins in this preparation. 

(4) For beef cattle at 350 mll&mms 
per head per day ln ccmblnntlon with 
sulfamethazine as an aid In the malntc- 
name of w&ht gains In the prcseucc 
of respiratory disease such as shlpplng 
fever. 

(5) For breeding 6heep at 80 mIlli- 
6rams per head per day as an aid in 
reducing the incidence of vibrlonlc abor- 
tion. 

The safe and efKectlve ncm ardmal 
substitutes for the subtherapeutic tetxU- 
cycliue uses that the Director ls pro- 
Posing to withdraw are contained in 
Subpart B of 21 CFR Part 558. The drugs 
and their approved cond.ltIons of uss 
are codified as follows: 
ArsnnlXntc scdlum _____ ----_--___ t38.CO 
~~~nnillc r&d ______ w------s---- 668. G3 
~nclkacln _____________ -_ 658.76, 688.78 
Bntnberx~~yclno ~---------~-~~~~- 658.05 
Carbndox _________ -- ___________ 6G8.115 
Carbasono _____--__----m------ 668.l20 
Rytbromycln __________ ---__ 658.848 
Hmromvcln B ---- ________ -_ Gt8.724 
IilGWlllYCLn ----------------- 658.325 
CtmneXUiLP _______________________ 668.355 
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o1eanuom~uln ____^---------- 558.435 
Ros5mJno _semms.. - --------I - 658530 
~u.u~~cxglua-armcmctoprim --- 5_58.51! 

-------w ------ 5s. 63a 
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. VL coKcLusxoK 

Purmnnt to 8558.15, the holders of 
npproved NADA’s for tetracycline-con- * 
tdnlng drug pmducts intended for ad- 
dition to animal feeds at subtherapeutic 
levels have the burden of establishing 
that this extensive use is safe in accord- 
ance with the criteria a&gUidebnes es- 
tablished by that reg~latfon, in additfon 
to the basic requirements imposed by the 
6enernl safety provisions of the EM&al 
Food, Drug, and Cosmetic Act. The Di- 
rector, in this notice, has set forth in 
detail the basfs for the criteria and 
guldellnes’implementing the reguzstian 
and this action-The holders of the ap- 
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proved NADA’s have faikd to satkfy the 
leg-4 requkements inmosed by the regu- 
lation; they have faikd to resolve the 
bnsic safety questions that underlie the 
widespread subtherapeutic use of tetra- 
cydine in animal feed. 

(a) Bacteria~bearing R-plasuids 
which confer resistance to multipIe an- 
tibiotics have become widespread in the 
environment of man and animak. Anti- 
biotic resistance, medicated by tzansfer- 
able R-p&mid& is increasing in E. tori, 
and Salmonella, and other pathogens. 
The resfstance patterns is0Iat.e from ani- 
mfds are simhr to those in their normal 
intestinal E. calf population, and there 
is evidence that antibiotic resistance in 
Pathoa?ns can derive from the normal 
flora by means of R-pInsmid transfer. 
There are we&established-routes for the 
bnsmisslon of bacteria between ani- 
mals and man. The R-plasm& found in 
bacteria isoIated from man and a&maIs 
are indistinguishable, and common 
serotypes of these 0rganSsm.s infect both 
man and animals. 

Studies in chickens, swine, and cattle 
submitted by the holders of approved 
NADA’s confirm that the subtherapeutic 
use of the t&rfr,cyclines mill cause an in- 
crease in the PreiraIence of R-plasmid- 
bearing organisms in animaI Intestinal 
flOl2-h. 

(b) Antibiotic resistance in Salmone2la 
can lead to an increase in Ehedcling and 
therefore contribute to an increase in 
tile SaZmonefla reservoir. The pot.entiaI 
for harm arising from a compromise of 
therapy Is weIl documented. The studies 

. submitted, however, are of insufficient 
scope and design to demonstrate con- 
clusivels that the extensive use of. sub- 
therapeutic tetracycline is safe. Epide- 
mi010gicaI studies assessing the Iong- 
term impact of the increase in R-pIas- 
mids on the effectiveness of antibiotl& 
wouId aid In assessing the extcnt’of the 
problem. 

(cl Evidence demonstrates that R- 
plasmids controlling pathogenicity. drug 
iesistance, and abiIity to colonize the 
intestines can and do cotransfer in vitro 
and in viva. 

(d) For tissue residues of tetracfrclines. 
FDA studies indicate that a theoretical 
no-effect level exists for development of 
%ransmissibIe antibiotic resistance (R- 
plasmid-mediated resistance). American 
Cyanamid’s study and the literature sur- 
veys have failed to establish conclusively 
this no-effect level, aIthough evidence 
from the Cyanamid study suggests that 
heating the tissue may inactivate the 
tetracycIlne residues. 

te) Under 21 CFR 558.15. the hoIders 
of approved NADXs were rgquired to file 
commitme& to conduct studies that 
would resolve conclusively the safety of 
the subtherapeutic use of antibiotics in 
animal feeds and then to cpnduct those 
studies. To assure compliance with the 
Iatter requirementi the reguIation re- 
quired holders of the approved NADAk 
to fIIe periodic progess reports on the 
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studies. The Director ls proposing to 
withdraw amroval of certain NADA’s for 
which evidence was submitted pursuant 
to 5 65a.E ta resoIve the safety issues, 
aIthough he is unaware of any sponsor 
that fled a commitment to conduct the 
rwuisfte studies but submitted no evi- 
dence. Nevertheless, the Director con- 
cludes that thk? approval of any NADA 
for which a commit3nent to conduct ap- 
propriate studies was flied but whose 
holder ffled no evidence should be with- 
drawn on the grounds that the holder 
of the NADA had failed to establish and 
maiiitain records and make reports as 
required by appropriate regulation. 

(0 FinaIIy, the NADAhoIders have the 
bu@en of dcmonstr@ng that their prod- 
ucts are effective for the indications of 
use. The Director has evaIuated the 
avaIIable evidence on ail subtherapeutic 
cIo.ims for effectiveness of MracycIiue- 
contahfng premixes in conjunction with 
the recommendation of the Antibiotics in 
Animal Feed Subcommittee of the Na- 
tIonaI Advisory Food and Drug Commit- 
tee that products be restricted to the 
cIaims that are effective and unique and 
the NAS/NRc’s evahzation of these 
premixes. 

On the basis of the f oregoIng analgsis, 
the Director is unaware of evidence that 
satisfies the requkements for demon- 
strating the.safety of extensive use of 
subthcrapeutic tetracycline-containing 
Prcmixcs established by section 512 of 
the Federal Food, Drug, and Cosmetic 
Act and 0 558.15 of the agency’s reguIa- 
tions. Accordingly. he concIudes,.on the 
basis of new information before him with 
respect to these drug products, evaluated 
together with the.evIdence available to 
hfm when they mere origh&ly approved, 
that the drug products are safe only for 
~ovmikd conditions of use set forth 

Therefore. the Director pounces he 
is proposing to withdraw all approvsls 
for tetracycline-containing premix prod- 
ucts intended for subtherapeutic uses in 
nnimal feed. other than those cited, 
whether granted under section 512 of 
the act or section 108(b) of the Animal 
Drug Amendments of 1988 on the 
gromds that they have not been shown 
to be safe and Iack substantial evidence 
of effectiveness for therapeutic use. 
Notice is hereby given to holders of the 
approvals Iisted above and to ail other 
interested parties. If ‘a holder of an ap- 
proval or any other interested person 
elects to avaiI himself of axi opportunity 
for hearing pursuant to sections 512(e) 
(1) (B) ,512(e) (U(C), and 512(e) (21 (A) 
and 0 514.200 (21 CFR 514.2001, Uieparty 
must fiIe with the Hearing ClerK (HFG 
201, Food and Drug Administration, Rm. 
p85. 5600 Fishers Lane, RockvilIe, Md. 
20857, a written appearance requesting 
such a hearing by November 21.1977, and 
providing a we&organized and fuIl- 
factual ana4sis of the scientific and 
other investigationsi data that such per- 
son is prepared. to prove by January 19, 

I  
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1977, in support of its opposition to tha 
~ector’s ProPOsaI. such nuaIYs.!s shall 
include all protocols and underlying raw 
d&a and should be submitted in accord- 
ance with the requhements of 0 314.200 
Cc) (2) and cd) (21 CFR 314.200 (cl (3) 

and (d)). 

to 
The faflure of a holder of an approval 

CIe time4 written appearance and 
requ& for hearing as required by !J 614.- 
200 const.itutcs an 0Iectfon not to avnil 
himself of the opportunity for a hear- 
in& and the Director of the Bureau of 
Veterinary Medicine wifi summnrilv 
enter a final order withdri+ing & 
amrovaIs. 

A request for a hcarlng may not r&t 
upon mere allegations of deniaI8, but it 
must set forth s~ccific facts showInr! that 
there is a genuine and substxmtlaiissuo 
of fact that requires IL hearing. Xf it con- 
clusively appears from the fnco of the 
data, information, and fnctual analyses 
in the reciuest for hearing that there is no 
genuine and substantiaI issue of fact that 
Rreciudes the wIthdrawal of approval of 
the application, or when, a request for 
hearing is not made in the required for- 
mat or with the required [UIaIyscs, tho 
Commissioner wiII enter summarv judr?- 
ment &a&t the person who requests a 
hearing, making tidings nnd conclu- 
sions, denying a hearing. 

Four copies of ail submissions purGu- 
ant to t&i notice must be filed with tho 
Hearing Clerk. Except for data and In- 
formation prohibited from public dls- 
closure pursuant to 21 U.S.C. 331(j) or 
18 U.S.C!. 190.5. IesDonses to this no&o 
and copies of referckes cited &-thGi& 
tice not appearhx in journals dedgnated 
by 21 CFR 310.9 and 610.95 may be seen 
in the ot3Ce of the Hearing Ckrl:, Food 
and Drug Administration, betweon 9 nm, 
and 4 p.m., Monday through F!rlday. 

If a hearing is requested and is jus- 
tified by the applicant’s response to this 
notice of opportunity for hcarlnc, tha 
issues will be defined, an administrat.ivo 
lam judge will be assigned, and a written 
notice of the time and place at which 
the hearing will commence will be issued 
as soon as practicable. 

The Director has carefully considered 
the environmental effects of this action, 
and because it wIII not sicniflcantlv affect 
the quality of the human e&i&ment, 
he has concluded that an envlronmental 
impact statement is not required for thls 
notice. A copy of the environmentnl im- 
pact assessment is on ffle with the Henr- 
ing Clerk. Moreover, in a riotico pub- 
lished in the I$DERIIL REGISTER of Mny 27, 
1977 (42 FR 2739), the Commissioner of 
Food and Drufzs requested dnta concem- 
ing the potential environmental impact 
of a series of reguIatory actions, includ- 
ing this one, designed to rest&t the sub- 
theraueutic use of antibacterials in nnf- 
ma1 fieds. If the pubIIo dlsoussion and 
information gathered warrant, a com- 
prehensive envfronmentnl imp&t atate- 
merit wiIl be prepared, evaluatfng the 

21, 1977 
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impact of 3ll the actions 33 (L sWe 
ProSa=. 

The Director has also CarefukI COD- 
sidered the economic impact of the no- 
tice, and no major economic imP3ct, S  
defined in Executive Order 11821 01s 
amended by Executive Order 119491, 
OMB Circular A-197. and GuldelSnes Is- 
sued by the Department of Bealtb. Edu- 
cation, and Welfare. has been found. A 
copy of the FDA inflation lmpnct as- 
sessment is on file with the Hearlnfz 
Clerk, Food and Drug AdmUWmtiOn. 

This notice is issued under the Fed- 

cr;u Food. Dew, and C!o;mctfc Act (sec. 
312~83 Skit. 343-351 421 U.S.C. 369b>) 
-d under authodtp delegated to the 
Cmmisloncr of Fwd rind Drugs (21 
CFR 5.l.) and rcdehxated to the Director 
of the Bureau of Vcterhmrg Medfcine 
(21 cF+R 5.84). 

D&d: October 14,1977. 
C. D. VAX Hotwi~o. 

Director, Burcau oJ Veterinary . 
i%edfcfne. 

IFR Dc~.77-3Otl)3 NM 1~l%R:3:03 pm] . 
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