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NOTICES

[4110-03]
DEPARTMENT OF HEALTH,

EDUCATION, AND WELFARE
Food and Drug Administration

[Docket No. 77N-03161

PFIZER, INC., ET AL

Tetracycline (Chlortetracycline and Oxy-
tetracycline)-Containing Premixes; Op-
portunity for Hearing

AGENCY: Food and Drug Administra-
tion.

ACTION: Notice.
SUMMARY: This is a notice of opportu-
nity for a hearing on the proposal by the
Director of the Bureau of Veterinary
Medicine to withdraw approval of new
animal drug applications (NADA's) for
tetracycline (chlortetracycline and oxy-
tetracycline) -containing premixes -in-
tended for certain uses in animal feed
on the grounds that (1) new evidence
shows that the tetracycline-containing
products have not been shown to be safe
for widespread subtherapentie use as re-
quired by section 512(e) (1) (B) of the'
Federal Food, Drug, and Cosmetic Act
(21 U.S.C. 360b(e) (1) (B)) and § 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. 360b(e) (2(A)) and § 558.15; and
(3) new evidence shows that there Is -a
lack of substantial evidence that tetra-
cycline-containing premixes are effective
for certain subtreapeutic uses under sec-
tion 512(e) (1) (C) of the act (21 U.S.C.
360b(e) (1) (C)). "

DATES: Written appearances requesting
a hearing must be submitted by Novem-
ber 21, 1977; data and analysis upon
which a request for a hearing replies
must be submitted by January 19, 1978.

ADDRESS: Written appearances and
data and analysis to the Hearing Clerk
(HFC-2O), Food and Drug Administra-
tion, Rm. 4-65, 5600 Fishers Lane, Rock-
ville, Md. 20857.

FOR FURTHER INFORMATION CON-
TACT:

Gerald B. Guest, Bureau of Veterinary
Medicine (HFV-100), Food and Drug
Administration, Department of Health,
Education, and Welfare, 5600 Fishers
Lane, Rockville, Md. 20857, 301-443-
4313.

SUPPLEMENTARY INFORMATION:

RELATED ACTIONS

In a notice published elsewhere in this
issue of the FEDERAL REGISTER, the Direc-
tor of the Bureau of Veterinary Medi-
cine is proposing to delete certain pro-
visions that provide for the subtherapeu-
tic use of tetracycline (chlortetracyclile
and oxytetracycline) in animal feeds by
amending § 510.515, Animal feeds bear-
ing or containing new animal drugs sub-
ject to the provisions of section 512(n)
of the act (21 CFR 510.515); § 558.15i
Antibiotic, nitrofuran, and sulfonamide

drugs in the feed of animals (21 CFR
558.15); § 558.55, Amprolium (21 CFR
558.55); § 558.58, Amprolium and etho-
p'abate (21 CFR 558.58); § 558.105, Bu-
quinolate (21 CFP. 558.105) ; § 558.128,
Chlortetracycline (21 CFR 558.128);
§ 558.145, Chlortetracycllne, procaine
penicillin, and sulfamethazine (21 CFR
558.145); § 558.155, Chloretracycline,
procaine pencillin, and sulfathiazole (21
CFR 558.155); § 558.175, Clopidol (21
CFR. 558.175); § 558.195, Decoquinate
(21 CFR 558.195); § 558.225, Diethylstil-
bestrol (21 CFR 558.225); § 558.274, Hy-
gromycin B (21 CFR 558.274); § 558.450,
Oxytetracycline (21 CFR 558.450);
§ 558.515, Robenidine hydrochloride (21
CFR 558.515); and § 558.680, Zoalene
(21 CFR 558.680).

DISCUSSION

Since the Director's discussion of the
issues involved in this matter is neces-
sarily detailed, he is setting forth, for
the reader's -convenience, an outline of
the discussion as follows:

I. THE DUGS
II. INTODUCTION

A. Regulatory Background.
B. Safety Concerns.

m. SUMMARY OF THE AnGEuM=4

IV. STUDES RELEVAT TO HUMAN AND ANIMAL
HEALTH SFETY CRRIA

A. Transfer of Drug Resistance (Criterion
1); The Pool of R-Plasmid-Bearlng Orga-
nisms Is Increasing.-

1. Background.
2. Criterion.
3. Studies relevant to transfer of Drug

Resistance.
(a) R-plasmid-bearing E. coli develop in

domestic animals that are fed subtherapeu-
tic levels of antbiotics, including tetracy-
cline.

(b) E. coli contribute their R-plasmids to
man through several mechanisms.

(I) Direct contact with animals.
(ii) Contact with E. cofl-contaminated

food.
(Ill) Widespread presence In the environ-

ment.
(c) R-plasmid-bearing human and animal

strains of bacteria overlap.
(1) Epidemlological investigations--E. coli

serotyping.
(ii) Direct ingestion evidence.
(ill) In vivo studies show that R-plasmids

transfer from E. coli to pathogens.
(iv) R-plasmid compatibility studies.
(v) Hazards.
4. Director's conclusions.
B. Shedding and Resistance Characteristics

of Salmonella (Criterion 2).
1. Background.
2. Criterion.
(a) Shedding.
(b) Resistance characteristics.
3. Industry studies in chickens on the ef-

fects of subtherapeutic tetracycline use In
animal feed.

(a) American Cyanamid Co.
* (I) Experimental design.

(i) Summary.
(iii) Director's analysis.
(b) Rachelle Laboratorias. Inc.
(i) Experimental design.
(it) Summary and the Director's analysis.
(c) Pfizer, Inc.
(1) Experimental design.
(it) Summary.
(iII) Director's analysis.

(d) Director's conclusions.
4. Industry studies in swine on the offcota

of subtherapoutio tetracycline use in animal
feed.

(a) Tetracycline alono.
(1) Experimental design.
(ii) Summary and the Director's analyals.
(b) TetracyCline in combination with sul-

fonamides and penicillin.
(i) Experimental design.
(11) Summary and the Director's analysis,
(c) Director's conclusions.

5. Industry studies In cattle on the effects
of subthernpeutc tetracycline we in animai
feed.

(a) Studies of tetracyolino and tetracycline
combinations in cattle and calves.

(I) Experimental design.
(ii) Summary.
(li) Director's analysis.
(b) Director's conclusions.

6. Information from other studles relating
to Salmonella and E. colt antibiotic resist-
ance.

(a) ,Surveys.
(i) Neu,Chorubin, Longo, Fiouton, and

Winter studies.
(ii) CDC reports.
(ill) Amorican Cyanamid survey.
(iv) Other surveys-of Salmonella resist-

ance.
(b) Feeding studies.
(I) Chickens.
(it) Swine.
(ill) Cattle.
(c) Director's analysis.
7. Director's conclusions,
C. Compromise of Therapy (Criterion

2(r)).
1. Background and criterion.
2 Questions raised by FDA-funded re-

search and literature studies.
(a) Experimental design.
(b) Director's analysis.

3. Compromise of therapy studies In
chickens.

(a) Pfizer study.
(b) American Cyanamid study.
4. Compromise of therapy studies in Owine.
(a) Diamond Shamrock Study No. 1,
(b) Diamond Shamrock Study No, 2.
(c) Pfizer study.
(d) American Cyanamid study.
5. Compromise of therapy study in cattle,
(a) Diamond Shamrock study.
(b) Pfizer study.
(c) American Cyanamid study.

6. Director's conclusions.
7. Optimal level of effoctivenes (Animal

Health Criterion 4).
D. Pathogenicity (Criterion 3).
1. Background and Criterion,
2. Walton study.
3. Falkow study.
(a) In vitro transfer.
(b) In vivo transfer.
4. Questions raised by other studies.
5. Director's conclusions.
E. Tissue Residues (Criterion 4).
1. The criterion.
2. Background.
3. American Cyanamid study.
(a) Experimental design.
(b) Summary.
(c) Director's analysis.
4. Literature survey.
5. Director's conclusions.,

V. Er rcTvcNrSS

A. Oxytetracycline.
B. Chlortetracycline.
1. Roche Premixes.
2. American Cyanamid and NaPpo pro-

mixes.
3. American Cyanamid's chlortetracyoline

and vitamin products.
4. Ralston Purina premix.
C. Director's conclusions.
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NOTICES

VI. CONCLUSION

L THE DRuGS
The generic names are chlortetracy-

cline as chlortetracycline hydrochloride,
and oxytetracycline as the mono-alkyl-
trimethyl-ammonium salt.

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

effective approvals for premixes which
contain chlortetracycline or oxytetracy-
cline and are subject to the provisions
of this notice:
I.AD1-8-696; TM-5 Antibiotic Feed Supple-

ment (Oxytetracycline), Pfizer, Inc., 235
M. 42d St., New York, N.Y. 10017.

NADA a-804; 7M-0; Terramycin Animal
Mix Terramix-10 (oxytetracycline), Pfizer,
Inc.

NADA 9-770; Stilbestrol-Oxytet Premix (di-
ethylstilbestrol and oxytetracycline),
Pfizer, Inc.

IT-ADA 11-661; ran-Q Plus Terramycin Pre-
mix (oxytetracycline and hydroyzine hy-
drocbloride), Pfizer, Inc.

NADA 13-470; TM-l0 Premix (oxytetracy-
clme), Pfizer, Inc.

NADA 35-017; DES Premix (diethylstilbes-
trol and chlortetracycline), Thompson-
Hayward Chemical Co. P.O. Box 2383,
Kansas- City, Mans. 66110.

NADA 35-4688; AUREO SP-250 (chlortetracy-
cline, sulfamethazine, penicillin), Ameri-
can Cyanamid Co., P.O. Box 400, Princeton,
NJ. 08540.

NADA 36-361; AIPROL PLUS T CTC
(amprollum, ethopabate, chlortetracy-
cine), American Cyanamid Co.

NADA 36-554; Custom Beef Premix No. 6
(diethylstilbestrol and oxytetracycline),
Dale Alley Co., P.O. Box 444, 222 Sylvanie
St., St. Joseph, Mo. 64502.

NADA 37-541; Falstaff Beef Fortifier B (di-
ethylstilbestrol and chlortetracycline), Na-
tional Oats Co., East St. Louis, Mo. 62205.

NADA 38-509; Vitality reedlot Premix (dl-
et-hylstllbestrol and chlortetracycline),
Texas Nutrition & Service Co., Fort Worth,
Tex. 76108.

NADA- 39-077; CSP-250 (chlortetracycline,
aulfathiazole, penicillin), Diamond Sham-
rock Chemical Corp., Nutrition & Animal
Health Div., 1100 Superior Ave., Cleveland,
Ohio 44.114.

2NADA 44-795; Custom Beef Fortifier B (dl-
ethylstilbestrol and chlortetracycline), Fal-
staff Brewing Corp.

NADA 46-699; Nopco CTC 4/SS (chlortetra-
cycline, sodium sulfate), Diamond Sham-
rock. Chemical Co.; Nopoco CTC 6.66/SS
(chlortetracycline, sodium sulfate), Dia-
mond Shamrock Chemical Co.; Nopco CTC
10, 25, 50, 100 (chlortetracycline), Diamond
Shamrock Chemical Co.

NADA 48-760; Deravet (chlortetracycline),
American Cyanamid Co.

NADA 48-761; Aueromycin Feed Premixes
(chlortetracycline), American Cyananid
Co.

N ADA 48-762; Aureomycin Crumbles with-
Vitamins (chlortetracycline), American
Cyanamid Co.

NIADA 48-763; Aureomycin Premix (chlortet-
racycline), American Cyanamid Co.

ITADA 49-181; Spence Special Swine Premix;
ARM-LA Special Swine Premix (chlortet-
racycline), Hoffman-La Roche, Inc.. Nut-
ley, N.J. 07110.

-NADA 49-287; CTC Premix (chlortetracyc-
line, Rachelle Laboratories, Inc., 700
Henry Ford Ave., P.O. Box 2029, Long
-Beach, Calif. 90801.

NADA 65-005; Mortet 10; Klortet 50 (chlor-
tetracycline),, Dawes Laboratories, Inc., 450
State St., Chicago Heights, IMI. 60411.

NADA 65-20 Micro CTC 10a (chIortetra-
eyeline), Diamond-Shamiock Chemical Co.

NADA 85-052; NOPCO CTC-60 (chlortetra-
cycline), Diamond Shamrock Chemlal Co.

NADA 65-338; G"O Feed Grade (eblortetra-
cycline), Cortex Chemicals S.P.A.

NADA 91-608: Chorachel 250; Super Chlc-
rachel 250 (chloretracycline. sulfameth-
azine, penicilln), nachello Laboratorlc3,
Inc.

DESI 0-035; Purina Aurcomycln LtG Medl-
cated (chlortetracycline), Ralston Purina
Co., Checerboard Square, St. LouL,, Mo.
63188.
Under section 108(b) 42) of the Animal

Drug Amendments of 1968 (Pub. I. 90-
399), any approval of a new animal drug
granted prior to the effective date of the
amendments, whether through approval
of a new drug application, master file,
antibiotic regulation, or food additive
regulation continues in effect until with-
drawn in accordance with the provisions
of section 512 of the Federal Food, Drug,
and Cosmetic Act (21 U.S.C. 360b). Many
such approvals were Issued long ago, and
some may never have been used by the
holder of the approval. Consequently, the
current files of the Food and Drug Ad-
ministration (FDA) may be incomplete
and may fail to reflect the existence of
some approvals. Also, many approvals
have been withdrawn by other agency
actions, e.g., FDA's rule making proce-
dure published in the FEDERAL REGSTER
of February 25, 197G (41 FR 8282). The
burden of coming forward with docu-
mentation of unrecorded approvals in
such circumstances is therefore properly
placed on the person claiming to hold
such approvals so as to permit definitive
revocation or amendment of the rezula-
tions.

Tie Director of the Bureau of Veteri-
nary Medicine Imows of no approvals
affected by this notice other than those
named herein. Any person who intends
to assert or rely on such an approval
that is not listed in this notice shall
submit proof of Its existence within the
period allowed by this notice for oppor-
tunity to request a hearing. The failure
of any person holding such an approval
to submit proof of its existence within
that period shall constitute a waiver of
any right to assert ok rely on It. In the
event that proof of the exitenee of such
an approval is presented, this" notice
shall also constitute a notice of oppor-
tunity for hearing with respect to that
approval, based on the same grounds set
forth In this notice.

31. Irrrnoaucrxoi;

A. REGULATORY oACIGROUMD
Antibacterial drugs have been used at

subtherapeutic levels (lower levels than
therapeutic levels needed to cure dis-
ease) in. animal feed for over 25 years.
Growth benefits from this use were first
observed when animals were fed the dis-
card products from the fermentation
process that was originally used in the
manufacture of chloretetracycline. The
precise mechanism of action, however,
remains unclear.

Initially, certain antibiotics for use in
animal feed, eg., chlortetracycline, were
regulated under the provisions of section
507 of the Federal Food, Drug, and Cos-

56265

metic Act (21 US.C. 357). Unlike the
basic private licensing system applicable
to new drugs, the provisions of section
50T of the act created a public regula-
tion or monograph system for regulat-
Ing these products, in part because of
the complexities In manufacturing the
products and the lack- of knowledge of
their chemical structure. Antibiotic
resIdues In food from food-producing
animals were then regulated under the
proviion5 of the act dealing with adul-
teration and misbranding. After enact-
ment of the Food Additives Amendment
of 1958 (Pub. L. 85-929), however, resi-
dues were principally regulated by sec-
tion 409 of the act (21 US.C. 348),
which also established a public mona-
graph system of premarket approval
Under the antibiotic monograph proce-
dure, the pioneer manufacturer gener-
ated and submitted the basic safety and
effectiveness data In an FD Form 5 (now

D-1675). A regulation was subsequently
published setting forth the standards of
identity, strength, quality, and purity,
and the packaging and labeling require-
ments that the product must meet. The
Food and Drug Administration approval
of the same product made by another
manufacturer was then conditioned
rolely upon a demonstration that it met
the requirements of the regulation, end
this is normally accomplished by batch
certification. Section 507(c) of the act
o21 U.S.C. 357(c)), however, permits the
agency to exempt by regulation any. drug
or class of drugs from the certification
requirement when he concludes that cer-
tification is unnecessary for the manu-
facture of the drugs. Antibiotics for use
In animal feeds as feed ingredients were
Exempted from the certification require-
ments In 1951 (,ee the FEzDRAL, PRxns=
of April 28, 1951 (16 FR 3647)), and
those for use as drugs were exemptedin
1953 (see the FtnrnAL Rrcsr of April
22. 1953 (18 FR 2335)). These are now
set forth In 1 510.510 and 510.515 (21
CIr 510.51(1 and 510.515).

Congress enacted thL Animal Drug
Amendments of 1968 (Pub. L, 90-399)
and consolidated the provisons of the
act dealing with the premarket approval
of drugs Intended for use in animals
(sections 409, 505, and 507) into one new
section, 512 (21 U.S.C. 360b), to regulate
these articles more efficiently and effec-
tively (Senate Committee on Labor and
Public Welfare, Animal Drug Amend-
ments of 1968, S. Rep. No. 1308, 90th
Cong., 2d Sess. 41968)). This legislation
also brought the manufacture of anti-
biotics under the private license system
for new drugs (Id: Hearing on S. 160
and H.R. 3639 before the Subcommittee
on Health of the Senate Committee on
Labor and Public Welfare. 90th Cong.
2d Sess. $Q968)). To efficiently accom-
plish this change, the amendments con-
tained a transition clause (section
108(b)) which provided that all prior
approvals continue in effect and be sub-
ject to change In accordance with the
provislons of the basic act as amended.
In summary, all perons- legally market-
ing antibiotics under the provhfons of
sections 409. 505, and 507 of that act on
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August 1, 1969, the effective date of the
Animal Drug Amendments of 1968, were
considered as holding the equivalent of
an approved new animal drug applica-
tion; however, all holders of such ap-
provals are also subject to all applicable
requirements of the act and regulations.

B. SAFETY CONCERNS

In the mid-1960's, FDA became con-
cerned about the safety to man and ani-
mals of subtherapeutic antibiotic use; it
studied the effects of low-level subthera-
peutic feeding of antibiotics for some
years. The agency supported research,
held symposia, and consulted with out-
side experts to review these nonmedical
uses of antibiotics in animal feeds. Fol-
lowing a report issued by the British
Government Joint Committee (the
Swann Committee) "On the Use of An-
tibiotics in Animal Husbandry and Vet-
erinary Medicine," the Commissioner of
Food and Drugs in April 1970 established
a task force of scientists, with consplt-
ants from government, universities, and
Industry, to review comprehensively the
use of antibiotic drugs in animal feeds.
Its conclusions were published in a no-
tice of proposed rulemaking published
In the FEDERAL REGISTER of February 1,
1972 (37 FR 2444), -which initiated the
mandatory testing procedure to resolve
conclusively the issues of safety sur-
rounding the subtherapeutic use of an-
tibiotics in animal feeds.

The principal conclusions of the task
force were the following:

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

(2) Animals that have received either
subtherapeutic and/or 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-plasmid-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 antibae-
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 also 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 an-
nounced that all currently approved sub-
therapeutic uses of antibiotics, nitro-
furans, and sulfonamides in animal feeds
would be revoked unless data were sub-
mitted to resolve conclusively the issues
concerning safety to man and animals in

accordance with thp task force guide-
lines. That notice also proposed to es-
tablish 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:
HUMIAN AND ANimAL HEALTH SAFETY CRTERIA

1. Transfer of drug resistance: (a) An
antibacterial drug fed at subtherapeutic
levels to animals must be shown not to pro-
mote increased resistance to antibacterials
used in human medicine. Specifically, in-
creased multiple resistance capable of being
transferred to other bacteria In animals or
man should not occur. (b) If increased
transferable multiple -esistance is found in
coliforms, studies may be done to show
whether this resistance Is transferable to
.man.

2. The Salmonella reservoir: The use of an-
tibacterial drugs at subtherapeutic levels in
animal feed must be shown not to result in
(a) an increase in quantity, prevalence or
duration of shedding of Salmonella in medi-
cated animals as compared to nonmedicated
controls; (b) an increase In the number of
antibiotic resistant Salmonella or In the
spectrum of antibiotic resistance; (c) disease
(caused by Salmonella or other organisms)
that is more difficult to treat with either the
same medicated or other drugs.

3. The use of subtherapeutic levels of an
antibacterial drug should not enhance the
pathogenicity of bacteria, e.g., by increasing
enterotoxin production. The -association of
toxin production characteristics with trans-
fer factors must be investigated in well-
designed studies. (Final resolution of this
question was not expected within the 2-year
period. Drug sponsors were expected to show
evidence of work underway which would lead
toward answers to this question.)

4. An antibacterial drug used at sub-
therapeutical levels in the feed of animals
shall not result in residues in food ingested
which may cause either increased numbers
of pathogenic bacteria or an increase in the
resistance of pathogens to antibacterial
agents used in human medicine. Hypersen-
sitivity to residues was to.be addressed by a
literature survey.

The Commissioner promulgated a final
order that was published in the FEDERAL
REGISTER 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-
bacterial drugs used at subtherapeutic
levels in feed. In the FEDERAL REGISTER
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 FR 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 Bureau of Vet-
erinary Medicine had begun a review of
the datd required by § 558.15 which was
applicable to the principal antibiotics

used subtherapeutc.ally in animal feeds
(penicillin and tetracycline), and by
April 20, 1975, data concerning the safety
and efficacy criteria for all antibiotic
and sulfonamide drug4 bad been re-
ceived. To assist the Bureau, the Commi'-
sioner asked the agency's National Ad-
visory Food and Drug Committee
(NAFDC) to review the data and Issues
involved and to make recommendations
to him on the future uses of subthera-
peutic antibiotics In animal feeds, A sub-
committee of three members, the Anti-
biotics in Animal Feeds Subcommittee
(AAFS), was appointed to work in con-
junction with four expert consultants
from disciplines related to the issue.

The Bureau prepared 2 days' presen-
tations concerning the tetracycline dur-
ing which comments were heard from

'the drug industry, animal scientists, and
other interested parties. (Chlortetra-
cycline, oxytetracycline, and tetracy-
cline have the same basic chemical struc-
ture and mechanism of action. Histor-
ically, FDA has treated these drugs simi-
larly, and is treating them identically
in this matter because there Is no scion-
tifie basis for dealing with them other-
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 penicillin.) Two addi-
tional meetings were held during which
subcommittee deliberations were con-
ducted and other statements given.

In September 1976, the AAFS present-
ed its preliminary recommendations con-
cerning the continued subtherapeutic
use of the tetracyclines to the NAFDC,
and in January 1977, the subcommittee's
final report was submitted to the NAFDC.
For tetracyclines, the subcommittee rec-
ommended that FDA (1) discontinue
their use for growth pr6motion and/or
feed efficiency n 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 be
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) con-
trol the distribution of the tetracyclines
(and penicillin) through FD Form 1800's
and a veterinarian's order to restrict
their use.

The NAFDC rejected the first two rec-
ommendations. Instead, it recommended
that FDA make no changes In the per-
mitted uses of chlortetracycllno and
oxytetracycline in animal feed. The
comnittee did adopt the subcommittee's
recommendation that the addition of the
tetracycline in feeds be restricted.

The Food and Drug Administration
carefully considered the recommenda-
tions of the NAFDC, the Subcommittee,
and the Bureau of Veterinary Medicine,
On the basis of this information, the Di-
rector of the Bureau of Veterinary Medi-
cine is proposing to withdraw approval of
the subtherapeutic use of tetracyclines
in animal feeds except for those condi-
tions of use for which there are no safe
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and effective substitutes. The Director is
also incorporating the conclusion of the
National Academy of Sciences/National
Research Council (NAS/NRC) Drug Ef-
ficacy Study Group pertaining to the ef-
fectiveness of the tetracycline for sub-
therapeutic use; he accordingly is pro-
posing to withdraw approval of all such
claims for tetracycline use in animal
feed that he concludes lack substantial
evidence of effectiveness. Therefore the
Director is proposing to withdraw ap-
proval of all subtherapeutic tetracycline
in animal feed except for the following:

(1) Oxytetracycline, as an aid in the
control of fowl cholera caused by Pas-
teurella multocida in chickens and infec-
tious synovitis caused by Mycoylasma
sinoviae in chickens and turkeys; (2)
clortetracycline (a) as an aid in the
maintenance of weight gains in the
presence of respiratory diseases, such as
shipping fever, in combination with sul-
famethazine in beef cattle, (b) as an aid
in the control of infectious synovitis
caused by 31. pasteurella in chickens and
turkeys, (c) for the control of active in-
fections of anaplamosis in beef cattle
(d) as an aid in reducing the incidence
of virbrionic abortion in breeding sheep.

IM SUAIJARY OF THE ARGUIIEMT

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
also multiplied. There is a serious con-
cern that, in- time, this will lead to de-
clining usefulness of antibiotics in the
treatment of both human and animal
diseases.

The Bureau's primary concern is with
that portion of increased bacterial anti-
biotic resistance which may result from
the widespread practice of using sub-
therapeutic levels of the tetracyclines
and other antibiotics in animal feed for
prolonged periods. This practice, which
sometimes produces increases in growth.
promotion/feed efficiency, provides an
ideal environment for selective pressure
to operate. When exposed to an anti-
biotic, the organisms that are drug re-
sistant survive while the growth of other
(drug-sensitive) bacteria is inhibited.
Eventually, the antibiotic-resistant
organisms predominate in the bacterial
population, and continuous antibiotic
pressure Perpetuates this abnormal situi-
ation.

Bacterial antibiotic resistance is pri-
marily determined by genetic elements
termed "R-plasmids" (R-factors, R+).
The Bureau's specific concern, therefore,
is with the health hazards that may
arise through an increase in the pool of
R-plasmids in the animal population
and the potential transfer of these R-
plasmids and R-plasmid-bearing orga-
nisms to the human population and sur-
rounding environment.

R-plasmids are small lengths of DNA
that are separate from the bacterial
chromosome. These R-plasmids carry
transferable genes for drug resistance

as well as the capacity to reproduce
themselves. Plasmids may determine
resistance to more than one antibiotic,
and resistance to several antibiotics Is
common. Moreover, plasmids can trans-
fer from one bacteria to another and
from nonpathogenic to pathogcnlc
strains. Transfer occurs, although with
varying frequency, among all members
of the enteric batterla and also to mem-
hers of other families of bacteria. The
normal Gram-negative bacterial intes-
tinal flora (largely Escherichia colil
serves as a reservoir of R-plasmids; the
R-plasmld-bearing bacteria interchange
among animals, man, and the environ-
ment. The potential for harz incress-3
as the R-plasmld reservoir increse be-
cause the probability of R-plasmld
transfer to pathogens Increases. Whcn
the Commissloner required all holders
of approved NADA's for the subthera-
peutic use of the tetracyclines in animal
feed to submit data to resolve the safety
questions raised, he was principally
concerned with the effect of the anti-
biotics approved for subtherapeutic mue
Ln animal feed on the emergence of
transferable drug resistance in the Sal-
monella reservoirs and the E. coll of ani-
mals. In the Director's opinion, the re-
sults of the studies submitted and the
data available are clear-the affected
parties have failed to show that exten-
sive subtherapeutic use of the tetra-
cyclines is safe.

Evidence demonstrates that the use of
subtherapeutlc levels of the tetracyclines
and other antibiotics in animal feed con-
tributes to the increase in antibiotic-re-
sistant E. coli and in the subsequent
transfer of this resistance to Salmonella.
Further, some strains of E. colt and Sal-
moma infect both man and animals.

The holders of approved NADA's have
submitted no evidence to demonstrate
that the observed strains E. colt and Sal-
monela in man and animals are mutu-
ally exaluslve; in fact, there Is evidence
to the contrary. Furthermore, In some
cases the R-plasmids as well as the re-
sistance genes from humans and animal
sources are indistinguishable. Thus, the
potential for harm exists, as illustrated
by the studies submitted and verified by
evidence from studies conducted by in-
dependent scientists.

The holders of approved NADAs were
also required to submit studies demon-
strating that the subtherapeutic use of
the tetracycline in animal feed would
not compromise subsequent antibiotic
therapy in man or animals, but animal
studies submitted to determine whether
subtherapeutic tetracycline use compro-
mised subsequent therapy with related
drugs were inconclusive because the
studies were inappropriate.

Additionally, the NADA holders were
required to prove that the subtherapeu-
tic use of the tetracyclines would not in-
crease the pathogenicity of the infecting
organism. They have submitted no ade-
quate studies on the issue, and other re-
cent evidence now suggests that the ge-
netic determinants for toxin production
may become linked with drug resistance
genes.

Also the sponsors have failed to estah-
lish tissue no-efecL levels for the derel-
opment of transmissible R-Plasmid re-
sistance, although heating may inacti-
vate the residues.

irnally, the NAS/INRC Drug Efficacy
Study Group evaluated the effectiveness
claims for the tetracycline premies and
concluded that there was a lack of sub-
stanti al evidence that the premixes were
effective for many of their subthera~eu-
tic labeling claims.

For all the foregoing reasons, the DV-
rector Is proposing to withdraw approval
of certain N .D's for the subtheapeutis
use of tctracycline and tetracycline com-
binatlon products (e.g., chlorotetracy-
cline-sulfamethazlne-penicllin, in ani-
mal feed), becauze they have not been
shovn to be safe or lack substantial evi-
dence of effectivens.

IV. STUDxrs Rl=VN- TO HUMMA A-D
A~riAL H=Tan SirET CRrIjA

A. Tr.A.SSZf or DrITO rESITAWZ (enI=-
nro, 1); TH rooL OF R-PLA52l-
DEMrnUlG OMZOAMS2ZS is rnlcrMESaN

1. Bac7:grovrd. One of themost impor-
tant animal and human health safety
criteria (number I., set forth in I1B.
above) concerns the role of subtherapeu-
tic antibiotic uze in the selection for an
increase in the pool of microbial plas-
mids determining multiple drug resist-
ance, and in the transfer of these pTIa-

idz among bacteria in animals and
man. Resistance to antibiotics has been
known as long as the antibiotics them-
selves have ben known. Until 1959, it
was believed that antibiotic resistance
va a result of chance mutation and nat-
ural selection alone. However, in 1959,
Japanese Investizators (Ref. 1) discov-
ered that resistance to several common
antimIerobal agents could be transferred
simultaneously from one bacterium to
another by cel-to-cell contact (conju-
gatlon). This was shown to bd due to the
transfer of extrachromcsomal resistance
determinants called "R-plasmds," Le.,
RZ-factors, or R-. Resistance produced
by R-pla--mds frequently involves the
production of enzymes that inactivate
the antibiotic. For example, R-plasmid-
mediated penicillin resistance is due to
the production of azi enzyme, penicillin-
are, that Inactivates the penicillinmole-
cule. This same enzyme I. also active
against many semisynthetic penicillins,
including ampicillin. R-plasmids are ex-
trachromosomal genetic element- (DNA
molecule) that may carry as many as
nine drug resistance genes. The plasmids
also carry other genes that determine
the R-plasmld's replication, independ-
ent of the host chrombsome, as well as
information for transfer of the R-pIas-
mids from one bacterium to another by
conjugation. R-plasmids are transferred
by conjugation to virtually all entero-
bacterlaceae as well as to such unrelated
Gram-negative bacteria as Vibrio, Pseu-
domona., and Pasteurel. Thus, resist-
ance may pass from strain to strain, spe-
ies to species, and most importantly,

from nonpathogen to pathoge. R-plas-
rids are now known to be the predomi-
nant cause of antibiotic resistance 1A
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Gram-negative organisms that cause hu-
man disease, e.g, E. coli, Salmonella,
Shigella, etc.

While the development of antibiotics
revolutionized the treatment of infec-
tious disease In both man and animals,
the magnitude of this achievement has
been diminished by the widespread emer-
gence of antibiotic-resistant bacteria.
R-plasmid-mediated resistance is par-
ticularly ominous since selection of re-
sistance to a single antibiotic may also
lead to the simultaneous selection of re-
sistance to a wide spectrum of other
antibiotics. In recent years, antibiotic re-
sistance has emerged in important path-
ogens; for example, in Haemophilus in-
fluenzae, Neisseria gonorrhoeae, Samo-
nella typhi, and Shigella dysenteriae. R-
plasmid-mediated resistance has been
identified in epidemics around the world,
e.g., Salmonella typhimurium. Some of
these organisms have acquired both
ampicillin and chloramphenicol resist-
ance, resulting in disease that will no
longer respond to therapy. Hence, drug-
resistant organisms have become an
important concern in 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 utility of these lifesaving
products. In 1960, the amlual production
of antibiotics in the United States was
4.16 million pounds, of which 2.96 million
pounds were used for therapeutic pur-
poses in human and veterinary medicine
and 1.20 million pounds in animal feed
additives. By 1970, 9.6 million pounds
were being used for human and veteri-
nary medicine pharmaceuticals; while

'7.3 million pounds were being used for
animal feed additives. Moreover, accord-
ing to "Synthetic Organic Chemicals,
United, States Production and Sales
(1971-1975)" (U.S. International Trade
Commission Publication 804), the 5-year
average production for 1971 through
1975 was 11.16 million pounds for me-
dicinal uses and 7.68 million pounds for
nomedicinal uses, including feed addi-
tive uses. Over those 5 years, the aggre-
gate average of the total production for
nonmedicinal uses was 40.8 percent, but
48.6 percent In 1975. Thus, the- use of
antibiotics in animal feeds is a consider-
able element In the overall use of anti-
biotics in. this country and conse-
quently must be considered a potentially
significant contributor to the resistance
problem.
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2. Criterion. The FDA task force con-
cluded that a human health hazard
exists if the subtherapeutic use of anti-
biotics in animal feeds leads to an in-
crease In R-plasmid-bearing organisms,
if these antibiotics used subtherapeuti-
cally are also used in human clinical
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medicine, and if R-plasmids subsequently
appear' In bacteria in man. It was the
intent of the task force as well as the
intent of § 558.15 to reduce the total load
of resistant organisms in the environ-
ment and to insure the effectiveness of
antibiotics in the treatment of disease in
man and animals. Accordingly, § 558.15
required that an antibacterial drug fed
to animals shall not proinote an increase
of coliforms that are resistant to anti-
bacterial drugs used in human clinical"
medicine and capable of transferring
this resistance to bacteria indigenous to
the intestinal tract of man. Studies must
be undertaken to assess the occurrence
and significance of these events:

a. Controlled studies shall be under-
taken to determine whether or not the
administration of an antibacterial drug
at low and/or intermediate levels to tar-
get animals results in an increase in the
numbers of coliforms bearing R-plas-
mids present in the intestinal tract of
the animal or a change in the resistance
spectrum of these organisms compared
to those found, in controls receiving no
antibacterial drug. The resistance spec-
trum must be determined to ascertain
whether or'not there are determinants
present for resistance to antibacterial
drugs used in human clinical medicine.

b. If the resistance determinants in-
dicated in paragraph a above are found,
a sponsor may elect to conduct addi-
tional studies to determine if such multi-
ple drug resistance is transferable to the
indigenous coliforms in the intestinal
tract of man.

3. Studies relevant to transfer of drug
resistance-(a) R-plasmid-bearing E.
coli develop in domestic animals Jed sub-
therapeutic levels of antibiotics, includ-
ing tetracycline. Many investigators have
reported the presence of R-plasmid-
bearing E. coli in domestic animals, and
the effect of antibiotic-supplemented
feed in increasing the number of anti-
biotic-resistant organisms has been ex-
tensively documented. Mercer et al.
(Ref. 1) showed that 80 percent of the
bacterial isolates from animals exposed
to tetracycline and other antibiotics in
feed were antibiotic resistant, while only
21.9 percent of isolates obtained from un-
exposed animals were resistant. Seigel et
al. (Ref. 2) and Smith and Tucker (Ref.
3) as well as others have also shown
that the addition of tetracyclines to feed
at subtherapeutic levels causes an in-
crease in the R-plasmit-bearing coliform
population of the intestinal flora. Data
submitted by drug sponsors on the effect
of subtherapeutic administration of tet-
racyclines in animals also show an in-
crease in drug-resistant E. coli In medi-
cated animals, compared to nonmedi-
cated 'controls. A review of data from
the literature, from FDA control studies,
and from drug sponsors' submissions
leads to the conclusion that subthera-
peutic use of tetracyclines in animal feed
produces a high level of antibiotic-re-
sistant E. coli in animals by selecting for
R-plasmid-containing bacteria (Human
Health Criteria No. la). These bacterial
populations appear to be stable and per-

sistent, even in the absence of tetracy-
cline pressure. Once the reservoir of R-
plasmids develops (whether due to sub-
therapeutic use of tetracycline or some
other antibiotic), the plasmids can
transfer among bacteria Infecting ani-
mals and man.
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(b) E. coli contribute their R-plas-
mids to man through several mecha-
nisms. Drug-resistant bacteria originat-
ing in animals may reach man (1) by dl-
rect contact with animals (2) through
the food chain, and (3) because of their
widespread occurrence in the environ-
ment.

(i) Direct contact with animals. A
number of studies have shown that hu-
mans in contact with animals receiving
medicated feed have a higher Incidence
of drug-resistant organisms In their In-
testinal flora than do control populations
without this direct contact. Linton et al.
(Ref. 1) found a higher Incidence of
drug-resistant E. coli In adults employed
with livestock husbandry than in other
rural or urban adults. Wells and JamOs
(Ref. 2) found, a higher incidence of
drug-resistant E. coli in humans In con-
tact with pigs given certain antibiotics
than in humans in contact with pigs
that had not been given antibiotics.

Siegel et al (Ref. 3) compared the pro-
portion of resistant organisms In fecal
samples from: (a) Farm workers in con-
tact with the resistant flora of animals
receiving subtherapeutic levels of peni-
cillin, (b) people residing on the same
farms with no direct exposure to the
farm animals; (c) nonfarm people
treated with antibacterial drugs; (d) un-
treated people residing with treated In-
dividuals; (e) untreated people with no
exposure to farm animals or treated
individuals.

The data (Ref. 3) Indicate that the
enteric flora of individuals who have not
been treated with antibiotics can be af-
fected by contact with animals; further-
more, these individuals may be affected
by contact with people who have devel-
oped a predominantly resistant flora as
a result of their exposure to subthera-
peutic levels of antibacterals In feeds.

A study sponsored by the Animal
Health Institute, Levy et al. (Ref. 4), ex-
amined the change in intestinal micro-
flora of chickens, farm dwellers, and
their neighbors before and after the In-
troduction of a tetracycline-supplement-
ed feed to the farm. Within 1 week after
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introduction of this antibiotic in their
diet, the E. coli of-the chickens were
almost entirely tetracycline-resistant.
Subsequently, and at a slower rate, in-
creased numbers of antibiotic-resistant
bacteria appeared in the flora of the
farm dwellers. No such increase was ob-
served in the farm neighbors, who were
not exposed to the animals fed subtheira-
peutic antibiotics. Within 5 to 6 months,
31.3 percent of weekly fecal samples
from farm dwellers contained greater
than 80 percent tetracycline-resistant
bacteria compared to 6.8 percent of the
samples from the neighbors. Using a
specially marked resistance gene to iden-
tify a particular plasmid, Levy was also
able to demonstrate the direct spread of

-resistant organisms from chickens to
chickens and from chickens to man
(Ref. 5).

The studies do not establish that the
shift in the antibiotic-resistant E. coll
flora of rural human populations was a
result of contact with livestock, per se.
since some shift could have also occur-
red as a result of contact with the anti-
biotic-supplemented feed used on the
farms. Nonetheless, it was demonstrated

-that the subtherapeutic use of certain
antibiotics, including the tetracyclines,
increases the pool of R-plasmid-bearing
E. coil, and the studies define one route
by which antibiotic-resistant strains can
enter the human poj~ulation. While this
route is of great importance to farm
dwellers, the majority of the population
has no contact with live animals,. For this
latter group of individuals, a more Im-
portant route of exposure by which re-
sistant bacteria can pass to man is by the
handlifg and ingestion of meat and poul"
try products contaminated with R-plas-
mid-bearing E. coli of animal origin.
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(ii) Contact with E. coli-contaminated
food. To assess adequately the signifi-
cance of the problem of human food con-
taminated with E. coil, Howe and Linton
(Ref. 1) described four factors that must
be measured: (a) The incidence of R-
plasmid-bearing E. col in food-produc-
ing animals; (b) the load and frequency
of excretion of E. coll from these ant-

mals; (c) the degree and source of con-
tamination of carcasses at slaughter; and
(d) the overlap of E. colt serotypes in
various host animals with those com-
monly found in humans. A number of
surveys have clearly documented that
pigs, calves, and poultry carry a-large
reservoir of antibiotic-resistant E. colt
(Anderson; Loker; Mercer; Smith; Howe,
Linton and Osborne; Smith and Crabbe
(Refs. 2 through 8, and 15)). The ani-
mals excrete a large number of E. coil
resistant to a wide range of clinically
useful antibiotics and constitute a reser-
voir "rich" in R-plasmids. Moreover, they
excrete a large variety of serotypes of E.
coil.

During the slaughtering process, con-
tamination of carcasses with intestinal
microorganisms cannot be prevented.
Meat and meat products are often con-
taminated with antibiotic-resistant E.
coli, and these often reach the consumer.
Walton (Ref. 9) demonstrated that 52
percent of the carcasses of cattle and 83
percent of pig carcasses from commercial
abattoirs were contaminated with E. col.
Walton and Lewis (Ref. 10) Isolated re-
sistant E. coli from 21 to 50 specimens of
fresh meat and from 4 of 50 specimens of
cooked meat. Babcock et al. (Ref. 11)
Isolated multi-resistant E. coil from 80
percent of 98 samples of dressed beef.
Resistance in most cases was found to be
transmissible.

Similar Incidents' of E. coll contamina-
tion occur with the slaughter of chickens
(Kim and Stephens (Ref. 12), Cooke et
aL, and Shooter et al. (Refs. 14 and 18)).

The presence of antiblotic-resistant Z.
coil in the animal intestinal tract and
on. the carcass does not conclusively
prove that the E. coil are Identical or-
ganisms. However, recent studies using
serotyping methods have characterized
resistant and sensitive E. coil isolated
from the animal intestinal tract and car-
cass (Refs. 13, 15, 16. and 17), and have
found that the resistant 0-serotypes on
the carcasses of pigs, calves, and poultry
frequently are Identical to those isolated
from the fecal contents of the same ani-
mal. Moreover, Linton, Howe, et al. (Ref.
17), showed that a large number of E.
coil found on table-ready thawed chick-
ens were resistant to therapeutically im-
portant antibiotics. The organisms
reaching the kitchen included a wide di-
versity of 0-serotypes of antibiotic-re-
sistant E. colf. Similarly, Shooter et al.
(Ref. 13) described the distribution and
serotype of strains of E. colt from a poul-
try packing station and an abattoir and
concluded that "results In both the abat-
toir and the poultry packing station in-
dicate that there is transfer of strains
from the faeces of the animals to the en-
vironment and that the strains of E. coUl
found on the carcasses of poultry, cattle,
and beef will originate from the faeces of
the animal and from the environment
and will reflect the history of the car-
cass."

The epidemiology of Salmonella infec-
tions also supports the conclusion that
the reservoir of R-plasmil-bearing en-
teric bacteria in animals is a significant
source of R-plasmds for humans. Food-

borne Salmonella infections In man are
a well-known and continuing problem.
Animal meat products that serve as a
primary source of Salmonella infections
in humans also serve as a source of other
bacteria for man. Including R-plamld-
bearing enteric bacteria (Ref. 19).

Based on this evidence, the Director
must conclude that man is exposed to R-
plasmid-bearing intestinal bacteria
through contact with contaminated food.
Because the drug resistance of these bac-
teria is Increased by feeding the animal
subtherapeutlo levels of antibiotics, such
feeding enhances the likelihood of trans-
mitting R-plasmid-bearing bacteria to
man through contact with contaminated
food.
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(li) Widespread presence in the en-
vironment. Many studies (Refs. 1
through 6) hdve shown that intestinal
bacteria (e.g., E. colt and Salmonella)
carrying R-plasmids are widespread in
the environment. Resistant strains reach
the environment from both raw and
treated municipal, hospital, and animal
wastes. The number of resistant bacteria
zeported in sewage and the effects of
sewage treatment vary. Most surveys in-
dicate that hospital sewage contains
more drug-resistant coliforms, more R-
plasmids, and a greater proportion of
R-plasmids carrying multiple resistance
than sewage from domestic and other
sources. However, hospitals do not con-
stitute a large proportion of total sew-
age. Therefore, Linton et al. (Ref. 4)
compared the contributions of hospital
and domestic sewage to the total pooled
sewage output of the city of Bristol, and
concluded that sources such as indus-
tries and homes, rather than the hospi-
tals, appear to be by far the greatest
contributors to the reservoir of R--plas-
mids in the community (Ref. 7).

R-plasmid-containing bacteria also
occur in rivers and sea water, and some
authors have .urged stricter control of
discharges to surface waters. Peary et
al. (Ref. 2) examined the incidence of
antibiotic-resistant E. colt present at
sites along a fresh water river system
and within the salt water bay into which
It empties. Antibiotic-resistant colforms
were detected in 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 R-plasmids carrying multiple
antibiotic resistance which could be
transferred -to sensitive Salmonella
typhimurium (S. typhimurium), Shi-
gella dysenteriae, and E. colt. They also
Isolated coliforms containing R-plasmid-
mediated resistance to chloramphenicol.
Transferable chlotamphenicol resistance
Is a significant health concern since

chloramphenicol is often the antibiotic
of choice for the treatment of typhoid
fever and for the treatment of systemic
illness caused by other Salmonella spe-
cies. In Peary's study, the incidence of
coliform organisms appeared higher
around heavily populated areas, but coli-
forms -were also recovered with ease from
rural areas. In one case where partic-
ularly high counts were obtained, the
sample was taken below a large cattle
feedlot.

The high levels of resistant coliforms
may be of more consequence in the salt
water gince certain sections are utilized
heavily by fishermen in harvesting fish,
shrimp, clams, and oysters. Oysters and
clams are of primary concern since they
continuously filter water and concen-
trate bacteria in their gut and are often
eaten uncooked.

Recent reports by Cooke (Ref. 1) have
also described a high incidence of re-
sistant conforms in marine shellfish and
freshwater mussels. These data are re-
viewed in inore depth in the CSP EIAR/
EAR (Docket 77N-0156).

Therefore, the Director must conclude
that the environment is heavily conta-
minated with bacteria containing trans-
ferable antibiotic resistance. Man is ex-
posed to the danger of acquiring resist-
ant coliforms from the environment, and
the relative number of resistant bac-
teria are increased both by the use of
antibiotics in animal husbandry and in
human medicine. Antibiotic-resistant
bacteria are now so widely distributed in
the general environment that it is diffi-
cult to relate their appearance to a .par-
ticular use, but any unnecessary practice
which results in the ineffectiveness of
antibiotics for the treatment of disease
should be eliminated.
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(c) R-plasmid-bearing human and
animal strains of bacteria overlap. Typ-
ing of surface bacterial antigens is used
as a means of identifying bacteria
strains. Three types of specific surface
antigens are associated with the E. colt
cell: An "0" cell wall lipopolysaccharide
antigen, "K" capsular or envelope anti-
gen, and an "H" flagellar protein anti-

gen which occurs among mobile orga-
nisms. The antigens are characteristic
of a specific organism, and they servo to
Identify distinct bacterial types (sero-
types) within species. Their presence i1
detected by the ability of E. colt orga-
nisms to interact with specific anti-
serums.

(i) Epidemiologic l, investigations-Z,
coli serotyping. (a) Despite the wide-
spread occurrence of R-plasmids in the
environment, some workers (Bettelhetm
et al., Ref. 1) suggested that human
E. colt and animal E. colt were distinct.
These workers argued that there were
marked differences in serotype distribu-
tion in strains isolated from man and
animals; they also suggested that ani-
mal strains of E. colt were not reaching
the human population or were failing to
implant in the bowel. More recently,
however, this same group, Bettillelhm ct
al. (Ref. 2), compared the serotypes of
13,139 strains of E. colt isolated from
humans with the serdtypes of 1,076 ani-
mal strains of E. colt; 708 different O/H
serotype combinations were found. Of
these, 520 were found in human strains
only, 130 from animal strains only, and
58 O/H serotype from humans and ani-
mals. The'authors concluded:

At first glance the results described in this
paper would indeed support the view that
human and animal strains of E. colt are
largely distinct. Second thoughts, however,
suggest a little caution in accepting the opin-
ion too lirmly.

However thoroughly human or animal
stools .are examined, only a minute fraction
of the total bacterial content is examined,
and inevitably strains recorded as being Iso-
lated tend to be those that predominate.
It is always probable that if examifnation i
continued, further strains may be isolated
but after an amount of work that Is im-
practicable in any ordinary investigation.
If this Is so, it is possible that many of the
strains recorded as coming from hlmans
only or fromannimals only might, with more
diligent examination, be recorded as present
in both man and animals.
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(b) Linton, Howe, Richmond, and
their collaborators (Refs. 1 through 4)
also conducted extensive epidemiological
investigations. They found a wide range
of resistant and sensitive O-serotypes of
E. col ;n calves, pigs, and poultry, and
they compared these serotypes with
those f6und in the human intestine. The
authors found that many 0-serotypes
common to man were also common to
one or more of the three animal species
examined. Thus, they concluded that It
is impossible to make a clear distinction
between "animal" and "human" intesti-
nal strains of antiblotlc-resistant E. colt
based on 0-serotyping alone. More Ir-
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portantly, the studies suggest a consider-
able overlap in the distribution of R-
plasmid-bearing O-serotypes in man and
in animals. Moreover, the same resistant
serotypes, which predominate in the E.
coi populations from healthy human
and animal fecal sources, were also
prevalent among R-plasmid-bearing
strains from clinical material (Ref. 5).

Because the use of O-serotyping alone
as an epidemiological tool has been criti-
cized on the grounds that it is incom-
plete and inadequate, Howe and Itnton
(Ref. 2) examined E. coi for the K and
H antigens as well as the 0 antigen.
They studied 90 strains, 17 chosen at
random from human urinary tract in-
fections, 17 from human feces, and 56
from calf feces; all belonging to O-types
8, 9, and 101. The authors found the
same K and H antigens in certain strains
of the same O-types from each of the
three E. coli sources. Additionally, K and
H antigens associated with these O-sero-
types were not specific to antigens as-
sociated with these O-serotypes were not
specific to E. coi isolated from humans
or from calves. Although further sub-
division of the three O-serotypes was
possible by this means, the authors con-
cluded that O-serotyping alone provided
a very useful means of distinguishing
strains of E. col in a general survey.

These studies show that a similar
range of drug-resistant R-plasmid-bear-
ing O-serotypes of E. coli have been
found in man 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 than in man
(Refs. 2 and 6). Thus the abundance and
diversity of drug-resistant R-plasmid-
bearing O-serotypes in animals are much
greater than that currently found in
man, and the serotypes overlap.
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(li) Direct ingestion evidence. Direct
ingestion experiments have also been
conducted to show that R-plasild-bear-
Ing E. colt of farm origin can colonize the
human intestinal tract. In 1969, Smith
(Ref. 1) concluded that animal E. colt
strains were poorer at colonizing the in-
testine of man than were human E. coll
strains. However, his observations were
based on a single volunteer (himself)
and a small number of E. coll strains.
Cooke in 1972 (Ref. 2), on the other
hand, reported that it was relatively easy
to produce temporary colonization of the
intestine by E. colt strains from both hu-
man and animal sources. She reported
the persistence of an E. Coll infection of
animal origin In a human volunteer for
120 days following the ingestion of a
very large dose.

Other experimental studies (Refs. 3
and 4) confirm that temporary coloniza-
tion occurs provided a large dose of the
organisms is taken, but there is a great
deal of biological variation between
colonization for different strains and for
different human individuals. In normal
individuals, the carriage of intestinal E.
coli seems to follow a characteristic pat-
tern. Each person carries one or two rest-
dent strains that establish themselves
and multiply for months or years. In
addition, four or more transient strains
are present for a few days or weeks.
Strains disappear and are replaced by
others. Sometimes, under antibiotic
pressure, a new strain suddenly takes
over, later disappearing. Strains of R.
coli thus differ in their ability to colonize
man. Although some strains are not well
adapted to colonizing man, others ro
as able to live in human as in animal In-
testines. The greater the diversity of
R-plasmid-bearng O-serotypes that
reach the consumer, the greater the
probability that one more of these anti-
biotic-resistant strains will be capable
of colonizing man.

Recently, Linton, Hove, Bennett, et al
(Ref. 5) demonstrated that antibiotic-
resistant E. coli found on a commercially
prepared chicken carcass colonized the
intestinal tract of a human volunteer.
Two strains present on the chicken car-
cass handled and eaten by the human
volunteer were subsequently excreted by
her. Both strains were undetectable in
the human before contact with the
chicken carcass. The strains were shown
to be Identical in chicken And man by
comparing their serotypes (0, K, and H
antigens) and R-plasmds. The plasmid
complements were determined to be
identical by electron microscopy and re-
striction endonuclease patterns. Restric-
tion endonucleases are enzymes that
DNA at specific sites. Physlochemical
techniques then visualize these plasaid
fragments. The identity of these plas-
mids can be determined by a comparison
of the DNA fragments generated using
restriction enzymes with different recog-
nition sequences. The Linton study also
suggested that the handling of the un-
cooked carcass provided a greater oppor-
tunity for transmisslon that 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 volun-
teer during the study. This is consistent
with reports of Salmonella infections
from animal sources.
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(il) In vivo studies sho that
R-plasmids transfer from E. colN to
pathogens. The ingestion of R-plasnid-
containing bacteria can result in in vivo
R-plasmtd transfer to the normal intes-
tinal flora. When this occurs, the E. coli
constitute a reservoir of organisms ca-
pable of transferring R-plasmids to in-
testinal pathogens, e.g., Salmonella. The
In vivo transfer of R-plasmids has been
demonstrated in sheep, mice, calves,
pigs, chickens, turkeys, and in the hu-
man allmentary tract (Refs. 1 through
8). Generally, in vivo transfer is not as
readily detectable as in vitro transfer.
In the absence of drug selection, the rate
of in vivo R-factor transfer is generally
low, and large numbers of resistant do-
nors may be required for transfer (Refs.
1 and 6). Demonstrations of in vivo
transfer have usually been achieved by
first modifying the normal flora of the
alimentary tract by feeding antibiotics,
by starvation, or by using germ-free
mice or newly hatched chicks, and these
procedures probably counteract the in-
hibitory effects of bile salts, fatty acids,
acid pH, and anaerobic conditions of the
normal intestinal tract.

These experimental results may not be
a true indication of the extent of
R-plasmd transfer in natural popula-
tions since they often involve individuals
who are exposed to restricted numbers
and types of donor and recipient orga-
nvla . In some instances the methods
were not suitable for the detection of
low level transfer. However, Smith and
Tucker (Ref. 9) studied the effect of
antibiotic administration on the fecal
excretion of Salmonella by experimen-
tally infected chickens. The authors
found that R-plasnmild resistance de-
veloped in the indigenous E. coli and
that very similar resistance patterns
than developed in the Salmonella. These
results were duplicated in some of the
studies submitted by the NADA holders,
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which are also discussed in depth under
Part IV. B. below.

Regardless of the frequencp with
which R-plasmid transfer occurs in the
absence of modifying 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 tetracycline and
other antibiotics to animals. That prac-
tice leads to an increase in and selection
for R-plasmid-bearing organisms, and
It therefore increases the probability of
in vivo R-plasmid transfer to pathogens.
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(iv) R-plasmid compatiblity studies.
Another FDA sponsored study (Ref. 1)
examined the compatibility properties of
more than 100 R-plasmids from E. coli
and Salmonella isolated form animals in
order to determine whether the plasmids
are related to those isolated 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 called compatible. On the other hand,
related pldsmids cannot coexist, and they
are called incompatible. Plasmids be-
longing to the same incompatability
group are presumed to be related.

The Food and Drug Administration
study showed that the R-plasmid Incom-

patibility groups seen in animal isolates
show the same distribution as those
found in human isolates. This-therefore
suggests that human and animal bac-
terial populations overlap; there are not
separate and distinct human and animal
R-plasmids.

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 genes) that are common to
any two plasmids (DNA-NA hybridiza-
tion). R-plasmids belonging to the same
incompatibility groups of human and
animal origin are identical when ex-
amined. by DNA-DNA hybridization
techniques. (Refs. 2 and 3). Restriction
endonuclease activity has also confirmed
the similarity of R-plasmids isolated
from' enteric organisms of human and
animal sources (Ref. 4). Therefore, the
Director must conclude that R-plasmids
of human origin are indistinguishable
from those of animal origin.
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(v) Hqeards. While the presence of
antibiotic-resistant E. coli in the intesti-
nal tract of humans may generaly cause
no immediaete problems to an individ-
ual, under certain circumstances it may
lead to 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 E. coil 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
plasmid borne resistance genes in the
normal intestinal flora of animals and
man and their presence in the environ-
ment-resistance that can 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. A strain of Salmonella
typhi carrying an R-plasmid-determin-
ing resistance to chloramphenicol caused
an epidemic of typhoid fever in Mexico.
Transferable chloramphenicol resistance

has also become common in S. typhi iso-
lated in Indian, Vietnam, and Thailand
(Ref. 1). The recent epidemic of drug-
resistant Shigella dysentcriae Infection
in Central America (Ref. 2) Is another
example of an epidemic disease which
was no longer susceptible to treatment
by antibiotics that had previously been
useful. Plasmid-mediated resistance
has been reported in strains of Borde-
tella bronehiseptica (Ref. 3), and FDA
scientists have demonstrated plasmid-
mediated resistance to penicillin, tetra-
cycline, streptomycin, and sulfonamido
in strains of Pasteurela multoclca and
Pasteurella haemolytica, both of which
cause serious diseases in animals (Refs.
3 and4).,

Recent studies (Refs. 5 through 12)
have also shown that the genes specify-
ig resistance to ampicillin, tetracycline,
kanamycin, chloramphenicol, trlmetho-
prim, and streptomycin reside on DNA
sequences that are able to tranlocate
or move from plasmid to plasmid as a
discrete unit, or from a plasmid to the
bacterial chromosome. Therefore, In ad-
dition to movement of resistant bacteria
from animals to man and the transfer of
R-plasmlds between bacteria, the genes
that reside on the plasmlds can them-
selves migrate from plasmid to plasmid
by translocation. Furthermore, an R-
plasmid does not have to be stably main-
tained within a cell to donate Its resistant
genes to a recipient chromosome or an
indigenous plasmid.

Tetracyclines are the drug of choice
for most infections caused by myco-
plasma, rickettsia and chlamydia. Some
of these organisms (e.g., the causative
agents of Psittacosis, Ornithosis, and
Q-fever) are known to spread from
animals to man. Under antibiotic pres-
sure, the development of tetracycline re-
sistance has been shown in Coxiella bur-
netif, the pathogenic rlckettsla causing
Q-fever (Ref. 13). Mycoplasmas recently
have been shown to possess plasmids of
as yet unknown function (Ref. 14).
Tetracycline-resistant mycoplasmas have
been isolated from the urinogenital
tract of patients with various disorders
(Refs. 15 and 16). It Is uncertain whether
this resistance is chromosomal or pas-
mid-mediated. However, there Is ce'-
tainly a possibility of animals under
antibiotic pressure acquiring tetracy-
cline-resistant mycoplasmas, and of the
translocation of chromosomal tetracy-
cline resistance to R-plasmids. There are
recent data indicating that some Myco-
plasma may be pathogenic for a wider
spectrum of life than was originally bo-
lieved (Ref. 17).

Most bacterial species possess Indige'
nous plasmid gene pools. In fact, piss-
mids have been found In all species of
bacteria which have been examined, The
function of these plasmids Is often un-
known, but they could serve as effec-
tive recipients for the insertion of trans-
locatable genes. The recent emergence
of ampicillin-resistant strains of 'aemo-
philus influenzae and penicillin-resistant
strains of Neisserita gonorrheac repro-
sent alarming examples of the extension
of the R-plasmid gene pool (Refs. 18 and
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19). The resistance genes found in both
species are identical to those previously
found only in E. coli and other enteric
organisms.

The -World Health Organization prophet-
cally warned (Ref. 20) :

The point will ultimately be reached at
which the transfer of resistance to pathogena
becomes inevitable and the larger the pool.
the greater is this possibility. Moreover, the
wider the distribution of R+ (R-factor)
enterobacteria the greater the possibility
that R-plasmids may emerge that can cross
biological barriers so that they can perhaps
enter bacterial species and genera ap-
-parently widely different from their original
enterobacterial hosts.
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4. Director's conclusions. The holders
of the approved NADA's for subthera-
peutic tetracycline-containing products
were required to show that the sub-
therapeutic use of tetracycline does
not increase drug rezis:tant (i.e., increase
the pool of R-plasmld-bearing) orga-
nisms in animals. If they were unable to
show that subtherapeutic tetracycline
use does not increase the pool of R-pla3-
mid-bearing organisms in animals, the
holders were then required to show that
the R-plasmlds are not transferable
from animals to man. They failed to do
any of this.

The evidence shows that the pool of
R-plasmid-bearlng organisms, particu-
larly in E. coli, Is increasing, and that
the increase Is due at least In part to
the subtherapeutlc use of the tetracy-
clines in animal feed. Further evidence
shows that E. coi contribute their R-
plasmids to man through his direct con-
tact with animals, through his direct
contact with E. coli-contaminated food.
and by widespread presence of the R-
plasmids In bacteria in the environment.
Studies also show that there is no strict
distinction between the E. colt that colo-
nize animals and those that Infect man.
On the contrary, there is considerable
overlap in these strains, and there is
also an overlap in the enteric bacterial
R-plasmid population in humans and
animals. This evidence is derived from
epidemiology studies, bacterial ingestion
studies, and compatibility studies of the
normal Intestinal flora of man and anl-
mals. These bacteria may donate their
R-plasmid to pathogens n man and
animals even when transient, and the
NADA holders have submitted no evi-
dence on the degree of colonization, If
any, that is necessary for thLs transfer
to occur. Accordingly, the Director con-
cludes that the holders of the approvals
for the subtherapeutic tetracycline-con-
taining products for use in animal feeds
have failed to show that extensive sub-
-therapeutic tetracycline use satlsfle3 the

requirements of 5 558.15 and criterion I
of this notice.

D. SHEDDIG AND r.EX, 313TCH CHAPACTZM3-
TICS 0' 5M.!IONELLA (CIJTE'J0oZ 21

1. Eac,:ground. Under human and
.nimal safety criterion number 2. the
NADA holder.s must show that an anti-
bacterial druj used in animal feed shall
not cause a significant increase In the
quantity, prevalence, or duration of Sal-
monella shedding or an increase in the
antibiotic resistance characteristics of
salmonellae. The Bureau of Veterinary
I'.edlcine emphasized this criterion be-
cause (a) Independent studies indicated
that use of an antibiotic had caused an
increase in Salmonella shedding in med-
icated humans (Ref. 1) ; and (b) an epi-
demic of a specific virulent (phage-type
29) Salmonella typhimuritn had oc-
curred in Great Britain after prophyIac-
tic use of antibiotics in cattle feed. This
resulted in human fatalities (Ref. 2).

Askeroff and Bennett (Ref. 1) pre-
sented data on the effect of antibiotic
therapy on the excretion of Salmonella
In fecez of humans infected with acute
salmonellozis. After a large S. tzn'himu-
numr epidemic caused by eating contam-
inated turkey, the authors examined the
feces of untreated patients and patients
treated with tetracycline, ampiclin, and
chloramphentcol for Salmonella, and
they determined the antibiotic susceptl-
bility of the S. typhfrmLTiurs strains. Pa-
tients generally received the recom-
mended regimen of antibiotic therapy
11 gram per day). Fecal samples from
G7 patient- not receiving medication and
185 patients treated with antibiotics
were examined. Of the patients treated
with antibotics, 65 percent were shed-
ding Salmonella 12 days after Infection,
and 27 percent were positive (shedding)
31 days after infection. In the untreated
patients, however, Salmonella shedding
vmas ob:erved In only 42.5 percent at day
12 and l1.5.percent at day 31.

Therapy also favored the acquLition
of antiblotic resistance by the infecting
strain isolated from poultry, which ini-
tielly had been susceptible to antibiotics.
Eighteeen of the 185 patients receiving
antiblotlcs excreted resistant Salmonet,
while none of the 87 untreated patients
excreted resistant Salmonella (P<.05) .
The antibiotic resistance acquired in the
Salmonella strain was shown to be
transferable.

Anderzon (Ref. 2) carefully docu-
mented the buildup of a reservoir of
multiply antibiotic-resistant Salmoner-
lac in the outbreak of Salmonella typi-
murium. phage-type 29 in calves in
Britain from 1963 to 1959. Antibiotics
were used both therapeutically and pro-
phylactically in crowded feed lots. As
each new antibiotic therapy va tried.
a new antibiotic resistance emerged in
the pathogen, and eventually the S.
typhimurium strain carried resistance to
a wide range of antibiotics. In addition
to disease and death In cattle, shedding
(excretion) the multiply resistant S.
typhimurium caued Infection and even
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some deaths in humans in contact with
the animals.
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2. Criterion-(a) Shedding. Controlled
studies were to be designed to deter-
mine whether the administration of an
antibacterial drug at subtherapeutic
levels would result in an increase in the
relative quantity, prevalence, or dura-
tion of shedding of Salmonella which
are pathogens in animals. Salmonella
are often found in the intestinal tract
of man and animals, and the small in-
testine and colon are the primary sites
of multiplication. After penetrating the
epithelial lining, they multiply and elicit
an inflammatory response. Most Salmo-
nella infections are limited to the gastro-
intestinal tract, producing the clinical
symptom termed "gastroenteritis." One
of the more common strains, Salmonella
typhimurium, causes dseases in both
man and animals.

When an animal Is infected with these
bacteria, the live organisms are excreted
in the feces ("shedding"). The-quantity
of Salmonella in the feces can be deter-
mined by a bacteriological procedure
termed a "standard plate count." A spe-
cific amount of fecal material is diluted
and spread on a semi-solid bacterial
growth medium which is selective for
the growth of Salmonella. After a suffi-
cient time for growth, individual colonies
are counted and recorded as the number -
of Salmonella per gram of wet feces.
The proportion of antibiotic-resistant
Salmonella in fecal specimens is inde-
pendent of the quantity of Salmonella
shed.

(b) Resistance characteristics. Con-
trolled studies also 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 Salmonella. Salmonella
isolated from feces can be tested for
their susceptibility to various antibiotic
drugs by standard procedures. Escherich-
ia coli, a normal component of the intes-
tinal flora, were also examined to deter-
mine their resistance spectrum since oral
administration of certain antibiotics,
whether at therapeutic or subtherapeu-
tic levels, has been shown to result in an
increased proportion of indigenous E.
Coli that contain R-plasmids which can
be transferable to other E. Coli or to
Salmonella. Antibiotic resistance may be
measured by use of an antibiotic incor-
porated into the bacterial growth mei-
um or by standardized antibiotic discs.

3. Industry studies in chickens on the
effects of subtherapeutie tetracycline use
in animal feed-(a) American Cyanamid
Co.-(i) Experimental design. This study
was designed to determine whether there

are increases in the quantity, duration,
and prevalence of -Salmonella shedding.
in chickens, caused by subtherapeutic
chlortetracycline in feed. Day-old chicks
were fed either chortetracycline at 200
grams/ton of feed or a nonmedicated diet
for 58 days after inoculation with a
chlortetracycline-sensitive strain of Sal-
monella typhimurium (S. typhimurium).
The chicks were divided into four
groups: two environmental control
groups, a nonmedicated control group,
and a medicated (treatment) group.

(ii) Summary. While there were no
significant differences in the quantity,
prevalence, and duration of shedding be-
tween the medicated (treatment) group
and nonmedicated groups, there were
statistically significant differences in the
antibiotic-resistance of the Salmonella
shed by these groups. Chlortetracycline
resistance of the Salmonella shed by
birds fed subtherapeutic levels of the an-
tibiotic showed a statistically significant
increase when the ratio of antibiotic-re-
sistant Salmonella shed to the number of
birds excreting Salmonella is calculated
for the nonmedicated and treatment
groups. The ratio increased from 27
percent drug-resistant on day 1 to
approxinjately 95 percent from day 22
until the' end of the study. Further-
more, when the total number of birds
excreting antibiotic-resistant Salmo-
nella is compared to the total number
of birds in the study, medicated birds
excrete significantly higher percentages
of antibiotic-resistant Salmonella than
nonmedicated birds (P<001), and the
excreted Salmonella predominantly
showed one particular antibiotic resist-
ance-tetracycline, streptomycin, kana-
mycin, and neomycin.

(iii) Director's analysis. Comparing
the number of Salmonella-positive fecal
samples to the number of birds excreting
Salmonella, the Director finds there are
no signifi~ant differences between medi-
cated groups and nonmedicated control
groups when the tetracycline-sensitive
Salmonella strain was the Infecting
agent. However, the percentage of anti-
biotic-resistant Salmonella isolated from
birds given chlortetracycline increased
rapidly, remained at 93 to 95 percent
from day 22 of the study until the-con-
clusion; and the majority of the samples
simultaneously- developed resistance to
streptomycin, kanamycin, tetracycline,
and neomycin in the samples of birds
treated with chlortetracycline.

(b) Rachelle Laboratories, Inc.-()
Experimental design. This study was de-
signed to measure the quantity, preva-
lence, and duration of Salmonella shed-
ding by chickens fed subtherapeutic
chlortetracycline for 28 days postinocu-
lation. The chickens were divided into
two environmental control groups of
three birds each, and two groups that
were orally inoculated with a chlortetra-
cycline-sensitive strain of S. typhimu-
rium. The treatment roup received 100
grams of chlortetracycline/ton of feed.

(ii) Summary and the Director's anal-
ysis.'During the first 8 days of infection,
chlortetracycline at the 100 grams/ton
of feed reduced the quality and preva-

lence of Salmonella shedding; however,
by the 10th day, Salmonella shedding In
both the nonmedicated control and the
treatment groups was comparable. More-
over, the study again showed that ad-
ministration of subtherapeutic levels of
chiortetracycline to chickens resulted In
an, increase in the percentage of anti-
biotic-resistant Salmonella isolated from
the feces.

(c) Pfizer, Inc.-(i) Experimental de.
sign. This study was designed to measure
the prevalence, quantity, and duration
of Salmonella shedding In 8-day-old
broilers fed 200 grams of oxytetracy-
cline/ton of feed (subtherapeutlc) for 20
days after inoculation with a tetracy-
cline-sensitive strain of S. typhimurium,
Ten birds were assigned to a treatment
group, 10 to a nonmedicated (active)
control group, and 3 each to 2 envIron-
mental control groups. Unlik ; the Ameri-
can Cyanamid and Rachelle studies on
the effect of subtherapeutlc tetracycline
of Salmonella shedding by chickens,
Pfizer measured the pretest level of anti-
biotic resistance In the indigenous
chicken coliforms (E. col). It found the
tetracycline resistance level to be 25
percent.

(ii) Summary. The two environmental
control groups were Salmonella-froe
throughout the study. In the nonmedi-
cated group and the treatment group, the
Salmonella population decreased with
time, although the decrease occurred
more rapidly in the medicated group. The
prevalence of the S. typhimurlum in the
feces of the medicated birds was less
than the prevalence in the nonmedicated
birds (17/170 (24 percent) v. 50/70 (85
percent) (P<0.001)). But there was a
significantly higher percentage (P<0.01)
of tetracycline resistance in Salmonella
isolated from medicated animals (21/32
(66 percent)) than Isolated from the
nonmedicated controls (0/263). The re-
sistance in the Salmonella isolates was
limited to oxytetracycline and strepto-
mycin with but one exception (ampi-
dimlt).

(iii) Director's analjsls. The Director
does not disagree with certain conclu-
sions drawn from this study by Pfizer.
Based on the information submitted, the
study appears to show that subthera-
peutic use of oxytetracycline 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 and the prev-
alence of the infections were not greater
in the medicated chickens than In the
nonmedicated control birds. Neverthe-
less, the study fails to show that sub-
therapeutic tetracycline is safe for use
in feed for chickens since the percentage
of resistant Salmonella Is increased In
medicated chickens compared to non-
medicated birds as in the American
Cyanamid and Rachelle studies. Neither
American Cyanamid nor Rachelle, how-
ever, measured the prestudy levels of
antibiotic resistance in the indigenous
E. coll, which was required by F DA
guidelines. Since the Director and all
others in the area are concerned that
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indigenous E. col are a primary source
of R-plasmids for the transfer of anti-
biotic resistance to pathogens, FDA
added this point to its test guidelines.
Failure to conduct the study properly is
a glaring if not fatal omission and
negates its value.

(d) Director's conclusions. In all three
studies the percentage of antibiotic-
resistant Salm6nella isolated from chick-
ens fed subtherapeutic levpls of tetra-
cycline was higher than that of chickens
fed antibiotic-free feed. Moreover, the
sponsors failed to use an enrichment
procedure for culturing the bacteria
which, as the Director explained in his
notice for penicillin published in the
FEDERAL REGISTER of August 30, 1977 (42
FR 43782), may have biased the results.
For these reabons, the Director concludes
that the studies have failed to demon-
strate conclusively that the subthera-
peutic use of tetracycline in chicken feed
is safe.

4. Industry studies in swine on the
effects of subtherapeutic tetracycline use
in animal feed-a) Tetracycline alone-
(D Experimental design. Four holders of
approved NADA's, American Cyanamid,
Rachelle, Diamond Shamrock Corp., and
Pfizer, submitted four studies of similar
design to measure the effect of subthera-
peutic tetracycline in feed on the quan-
tity, prevalence, and duration of Salmo-
nella shedding by swine. American
Cyanamid and Rachelle studied the
effect of chlortetracycline at 200 grams/
ton of feed, Diamond Shamrock studied
chlortetracycline at 100 gr-ms/ton of
feed, and Pfizer studied oxytetracycline
at 150 grams/ton of feed. In each study,
10 swine were assigned to a group given
antibiotics and 10 to a nonmedicated
group. Swine in both groups were inocu-
lated with tetracycline-sensitive Salmo-
nella. Only the Pfizer study lacked medi-
cated and non-medicated environmental
control groups not infected with Salmo-
nella. The Pfizer study was conducted
for 37 days postinocuation, and the
others were for approximately 4 weeks.

(ii) Summary and the Director's
analysis. When the Director compared
results of Salmonella isolates from he
medicated and nonmedicated swine, he
found that the swine fed subtherapeutic
tetracycline showed no increase in Sal-
monella colonization or shedding (preva-
lence, duration, or quantity). But the
studies illustrate a general pattern-
statistically significant increases in the
percentage of antibiotic-resistant Sal-
monella isolated from medicated swine
compared to those isolated from the non-
medicated controls (P<0.01 or 0.05).

(b) Tetracycline in combination wit
sulfonamides and penicilin-(t) Experi-
mental design. American Cyanamid, Dia-
mond Shamrock, and Rachelle each sub-
mitted a study to measure the effect on
Salmonella shedding of a widely used
combination of subtherapefitic antibac-
terials CSP, (chlortetracycline 100
grams/ton, sulfonamide 100 grams/ton,
and penicillin 50 grams/ton In swine
feed) on Salmonella shedding. The study
also attempted to measure the change in
percentage of antibiotic resistance In In-

digenous E. coN and inoculated Salino-
nelltr Again, the study designa were
comparable. In each study, 10 swine were
assigned to each group fed the combina-
tion (no groups received the individual
components of the combination) and 10

-were assigned to a nonmedicated control
group. Swine In thee groups were then
infected with a tetracyclIne-censitive
strain of S. typhimuriumn; the swine
were monitored for 28 days postinfec-
tion. Each study also had two environ-
mental control groups, containing 3 to
10 nonmedicated swine which wre not
experimentally infected.

(i) Summary and the DVrcctor's
analysis. In no study did the anibiotic
combination increase Salmonella -hd-
ding in the swine. However, n each study
antibiotic resistance increased in the
Salmonella Isolated from Swine fed the
CSP combination compared to nonmedl-
cated swine. American Cyanamid and
Rachelle failed to make prestudy deter-
minations of the antibiotic resistance In
the indigenous E. coli in any or all Swine,
and n the Diamond Shamrock study.
the background level of drug resistance
n the E. coli was extremely high, 80 to

100 percent. Information on the E. coil
resistance is cruclarto assessing the risk
of harm associated with subtherapeutic
tetracycline. The E. colt may serve as a
reservoir of transmissible R-plasmids for
pathogens. An initially very high back-
ground level of resistance will make it
difficult to detect any further develop-
ment of antibiotic resistance In the B.
co/i during the course of exp oure to the
medicated feed.

The studies were conducted for only
28 days postinfection, until the swine
were aproximately 10 weeks old, which
differs from the conditions under which
swine are commercially grown for mar-
keting. Normally, swine are fed antibi-
otics until 16 weeks of age, and the Direc-
tor has no basis for extrapolating the
results on shedding for more than the
28 days that the study was actually con-
ducted. In fact, an extrapolation based
on trends in some of the studies and the
results from similar studies In the liter-
ature to be discussed below would s-
gest that the prevalence, duration, and
quantity of Salmonella shedding would
increase after a longer time period in the
swine fed subtherapeutic leveL- of anti-
biotics.

(c) Director's conclusfons. Based on
the results of these studies, the Director
concludes that the subtherapeutic tetra-
cycline has not been conclusively shown
to be safe in swine. The ue of subthera-

eutic tetracycline in swine feed, in the
presence of R-plasmids. again causes an
increase n shedding of antibiotic-resist-
ant Salmonella, although enrichment
procedures were not used n culturing
the bacteria.

5. Industry studies in cattle on the
effects of subtherapeutie tetracycline use
in animal fecd-(a) Studies of tetracy-
cline and tetracycline combinations in
cattle and calves-a) Experimental de-
sign. Five drug firms-American Cyana-
mid. Diamond Shamrock, Rachelle, Vita-
min Premixers of Omaha, and Pfizer-

conducted rix studies on Salmonea
Shedding in calves fed subtherapeutic
tetracycline and a subtherapeutic com-
bination of tstracycline and sulfametha-
zinc. American Cyananid, Diamond
Shamrock, and Rachell studied chlorte-
tracyulino at 350 mlligranis/bead/day,
while Vitamin Premixers of Omaha
(VPO) studied chlortetracycline at 200
mulligranslcalf/day. Pfizer conducted a
study of oxytetracycline at 100 grams/
ton of feed. American Cyanamid also
performed a study on the effect of chlor-
tetracycline and sulfamethazine in com-
bination each at 350 mIgrams/head
day.
Ia general, the experimental designs

were similar to the following plan:

fa t!s fzcd

4 No~

Th9 calves ranged in age from 6 to 8
weekd, and they were housed in animal
pens in a. variety of groups from one ani-
mal per pen to -ll animals in a treatment
group per pen. Also, American Cyanamid
used the same nonmedlcated control ani-
maLs for both Its study of chlortetracy-
cline alone and chiortetracycline plus
sulfamethazine. In three studies, the
calve- were infected with bovine S. typthi-
murlum ATCC 14028 which has a well-
characterized R-plasmid recipient abil-
ity; In the Pfizer oxytetracycline study,
another strain of S. typhimurium with a
well-characterized recipient ability was
used. But In two studies the sponsors
provided no details either of the bac-
teria's ability to transfer or receive R-
plasmids. Finally, the Salmonella orga-
nisns ued In all the studies were sensi-
tive to both the antibiotics used in the
Ltudy and to antibiotics in general.

(I) Summearg. The Racheile submis-
zion contained no information on E. coN
re.ostance, but the background level of
antibiotic resistance in E. col in the
other studies generally ranged from 63
to 100 percent (American Cyanamid
measured only 1 calf per pen of 5 ani-
mals). The prevalence of Salmonelra
rhed In all the stdies was less in the
medicated groups than in the nonmedi-
cated control groups, and the medicated
groups generally excreted fewer $al-
monella. When the American Cyanamid
chlortetracycline-alone study was termi-
nated, however, more calves fed sub-
therapeutic chlortetracycline than non-
medicated calves were shedding Sal-
monella. This was also observed In the
Diamond Shamrock study.

(iWi) Director's analysis. In those cases
In which the initial drug resistance of
the E. cof was determined, the Director
found a correlation between the initially
high antibiotic resistance in the E. coU
and the development of antibiotic re-
sIstance in Salmonella by transfer of
R-pla-,lds, whether or not the calves
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were exposed to antibiotics. For example, tions concerning the widespread use of
E. coli Isolated from two cattle in the subtheraputic tetracycline In animal
American Cyanamid study were 100 per- feed. Rather, the studies demonstrate
cent tetracycline-resistant, and both that subtherapeutic tetracycline use in
cattle developed drug-resistant sal- animal feed causes an increase ix anti-
monellosis. Unfortunately, American biotic-resistant E. coli as well as an in-
Cyanamid did not measure the back- crease in the percent of shed Salmonella.
ground level of E. coli in all cattle, as that are antibiotic resistant. Studies also
recommended in FDA guidelines; there-_' indicate that R-plasmid-bearing E. coli
fore, the Director cannot correlate the donate antibiotic resistance'plasmids to
development of antibiotic resistance in Salmonella. Investigations by independ-
the E. coli with the development of anti- ent scientists have produced similar
biotic resistance in Salmonella. Despite findings (Refs. 1, 2). Patterns of drug
this, the Director identified the pervasiv4 resistance seen in E. coli and Salmonella
pattern already observed in the chicken isolates from man and animals are sim-
and swine studies when there is a high ilar and develop in a like manner. E. coli
level of antibiotic resistance in the E. coli first develops R-plasmid-mediated an-
prestudy; antibiotic resistance (i.e. R- tibiotic resistance, and then the Salmo-
plasmids) generally transfers to the Sal- nella develop a similar and frequently
monella, either remaining high through- identical pattern of resistance. Studies
out the study or increasing in the medi- also show that the number of R-plasmid-
cated animals, bearing strains of pathogenic Salmonella

In three experiments the percentage of are increasing. More importantly, the
antibiotic-resistant coliforms was higher number of multiply resistant strains is
in the calves'fed subtherapeutic levels of increasing.
chlortetracycllne than in the nonmedi- (a) Surveys-(i) Neu, Cherubin,
cated control, and in one study the dif- Longo, Flouton, and Winter studies. Re-
ference was statistically significant at cently, Neu et al. (Ref. 3) examined the
P<0.05. antimicrobial susceptibility of 718 Sal-

In the two studies where the sponsors monella isolates from humans collected
followed the changes in antibiotic resist- at a New York hospltal and 688 isolates
ance in the eoliforms, they observed dif- from animals. They compared the cur-
ferences between the nonmedicated and rent (1973) antibiotic resistance in hu-
the medicated calves. The tetracycline man Salmonella isolates with data from
resistance in coliforms in the medicated a previous study which they had con-
and unmedicated animals remained at ducted in 1968-1969. They also compared
approximately 80 percent throughout the resistance patterns of animal Sal-
those studies; nevertheless, differences in monella isolates from animals obtained
the resistance to ampicillin, streptomy- -from the National Animal Disease Center
cin, and sulfathiazole were observed. Al- during 1973.
though the data are sparse, in every case Thirty percent of all human isolates
resistance in the nonmedicated control collected in 1973 were resistant to one or
group decreased while the resistance In more antibiotics. S. typhimurium, a sero-
the medicated group increased or re- type common to .man and animals, was
mained constant, e.g., the- resistan6e to the most frequent serotype isolated; 58
ampicillin went 14 percent to 30 percent. percent were resistant to at least one
Similarly in the Vitamin Premixers of __antibiotic. More than 50 percent of the S.
Omaha study, the percentage of col- typhimurium were resistant to four to
forms resistant to chlortetracycline, five antibacterials. Resistance to tetra-
dihydrostreptomycin, and oxytetracy.- cycline in S. typhimurium had increased
cline declined in the nonmedicated con- from 12.5 percent in 1968-1969 to 44.8
trol group, but it remained constant for percent in 1973, about.a 3.6-fold increase.
the chlortetracycline and dihydrostrep- When these results were compared with
tomycin, and increased slightly for oxy- a 1965 survey conducted in the Eastern,
tetracycline in the cattle given subthera- United States by Gill andHook (Ref. 4),
peutic tetracycline, the authors found that the percentage

(b) Director's conclusions. The studies of isolates of all serotypes resistant to
of subtherapeutle chlortetracycline in tetracycline and streptomycin had ap-
cattle pose and fail to resolve the similar proximately doubled. Antibiotic-resistant
problems raised in chicken and swine strains of S. typhimurium had increased
studies. Subtherapeutic chliortetracycline from the 19 percent reported in the Gill
causes an increase in the percent of R- and Hook study to 58 percent in the 1973
plasmid-bearing Salmonella shed. More- study of Neu et al., about a 3-fold in-
over, these studies identify another criti- crease. Moreover, the resistance to am-
cal problem associated with the use of picillin, tetracycline, chloramphenicol,
subtherapeutic antibiotics in animal streptomycin, sulfisoxazole, and kana-
feed. Indigenous E. coli, which have re- mycin was transferable among the vari-
sistance plasmids, are selected for and ous Salmonella strains. -
contribute their R-plasmds to the In animals S. typhimurium accounted
pathogenic * S. typhimurium. Accord- for 70 percent of the isolates, and 80 per-
ingly, the Director concludes subthera- cent were resistant to one or more anti-
peutic chlortetracycline has not been microbial agents. R-plasmids were found
shown to be safe for use in cattle feed, in 86 percent of the S. typhimurium, and

resistance to ampicillin, tetracycline,
6. Information from other studies re- chloramphenicol, streptomycin, sulfl-

lating to Salmonella and E. coli antibi- soxazole, and kanamycin was transfera-
otic resistance. The studies submitted by - ble. Generally, the resistance patterns
the holders of the approved NADA's fail were similar to those encountered in the
to answer conclusively the safety ques- Salmonella isolated from humans.

The authors concluded that the high
incidence of transferable resistance in
man and animals suggests that most re-
sistant strains seen today contain com-
plete R-plasmds, and that strains un-
able to mobilize resistance determinants
are less common than was formerly
thought. They further concluded that
comparison of the resistance of salmo-
nella isolates from humans with that of
Salmonella from animals shows that tot-
racycline resistance is greater among the
strains from animals, as in the case with
sulfonamide and streptomycin resistance,
While the resistance to ampicillin is
higher in S. tYphimurium strains from
humans than from animals, the reverse
is true for other serotypes. This differ-
ence may reflect the greater current use
of tetracyclines, sulfonamides, and strep-
tomycin in animals.

Finally, the authors conclude that the
survey clearly demonstrates that resist-
ance to antibiotics Is Increasing in Sal-
monella isolated from both humans and
animals, and since there are great simi-
larities in the resistance patterns of
human and animal Isolates, it would be
useful to know whether the R-plasmids
are of a similar nature since this Would
Suggest that animal strains have con-
tributed to the human pool of resistant
organisms. This question has since then
been examined and certain R-plasmids
have been found to be similar In both
man and animals. (See Part IVA(3) (c)
(iv) above.)

(ii) CDC reports. When the Center for
Disease Control (Ref. 5) compared a
1968 study on antibiotic resistance in
Salmonella isolated from hospitalized
patients with a more recent study (Ref.
6), results similar to those seen by Neu
et al. were found; the number of anti-
biotic-resistant Salmonella showed a
marked increase as can be seen from the
table below.

1057 1075
400 stralns 75 strain

Resistance to one or more
antiblotls:

S. typhimurium ------ 41.1 peL..... 69,4 pet,
Other scrotypes ---------15.8 ......... 43.9.

oAll strains .......... 22.2 ......... 49.7,
Resistance to 2 or more an- 15.0 ......... 20.5,tibiotics. (60 strains) (200 Strains )
Resistance to 6 ormoro an- 0.8 .......... 9,2.

tiblotics. (3 strain) (69 strains).

Nine antibiotics were used In common
in both studies-colistin, naldixic acid,
sulfonamides, streptomycin, kanamycin,
tetracycline, chloramphenicol, ampidll-
lin, and cephalothin. In the 1976 study
gentamycin and bactrim substituted for
the neomycin and nitrofurantoin in the
1968 study. The substitutions fail to rx-
plain the increase in antibiotic resistance
since frequency of resistance to the sub-
stituted drugs was actually lower than
the frequency of resistance to those
tested initially (gentamycin (1975), 0.1
percent to neomycin (1967), 1.2 percent;
bactrim (1975), 1.3 percent to nitro-
furantoin (1967), 2.5 percent).

Between 1968 and 1975, overall anti-
biotic resistance in Salmonella strains
more than doubled, from 22.2 percent
to 49.7 percent. Furthermore, although
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resistance in S. typhimurium increased
1.7 times during this span, other sero-
types of Salmonella showed a greater
increase in antibiotic resistance-a 2.8-
fold increase. Multiple antibiotic resist-
ance increased significantly (from 15.0
percent to 26.5 percent), and the number
of "super resistant strains," i.e., those
with R-plasnids 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-
tantly, while the super-resistant strains
accounted for only 0.5 percent of the to-
tal number of pathogenic isolates in
1968, they accounted for over one-third
of all multiply resistant strains isolated
in 1975 (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 obtained only from untreated
community-acquired infections and are
thus particularly significant. These in-
fections were likely to have occurred as
a result of exposure to contaminated
animal products rather than as a result
of unsuccessful or inappropriate ther-
apeutic treatment of the patient. It is
estimated that the United States has 2 J
million cases of salmonellosis per year,
and about 30 percent of these cases are
severe enough to be seen by a physician.
Approximately 1 percent of these devel-
op life-threatening septicemia 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 disease is due to antibiotic-
resistant Salmonella (Ref. 6a).

(ii) American Cyanamid survey.
Langworth and Jarolmen in a study con-
ducted for American Cyanamid (Ref.
7), compared the antibiotic susceptibili-
ty of bacterial isolates from patients
in a rural Iowa hospital with isolates
from patients in an urban Connecticut
hospital. E. colt isolated from patients in
the Iowa hospital were significantly
.more resistant to tetracycline and neo-
mycin than were isolates from the Con-
necticut hospital. There were no sig-
nificant differences in antibiotic resist-
ances in most species of bacteria studied
other than E. colt. However, when the
pool of all bacterial isolates from the
Iowa hospital was compared with all
isolates from the Connecticut hospital,
the isolates from the Iowa hospital ex-
hibited significantly greater resistance
to tretracycline, ampicillin, furazolidone,
and kanamycin.

(iv) Other surveys of Salmonella re-
sistance. Other surveys of antibiotic re-
sistance in Salmonella in farm animals
show a continuous increase in tetracy-
cline resistance (Refs. 3, 8, 9, and 10).
Also, in human infections, tetracycline
resistance of Salmonella has shown a
dramatic increase in the United States:

Tctraoycl(i, resistance in lunman
Salmonella lyphimurium isolaic3

Pcr-nto
Numtbcu of .!

Year LIahtc end surco tcetl odine ncl~zcmco

Pr'-199.. 1r, CDO ..... 1.0 11
950 to 57. 11), CDC ..... 5.0 .. .. .

lS to . I 3, CDC...... 14.0 ........
1062.... 213. CDC..... a.0 12
192 to 63. &1. Now Ycrt.__ 010 13
1Q67___.... 49 New Y crk.._ 31.4 0
1nS to Cl;. 3 Northcst.... 113 14
1970..... 315. Xorthc.t.... 3.5 15
1970 to 72. 2.-0. Calfrrnb.._ 37.6 10
197... 718, Northr-.... 44.8 3

(b) Feeding studies-M() ChicTces-
(a) Reid et al. (Ref. 17) demonstrated
that feeding subtherapeutlc levels of tet-
racycline to chickens resulted in astatls-
tically significant increase In the chlor-
tetracycline-resistant E. c li isolated
from the birds. This observation was first
mqde by Smith and Crabbe in 1957 (Ref,
18). Gordon. Garside, and Tucker (Ref.
19) also demonstrated that tetracycline-
resistant B. colt emerge in chickens fed
subtherapeutic levels of tetracycline. In
their study, chortetracyclire resistance
in the E. coil Isolates dropped when anti-
biotic use was discontinued, and It rose
when chlortetracycline use was rein-
stituted. Once R-plasmid-mediated tet-
racycline resistance was established in
an E. coil strain, the resistance remained'
during the full course of the study, which
was long after the investigators ceased
feeding the birds subthempeutic tetra-
cycline. Further, Harry (Ref. 20) found
that coliform (E. col) isolates from
chicks fed subtherapeutic chlortetracy-
cline (100 grams/ton of feed) were 100
percent tetracycline-resist'int after 8
weeks of treatment, while no resistance
developed in coliforms isolated from the
nonmedicated control groups. However,
when the birds in the control group were
mixed with birds in the treatment group,
56 percent of the E. coil isolated from
birds whose coliforms were previously
sensitive to tetracycline became tetracy-
cline resistant, and the coliforms from
the medicated group bacame more sen:-
tive to the antibiotic.

(b) In a study sponsored by the Animal
Health Institute, Levy et al. (Refs. 21-22)
examined changes in the intestinal ml-
roflora of chickens, farm dwellers, and
their neighbors, before and after the in-
troduction of subtherapeutic tetracy-
cline in animal feed to farms. In the 300
chickens studied, the initial resistance to
tetracycline in E. coil was less than 10
percent. Within 48 hours after introduc-
ing sub therapeutic tetracycline In the
birds' diets, almost all medicated birds
contained resistant collforms with R-
plasmids bearing multiple transferable
resistance to tetracycline, ampicillin,
carbenicillin, streptomycin, and sulfona-
mides in various combinations. After 1
week, the E. coil isolated from the chick-
ens were almost entirely tetracycline re-
sistant. In contrast, E. coil from the non.
medicated birds had not acquired any
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antibiotic resistance 2 months after the
investigators terminated the use of sub-
therapeutic tetracycline in their feed-
Chickens in the treatment group were
still excreting tetracycline-resistant E.
co~i, and cleaning the chicken cages did
not alter the excretion pattern.

After subtherapeutic tetracycline use
was introduced into the farm environ-
ment, the number of antibiotic-resistant
bacteria in the flora of the farm dwellers
increased, although at a slowver rate than
In the animals, and no increase was ob-
served in the flora of their neighbors,
who were not expossd to the animals.
WIthin 5 to 6 months, 31.3 percent of
weekly fecal samples from farm dwellers
contained greater than 80 percent tetra-
cycline-resistant bac-ceria compared to
6.8 percent of the samples from the
neighbors. This is statistically significant
(P < 0.001). Moreover, using a marked
resistance gene, Levy was able to demon-
strate the direct spread of R-plasmid-
bearing E. coi among chickens and from
chickens to man.

(c) Further, Smith and Tucker dem-
onstrated that E. colt donate their R-
plasmids to pathogenic Salmonella under
subtherapeutlc tetracycline pressure
(Ref. 23). They compared the resistance
patterns in Salmonella and E. colt
isolated from unmedicated chickens and
chickens fed tetracycline. No antibiotic
resistance appeared in the Salmonella
isolated from nonmedicated chicks, and
little appeared in the E. coil. Although
feeding subtherapeutic oxytetracycline
(100 milligrams of oxytetracycline/kilo-
gram of body weight) to chickens for 46
days did not produce a difference in the
quantity and duration of Salmonella ex-
cretion or the coliform number between
treated and control groups, it did pro-
duce a significant increase In the gnti-
blotic-resistant organisms In the chick-
ens. By the 35th day of the experiment,
Pall E. coil and Salmonella isolates from
approximately 30 percent of the chickens
fed subtherapeutic oxytetracycline car-
ried R-plasmids bearing multiple anti-
biotic resistance. The transmissible pat-
terns of resistance on the R-plasmids
included ampicillin, tetracycline, strepto-
mycin, spectinomycin, sulfonamides, co-
listimethate or combinations thereof.
More importantly, any specific resistance
pattern observed in the R-plasmids iso-
lated from Salmonella was first observed
in E. colt at least 1 week prior to the
emergence of resistance pattern in the
Salmonella. Long-term feeding of thera-
peutic levels of oxytetracycline (500 mil-
ligrams/kilogram of body weight) like-
wise did not depress E. colt or Salmonel-
la excretion by the chickens in this ex-
periment; however, E. coil and Salmonel-
la In the treatment group developed a
higher level of antibiotic resistance than
did the birds in the nomedicated control
group.

MacKenzie and Bains also showed that
quantities of S. typhimurium shed by
chickens were not reduced by therapeu-
tic levels of oxytetracycline or chlortetra-
cycline (Ref. 24).
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(d) In a study of the excretion of
Salmonella infantis, Rantala (Ref. 25)
found that birds given subtherapeutic
levels of oxytetracycline had statistical-
ly significant increases of Salmonella in
crops and small intestines compared to
nonmedicated birds. Other investigations
have shown that the subtherapeutic use
of antibiotics can increase Salmonella
shedding and persistence (Garside and
Hobbs, Refs. 26, 27).

(e) Siegel (Ref. 28) conducted numer-
ous trials on the effect of subtherapeutic
tetracycline on Salmonella in chickens
using Salmonella that were both drug-
sensitive and drug-resistant. His results
are similar to the previously discussed
studies. Subtherapeutic oxytetracycline
use increased antibiotic resistance in for-
merly drug-sensitive Salmonella, al-
though shedding did not increase. In all
treatment groups inoculated with anti-
biotic-resistant Salmonella, shedding
was higher than in the nonmedicated
group.

(f) The literature studies on the use of
subtherapeutic tetracycline in chickens
demonstrate that such use causes an in-
crease in R-plasmid-bearing E. coli and
R-plasmid-bearing Salmonella. The anti-
biotic resistance patterns develop first in
B. coli and then transfer to the pathogen,
Salmonella. Antibiotic resistance, par-
ticularly multiple antibiotic resistance, in
Salmonella isolated from chickens is in-
creasing as a result of subtherapeutic
tetracycline use in the feed.

(ii) Swine. (a) Mercer et al. (Ref. 29)
studied the effect of tetracycline and the
subtherapeutic combination of chlortet-
racycline-sulfamethazine-penicillin on
the resistance of E. coli isolated from
swine. They compared swine on farms
using medicated 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 oxytetracycline were tetracycline
resistant, and 77 percent of the swine fed
the combination exhibited tetracycline

'resistance. The coliforms from the swine
fed the combination were also 79 percent
resistant to sulfonamides and 33 percent
iresistant to ampicillin. No similar resist-
ance patterns devloped on farms where
the swine were fed other antibiotic com-
binations.

In a study by McKay and Branion
(Ref. 30), 6-week-old pigs were fed sub-
therapeutic levels of oxytetracycline (20
grams/ton of feed). Qver a 6-week pe-
riod, E. coli and Aeobacter isolated from
the treatment group developed tetra-
cycline resistance, while bacteria from
swine in the nonmdlicated control herd
did not. In the medicated group, tetra-
cycline resistance also developed in Ba-
cillus 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 swine. 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 therapeutically

or subtherapeutically after 1972. Al-
though there was no difference In the
total coliform counts between the two
herds, the percentage of chiortetracy-
cline-resistant E. coli isolates from the
antibiotic-free herd dropped from 81
percent to 22 percent in 3 years. During
that time, chlortetracycline resistance in
E. ccli from the swine that were contin-
ually fed subtherapeutic levels of chlor-
'tetracycline 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 ampicillin and streptomycin.
This contrasts sharply with the results
in the treated herd where resistance to
ampicillin and streptomycin remained
constant and high. Finally, E. coli iso-
lated ffom the soil and water surround-
ings of the herd fTd subtherapeutic
chlortetracycline contained a higher
percentage of tetracycline, penicillin,
and sulfonamide resistance than did iso-
lates from surroundings of the antibi-
otic-free herd.

Although Farrington and Switzer
(Ref. 32) suggest in a short-term study
on antibiotic resistance of coliforms in
swine that tetracycline resistance will
fluctuate even in animals not fed sub-
therapeutic levels of the drugs, a Bureau
of Veterinary Medicine analysis (Ref.
33) of the allegedly 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 totally invalidate them.

(c) After observing antibiotic-resist-
ant coliforms in swine fed subtherapeutic
chlortetracycline, Bulling and Stephen
(Ref. 34) infected the swine with Sal-
monella. The swine were divided into two
basic groups. One group was infected
with an antibiotic-sensitive Salmonella
typhimurium, and one was infected with
a sensitive strain of Salmonella chlorae-
suis. These groups were then subdivided
into antibiotic treatment and control
groups. Although only 2 of the 8 pigs in-
fected with the S. typhimurium excreted
tetracycline-resistant Salmonella, 10 of
the 12 pigs infected with S. choleraesuis
developed salmonellosis and excreted
bacteria carrying antibiotic-resistant R-
plasmids. Moreover, 3 of the 4 pigs fed
subtherapeutic levels of tefracycline de-
veloped tetracycline-resistant S. chole-
raesuis.

When Findiayson and Barnum (Ref.
35) found that pigs fed subtherapeutic
chlortetracycline excteted primarily
coliforms bearing multiple resistance R-
pLasmids, they postulated 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. typhi-
murium, and found greater numbers of
antibiotic-resistant Salmonella 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 tetracycline-re-

sistant Salmonella did not transfer the
tetracycline R-plasmid. However, In a
1973 study, they found that 2 of 23
monoresistant strains transferred anti-
biotic resistance with "good" frequency
to an E. coli K12 recipient. Accordingly,
Sabo and Kromery (Ref. 38) now believe
that E. coli tetracycline R-plasmids can
be transferred from E. colt to all S.
choleraesuis strains, including varlants
that are fully virulent and can causo
fatal enteric disease In man. This, In
their opinion, rebuts the earlier concept
of Jarolmen (Ref. 38) that virulent
smooth variants are poor recipients and
donors in- contrast to rough avirulent
strains.

(W) The Bureau of Veterinary Medi-
cine conducted two studies (Ref. 1) de-
signed to measure the effect of sub"
therapeutic chlortetracycline in feed
(100 grams/ton of feed) on swine in-
fected with antibiotic-sensitIve or anti-
biotic-resistant Salmonella. When swine
fed subtherapeutic chlortetracyclino
were inoculated with drug-sensitive Sal-
monella, they exhibited less shedding
over the duration of the study than did
the nonmedicated controls for that study,
However, Salmonella Isolated from medi-
cated swine developed more tetracycline
resistance than did those from nonmedi-
cated swine. When the swine were Inoc-
ulated with' tetracycline-resistant Sal-
monella, the medicated animals shed
Salmonella more persistently, preva-
lently, and in higher quantities than
nonmedicated swine.

(e) Epidemiological surveys demon-
strate that Isolates of Salmonella are
generally at least 10 to 20 percent R-
plasmid-bearing. More importantly, the
clinical Isolates, I.e., those that caused
illness in man and animals and are
therefore the principal public health
concern, have been reported to have at
least 60 percent R-plasmid-determined
antibiotic resistance. Some surveys show
the resistance as high as 90 percent
(Refs. 10, 39 through 45).

In England, where tetracycline resist-
ance in E. coli Isolated from swine was
ubiquitous because of the widespread use
of subtherapeutic tetracycline for 15
years in swine feed, Smith (Ref. 46)
determined that resistance decreased
only slightly in the 4 years Immediately
following implementation of the Swann
Cormnittee's recommendations. He also
found that the incidence of swine shed-
ding tetracycline-resistant Salmonella
had not decreased. Smith, however, did
not measure the changes in the multiply
resistant bacteria that are documented
elsewhere in this notice, and he did find
that the proportion of tetracycline-re-
sistant strains of E. coll with self-trans-
missible R-plasmids had declined. Lin-
ton (Ref. 47) more recently concluded
that there has been little adherence to
the recommendations of the Swann Com-
mittee n England.

But in Denmark, where the use of
penicillin and tetracycline has been re-
stricted since 1972, Larsen and Neilsen
(Ref. 48) found that coliforms isolated
from 17 swine herds have exhibited a
sharp drop in multiple antibiotic resist-
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ance (from 68 percent to 9.5 percent)
and that there has been a simultaneous
increase in the number of tetracycline-
sensitive strains (from 3 percent to 36
percent). Changes in resistance were
somewhat less dramatic in herds with
intermittent antibiotic use- or where
medicated swine were added to the herd.

(W Again, this information on isolates
from swine corroborates the results seen
in the swine studies submitted under 21
CFR-558,15 for other animal species.
Subtherapeutic tetracycline use causes
an increase in R-plasmid-bearing R. coil
and Salmonella; increasingly, the R-
plasmids are carrying E. colt and Salmo-
nella. Finally, overall antibotic resist-
ance is increasing in Salmonella.

(iii) Cattle. (a) In 1958 before knowl-
edge of R-plasmids was widespread, H.
W1lliam 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. col isolated
from the calves were tetracycline resist-
-ant, and the coliforms also were largely
resistant to steptomycin and the sulfon-
amides. No tetracycline-resistant E. coll
were ever isolated from the feces of the
110 animals in the nonmedicated control
group. Further, 2 months after termina-
tion of the experiment, half of the cattle
in the treatment group were still shed-
ding drug-resistant E. coll.

Mercer et al (Ref. 29) studied the ef-
fect of subtherapeutic chlortetracycline
and sulfamethazine on the development
of drug resistance in E. coi. The authors
compared isolates from farms using
medicated feed with isolates from farms
using antiblotic-fiee cattle feed. B. colt
isolated from calves fed subtherapeutic
tetracycline acquired R-plasmid antibi-
otic resistance while few did in the non-
medicated groups.

In Edwards' study (Ref. 50) of sub-
therapeutic tetracycline in calves, the
number of E. co7i in the treatment groups
was not reduced by the antibiotic, and the
resistance in the isolates remained high
for the duration of the 10-week study.
Resistamce dropped-when the tetracy-
cline was discontinued at the end of the
study. While tetracycline resistance in
B. colt from the untreated control group
was initially high, the percentage f anti-
biotic-resistant bacteria decreased to
nearly zero in the 6th week of the experi-
ment and, remained there until the
conclusion.

(b) An FDA contract study with the
University of Missouri (Ref. 51) showed'
that tetracycline resistance among E.
col in calves fed subtherapeutic chlor-
tetracycline went from 19 percent to 95
percent during the study, while tetracy-
cline resistance among E. coi in the con-
trol group went from 34 percent to 74
percent. Generally, resistance is higher
in calves that are fed subtherapeutic an-
tibiotics than in range cattle or dairy
cattle, which normally are not fed them.
When Wyoming range cattle raised with-
out antibiotics were compared with dairy
cows, the antibiotic resistance in the E.
colt from the range cattle was 9 percent
in that survey; the level of tetracycline
resistance in the dairy cattle was ap-
proximately 50 percent. A study of tetra-

cycline resistance in E. colt isolated from
calves fed subtherapeutlc levels of tetra-
cycline with neomycin (Ref. 54) pro-
duced striking results. Although tetracy-
cline resistance in the E. coi from calves
in the treatment groups averaged 57
percent, no tetracycline resistance was
found in E. coil isolated from calves that
were kept in a separate corral and had
never been exposed to antibiotics. On
five other ranges, where antibiotics had
not been given for at least 1 year, less
than 1 percent of the coliforms were tet-
racycline resistant.

(c) Several studies have examined the
effect of subtherapeutlc tetracycline on
the development of tetracycline resist-
ance in Salmonella isolated from calves.
For example, Loken et a. (Ref. 59) ex-
amined the n-plasmid resistance in
Salmonella isolated from calves fed sub-
therapeutic chlortetracycline. The au-
thors compared R-plasmlds isolated from
E. coll and Salmonella. When the calves
were fed subtherapeutic chlortetracy-
cline, the tetracycline resistance in the
E. coli isolated increased to 100 percent
after 63 days of treatment, and a concur-
rent increase in ampicillin, streptomycin,
and neomycin resistance occurred. The
indigenous Salmonella developed the
tetracycline resistance; they also became
multiple resistant.

(d) Sato and Kodama (Ref. 60) exam-
ined Salmonella typhlmurium isolated
from 36 calves fed subtherapeut chlor-
tetracycline in a feedlot in Japan. Most
strains exhibited greatly increased levels
of antibiotic resistance after 20 days.

(c) Director's analysis. The Independ-
ent studies in the literature on the sub-
therapeutic use of tetracycline in cattle
feed show that this use causes an in-
crease in R-plasmld-bearing E. colt and
Salmonella. They also suggest that the
R-plasmids In the Z. coli may be trans-
ferred to the Salmonella.
'7. Directors conclusions. The studies

submitted by the NADA holders and In
the literature show that feeding sub-
therapeutic tetracycline to chickens,
swine, and calves results in an increase
in antibiotic-resistant E. coil and Sal-
monella, and resistant E. coil transfer
their R-plasmids to Salmonella given
sufficient time. When the animals are
infected with resistant strains of Sal-
monella, feeding subtherapeutic tetra-
cycline leads to a prolongation of shed-
ding which increases the R-plasmlds in
the Salmonella reservoir. Moreover, the
percentage of antibiotic-resistant Sal-
monella, in particular the multiply re-
sistant Salmonella, have Increased in
both man and animals as shown by re-
cent epidemlological studies, and as a
result of this plasmid transfer, the pat-
terns of resistance in man and animals
are similar. Accordingly, the Director
finds that the holders of approved
NADA's for subtherapeutic tetracycline
use have failed to show that widespread
subtherapeutic tetracycline use in ani-
mal feed is safe under 21 CFR 558.15.
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C. COW'PROMISE OF THERAPY
(CRITERION 2 (c))

1. Background and criterion. The 1972
FDA task force was concerned that the
continuous feeding of antibiotics to ani-
mals might compromise the treatment
of certain animal diseases. It concluded
that additional Information was needed,
and FDA accordingly determined that
epidemlological and controlled challenge
studies should be carried out to deter-
mine the relationship of the use of anti-
biotics in animal feed to the effectivenes
of subsequent treatment of animal dis-
ease, which Is criterion 2(c) of this no-
tice.

Controlled studies must be undertaken to
determine whether or not the administration
of an antibacterial drug at subtherapeutl0
levels results In: disease that Is more dim-
cult or Impossible to treat with therapeutic
levels of the same drug or If it is necessary
to resort to another drug for treatment.
(Clinical disease must be present as a lbatu"
ral or artificially Induced occurrence.)

As the Director explained earlier in
this notice, and in the previous notice
proposing to terminate approval of peni-
cillin use in animal feed, the subtliera-
peutic use of antibiotics, including tetra-
cycline in animal feeds, causes an In-
crease in R-plasmid-bearing (antibiotic-
resistant) E. Colt and Salmonella. These
R-plasmid-bearing bacteria have become
ubiquitous. Further, R-plasmids can
transfer among E. colt and Salmonella,
and these antibiotic-resistant organisms
have been causing Increased disease
problems in man and animals. Each step
in the process has been clearly and re-
peatedly documented, and most have
been illustrated by the submitted studies
conducted under 21 CFR 558.15.

2. Questions raised by FDA-funded re-
search and literature studies. Neverthe-
less, due to the complexity and impor-
tance of the compromise of therapy Issue,
FDA sponsored a study to develop a dis-
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ease model with antibiotic-susceptible
organisms in a manner that would pro-
vide susceptible pathogenic E. coli with
the opportunity to Interact in the intes-
tinal tract with R-plasmid-bearing or-
ganisms and develop drug resistance
(Ref. 1). A University of Missouri survey
for tetracycline-susceptible pathogenic
E. colf, howeier, failed to locate an anti-
biotic-susceptible strain from swine, and
therefore a compromise of therapy ex-
periment using tetracycline-resistant
pathogenic E. coli was performed accord-
ing to the following design.

(a) Experimental design. Swine were
fed an unmedicated diet and two diets
containing different subtherapeutic lev-
els of the combination chlortetracycline,
sulfamethazine, and penicillin; the in-
vestigators then measured the effective-
ness of therapeutic levels of chIoram-
phenicol (a drug unrelated to chIortetra-
cycline) and chlortetracycline.

Number Infection Oral theraputle agent
Group of with (per Mlogrrm of anima])

animals E. co

Diet l-Unmeddrated
1 18 No..... None.
2 23 Yes-. Do.
3 23 Yes ---- Choramplcnicol--. ruffl-

4 39 Yes-- ClortetcyClno--50 mlt-ligrams.

Diet 2-Chlortetracycline (20 glton of feed), -uifArmctha-
zina (20 gfton of feed), and penicllin (10 glton of
feed)

Number Infection Oral thermp:uUo agent
Group of with (per kilogram of animni)

animals B.coi

1 17 Yes My.... None.
2 21 'Yes ..... Chlorampheuic--59 ml-n~gram3.
3 23 Yes---- Chlortetra cilao--50 ran-

Diet 3-Chlortetracyclino (103 gfton of fens.
famethadne (100 gfton of feed), aud p.il&l2n (00
glton of feed)

Number Infection Oral therapulc agent
Group of with (per klYrm of animal)

anImals B. co l

1 14 Yes- Nono.
2 10 Yes- Chloramphenic.-5-3 ril-

3 23 Yes --- Chlortetracycinao--50 rail-

(b) Director's analysis. In each diet,
chloramphenicol treatment was signifi-
cantly more effective for the treatment of
the disease than was treatment with
chlortetracycline. The result, in fact,
show that chlortetracycline treatment
was ineffective both in the untreated
control group and in the groups fed the
combination of subtherapeutic anti-
biotics in the ration.

The Missouri study indicates than ani-
mal therapy may be compromised where
the pathogen is resistant to the anti-
biotic used for treatment.

Mlackenzie and Baines (Ref. 2) in-
fected broiler chickens witb tetracycline,
neomycin-, and sulfonamide-resistant
Salmonella typhimurium collected from

a field outbreak of salmonelIosis n broil-
ers, and they then compared the results
of subsequent tetracycline therapy with
therapy with furaltadone and chloram-
phenicol. hile tetracycline therapy did
not produce a lower shedding rate than
therapy with the other antibiotics, the
group given therapeutic tetracycline
treatment exhibited a higher mortality
rate than the groups treated with fural-
tadone and chloramphenicoL

Hierpe (Ref. 3) studied the effect of
chlortetracycline therapy on Pasteurella
isolated from feed lot cattle that had
been fed subtherapeutic chlortetracyc-
line. He found that the use of subthera-
peutic chlorteracycline caused an in-
crease in Paste-arella that were resistant
to chlortetracycline, penicillin, sulfona-
mides, and other antiblotics; more im-
portantly, subsequent chlortetraeycline
therapy for the treatment of the Pas-
teurcila infections in these animals
proved unsuccessful.

Therefore, the Director finds that the
questions posed by the FDA Task Force
have been reinforced by compromise of
therapy studies in swine, chickens, and
cattle conducted by other independent
scientists.

The holders of the approved NADfAs
submitted nine studies in their attempt
to resolve the compromise of therapy
issue. After careful consideration of these
studies, the Director has found them to
be inadequate for various reasons. They
are of limited size and scope, and in light
of evidence generated from other sources
since the regulations and guidelines were
established they are inconclusive. The
Director believes that only careful long-
term epldemiological field studies will be
adequate to resolve the question of the
extent to which therapy has been com-
promised.

3. Compromise of therapy studies in
chickens-(a) Pfizer Study. Pfizer
studied the effect of parenteral and oral
oxytetracycline therapy in artificlally
infected chickens that had been fed sub-
therapeutic oxytetracycline. After a 25-
day preexposume to subtherapeutlc oxy-
tetracycline in the feed, chic's were in-
feeted by intramuscular injection with a
pathogenic but tetracycline-sensitive E.
coli. Although subsequent parenteral and
oral therapeutic treatment with oxy-
tetracycline (12.5 miilgrams/subeutane-
ously/bird and 500 grams/ton of feed)
reduced the mortality rate in the chick-
ens, oral therapy did not produce a re-
duced incidence of lesions. Moreover, the
Director finds the study design to be
faulty because the nonintestinal route of
E. colt infection does not resemble the
normal route of infection, anU It there-
fore bypasses the opportunity for the F.-
plasmid transfer which can occur in the
intestine. Pfizer also used a tetracycline-
sensitive strain of E. colt. As recent evi-
dence demonstrates, antibiotic rzzistance
Is now high in the animal population, and
this fact s important to the compromise
of therapy problem. For these reason3,
the Director concludes that the study Is
inadequate to resolve the compromise of
therapy Issue.

(b) American Cyanamid Study. Amer-
Ican Cyanamid conducted a 2-phase
study to measure the effects of chIor-
tetracycline in water therapy (1 gram/
gallon of water) when chickens wree in-
fected with Salmonella isolated from
other birds that had been fed subthera-
peutic chlortetracycline. Cyanamid used
the 2-phase study because it had diffi-
culty experimentally inducing fatal oral
infections in chicks more than 4 days old.
The rate of fatal infection was con-
sidered an indication of the adequacy of
the exparimental infection.

In phase I, one group of chicks was fed
subtherapeutic chlortetracycline (200
grams/ton of feed) for 2 weeks, and fecal
collforms were isolated. Then the chickz
were orally infected with a nalidixic acid
marked strain of a pathogen, Salmonella
gallinarium. After 2 days fecal Salmo-

ella were Isolated. Coliforms and Sal-
monella were Isolated from an untreated
but Infected control group in the same
manner.

This phase of the study was designd
to allow R-plaszmds from coliforms to
transfer to Salmonella during the 2 days
in the chick. In Phase II a second group
of chicks wa, inoculated with bacteria
obtained from the first group according
to the following design:

of b~r~I3 pt colr

1 10 laa- YCa(31).- CiL

Pknsi II

ar-p Namlr X"-Zu13MLa Aurcmyda
oft trda tb'zry l-fs

1110~

A c

5~ L' NonOL... Yr
E i S2edC..... No.
Zo 52 and CZ ---.-Y.

Chlortetracycline therapy was insti-
tuted 48 hours after the Phase I inocu-
lation. Although therapy proved to be
equally succesful whether or not the
birds were infected with organis-ms iso-
lated from chic!-s that had received sub-
therapeutic tetracycline in Phase L the
basic experimental design did not truly
address- the compromise of therapy issue.
Moreover, the experiment is defective in
several other areas. Evidence from litera-
ture shows that longer exposure to sub-
therapeutic chiortetracycline in chicken
feed which is consitent with the actual
conditions of the drug's use in the field.
produces an increase in R-plasmid-bear-
ng bacteria. Phase I of the study was

conducted for only 14 days, and the Di-
rector finds this truncated aspect of the
study inappropriate as a model for an ac-
tual field Infection. In birds infected with
both Salmonella and E. coli, the orga-
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nism had only 2 days to interact and
donate R-plasmids, which is inconsistent
with normal conditions and conditions "

in other studies reported in the litera-
ture. Finally, the chickens in Phase II
were never exposed by any subtherapeu-
tic antibiotics in their feed, which was
contrary to -the guidelines. The agency
developed that aspect of the guidelines
to assess the element of concurrent con-
tinuous antibiotic exposure, and the Di-
rector believes that point is still relevant.
For all these reasons, the Director con-
cludes that this study has failed to re-
solve the compromise of therapy issue.

(4) Compromise of therapy studies in
swine-(a) Diamond Shamrock Study
No. 1. Diamond Shamrock conducted a
compromise of therapy study for swine
using the subtherapeutic combination of
chlortetracycline, sulfathiazole, penicillin
(CSP-250) in feed and neomycin as the
therapeutic agent.

Forty pigs, 4 to 5 weeks of age, were
divided Into 4 groups of 10 pigs each.
Groups A and B served as environmental
controls and did not receive CSP-250.
Groups 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 S. choleraesuis. Approxi-
mately 72 hours after inoculation, neo-
mycin therapy (7 milligrams/pound/day
In water) was initiated in groups B and
D, and continued for 4Y2 days.

From the standpoint of growth,
weight, and feed/gain, the neomycin
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-
250 (Group B), but not significantly bet-,
ter than the CSP-250 group alone or the
nonmedicated controls. Because the neo-
mycin shows no therapeutic value, the
Director concludes the study is immate-
rial.

(b) Diamond Shamrock Study No. 2.
The second Diamond Shamrock study
attempted to determine whether an E.
coll infection of swine was more difficult
to treat with ntrofurazone whenpigs had
been maintained for 3 weeks prior to
therapy on chlortetracycline at 100
grams/ton.

Forty 5-week-old pigs were divided
into 4 groups of 10 animals each. Two
groups did not receive subtherapeutic
antibiotics, while two groups were fed
subtherapeutic levels of chlortetracy-

cline (100 grams/ton). On the 21st day.
pathogenic E. coli were added to the feed
of all the pigs, and at the first sign of
disease one group of pigs from both the
medicated and nonmedicated groups
was treated with, therapeutic furazoli-
done in water.

Feeding subtherapeutic chlortetracy-
cline to the pigs did not interfere with
furazolidone treatment of the experi-
mentally induced disease. However, the
pigs were fed chlortetracycline for only
3 weeks before infection, and therapy
was initiated at the first signs of
disease. These points minimized the
opportunity for the transmission' of
R-plasmids. Also, Animal Health Cri-
teria 1(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. Chlotetracycline
and furazolidone are not chemically
related, and plasmid-mediated .nitro-,
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 FED-
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 failed to resolve the compro-
mise of therapy issue.
I (c) Pfizer Study. Pfizer carried out a

study to determine the therapeutic ef-
ficacy of oxytetracycline (500 grams/
ton) against induced 8almonelosis in
pigs previously fed subtherapeutic oxy-
tetracycline (150 grams/ton) for 21
days. The infecting agent was Salmo-
nella choleraesuis, given by oral inocu-
lation.

Sixty pigs, 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 all animals were fed a nonmedi-
cated ration. All feed was then with-
drawn, and the pigs were infected with
the S. choleraesuis. One subgroup of
groups. A and B was fed the treatment
ration (oxytetracycline 500 grams/ton)
at disease onset and continued for 14
days. The table below summarizes the
experimental design.

Infection Frequency Average Average
Premedicated with Treatnent Mortality of diarrhea daily dally-

Salmonlla igain feed
kilogram kilogram t

A TA Nonmedl- Noninfected. Nonmedicated ...... 0110, 0 pct___ 12 0.706 1.62
cated.

A T2 - do --------- Infected ---------- do -------------------- 3/10, 10 pet.. 41 .031 .81
A T - do -------------- do ----- Oxytetracycline 550 pm.. 0/10,0 pet... 3 633 1.64
B T4 Modlcated .... Noninfeeted Nonnedleated --------- 0/10. 0 pct.. 6 .68 1.58
B TS .-- do --------- Infected. ----- do ---------- - ,6-/10, 60 pct-- 42 -. 104 .86
B TO- -.. do ----------- do-.....- Oxytetmcycline550p/n. 1110, 10 pet- 19- .289 1.06

Pigs that were given therapy after in- hours. Pathological finding at necropsy
fection (T2 and T5) showed clinical were consistent with salmonellosis, and
signs of disease 24 hours postinoculation S. choleraesius was discovered from all
and 100 percent morbidity by 48 to 96 animals that died.

Although oxytetracycline at 500
grams/ton was efficacious In controlling
mortality whether or not the animals
had been premedicated with oxytetra-
cycline, 150 grams/ton, the results show
a trend toward compromise of therapy.
(For mortality compare T2 v. T5 and T3
v. T6.) Group A, which was not fed
the subtherapeutic antibiotic-containing
diet before infection, exhibited a bettor
overall result against frequency of
diarrhea and average daily gain. Despite
the fact that the differences In the re-
sults are not statistically significant,
there Is no basis for the Director to con-
clude that the results are the same. For
these reasons and the general problems
associated with the study's design, the
Director concludes the study did not re-
solve the compromise of therapy issue.

(d) American Cyanamid study. Ameri-
can Cyanamid examined the use of the
subtherapeutic combination of chlor-
tetracycline - sulfamethazine - penicillin
(ASP-250) on the therapeutic effective-
ness of sulfamethazine In pigs experi-
mentally infected with Salmonella cho-
leraesuis, variety konzendorf.

Sixty 4-week-old pigs were divided into
6 groups. Half were fed ASP-250 for 2
weeks, and half were fed plain swine
grower mash. One week later 40 of the
60 pigs were inoculated via nonmedi-
cated feed with S. choleraesuis. Feed was
removed from all groups 18 hours before
infection. Sulfamethazine therapy was
initiated in one infected group fed ASP-'
250 and one that was only fed the un-
medicated diet when 80 to 100 percent

-of the pigs in each group showed severe
diarrhea (3 days postinfection). The
drug was given intraperitoneally at 100
grams/pound of body weight, and daily
medication was continued at 50 milli-
grams/pound until diarrhea had ceased
or 14 days postinfection.

Prior subtherapeutic treatment with
ASP-250 did not appear to reduce the
therapeutic effectiveness of sufametha-
zine. Nevertheless, the study involved
short-term exposure to the subthera-
peutic drug. In addition, therapy was
administered by an unusual method and
not geared to practical therapy. For
these reasons, the Director rejects the
study as inconclusive.

5. Compromise of therapy studies in
cattle-(a) Diamond Shamrock study.
In this experiment, the effect of sub-
therapeutic chlortetracycline in feed on
the oxytetracyclihe treatment of induced
salmonellosis was measured. Twenty-
eight calves were distributed Into 4
groups of 7 each. Two groups received
subtheraputic chlortetracycline 70 milli-
grams/calf/day), and two did not re-
ceive any antibiotic in their feed.

On day 21, tetracycline-sensitive S.
typhimurium were orally administered
to each calf. After fecal samples were
taken on day 2, parentral oxytetraoyclino
treatment (5 milligrams/pound body
weight/day) was begun in one group of
premedicaeted calves and in one group
of nonmedicated animals; treatment was
continued for 3 days.
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Within 2 days of Salmonella innocu-
lation, all calves had fevers of 105" F or
more; many animals had diarrhea, in-
dicating that. disease had occurred.
Three deaths occurred in the nontreated
group, but none of the group that was
treated with oxytetracycline.

Although injection with therapeutic
oxytetracycline was successful in reduc-
ing the febrile responses and diarrhea in
calves inoculated orally with Salmo-
nella, the study by no means resolves
the compromise of therapy issue. The
calves were fed subtherapeutic chlortet-
racycline for only 21 days before infec-
tion; the calves were infected with a
tetracycline-sensitive strain of S. typhi-
murium; the Salmonella were never ex-
posed to subtherapeutic antibiotics; and
therapy was initiated 2 days after in-
troduction. For all of these reasons, the
Director finds the study inadequate to
resolve the compromise of therapy
problem.. (b) Pfizer study. In this study of oxy-
tetracycline, 20 calves were allotted in
groups of -5 to 4 pens. Two groups were
fed a nonmediated basal ration for 21
days, while the other two groups were
fed subtherapeutic oxytetracycline (350
milligrams/head/day). But the medi-
cated diet was terminated after 21
days, and normal ration was substituted.
Three days later all calves were innocu-
lated subcutaneously with a strain of
tetracycline-sensitive Pasteurella mul-
tocida. Parenteral oxYtetracycline ther-
apy was initiated (5 milligrams/pound/
day) immediately and continued for 2
additional days.

The results illustrate that oxytetra-
cycline injected at 5/milligrams/pound
following inoculation is effective in con-
trolling tetracycline-sensitive Pasteur-
ella that are never exposed to subthera-
peutic antibiotics or R-plasmids in the
gut.

But this study obviously does not re-
solve the compromise of therapy issue.
Indigenous E. coli were only briefly ex-
posed to subtherapeutic oxytetracycline,'
and the calves were placed on an anti-
biotic-free diet before inoculation with
the Pasteurella. This was contrary to
the guidelines and sound science. more-
over, the parenteral route of inoculation
of the Pasteurella did not permit ready
association of antibiotic-resistant en-
teric coliforms and the infecting orga-
nism, and after only 3 days' systemic
therapy was initiated.

(c) American Cyanamid study. The
purpose of this experiment was to de-
termine the influence of a combination
of subtherapeutic combinations of anti-
bacterials, chlortetracycline and sulfa-
methazine, on the therapeutic effective-
ness of sulfamethazifie in calves experi-
mentally infected with S. typhimuriu7.
Thirty-two 5- to 6-week-old male calves
were divided into 4 groups of 8 animals
per group. One group was premedicated
with the combination for 2 weeks, while
the others received an antibacterial-free
diet. Then the premedicated group and
the three unmedicated groups were in-
oculated orally with tetracycline and
sulfonamide-sensitive S. typhimurium.

One day after infection. the premedi-
cated group and an unmedicated Infected
group were treated with therapeutic sul-
famethazlne (100 mlfligramrs/pound) for
1 day followed by 50 mllligrans/poundf
day for 4 additional days. The animals
were monitored for 14 days after In-
fection. All of the chlortetracycline-
resistant E. coUl isolated had multiple
antibacterial-resistance patterns; the
most common pattern was streptomycin,
neomycin, kanamycin, triple sulfa, tet-
racycline, and in some casez amplclllin.

American Cyanamid concludes that
feeding subtherapeutlc chlortetracycline
and sulfamethazine does not interfere
with the therapeutic activity of sulfa-
methazine against Salmonella typ l-
murlum, in calves. The Director dis-
agrees. The coliforms were exposed to
the subthempeutc antibacterials for
only 2 weeks before infection and there
was no exposure after inoculation. Thus,
the sensitive Salmonella were e.xpo-ed to
coliforms without therapeutic antibiotic
pressure for only 1 day. Based on this
analysis, the Commlsoner concludes the
study Is inadequate for resolving the
compromise of therapy Issue.

6. Director's conclusion. The Director
has analyzed all the material submitted
by the holders of NADA's submitted
under § 558.15 to addres the compro-
mise of therapy Issue, and the informa-
tion on this issue gathered from other,
independent sources. In- his opinion, It
fails to resolve the questIons about the
potential for harm from compromise of
therapy that was first raised by the FDA
task force; rather, the questions raised
have been reinforced by the Information
that has been subsequently collected.

7. Optimal level o1 effectiveness (Ani-
ma! Health Criterion 4). This was orig-
inally stated as a separate criterion as
follows:

Tho optimum uzago level for each indL-
cation of use of the antibacterial drug at
subtherapeutic levels shall not Increaerig-
nificantly with continued use.

Once the optimum level Is es-tbllrhed, La
study shall continue over succeeding genera-
tions or populations of animals to determine
If this e level continue. to yield the samo
mesurablo effect.
To address this criterion, the Animal
Health Institute submitted the results of
a study begun In 1972 which compares
the effectiveness of four antibiotics
(chlortetracycline, tylosin, bacitracin,
and virginamycin) to a nonmedicated
group in swine (Ref. 5). The Director
concludes that the study is inadequate
to resolve the issue. However, this is in
part due to the inability to design studies
that would produce meaningful results
within a 2-year period. This study was
conducted at only one location; tests at
several locations are necessary to pro-
vide any evidence that may have general
application to the swine industry. More-
over, the antibiotics were not fed to the
swine at graded dosage levels (dosage
titration), which is necessary to deter-
mine the optimal level of the drug's
effectiveness. That Is the first step in
attempting to address the concerns.
Without that evidence, the Director can-
not make any determination about the

role of R-plasmid-bearing organisms in
the continuing effectiveness and safety
of subtherapeutic use of any tested anti-
blotie in animaI

1. FDA contract 71-05; University of
ZIsso-uri.

2. LMc aenzie, f. LL and B.8. Balnes, '-Th-
Effeflt of Antibaotarials on Experimentally
Induced Salnonedit h'imurium infections
In C liozn," Poultry Sc ince, 53:357-310,15ZL

3. Hjsrpe. Dr. C. A., SChool of Veterinar
?Aediclno. Univrsity of California, Davi,
Letter to Saniey Fzikow. Scahol of Medizlne.
University of Washington, November 18,

4. Anderson, E. &. "The Ecology of Teens-
feeable Rezlatance in M-terobacterla'" Annul
1eIWO= of r.Icrobiology, 22:131-180,. 19f8.

D. L.anglols B, G. Cromwell V. ]ays, -In-
fluence of Antibacterial Agents In Feed in
the Incidence and Persistence of Antibiotic-
]Pc-tstaut BMembers of the Family Entero-
bscterlaceae R. col Isolated from Swine.-
fins] report to the Animal Health Institute
April 14, 1975.

1. PAT11OGr'nCn (crmTzot.T 3)

1. Bac7.ground and criterion. It is clear
that bacterial plasmids contribute sig-
nificantly to a bacteria's capacity to pro-
duce disease and to survive within the
hoat organism (Ref- 1). The production
of enterotoxin.,Ior example Is an essen-
tial factor in the pathogenicity of E. col
strains of porcine origin, and Smith and
Halls (Ref. 2) demonstrated that this
property was governed by a plasmid,
termed ENT. Similarly, the genetic de-
terminants for enterotoxin production in
V. call Isolated from calves and lambs
have also been shown to be controlled
by transmissible plasmlds (Ref. 3). Re-
cent studies support the premise that
nterotoxin-producing strains of E. coil

are also responsible for a significant pro-
portion of previously undiagnosed hu-
man diarrheal disease (Refs. 4 through
0). Researchers have now shown that
the ability of human E. coli strain to
make an enteroto.dn is also mediated by
aL tranmisible plasmid (Res. 7 and 8).

In addition to toxins, other plasmid-
mediated virulence factors have been de-
scribed. One of the characteristics of the
diarrheal disease caused by enterotoxi-
genic E. eCol in man or animals is the
ability of large numbers of the bacteria
to colonize the small bowel. There is evi-
dence that a surface associated antigen,

038. on E. coli increase pathogenicity
for pie'- since it facll-tes colonization
by helping to overcome intestinal mo-
tility and other clearing mechanisms
(Refs. 9 through 13). Further, Orskov et
al. (Ref. 14) showed that K8 production
is governed by a transmissible plasmid.
A similar antigen, K99, has been de-
cecribed for calves (Refs. 15 through 17).
Moreover, these K-antigens play a role
in the host specificity of these pathogens.
The E83 antigen from precine isolates
is unable to produce adhesion to the calf
intestine, and the K93 calf antigen is un-
able to adhere to the pig intestine (ReL
15). A similar plasmid-controlled sur-
face antigen has recently been described
in a strain of E. coli, causing severe hu-
man diarrheal disease (Ref. 18).
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Another way plasmids can' contribute
to virulence Is exemplified by the colicin
V plasmid (Ref. 19). Colicin V is the
most common colicin produced by E.
col, and pathogenic E. coli containing
the colicin V plasmid have a greater abil-
ity to resist the host species' defetise
mechanism (Ref. 19). Such E. coli 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-plasmid 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 thaten-
hance pathogenicity may well be found
in the future.

Although pathogenicity is generally
determined by more than one factor, the
addition of a single specific 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-plasmids and viru-
lence plasmids can reside in the same
bacterial cell, the possibility is increas-
ing that plasmids that contribute to
pathogenicity may become more widely-
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
shall not enhance the pathogenicity of
bacteria."

The Food and Drug Administration's
guidelines 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-
termine if plasmids coding for toxin pro-
duction could become linked to an R-
plasmid and be transferred in vitro.
Finally, if this 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
sponsors to complete the studies during
the time alloted by § 558.15. The sponsors
were committed to conduct such studies
and to submit reports on the studies at
regular intervals. The Animal Health
Institute did submit a study conducted
by Dr, John Walton to examine the asso-
ciation of plasmid-mediated toxin pro-
duction with R-plasmids, and data were
also obtained from FDA contracts with
Dr. Stanley Falkow and Dr. Carlton
Gyles.

2. Walton- study. The Walton study
(Ref. 21) reported in vitro transfer ex-
periments using a donor organism bear-
ing both the enterotoxin pltsmid and
R+ factors antibiotic resistance plas-
mids and a recipient organism that lacks
an R-plasmid. Walton concluded that
subsequent selecti6n of R- transcon-
jugants does not select for enterotoxin
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 plasmids termed ENT) used in
the experiment were inadequately ex-
amined for the frequency of transfer of
their ENT plasmids, and the number of
R+ transconjugants tested for ENT
transfer (20) was insufficient since only a
frequency of 5 percent or greater could
be detected. From each mating, 20 trans-
conjugant-colonles were pooled and sub-
cultured into 100 milliliters of nutrient
broth; then they were grown overnight
to' obtain cells and supernatant fluid 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. Falkow study-(a) In vitro transfer.
On the other hand, Falkow (FDA Con-
tract 73-7210) unequivocally demon-
strated that ENT and R-plasmids do co-
transfer and that drug selection for the
R-plasmid and subsequent'clonal screen-
ing for ENT was an adequate laboratory
tool for detection of cotransfer.

In an in vitro mating, E. coli 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 strains.
The recipient strains were rifampicin
resistant, and the donor was rifampicin
sensitive. The rifampicin-resist-ant re-
cipient that received the tetracycline-
streptomycin plasmid were recovered on
rifampicin-tetracycline drug plates;
these recombinant clones were then
scored for coinheritance of ENT and
K99. Of 225 clones tested (75 from each
of the 3 crosses), 2 clones (0.88 percent)
received both ENT and K99+. Thus,
totransfer of K99 and ENT plasmid for
pathogenicity with the tetracycline-
streptomycin drug resistance plasmid
was of a low but detectable incidence.

In another in vitro mating study, a
bovine enterotoxigenic nonlactose-fer-
menting E. coli isolate (B44) (containing
the following plasmids: ENT, K99, and
an R-plasmid (R1 ) containing genes
coding for ampicillin, rhloramphenicol,
kanamycin, and streptomycin resist-
ance) was crossed with a lactose-fer-
menting strain of E. colN, K92 strain
1485. Lactose-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 R1 cotransfer
was 3/37 (8 percent).

(b) In vivo transfer. Falkow fed B44
E. coli bearing resistance (R1 ), ENT, and

K99 plasmids to baby calves, and in vivo
transfer of the ( 1 ) plasmid to indi-
genous microflora was monitored. In one
experiment, ENT plasmid was cotrans-
ferred at an incidence of 3/39 (7.7 per-
cent); however, K99 was not transferred.
In another in vivo transfer experiment,
the ENT was cotransferred at an inol-
dence of 1/88 (1.1 percent) and co-
transfer of K99 did not occur. Further-
more, detection of 99 cotransfer was
hampered by the autoagglutinaton of
50 percent of the transconJugants when
slide agglutinations with KO antisera
were'performed.

From these experiments, Valkow con-
cluded that possession of an R-plasmid
by an enteropathogenc strain does not
guarantee cotransfer of ENT or KO;
nevertheless, the implications of co-
transfer at even~a low Incidence in the
intestinal tract of an animal, should the
animal be exposed to the same antibiotics
to which the enteropathogen is resistant,

-has potent public health consequences,
4. Questions raised by other studies.

(a) Naturally occurring toxigenic strains
of E. coli are often multiple resistant,
and during a recent hospital outbreak
of infantile diarrhea in Texas, Wachs-
muth et al. (Ref. 23) reported that
plasmid-mediated toxin production and
multiple antibiotic resistance were dem-
onstrated. Transfer of a 67 x 101 and
30 x 100 dalton plasmid was associated
with the transfer of resistances and en-
terotoxin production, respectively. More-
over, when antibiotics were used to select
E. coll K12 recipients from a one-step
bacterial cross, all the resistances were
concurrently transferred, and 36 perceAt
of these drug-resistant recipient orga-
nisms also transferred their ENT plas-
mids and produced enterotoxin. Clearly,
the Director must conclude that R-plas-
mid transfer can enhance the possibility
of ENT transfer and the production Of
enterotoxin.

(b) Translocation is believed to be the
primary mechanism for the dissemina-
tion of resistance genes in vivo. Under
FDA Contract 223-73-7210, Falkow has
been able to show the translocaton of
antibiotic resistance genes to ENT pls-
mids in vitro. He also demonstrated that
ENT plasmids can acquire resistance
genes from R-plasmids if they inhabit
the same cell. Ampicillin, sulfonamide,
and streptomycin plasmids constructed
in vitro by translocatlon are indistin-
guishable from such ampicillin plasmids
obtained from clinical isolates of E. coil
and Salmonella (Ref. 24).

More recently, Gyles (FDA Contract
223-73-7219) demonstrated the in vivo
transfer of ENT plasmids in the intesti-
nal tract of pigs, using the selection of
tetracycline-resistant recipient orga-
nisms as a basis 'for screening ENT+
recipient colonies. All of the 35 tetracy-
cline-resistant recipient colonies ob-
tained were shown to bear the ENT plas-
mid. Gyles also showed that tetracycline
resistance and enterotoxin biosynthesis
reside on the same plasmid.

5. Director's conclusions. The evidence
from both In vitro and In vivo expOrl-
ments demonstrates that ENT plasmilds
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and R-plasmids can become linked. Only
Dr. Walton's study describes data to the
contrary; however, his study is inade-
quate for the reasons discussed. Accord-
ingly, the Director concludes that the
existing evidence demonstrates that R-
plasmids can increase the pathogenicity
of organisms, and inadequate evidence
has been submitted to prove the con-
trary.
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E. TISSUE RESxMUTS (caxrITMON 4)

1. The criterion. The FDA task force
expressed concern about the effect of an-
tibiotic residues In food ingested by man
on the prevalence and resistance of
pathogenic bacteria in humans, and on
potential allergic or hypersensitivity re-
actions. This resulted in Human Health
Criterion No. 4:

An antibacterial drug used at -ubthera-
peutlc levels In the feed of animals shall not
result in residues of the parent compound.
metabolites, or degradation products In the
food Ingested by man which are capable of
causing (1) an Increase In the prevalence of
pathogenic bacteria, (2) an ncrease in the
resistance of patogenlo bacteria to antibac-
terial drugs used In human clinical medicine.

Controlled studies in appropriate test anl-
mals shal be conducted to determine
whether the consumption of food produced
by animals receiving antibacterial drugs will
result In:

(a) An Increase In the Intestinal flora of
the prevalence of pathogenic bacteria;

(b) An increase In the degree and apec-
trum of resistance of the intestinal flora to
drugs used in human clinical medicine.

Experimental procedures shall Include ap-
propriate consideration of maximum use
level, minimum withdrawal time and estab-
lished tolerances.

In addition, a literature survey shall be
conducted to determine the Incidence of re-
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portz of hyperensItivity resulting from anti-
bacterial drugs In food. The literature survey
hall Include Information regarding hyper-

consitivity reactions occurring as a result of
parenteral or topical exposure to antibac-
terial drus as well as those Ingested In food.
When hypersensitivity has been shown. ex-
pcriments in appropriate laboratory animal--
must be conducted to develop estimates of
vthat level of antibacterial drugs In food will,
cause the production of hypersensitivity.

2. Bacl:ground. Mussman's 1975 report
on the United States Department
of Agriculture's Drug Residue Monitoring
Program (Ref. 2). shows that tetracy-
clines are among the antimicrobials con-
sPtituting the bulk of violative residues
because they are used therapeutically
and subtherapeutically. Violative oxytet-
racycline and chlortetracycline residues
were also detected In 1975 and 1976.
When Messersmith, et al., at American
Cyanamid (Ref. 3) fed swine three to
five times the normal amount of chlortet-
racycline, sulfamethazine, penicillin
combination continuously for 14 weeks,
they found residues of less than 1 part
per million in alltissues sampled 0.5 and
7 days after withdrawal The Food and
Drug Administration conducted studies
in dogs, rats, and hamsters to find a
suitable small animal model in which to
determine the no-effect level of anti-
microbial drugs on the resistance char-
acteristics of the enterie flora (Ref. 4). In
dogs fed subtherapeutic oxytetracycline
10 parts per million in their diet, the
coliform population shifted from pre-
dominantly drug-sensitive to predomi-
nantly drug-resistant coliforms. No such
chift in drug-resistance occurred in dozs
fed oxytetracycline at 2 parts per million
or les. The study indicated a theoretical
possibility for such a "no effect" level.

3. American Cyanamid study-(a) Ex-
verimental design. American Cyanamid
studied the effect of tetracycline-con-
taining chicken tissue on antimicrobial
resistance In dogs. For this study, 450
day-old chicks were divided into two
groups of 225 birds each. One group was
fed subtherapeutic chlortetracycline,
while the other group was fed a non-
medicated diet. The chickens were killed
on days 55 and 56, and 200-gramn tissue
samples were prepared on days 58 and 59.

Two groups of 16 adult beagles were fed
Purina Dog Chow for 20 days, and on
the 21st day the raw chicken was added
to this diet The dogs were fed until day
40 according to the following design.

Tnafa- Daily ratmn

group Days 21 to 4 Das 41 to 9

A -M g. Purin Drg Chsr.. Purina Deg Chow
2W x cblrken tiez ad ibltr.

(c5amedicated).
B 23 9 Puri= Dcg Ch,-.. Do.

200 jr chicken tL-m-3
( th chlsrtcr=-y-

Initially, the do- food and chicken
tissue were examined for Salmonela
lactose-fermenting organisms (coil-
forms). Additionally, raw and cooked
chicken tissues from both groups of
birds were assayed for chlortetracycline
residues. Fresh fecal samples were ob-
tained twice weekly from each dog-
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and examined for Salmonella. Coliforms
In the feces were tested for sensitivity to
ampicillin, chloramphenical, chlortetra-
cydline, and dihydrostreptomycin. Amer-
ican Cyanamid also examined samples
of commercially purchased chicken for
bacteria.

(b) Summary. Analyses of the dog
food and the raw chicken tissue revealed
no Salmonella or coliforms. Salmonella
were isolated from the feces of only three
dogs, and the isolations occurred on the
same day. None of the dogs exhibited
signs of clinical salmonellosis.

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

In dogs fed the raw chicken, the num-
ber of chlortetracycline-resistant coli-
forms shed increased significantly, as did
the number of coliforms resistant to di-
hydrostreptomycin. Chicken tissue- con-
taining chlortetracycline residues also
carried two times as many coliforms as
tissue without chlortetracycline residues
did. Further, chlortetracyclirie-contain-
Ing tissue had four times more chortet-
racycline-resistant organisms than did
the antibiotic-free tissue. Dihydrostrep-
tomycin-resistant coliforms were present
at three times the number found in the
control tissues. Cyanamid also indicates
that cooking tissues at 800 C for 20 min-
utes may inactivate chlortetracycline
residues. American Cyanamid also sur-
veyed a few commercially purchased
poultry specimens. The samples con-
tained 1400o the number of 'coliforms
found in the raw tissue fed the animaLY
(10 versus 1081).

(c) Director's analysis. The Director
finds that the study has failed to estab-
lislh conclusively a no-effect level for the
selection of resistant organisms for
chlortetracycline residues in raw chicken
tissue.

4. Literature survey. Some drug firms
conducted literature surveys on human
hypersensitivity to the tetracyclines and
to the combination of tetracycline-sul-
fonamide and penicillin. Anaphylactie
reactions to penicilins are common; they
may occur as a. result of ingestion, con-
tact, or occupational exposure. Derma-
tological reactions to sulfonamides and
to neomycins are frequent (Ref. 4 and
5). The tetracyclines have produced
photoallergic and phototoxic reactions,
and the hypersensitivity reactions range
from skin rashes to ingioedema and
anaphylaxis. Moreover, cross-sensitiza-
tion among the tetracyclines is com-
monly observed. Although hypersensi-
tivity reactions are rare, they are occa-
sionally extremely severe (Ref. 6), and
allergic reactions from a skin contact
with tetracyclines 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.

5. Director's conclusions. The Director
has evaluated the literature and the
studies and concluded that the holders of
the NADA's have failed to establish con-
clusively a no-effect level for the tetra-
cycline residues, although there is no
evidence that below tolerance the resi-
dues pose a public health problem in
these areas.
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V. EFFECTIVENESS

In 1970-71 FDA issued a series of FED-
ErAL REGISTER notices announcing the
conclusions of the National Academy of
Science/National Research Council Drug
Efficacy Study Group which evaluated
animal feed premixes containing oxytet-
racycline and chlortetracycline intended
for subtherapeutc 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 were revised to
comport with the Academy's evaluation.
The Director s 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 to unique,
important claims. A condition precedent
for any claim is that it be supported by
substantial evidence of effectiveness for
that claim.

A. OXYTETRACYCLINE

In the FEDERAL REGISTER Of May 5,
1970 (35 FR 7089; DESI 8622V), FDA
announced the NAS/NRC evaluation of
Pfizer's Terramycin TM- premixes, which
contain-oxytetracycline quaternary salt.
The NAS/NRC concluded that these pre-
mixes were probably effective when used
for the control and treatment of specific
diseases of livestock (swine, cattle, sheep,
rabbits, and mink) and poultry (broiler
chickens, laying chickens, and turkeys),
and concluded that use may result in
faster gains and improved feed efficiency
under appropriate conditions. It also in-
dicated that extensive labeling revisions,
restrictions on the claims, and reword-
ing of claims, for which further docu-
mentation was required, were necessary.

The Food and Drug Administratun
concurred with the NAS/NRC's evalua-
tion of the premixes and further con-
cluded that:

(1) The claims lor hexmitlatis should be
included under the susceptIblo host.

(2) Appropriate claims regarding faster
weight gains and Improved fecd efliclency
should be stated as "For Increased rate of
weight gain and improved feed efficiency for
(under appropriate conditions of use) ." (Id.)

E. CHLORTETRACYCLIJI.

I. Roche premixes. The Food and Drug
Administration announced the NAS/
NRC's evaluation of Roche's Spence Spe-
cial Premix (each pound contains 4
grams chlortetracycline) and Ark-La
Special Swine Premix (each pound con-
tains 2 grams chortetracycline hydro-
chloride) in the FEDEnAL RrGIsTER of July
9, 1970 (35 FR 11070; DESI 0173NV),

The Academy concluded that more In-
foriaton was necessary to c-tabllsh the
effectiveness for faster gains and improv-
ing feed efficiency In swine. It also dis-
allowed claims for growth promotion or
stimulation and Indicated that claims
for faster gains and/or feed efflciency
should be reworded. Finally, the NAS/
NRC concluded that each active ingre-
dient in a preparation containing more
than 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 Administration
concurred with this evaluation; however,
the agency concluded that the appropri-
ate claim for faster weight gains and
improved feed efficiency, if supported by
substantial evidence, should be "For In-
creased rate of weight gain and Improved
fee;d efficiency for (under appropriate
conditions of use)." (Id.)

2. American Cyanamid and NoVco pre-
mixes. In the FEDERAL REGISTER of July
21, 1970 (35 FR 11646; DESI Ol3NV),
the agency published the evaluation of
premixes manufactured by American
Cyanamid and Nopco containing chlor-
tetracycline at levels ranging from 4 to
50 grams per pound.

a. Aureomycln 50 Feed Premix; contains
50 grams chlortetracyclino per pound.

b. Aureomycin MR Feed Premix; contains
25 grams chlortetracyclino per pound.

c. Aureomycin 10 Feed Premix; contains
10 grams chlortetraoyclne per pound.

d. Aurofac-DI contains grams chlortetra.
cycline per pound.

e. Aureomycin Layer Brunch, contains 4
grams chlortetracycline per pound.
f. Deravet; contains 10 grams ablortetra-

cycline hydrochloride per pound.
g. Aureomycin Soluble Powder; contalna

25 grams chlortetracyclino hydrochlorldo
per pound.

h. Nopco CTC 4/SS; contains 4 grains
chlortetracyclino per pound and 50 percent
sodium sulfate.

i. Xopco CTC 6.66/SS; contains 6.6 grains
chlortetracycllne per pound and 83,33 per-
cent sodium sulfate.
J. Nopco CTC 10, 25, 50, and 100; contain

10, 25, 50, and 100 grams of chlortetracyclIno
per pound, respectively.

The NAS/NRC rated these products
as probably effective for growth promo-
tion and feed efficiency and for the treat-
ment of animal diseases caused by path-
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ogens sensitive to chlortetracycline. It
also reworded and restricted the claims.

The Food and Drug Administration
concurred with these ratings, but it
again concluded that the appropriate
claim for faster weight gains and im-
proved feed efficiency should be "For in-
creased rate of weight gain and improved
feed efficiency for (under appropriate
conditions of use)" (Id.).

3. American Cyanamid's chlortetra-
cycline and vitamin products. In the
FEDERAL REGISTER of August 18, 1970 (35
FR 13156; DESI 0115NV), FDA pub-
lished the NAS/NRC evaluation of
American Cyanamid's chlortetracycline
and. vitamin products:

a. Aureomycin Crumbles; each pound con-
tains 2 grams of chlortbtracyclne, 250.000
U.S.P. units of Vitamin A, and 25,000 U.S.P.
units of vitamin D-3.

b. Aureomycin T.F.-5; each pound con-
tains 5 grams of chlortetracycline and 0.5
milligram of itamin B-12.
c. Aureomycin TY.-15; each pound con-

tains 15 grams of chlortelacycline and 1.5
milligrams of vitamin 13-12.

The NAS/NRC rated Aureomycin
Crumbles as probably not effective for
prevention or treatment of bacterial in-
fections or for increasing growth rate in
swine, calves, beef cattle, sheep, and
horses. However, it concluded that Au-
reomycin T.F.-5 and Aureomycin TF.-
15 were probably effective for antibiotic
activity in the control and treatment of
bacterial Infections in swine, calves,
sheep, and poultry.

The NAS/NRC's reports indicate that
(1) more information is necessary to
document the value of vitamins and the
amounts of vitamins which are added to
the preparations, (2) substantial evi-
dence was not presented to establish that
each ingredient designated as active
makes a contribution to the total effect
claimed for the drug combinations, and
(3) the claims should be reworded and
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 aId.).

4. Ralston Purina premix. The Food
and Drug Administration evaluated the
NAS/NRC report on Purina Aureomycin
Etts Medicated (2 grams of chlortetra-
cycline hydrochloride per pound), and
published the results in the FEDERAL
REGISTER of July 22, 1970 (35 FR 11705;
DESI 0035NV).

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 inconsistent, and it
questioned the oral administration for
severely ill animals. The Academy also
indicated that rewording and restrictions
on the claims were necessary in addition
to documentation of the value of vita-
mins In this preparation.

The Food and Drug Administration
concurred with the Academy's findings,
but it concluded the agency's wording for
the faster weight gains and Improved
feed efficiency claim where supported by
evidence of effectiveness was more ap-
propriate. (Id.)

C. DIRECTOR'S Co? cLUSIol.S

In accord with FDA'S conclusion to
adopt the recommendation of the Anti-
biotics in Animal Feeds Subcommittee of
the National Advisory Food and Drug
Committee that the subtherapeutic use
of tetracycline in animal feed be limited
to unique, essential claims, the Director
has evaluated all of the Information
available concerning the effectiveness of
chlortetracycline and oxytetracycline
premixes for subtherapeutic use. Based
on this review, the Director is proposing
to restrict the use of chlortetracycline
and oxytetracycline in animal feed to the
following subtherapeutic conditions of
use:

OXYTTRCYCLUM

(1) For chickens at 100 to 200 grams
per ton of feed as an aid In control of
fowl cholera caused by Pasteurella mul-
tocida. At lQ0 to 200 grams per ton of
feed as an aid in the- control of Infec-
tious synovitis caused by yfycoplasma
synoviae susceptible to oxytetracycline.

(2) For turkeys at 200 grams per ton
of food for the control of infectious syn-
ovitis caused by Mycoplasma synoclae
susceptible to oxytetracycline.

CHLORTETRACYCLINE

(1) For chickens at 100 to 200 grams
per ton of feed as an aid in the control
of infectious synovitis caused by M.
synoviae susceptible to chlortetracycline.

(2) For turkeys at 200 grams per ton
of feed as an aid In the control of In-
fectious synovitis caused by 11. inozdac
susceptible to chlortetracycline.

(3) For beef cattle at 0.5 mlligram/
pound of body weght per day for con-
trol of active infections of pnaplasmoss.

(4) For beef cattle at 350 milligrams
per head per day In combination with
sulfamethazine as an aid In the mainte-
nance of weight gains In the presence
of respiratory disease such as shjpping
fever.

(5) For breeding sheep at 80 millI-
grams per head per day as an aid In
reducing the incidence of vibronle abor-
tion.

The safe and effective new animal
substitutes for the subthempeutic tetra-
cycline uses that the Director Is pro-
posing to withdraw are contained in
Subpart B of 21 CFR Part 558. The drugs
and their approved conditions of use
are codified as follows:
Arsanllate sodium -------------- 558. 60
Arsanilie acid ------------------ 5538.62
Bacitracin --------------- 558.76, 558.78
Bambermycln ------------------ 558.95
Carbadox ---------------------- 58.115
Carbasone ------------------- 58. 120
Erthromycln ------------------ 58.248
Hygromycln B .................- 558.724
Lincomyci -------------- 58.325
afonensin ---------------------- s58.355

Olcandomycln --------..... --- 558.435
P a.yrs ne ----------------------- 558.530
Sulfadimethoinne-ormetoprim ---- 553.575
Virgnlamyln -58.635
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VI. Co:NCLUSIoIq

Pursuant to §558.15, the holders of
approved NADA's for tetracycline-con-
taning drug products 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 andtguidelines es-
tablished by that regulation, in addition
to the basic requirements imposed by the
general safety provisions of the Federal
Food, Drug, and Cosmetic Act. The Di-
rector, in this notice, has set forth in
detail the basis for the criteria and
guldelines'implementing the regulation
and this action. The holders of the ap-

FEDERAL REGISTER, VOL 42, NO. 204--FRIDAY, OCTOBER 21, 1977

56287

HeinOnline -- 42 Fed. Reg. 56287 1977



NOTICES

proved NADA's have failed to satisfy the
legal requirements imposed by the regu-
lation; they have failed to resolve the
basic safety questions that underlie the
widespread subtherapeutic use of tetra-
cycline in animal feed.

(a) Bacteria-bearing R-plasmids
which confer resistance to multiple an-
tibiotics have become widespread in the
environment of man and animals. Anti-
biotic resistance, medicated by transfer-
able R-plasmids, is increasing in E. coli,
and Salmonella, and other pathogens.
The resistance patterns isolate from ani-
mals are similar to those in their normal
intestinal E. coli population, and there
is evidence that antibiotic resistance in
pathogens can derive from the normal
flora by means of R-plasmid transfer.
There are well-established routes for the
transmission of bacteria between ani-
mals and man. The R-plasmids found in
bacteria isolated from man and animals
are indistinguishable, and common
serotypes of these organisms 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 tetracyclines will cause an in-
crease in the prevalence of R-plasmid-
bearing organisms in animal intestinal
flora.

(b) Antibiotic resistance in Salmonella
can lead to an increase in szhedding and
therefore contribute to an increase in
the Salmonella reservoir. The potential
for harm arising from a compromise of
therapy is well documented. The studies
submitted, however, are of insufficient
scope and design to demonstrate con-
clusively that the extensive use of. sub-
therapeutic tetracycline is safe. Epide-
miological studies assessing the long-
term impact of the increase in R-plas-
mids on the effectiveness of antibiotics
would aid in assessing the extent of the
problem.

(c) Evidence demonstrates that R-
plasmids controlling pathogenicity, drug
resistance, and ability to colonize the
intestines can and do cotransfer in vitro
and in vivo.

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

(e) Under 21 CER 558.15, the holders
of approved NADA's were required to file
commitments to conduct studies that
would resolve conclusively the safety of
the subtherapeutic use of antibiotics in
animal feeds and then to conduct those
studies. To assure compliance with the
latter requirement, the regulation re-
quired holders of the approved NADA's
to file periodic progess reports on the

studies. The Director Is proposing to
withdraw approval of certain NADA's for
which evidence was submitted pursuant
to § 558.15 to resolve the safety issues,
although he is unaware of any sponsor
that filed a commitment to conduct the
requisite studies but submitted no evi-
dence. Nevertheless, the Director con-
cludes that the approval of any NADA
for which a commitment to conduct ap-
propriate studies was filed but whose
holder filed no evidence should be with-
drawn on the grounds that the holder
of the NADA had failed to establish and
maifitain records and make reports as
required by appropriate regulation.

(f) Finally, the NADAholders have the
burden of demonstrating that their prod-
ucts ar6 effective for the indications of
use. The Director has evaluated the
available evidence on all subtherapeutic
claims for effectiveness of tetracycline-
containing premixes in conjunction with
the recommendation of the Antibiotics in
Animal Feed Subcommittee of the Na-
tional Advisory Food and Drug Commit-
tee that products be restricted to the
claims that are effective and unique and
the NAS/NRC's evaluation of these
premixes.

On the basis of the foregoing analysis,
the Director is unaware of evidence that
satisfies the requirements for demon-
strating the.safety of extensive use of
subtherapeutic tetracycline-containing
premixes established by section 512 of
the Federal Food, Drug, and Cosmetic
Act and § 558.15 of the agency's regula-
tions. Accordingly, he concludes,, on the
basis of new information before him with
respect to these drug products, evaluated
together with the evidence available to
him when they were originally approved,
that the drug products are safe only for
the limited conditions of use set forth
above.

Therefore, the Director announces he
is proposing to withdraw all approvals
for tetracycline-containing premix prod-
ucts intended for subtherapeutic uses in
animal feed, other than those cited,
whether granted under section 512 of
the act or section 108(b) of the Animal
Drug Amendments of 1968 on the
grounds that they have not been shown
to be safe and lack substantial evidence
of effectiveness for therapeutic use.
Notice is hereby given to holders of the
approvals listed above and to all other
interested parties. If a holder of an ap-
proval or any other interested person
elects to avail himself of an opportunity
for hearing pursuant to sections 512(e)
(1) (B), 512(e) (1) (C), and 512(e) (2) (A)
and § 514.200 (21 CPR 514.200Y, trieparty
must file with the Hearing Clerk (HFC-
20), Food and Drug Administration, Rm,
4-65, 5600 Fishers Lane, Rockville, Md.
20857, a written appearance requesting
such a hearing by November 21,1977, and
providing a well-organized and full-
factual analysis of the scientific and
other investigational data that such per-
son is prepared to prove by January 19,

1977, in support of Its opposition to the,
Director's proposal. Such analysis shall
include all protocols and underlying raw
data and should be submitted In accord-
ance with the requirements of § 314.200
(c) (2) and (d) (21 CFR 314.200 (c)(2)
,and (d)).

The failure of a holder of an approval
to file timely written appearance and
request for hearing as required by 9 514.-
200 constitutes an election not to avail
himself of the opportunity for a hear-
ing, and the Director of the Bureau of
Veterinary Medicine will summarily
enter a final order withdrawing the
approvals.

A request for a hearing may not rest
upon mere allegations of denials, but it
must set forth specific facts showing that
there is a genuine and substantial issue
of fact that requires a hearing. If It con-
clusively appears from the face of the
data, information, and factual analyses
in the request for hearing that there is no
genuine and substantial issue of fact that
precludes 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 analyses, the
Comnissioner will enter summary Judg-
ment against the person who requests a
hearing, making findings and conclu-
sions, denying a hearing.

Four copies of all submissions pursu-
ant to this notice must be filed with the
Hearing Clerk. Except for data and In-
formation prohibited from public dis-
closure pursuant to 21 U.S.C. 331(J) or
18 U.S.C. 1905, responses to this notice
and copies of references cited In this no-
tice not appearing in Journals designated
by 21 CFR 310.9 and 510.95 may be seen
in the office of the Hearing Clerk, Food
and Drug Administration, between 9 ain.
and 4 p.m., Monday through Friday.

If a hearing is requested and is Jus-
tified by the applicant's response to this
notice of opportunity for hearing, the
issues will be defined, an administrative
law 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 will not significantly affect
the quality of the human environment,
he has concluded that an environmental
impact statement is not required for this
notice. A copy of the environmental im-
pact assessment is on file with the Hear-
ing Clerk. Moreover, in a iotice pub-
lished in the FtDEDAL RECISTEn of May 27,
1977 (42 FR 2739), the Commissioner of
Food and Drugs requested data concern-
ing the potential environmental Impact
of a series of regulatory actions, includ-
ing this one, designed to restrict the sub-
therapeutic use of antibacterials In ani-
mal feeds. If the public discussion and
information gathered warrant, a com-
prehensive environmental impact state-
ment will be prepared, evaluating the

FEDERAL REGISTER, VOL: 42, NO. 204-FRIDAY, OCTOBER 21, 1977'

56288

HeinOnline -- 42 Fed. Reg. 56288 1977



NOTICES

impact of all the actions as a single
program.

The Director has also carefully con-
sidered the economic impact of the no-
tice, and no major economic impact, as
defined in Executive Order 11821 (as
amended by Executive Order 11949),
OMB Circular A-107, and Guidelines Is-
sued by the Department of Health, Edu-
cation. and Welfare. has been found. A
copy of the FDA inflation impact as-
sessment is on file with the Hearing
Clerk, Food and Drug Administration.

This notice is issued under the Fed-

eral Food. Drug. and Co-metic Act (see.
512,-82 Stat 343-351 121 U.S.C. 360b))
and under authority delegated to the
Commissioner of Foad and Drugs (21
CFR 5.1) and redelegated to the Director
of the Bureau of Veterinary Medicine
(21 CFP. 5.84).

Dated: October 14. 1977.

C. D. VAz Houwrx;o,
Director, Bureau of Veterinary

ZMfedicine.
IJ R Doc.77-30G8 Filed 10-17-'7;3:03 pm]
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