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NOTICE: The project that is the subject of this r eport 
was approved by the Governinq Board of the National Research 
counci l, whos e members are drawn from the councils of the 
National Academy of Sciences, the National Academy of 
Enqineering, and the Institute of Medicine. The members of 
the Committee responsible for the report were chosen for 
thei r special competence& and with regard for app ropriate 
balan ce. 

This report has been r eviewed by a group other t han the 
authors accordinq to procedures approved by a Report Review 
Committee consisting of members o f  the National Academy o f  
Scien ces ,  the National Academy of Enqineerinq, and the 
Institute of Medic ine. 

This stu dy was supporte d by a contract with the Division of 
Medical Sciences, Assembly of Life Sciences, National 
Research council from the Food and Druq Administration of 
the u.s. Department of Health, Education, and welfare. 
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EXECUTIVE Stl!OJABY 

The food-producinq animal and poultry industries have 
undergone a dramatic change that beqan amUDd 1950. What 
was an extensive ind ustry became extremely intensive: units 
increased in animal concen tration, both pbysically and 
numerically. Utilization of the beneficial responses of 
feed-additive antibiotics in improved growth and feed 
efficiency developed concurrently with the intensification 
of the animal industry. It has been proposed that feed­
additive antibiotic usaqe was an integral part of this 
revolution in animal-production technology. It is 
estima ted, at present, that 40 percent of the antibiotics 
produced are used for fee d additives. Estimates allocate 
0.5 million kq to the cattle industry, 1.0 million k g  to 
poultry, 1.4 million kq to swine, and o.• million kg to 
other animals such as companion animals. 

The animal p roducer can obtain antibiotics in the form 
of balanced supplements and premixes that are processed and 
sold by the feed-manufacturinq industry. The producer a lso 
has access to and can purchase antibiotic products from farm 
and veterinary supply centers. Administration of 
antibiotics in the drinking water is beca.lng increasingly 
important in both poultry and swine prodaction. 

Feedlot systems for beef cattle and &beep would not 
chanqe if low-level antibiotic feedinqs .ere not permitted, 
but it is likely that disease problems aad therapeutic use 
of antibiotics would increase. 

The disconti nuance of low-level (5 to 10 g/ton) usage of 
penicillin and tetracyclines would have little effect on the 
poul try industry. However, the elimination of higher levels 
(100 to 200 g/ton) would make it very difficult to control 

bacterial disease in young chickens and turkeys. If all 
tetracyclines and penicillin were banned as feed additives 
f or poultry, the effective alternative aatibiotics and sulfa 
druqs would likely maintain prese nt prodaction and 
efficiency standards. However, the problem of selective 
pressure for some multiple antibiotic resistance mediated by 
plasmids may still persist with alternatiYe antimicrobials. 

If only tetracyclines and penicillin were banned as 
feed-additive antibiotics fo r swine, there would be little 
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if anv effect on swine productivity or efficiency. There 
are other promising antibacterial agents that could serve 
the industry well. 

If subtherapeutic use of feed additive antibiotics is 
banned, future chanqes in disease control will include 
preventing exposure to infectious agents, treatment of 
disease after an outbreak has occurred, and control of 
infectious disease by t.munoloqical means. Preventing 
exposure to infectious agents will be extremely difficult 
and will result in a slowing down of animal production. 
Post -outbreak treatment has h ad variable effectiveness , but 
would certainly be less effective than the present use of 
subtherapeutic levels of antibiotics . The control of 
infectious disease by immunological means would be an ideal 
way to safeguard against subclinical infection. However , 
thus far there has been limited success in protecting 
animals aqainst bacterial pathogens that affect the 
intestinal and respiratory tract s. 

Antibiotics have been effective in improving tbe rate 
and efficiency of gain in swine, cattle, and poultry. �he 
responses in poultry and swine are generally greater in 
younqer animals than in those reaching the end of the 
growinq-finishinq period. There is some evidence that the 
improved farrowi ng rate of swine i s  associated with the use 
of antibiotics. Responses in cattle have not been as great 
as those in swine and poultry. Improvement in rate of gain 
and feed efficiency in cattle has averaged about 5 percent. 
Evidence indicates that the effectiveness of antibiotics has 
not decreased over time. 

Antibiotics in feed have also been used in animal 
production in Europe since 1953. The British have monitored 
microbial resistance to antibiotics and have conducted some 
basic and applied research concerning this aspect. Although 
the use of antibiotics in the United Kingdom has been 
restricted as a result of the Repo;t_Q!_lh!_JQiDt committee 
!iHLthe use oL&nnbiotic§_in_&Dimill...b&!DdD' gd yeteriaaa 
Medicine (referred to in this report as the SWann Report; 
Swann et al. 1969), the total tonnage used in animal 
production in 1975 was at an all-time high. Although the 
amount used in animals was only about 15 percent of the 
total usaqe, the ratio of the human population to the 
livestock population receiving antibiotics is substantially 
higher than in the United States. 

Ingestion of antibiotics results in the development of 
resistance in bacteria such as in the I· � and Salmonella 
species. The resistance appears to be related to usage 
patterns . British research has shown that resistance 
persists longer following lonq-term use, compared to abort­
term use . There is strong evidence that development of 
resistant strains of bacteria in humans is closely related 
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to antibiotics used in humans. No concrete evidence has 
been reported in the United �ingdom showing that antibiotic 
resistance has decreased since the svann Report, or that 
antibiotic use has decreased. 

The wise use of·antibiotics is not a substitute for, but 
a complement to, qood sanitation and husb andry practices. 
Extensive use of low-level antibiotics in feeds has brought 
about concern for potential harmful effects due to 
development of resistant strains of organisms in host 
animals that might compromise animal as well as h uman 
bealth. Druq resistance in bacteria was observed soon after 
the introduction of antib iotics. Antibiotics have been used 
extensively in animal feeds for nearly 30 years. Questions 
and discussions concerned with the potential human health 
ha�ards from subtherapeutic antibiotic feeding to animals 
have been aired for nearly 30 years. Yet, it is difficult 
to cite human health problems that can be attributed 
specifically to meat animals fed antibiotics or that can be 
assoc iated with contact with animals fed low levels of 
antibiotics. There have been incidents of salmonellosis in 
humans involving antibiotic-resistant strains of animal 
oriqin but there is no evidence of any relation to low-level 
antibiotic feedinq. 

surveys of the use of drugs for therapeutic purposes 
indicate that antibacterial agents account for almost 50 
percent of drugs used by practicing veterinarians. lD xitro 
testing has sometimes been questioned in that in fect ions 
associated with orqanisms that seem to be resistant iD yitro 
are quite respon sive to antibacterial therapy JD !ixQ in 
clinical use. 

scattered reports, published and unpublished, attribute 
failure in drug therapy to low-level antibiotic feeding. 
Others claim continued effectiveness of dr uqs previously fed 
for lonq periods a t  subthe rapeutic levels. carefully 
controlled studies exploring possible relationships between 
antibiotic feeding and subsequen t druq effect iveness are 
needed. 

Critical experimental studies on the effect of low-level 
antibiotic feeding on animal therapy and human health are 
definitely needed. It is proposed that studi es be conducted 
in the followinq areas: 

1. ��e Feeding of Tetracycline and Penicillin 
compromise Animal Tberapy?--Tbis research should be done 
with swine, poultry, and cattle. In swine and poultry, 
condit ions should be closely controlled. In cattle it would 
seem essential that research be conducted in commercial-type 
f eedlots. 
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2 .  Tbe Relationship of Aotibiotic feedipq to Buman 
Health--Al though these studies are very complex and time­
c onsuming, it is important tha t some effort be starte d in 
this di rection. The inc id ence of disease-resistant 
orqanisms c ould be d e termined in humans in in dustrie s in 
whicb the workers have c lose contact with animals and animal 
products and with people who work in industries that have no 
contact with animals o r  a nimal products. Also the inc idence 
of disease and the effectiveness of therapy should be 
studied. some information miqht be obtained by surveys of 
existinq informa tion. 

3. Mechanisms of Action of Aot�igtics in Grqwtb 
Promot ion--current eviden ce str on gly suggests that the 
qrowth-pr omoti nq effect fr om low-level fee ding of 
antibacterial compounds is not solely.related to disease 
preven tion. Knowledqe of the mechanisms involved is a vital 
missing link. If known, the study of other means of 
elicitin q a similar response would become feasible. Thus, 
such new knowledqe would offer the potential for e limina ting 
some or all of the curren t reasons for usi ng feeding levels 
of antibacterial drugs. 
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CBAPlQ 1 

INTRODUCTION 

The use of subtherapeutic levels of penicillin and the 
tetracyclines in animal feeds has raised the question of the 
effects of such practices on human health. �he Food and 
Drug Administrat ion (FDA ) has propos ed a ban on certain 
antibiotics at subtherapeutic levels in feed because of the 
potential for compromisinq the health of humans. A l arge 
seqment of the regulated industry. including farmers and 
ranchers. has contended that ill Dearly 30 years of use. 
antibiotics at subt herapeutic levels in animals have not 
compromised human or animal health or influenced the t herapy 
of human disease. 

The FDA h as contracted with the Assembly of Life 
Sciences . National Academy of Sciences. for a review and 
evaluation of human health effects of antibiotics in animal 
feeds. The Committee to Study Human Health Effects of 
subtherap eutic Antibiotic Use in Animal Feeds bas been 
appoint ed to: 

1. study the human health effects of subtherapeutic 
use of penicillin and tetracyclines (chlortetracycline and 
oxytetracycline) in animal feeds; 

2. review and analyze published and unpublished 
epidemiological and other data as necessary to asses s the 
human health consequences of the subtherapeutic use of 
penicillin and t etracyclines in animal feeds; and 

3. assess the scientific feasibility of additional 
epidemioloqical studies. and. if needed. to make 
recommendations about the kind of research necessary. its 
es timated cost and time requirements. and possible 
mechanisms to be used to conduct such studies. 

Under the terms of the contract. subtherapeutic levels 
are defined as use of the agent at levels of 200 g/ton or 
less. and/or use of the agent for 2 weeks or longer. Animal 
feeds include milk r eplacers. medicated blocks. and liquid 
feeds. 
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The Committee has requested the Board on Agriculture and 
Renewable Resources (BARR) to prepare a critical 
review/position paper on certain aspects of the probleDk 
The followinq list of questions to be answered was submitted 
to the BARR (the Chapter numbers after each question refer 
to the chapter in this report that discusses the question): 

1. Bow effective are antibiotics--especially 
penicillin and tetracycline--in animal feeds? (Chapter 3) 

2 .  Would animal husbandry methods change if 
antibiotics were eliminated, or if penicillin and 
tetracyclines were removed? (Chapter 2) 

3. Does animal disease decrease as a result of use of 
antibiotics and would there be an increase in therapeutic 
use of antibiotics if subtherapeutic use was discontinued? 
(Chapter 2) 

4 .  What do the data from European countries show with 
respect to animal health and nutrition where antibiotics 
have been restricted? Has the restriction of subtherapeutic 
use led to increased therapeutic use, thus cancelling the 
benefits of restriction? (Chapter 4) 

5. Is it likely that there would be a black market? 
(Chapter 2) 

6 .  How much therapeutic use is there and has it caused 
resistance problems? What is the evidence that therapeutic 
use of penicillin and tetracyclines contributes to 
resistance and possible health effects? (Chapter 6) 

7. What ep idemiological studies exist that would be 
valuable for the committee to consider? Are there 
epidemiological studies that should be carried out? (Chapter 
6 )  

8. What amounts of penicillin and tetracyclines are 
used subtherapeutically? (Chapter 2) 

9. What amounts of penicillin and tetracyclines are 
used therapeutically? (Chapter 6) 

10. How are animal feeds prepared and how are the 
antibiotics used in animal feeds mixed and used by farmers 
or feedlot operators? (Chapter 2) 

1 1. Bow are antibiotics for therapeutic use in animals 
requlated? Do veterinarians have guidelines or antibiotic 
audits? (Chapter 6) 

1 2. Bas therapeutic efficacy been compromised by the 
use of subtherap�utic levels of antibiotics in animal feeds? 
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Are resistant infections more prevalent in animals? 
(Chapters 5, 6) 

13. C ritically review the documentation for increase in 
resistance. pathoqenicity. and increase in numbers of 
pathoqens after use·of subtherapeutic antibiotics. (Chapters 
s.6) 

BARR asked ita Committees on Animal Nutrition and Animal 
Health to set up a panel of tbeir members and outside 
consultants to address these questions. The Pan el met on 
June 11 and July 2 to 3. 1979. and prepared the statement 
that follow s that addresses the 13 questions. 

The panel is indebted to Enriqueta c. Bond and Roy 
Widdus, of the Division of Medical Scien ces. for providinq 
published res earch documents on the subj ect , and to Philip 
Ross and selma P. Baron for their advice and qui dance in the 
preparation of the report. 
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CHAPJ'EB 2· 

SUBTBERAPEQTIC QSE OF AHTIBIQTICS 

ANIMAL MANAGEMENl' 

Swine 

Pig producti on in the United s tates is more d iverse 
qeoqraphically than broiler, turkey, and feedlot cattle 
production. About 90 percent of the nation • s pork supply is 
produced in the 12 north central states plus Georgia, 
Kentucky, North carolina, and Texas. The number of pigs 
slaughtered in the United states has varied from about 73 to 
9 5 million head per year and yielded about 25 to 36 kq 
(carcass basis) annual per capita consumption for the u.s. 

citizen durinq the last 15 years. 

The swine ind ustry has changed from an en terprise that 
historically employed pasture to one that predominantly 
empl oys confinement buil dings and concrete lots. The swine 
industry diffe rs from the broiler industry, however, since 
nearly all the production is by private p roducers rather 
than by in dustrial entities. An appreciation of the change 
to intensive swine production is evi dent i n  �able 2.1. 
There has been a dramatic decrease in the number of f4rms 
which produce piqs, both nationwi de and in Iowa, the Iargest 
producing state. The total production trend bas changed 
little, except year-to-year responses to feed cost and pig 
sellinq price relationships. 

Evidence of the continuinq intensification since the 
1 9 7• census in the s wine industry is provided by survey 

information obtained in 1 9 75 and 1978 from large producers 
in the United States (Stemme et al. 1978, 1979). The number 
of producers that market 5,000 head or more an d those 
producing from 2,500 to •, 9 99 head has increased during the 
3-year period (Table 2.2). The annu al pr odu ction of this 
q roup of prod ucers would account for more than 20 percent of 
the total u.s. produc tion. over 70 percent of the produ cers 
in this group have confinement hou si ng facilities. Their 
worst problem in t heir far rowing facilities was reported to 
be I· � scours. 

8 

Copyright © National Academy of Sciences. All rights reserved.

Antibiotics in Animal Feeds:  A Report
http://www.nap.edu/catalog.php?record_id=19858

http://www.nap.edu/catalog.php?record_id=19858


TABLE 2 . 1 Number of Farms with Pigs in the United States and Iowa and 
Total u.s. Production 

Number of Farms Number of Farms Total u.s. Carcass 
with Pigs ,  with Pigs , Weight Produced 

Year United States Iowa (million pounds) 

1954 1,424,000 136,800 12,002 

1964 74 3,000 108,900 14,598 

1974 4 50,000 66,300 14, 3 3 1  

SOURCE : u.s. Bureau o f  the Census ( 1974 ) . 

TABLE 2 . 2  Number of Large-Volume Producers and Size of Operationa 

Number of Number of 
Operations Operations 
Producing Average Producing Average 

2, 500 to 4,999 Size of 5,000 Head Size of 

Year Head/Year Operation or More/Year Operation 

a 
1975 1, 567 2,418 1,168 7,053 

1978 1,661 3,196 1,340 10,192 

aA producer was included in this category if production was 2, 500 head or 
more in any year included in the survey . 

SOURCE : Stemme et al. ( 1978, 1 9 7 9 ) . 
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A new organizational form in pork production. the 
subsidiary s ow-farrowing firm or sow-farrowing cooperative, 
has come into existence since 1970. These firms are 
orga nized general ly by a group of producers as subc hapter s 
corporations or cooperatives. The purpose of the 
organization and production unit is to produce feeder pigs 
(40 lbs) for the members or shareholders who do not want to 

farrow pigs. but do want to finish them (40 lbs to 220 lbs) 
on their farms (Hepp 1977. Paulsen and Rahm 1979). In Iowa 
63 such firms were identified that began operation since 
1974 . The breeding herd size of those firms in the second 
year of production averaged 537 sows with an annual 
production capability of more than 8,000 feeder pigs each 
(Paulsen and Rahm 1979). 

With intensification the disease problems have also 
changed. Historically. hog cholera. swine erysipelas, 
tuberculosis and brucellosis were the disease problems most 
troublesome. These have larg ely disappeared due to 
eradication programs. With concentration and confinement 
production the enteric diseases and respiratory diseases are 
the most prevalent problems reported. 

As a group, both the large producers and the organized 
sow-fa rrowing firms employ an early weaning management 
s ystem whereby the nursing pigs are weaned at 3 to 4 weeks . 
of age. In 1976 an average investment of S1, 176 per sow in 
the unit was reported (Paulsen and Rahm 1979). Because of 
the high fixed costs, the management places a high priority 
on total production. With early weaning the sow can be re­
bred within a few days after her pigs are weaned and thereby 
increase the number of pigs produced per sow per year. 
Historically nursing pigs were weaned at 8 to 10 weeks of 
age and the sows were not re-bred until their farrowing date 
fit expected mild weather and/or the other activities 
associated with the farm enterprise, such as corn planting 
or harvesting. In the process of early weaning, natural 
protection from enteric disease problems in young pigs has 
been diminished (IgA immune globu lins in sow•s milk). 

It is interesting to note that the introduction and use 
of feed-additive antibiotics has been concurrent with change 
in production technology in the swine industry. It is 
likely that the use of antimicrobial agents has facilitated 
the development of the concentrated operations. 

Poultry 

As part of the effort to produce poultry meat and eggs 
as economically as possible. it is common practice in the 
Unitee States to maintain broilers, turkeys, and laying hens 
in large flocks in one location. From 10,000 to 20,000 
broilers are typically raised in one house an d some 
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operations h ave as many as a million laying hens in one 
location. With such a concentration of birds it is 
essential to have disease control programs that will pzevent 
disastrous losses to the poultry industry. Druqs, includinq 
the antibiotics, have played a major role in maintaining the 
health of poultry flocks since the 1950s. 

The management procedures used in today• s poultry 
production have made it possible to provide poultry meat aDd 
eqqs for consumers very economically. In fact, until very 
recently the prices of broilers and eggs were similar to 
those 25 years aqo despite a decrease in the value of the 
dollar through inflation. It is unlikely that future 
chanqes in manaqement will result in any reduction in the 
concentration of poultry. Changes will probably involve 
upgrading of physical facilities for maintaining the birds, 
includinq environmentally controlled housing and the 
adoption of more automated equipment in the feeding and 
management of the birds. 

cattle and Sheep 

In 1962 feedlots with a capacity o f  1,000 head or more 
accounted for IJO percent of fed cattle marketinqs, while in 
1978 lots of thi s size marketed 68 percent o f  the fed cattle 
(USDA 1979a). Due to the economics of feeding, increases in 

concentrations can be expected, but at a slower rate. As 
concentrations of feedlot cattle have increased, there has 
been increasinq need for improved management and manaqement 
systems. 

Penicillin is not used in cattle feeding in the United 
states. However, the continuous low-level use of other 
antibiotics in cattle feedinq is reg ional. In the more arid 
areas of the southwest, there is no response to antibiotics 
as growth promotants, and therefore, they are not 
continuously fed . This lack of response appears to be 
related to climate. In the remainder of the feeding areas, 
low-level continuous feeding of antibiotics is routine. An 
estimated 50 to 60 percent of feedlot cattle are fed low­
level antib iotics durinq the feeding period and a tot al of 
IJO percent o f  the total beef supply has been fed low-level 
antibiotics (USDA 1979b). 

AMOUNT USED AND FEED PREPARATION 

SWine 

Feed requirement for swine is estimated at about IJ.IJO kg 
of feed per kilogram of liveweigbt sold at market (Van 
Arsdall 1978). In 1978 about 88 million head were 
slauq htered in the United States with an estimated average 
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liveweiqht of 250 lbs. So in total, about ,_ billion kg of 
feed were consumed by swine. The FDA (U. s. DREW/FDA 1978 ) 
from the u. s. International Trade Commission (1974) data 
estimated the production of feed-additive antibiotics at 
3, 350,000 kq. About 10, 000 feed mills manufacture or mix 
feeds containing drugs and they supp lied about 12 million 
tons of feed to the swine industry. several types of 
products are sold to farmers. Most of the feed-manu facturer 
tonnage is sold as supplements (protein, minerals, vitamins, 
and feed additives) to be further mixed or diluted with 
qrain for feeding as a complete balanced diet by the swine 
producer. 

A more concentrated form manu factured is a premix 
(vitamins, minerals, and feed additives). The premix is 

further mixed by an intermediate or secondary feed mill or 
mixed by the producer usinq grain and generally soybean meal 
as a protein source. Most piq starter diets used by the 
producer are purchased from a feed manufacturer as a 
complete feed. The purchase of complete mixed diets for the 
other stages of production is not as prevalent. The market 
structure of the feed industry is presented in Figure 2. 1. 
Antibiotic usaqe by the feed industry is controlled by 
period ic inspections and sampling by representatives of the 
FDA and state feed-control inspectors. such things as drug 
inventory control, approved levels of incorporation, product 

claims, and assay of finished product are monitored. 

The consumption of feed-additive antibiotics per market 
pig is estimated in �able 2. 3. It is estimated that in 
1978, the 88 million piqs marketed con sumed 1,-08, 000 kg of 
antibiotics or about 40 percent of the feed-additive 
antibiot ics produced. 

Poultry 

Very little use is made of penicillin and the 
tetracyclines for low-level feeding (5 to 10 q/ton) for 
stimulating qrowth in poultry production. A major reason 
for this is that these antibiotics are not approved by the 
FDA for use in combination with monensin ("Coban," an 
anticoccidial drug). Monensin is used in about 85 percent 
of the broiler f eed prepared in this country. Only the 
antibiotics linc omycin, bacitracin, and the bambermycins can 
be used at low levels in combination with this antiooccidial 
druq (Anonymous 1979c). 

Verv little penicillin is used in poultry production 
either for subtherapeutic or therapeutic purposes. Some 
penicillin is used in the diluent for Marek's disease 
vaccine, which is injected into day-old chicks. It is also 
used as a treatment for erysipelas in turk eys at a level of 
100 q/ton plus a level injected to provide approximately 5 
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MARKET STRUCTURE OF FORMULA FEED INDUSTRY 
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FIGURE 2.1 Market structure of formula feed industry. 
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TABLE 2.3 Feed Required to Produce a 250-lb Pig, Recommended Antibiotic 

Levels, and Consumption of Antibiotics per Pig (estimates) 

Stage of 

Production 

Breeding Boar 

Breeding.Sow 

Pregnancy 

Lactation 

Starter 

Grower 

Finisher 

Total 

Pounds of 
Feed 

Required 
per 2SO-lb 
Pig 

lS 

lSO 

60 

2S 

so 

800 

1 , 100 

Recommended 
Antibiotic 

Level 
(mg/lb diet) 

a 

sob 

100-12S 

so 

l-2S 

Estimated 

Use 
(mq/lb diet) 

Trace 

s.o 
2S . O  

100 . 0  

2S . O  

12 . S  

Grams 

per 

Pig 

0 . 7S 

l . SO 

2 . So 

1 . 2S 

10 . 00 

16 . 00 

aFor pregnancy, recommendations would include an antibiotic at a high 

level (1 . 0  g/day) during the breeding period, about 20-2S days . 

Not all sows would be fed an antibiotic . 

b
since responses to antibiotics fed to the lactating sow are not 

consistent, no general recommendation is made for their inclusion by 
experiment stations . 

SOURCE: v.c. Speer, Iowa State University, personal communication, 1979 . 
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mq/kq body weiqht. Apparently little or no penicillin is 
used for treatment of diseases in chickens. 

The tetracycline drugs are used quite extensively for 
treatment of diseases and for improving suboptimal 
performance of birds. Frequently, tetracycline (200 g/ton) 
or a combination of oxytetracycline (50 to 100 g/ton) and 
neomycin (35 to 140 g/ton) i s  used in the starter feeds for 
both turkeys and broilers. These are used in the first 0.23 
kg of feed for each bird. In the case of broilers, the 
anticoccidial drug is removed since the combinations are not 
permitted by FDA regulations. The a ntibiotic drugs during 
this period of time are used to control several bacterial 
diseases and to get the birds off to a good start. 
Considerable amounts of tetracyclines are also used in 
laying hen diets at various times. From SO to 100 g/tan are 
used for a 2-to-3-week period to improve shell quality and 
egg production i n  laying hens, particularly during the 
latt er part of the laying cycle. 

Most of the feed mixed for poultry production in the 
United states is made by large integrated companies and in 
larqe feed mills where careful control of the inclusion of 
the drugs and other feed ingredients is maintained on 
inventories. The feed manufacturers, in using drugs in 
poultry rations, must follow regulations of the FDA and be 
inspected periodically by this agency and state feed control 
officials. 

� point that should be emphasized is that poultry 
producers do not indiscriminately use antibiotics in p oultry 
feeds. Poultry operations only use antibiotics when their 
cost will be more than covered by the improved performance 
of the birds. 

Ruminants 

Ba sed on a pproved claims, tetracyclines serve four 
purposes in cattle rations: (1) control of liver abscesses: 
(2) control of respiratory disease related to shipping 

fever; (3) control of foot rot; and (4) improved gains and 
f eed efficiency (Anonymous 1979c). Cattle finishing diets 
contain high levels of grain and the incidence of liver 
abscesses increa ses as the level of grain feeding increases. 
Low-level feedinq of the tetracyclines may reduce the 
incidence of liver abscesses by as much as SO percent 
(Foster and woods 1970, Woods 1970, Davis 1978). Daily 
qains in steers with liver abscesses may be depressed by 5 
t.o 1 0 percent. No doubt. a portion of the increased gain 
noted because of low-level feeding of the tetracyclines is 
due to the reduction of liver abscesses. On the basis o f  
1970 cattle and feed prices, Foster and Woods (1970) 
estimated a S9.30 loss for each animal with an abscessed 
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liver. This value considered both fee d cos t  and liver loss 
due to condemnation. 

Subtherap eutic use of tetracyclines in cattle feeding 
may be divided into two categories (Woods 1970, Anonymous 
1979c ). 

1. Incoming cattle may be fed 2 50 to 1,000 mg,day for 
a 7- to 28-day period after receipt for cont rol of shipping 
fever. The hiqhest feeding level would be equivalent to 
200 g antibiotic per ton of feed. For incoming cattle, 
administration of antibiotics via water may also be used. 
During the feeding perio d, levels of 2 50 to 1,000 mq'day may 
be fed for short pe riods during outbreaks of respiratory 
probl ems. After recovery from shipping fever, the level is 
re duced to 70 to 80 mg,day for the remainder of the feeding 
period in areas where continuous feedinq of low-level 
antibiotics is practiced. 

2 .  For g rowth promotion and improvement of feed 
efficiency, the recommended levels o f  feeding are 70 to 80 
mq,day (Anonymous 1979c). This may be included in the total 
feed o r  the daily supplement in areas where the ration is 
fed as grain, rouqhaqe, an d supplement. The combination of 
chlortetracycline and sulfamethazine has been shown to be 
effe ctive for control of the shipping-fever complex in 
cattle (Woods 1970 ). 

The tetracyclines have been used primarily for disease 
treatment with l ambs, although continuous feeding at 20 to 
50 q per ton of feed has been shown to be beneficial for 
qrowth and aid i n  reduction of enterotoxemia. However, 
e ffective vaccines are available for enterotoxemia. 
Improvement of growth of suckling lambs occurs when the 
tetracyclines are included in the creep ration at 20 to 50 q 
per ton of feed (Beeson 1978 ). 

The tetr acyclines up to levels of 100 g per ton in milk 
replacer and starters for baby calves are effective in 
qrowth promotion and control of bacterial scours (Warner 
1 972). 

EFFECTS OF RESTRICTIONS 

Swine 

The removal of antibiotics as feed additives, whil e 
continuing their therapeutic or prescription usage, would 
not nece ssarily reduce the total quantity used. 

If antibiotics were eliminat ed as feed additives, it is 
questionabl e whether prod uction in confinement swine 
operations could be maintained at an intensive level. It is 
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likely that weaning age would be increased. Inventory would 
be reduced, more labor and time would l:le required to 
thorouqhly clean and disinfect between groups of pigs, and 
the breeding herd efficiency would be reduced to conform to 
calendarized farrowinqs. In tbe looq run, because of the 
increased cost of operating confinement units, a reversioo 
to extensive or pasture production could take place. Tbe 
seasonal nature of extensive production would mean large 
month to month variability in marketings reminiscent of 
historical patte rns and would be d isruptive for today1s 
packing industry. 

Poultry 

Tbe discontinuance of the use of penicillin in poultry 
feeds would have little effect, sinc e  this antibiotic is not 
used extensively at the present time. The only major 
problem would be in the treat.�at of erysipelas in turkeys 
since this antibiotic seems to be particularly effective 
aqai nst this disea se. The complete removal of the 
tetracycliDes, however, would have a much greater impact on 
the industry. Restriction of the use of these at low levels 
(5 to 10 q/ton) for growth stimulation would have little 

effect since they are not used now to any extent for this 
purpose. The elimination of the use of hiqher levels of 
tetracyclines, however, would create problems in the control 
of bacterial diseases in young chickens and turkeys and in 
maintaininq optimum performance of l ayinq hens. What 
undoubtedly would happen with the restriction of use of 
tetracyclines in feeds is a much qreater use of these 
antibiotics in the water. This would lead to in creased cost 
of medication and probably would result in no general 
reduction in the use of total quantities of tetracyclines in 
poultry production. 

Ruminants 

Unless the tetracyclines are completely restricted for 
use as a subtherapeutic low-level feeding, the resident 
veterinarian might prescribe them for low-level feeding to 
prevent certain disease problems. 

Feedlot systems for beef cattle and sheep would not 
chanqe if low-level feedings were not permitted. Disease 
problems and carcass condemnations would increase, and 
therapeutic use of antibiotics would increase. 

ECONOMIC EFFECTS OF A BAN ON THE USE OF ANTIBIOTICS 

Pote ntial economic effects of a ban on antibiotic feed 
additives for 1973 livestock output, price, and cost 
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condit ions were examined by Gilliam and Martin (1975). They 
cons ider ed two hypothetical ways in which producers might 
react to such a ban: (1) by feeding additional numbers of 
beef catt le. veal calves. and hogs to achieve pre -ban output 
levels: and (2) by feeding the same number of animals on the 
same schedule. wi th the result of reduced output. 

In situation (1) • increased costs of production would be 
S 8 01 .7 million. assuming no change in mortality and no 
chanqe in the cost of feeder cattle and pigs. If the cost s 
were borne by consumers. annual per capita red m eat cost s 
would increase S 3.85. 

In situation (2) • the annual expenditures for red meat 
would increa se S2.134. 5  million annually or S10.26 per 
capita. 

If morta lity increased in either situation, costs would 
be esti mated to increase S0.36 to S1.25 per capita for each 
1-percent increase in death rates. 

A u. s. Department of Agriculture study (USDA 1978) 
considered the effects of a total ban on feed-additive 
antibiotics for each species of food-produ cing animals. 
assuminq moderate drug ef ficiency and high drug efficiency. 
They considered the impact on tota l farm income and changes 
in consumer food costs during the first year of a total ban, 
and then the adjustments that would occur in 5 years. Their 
conc lusions are s ummarized in Table 2.4. It is interest ing 
t o  note that total far.m income is projected to rise the 
first year. This is because of the inelastic relationships 
between price and supply for meat products. 

Headl ey ( 1978) reported the result s of an econometric 
analysis on the meat-animal industry as a result of banning 
different druq combinations. The consumer and national 
cost s are presented in Table 2.5. The estimates of the 
economic impact to the industry and consumers appear to be 
real istic. 

FUTURE CHANGES IN ANTIBIOI'IC USE 

As research in the control of diseases and the 
maintenance of optimum health continues, the use of 
antibiotics in the future will undoubtedly change. 
Producer s will use the most economical means of preventing 
diseases to attain the lowest cost of production per unit of 
meat or eqqs. If new vaccines, alternative drugs, and total 
eradication proqrams become more effective and/or more 
economical than the use of tetracyclines, these methods will 
r eplac e the use of tetracyclines. 
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TABLE 2 . 4  Summary of Changes in Net Farm Income and USDA Food Market 
Basket from Banning All Subtherapeutic Use of Animal Drugs, First and 
Fifth Year after Ban 

First Year Fifth Year 

Farm Income 5 

Moderate Drug Efficacy 
Change in billion dollar + 1 . 2 - 0 . 5  

Change in percent + 4 . 7  - 2 . 1  

High Drug Efficacy 
Change in billion dollars + 2 . 8 - 0 . 9  

Change in percent +10 . 8  - 3 . 8 1  

Food Market Basket : a 

Base (dollars) 2 , 1 32 2 , 5 3 0  

Moderate Drug Efficacy 

Change in dollars + 32 . 0  + 5 . 0  

Percent change from base + 1 . 5  + 0 . 2  

High Drug Efficacy 

Change in dollars +99 . 0  +16 . 0  

Percent change from base + 4 . 6  + 0 . 7  

aThe market basket is the average quantities of domestic farm-origin foods 

purchased annually in retail food stores per urban household . 

SOURCE : USDA ( 19 78) . 
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TABLE 2.5 Effects of Banninq Selected Antibiotic and Druq Feed 

Additives on Annual Consumer Expenditures for Meat 

Option 

Ban tetracyclines 
and penicillin• 

Ban nitrofurans and 

sulfa 

Ban all of above 

Estimated Annual Consumer Costa 

Per Capita ($) Nationally (billion $) 

5 . 70 1 . 2 

12 . 00 2 . 6  

19 . 00 4 . 1 

alt is assumed that substitute antibiotics will be available , mainly 

tylosin and bacitracin . 

SOURCE: Headley ( 1978 ) . 

20 

Copyright © National Academy of Sciences. All rights reserved.

Antibiotics in Animal Feeds:  A Report
http://www.nap.edu/catalog.php?record_id=19858

http://www.nap.edu/catalog.php?record_id=19858


The concentrated rai sing of catt le .  swine . and poultry 
ha s brought abou t new prob lems in control of infectiou s  
di sea s e .  Co nd i tion s  have change d :  the number o f  farms 
rais ing l ive stock ha s decrea sed 80 pe rcent since 19 40 . and 
vet the numbe r  o f  animal uni ts has doubl ed .  The control of 
in fect io us d isea se ha s been responsible f or the succes s  of 
these co ncentrated enterprises. S uch contro l  is 
part i cul ar ly important for young susceptible animal s during 
the rap i d  growth pha se . The mai n methods of contro l l ing 
i n fect ious disease are : 

1 .  Prevent i ng Expo sure to In fect ious Agent s--Attempts 
to r a i se swine under spe ci fic pa thogen free condi tions in 
stri ct i so lati on have been tried . but found to be expens ive 
and impracti ca l .  Cattle c an  be rais ed succes sfully and 
d i se a s e  controlled through range -type rearing . However . 
this system woul d  re sult in reduc ing total beef production 
by approxiamte ly 50 percent a s  feedlot production woul d  be 
lost . I so lati on o f  dairy animal s ha s been partially 
s uccess ful whe re ca lve s  a re fed ampl e leve l s  of colostrum 
and herds are co nf ined. Some succes s has been achieved at 
ra isi ng poultry in i sola tion . but th i s  i s  not a pract ical 
procedure by its el f .  

2. Subtherapeutic Use o f  Antibi oti cs --This appro ach 
has made pos s ibl e  the di sea se cont ro l  and product ion gains 
known today . However. it ha s  created an antibiotic­
res i stant bac ter ia problem that may af fect the use of these 
drugs in both man and animal s .  

3 .  Treatme nt of Di sease Afte r  OUtbreak has Occurred-­
This technique is d i f f icult and impracti ca l  e special ly in 
younq stock beca use losses occur rapidly and morbidity and 
mortal ity durinq the growing period have ma j o r  unrecover able 
e ffects on product ion . 

4 .  Contro l of In fect ious Di sease by Immuno logical 
Mean s--The ma in concerns in controll ing infectious di sea ses 
i n  cattl e .  swine . and poul try are immuni z ing young animal s 
and protecting the porta l s  o f  entry . such as the respi ra tory 
a nd inte stina l t ract s .  Under the pre sent condit ions o f  
conc entrated production. the natural protection afforded by 
mate rnal a ntibod ies should be uti l ized by al lowing the young 
to suckle for as long as pos sibl e .  

There ha s  be en l ittle success thus far i n  protecting 
animal s  aqainst bacteria l re spiratory and intestina l 
pathogens .  Certa inly st ride s are be i ng ma de in deve loping 
immunoqens f or certain coliform orga ni sms . but so lid long­
te rm protection aga ins t pathogens of the respiratory and 
inte stinal tract s may be dif f icult to produce . The 
immunologica l approach to di sease control wi l l  not replace 
the use of antibiotics in the nea r future . 

2 1  
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ALTERNATIVES 

Res i stance characteristics s imilar to those from 
tetracyc line s  and penici llin evolve when most other approved 
feed-additive antibiotics for swine are fed (Fagerberg and 
Quarl es 1 9 7 9 ) . Certain sulfa drugs may be eliminated as 
feed additives because of re s idue problems , and carbadox and 
fura z oli done a re possible carcinogens . Baci tracin and 
Flavomycin (bambermycins )  are not vi able alternative feed 
addi t ives , s ince they lack e fficacy for the younq pig (B ays 
1 9 78 ) . Vi rqiniamycin is the only approved feed- additive 
antib iotic that would then remain th at would be efficacious 
for the young pi g and qrowing-finishing pigs . Similar 
microbia l de fense mechanisms are likely to emerge against 
virqiniamycin or against new antibiotics developed 
spec i fical ly for animal use. 

In some situations , antibiot ics other than the 
tetracyc li ne s  or penicil lin could be used for the treatment 
of diseases in poultry . With few exceptions penici l lin 
could be replaced by other antibioti cs presently available . 
Elimination of tetracyclines would create more of a problem 
because these appear to be the most economical and e f fective 
for certain purposes in poultry production. 

A deta i led descripti on of the approved subtherapeutic 
use and levels of the tetracyclines for cattle is given in 
the Feed Additive Compendium (Anonymous 1 9 7 9 c) . At the 
present time , be sides the tetracyclines , only three 
antib iotics (tylosin, bacitracin , and erythromycin) are 
available for subtherape utic use in feedlot cattle. The 
only approved claim for tylosin i s  a s  an a id in reducing 
live r ab scesses. Tylosin co sts three times as much as the 
tetracyclines . While there is an approved claim for 
erythromycin for growth promotion and feed e fficiency , it 
has not been used in the f ield. Very little field 
information has been developed for the use of bacitracin in 
cattle feeds . There is no approved substitute f o r  
ch lortetracycline- sulfametha zine combination used for 
control of the s hippinq- fever complex .  

I f  feed- addi tive druqs we re  avai lable therapeutically 
via pres cription , there probably would be little or no 
reduc tion in usaqe in swine , poultry , and ruminants . 

If  feed additives were not available through approved 
channe l s ,  violations by seqments of the industry would be 
likely . Example s would include the use of c hloramphenicol , 
d imetridazole , and hiqh levels of copper sul fate . 

Alte rnatives to feed- additive drug usage , di scussed in 
more detail below, miqht i nclude the fol l owing : (a) 
envi ronmenta l and manaqement changes , (b) selection for 
qenetic resistance , (c) deve lopment of vaccines , (d) 
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adopt ion o f  minimal disease proqrams , and (e) development of 
new feed add it iv es that do not promote bacterial res istance 
relevant to human and animal health. 

Envi ronmenta l and Management Changes 

Reducing the production inte nsity of fac ilities woul d 
reduce t he enter ic problems commonly encountered in 
farrowi ng and ba by pig fac ilitie s ,  and would reduce 
respi ratory prob lems in catt le feedlots. A time lapse 
between groups would allow adequate time for more thorough 
cleaninq and sanitation of the facil itie s .  As new 
faci lities a re c onstructed for swi ne , knowledgeable 
producers are bui lding modified isolation rooms with reduced 
capac ity to a l low the opportunity for better san itat ion 
between farrowing& . :In th e  case of broilers the use of 
cage s would a l so allow for improved sanitation . A recent 
innovation has been the use of small wire- penned enclo sure s  
f o r  young pi qs which reduces the chance of contaminat ion 
from one piq to another. 

Progress ive swine prod ucers are becominq more 
appreciative of herd i so la ti on to reduce disease problems . 
Many of the more intense units are applying arti f icial 
insemination as a means of introducinq new b lood lines into 
the herd s .  By ra i sing the ir own boa rs and gi lts for 
breedinq herd replacements , producers avoid the risk of 
introduc ing new anima l s ,  pos sibly bearing new di seases , into 
the herds. 

Se le ction for Geneti c Resi stance in Natural Immun ity 

Although inf ormation on this topic i s  limite d ,  there are 
indications that older anima ls are more resistant to 
re spi ratory prob lems than younge r one s .  Usual ly , older, 
lact ating sows confe r an immunity to their of fspring not 
present in pigs from young sows. Al so some s trains or 
breeds o f  animal s may be more susceptible to respiratory and 
enteric problems . 

Development of vac cine s 

The need for di sease control by antibioti cs could be 
reduced by vacc i natinq a nima ls for certain di sease 
conditions , commonly the most trouble some in production. A 
bacterin wa s recently deve loped to c ontrol atrophic rh in itis 
in swi ne , and wa s sucess fully demonst rated in the f ield. 
Re search is in progress on simil ar approaches for contro l of 
mycoplasma and I· � organisms and the agent for porci ne 
p leuropneumonia .  

2 3  
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Adaptation of Minimal Disease Programs 

swine herds free of respiratory problems can be 
maintained in that condi tion for some reasonable period of 
time . This state can be attained by hysterectomizing 
pregnant sows and raising the young pigs in i solation in the 
f irst generation . Subsequent generations are obtained 
naturally . The larqest problem has be en  the accidental 
reintroduction of respiratory di seases .  For thi s approach 
to be successful over lonq periods o f  time , complete 
i solation from man, pets , birds , and rodents is essentia l ,  
which would be impractical .  

Development of New Antibiotics 

There are new experimental antibiotics e ffective for 
swine that are not beinq used in human medicine. Whether 
they have all the desirable attributes by present-day 
standards i s  not known. The goal of research should be the 
development of such compounds that avoid the cha racteristics 
that are thouqht to pose health hazards of men and animals 
as recognized by today • s  standards .  
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CRAfTER 3 

EFFICACY OF ANTI BIOTICS IN ANI MAL FEEQS 

SWINE 

several compilations of the average weight gain and feed 
e fficiency improvements from feed-additive antibiotic 
additions to swine diets have been reported since the 
discovery of antibiotic growth stimulation ( see Table 3 . 1 ) . 
These reports represent ma inly resea rch or experiment­
stat ion tria l s . and it ha s been suggested that the improved 
performance obse rved in re search fac ilities because of 
better sanitati on and di sease control is a conservative 
estimate of the re sponse of animal s fed in commercial 
production facilitie s .  The percentage o f  responses in t he 
young animal are great . but decrea se as the animal nears 
market we ight (Hays 1 97 8 ) . This i s  expl ained by the 
perf ormance of t he control animals and their increasing 
daily gain a s  they mature . 

Hays· ( 1 97 8 )  compared present-day efficacy of antibiotics 
to their past ef fectivenes s .  The liveweight ga in re sponse 
of young pigs fed tetracyclines during the 1 9 6 7  to 1 977 
period was greater than during the 1 9 50 to 1 9 56 period . 
Feed e ff iciency response was not as great . but the initial 
weights of the experimenta l pigs used in the 1 96 7  to 1 97 7  
comparison was considerably greater ( 7  vs . 1 1  kg 
l iveweight) . The percentage of re sponses during the growing 
and finishing phases of production were not a s  great . but 
the liveweiqht gains of the growing pigs fed tetracycl ines 
were essentially the same . while the rate of gain o f  the 
cont ro ls in the 1 9 6 7  to 1 97 7  group improved more than 1 1  
percent for growing pigs and 3 percent for growing- finis hing 
pigs compared to groups of animals used in the 1 9 50 to 1 9 56 
comparison groups.  

Bene ficial e ffects of antibiotic s on farrowing rates of 
sows have been summarized (Speer 1 97 9c)  in Table 3 . 2 .  In 
most cases the antibiotic or chemothe rapeutic wa s  fed at the 
rate of 1 . 0  g/sow/day fo r a short time before and after 
mati ng (about 2 0  days) . Sows fed the cont rol diets averaged 
6 8. 4 percent and sows fed the control diets plus drug 
averaged 7 7 . 4 percent farrowing rate . 

An increase in the number of pigs farrowed by sows fed 
anti biotics before mating has be en reported in a few 
exper iments . but there i s  not enough evidence on thi s 
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TABLE 3 . 1 Experimental Antibiotic Responses for Swine 

Number of Feeding Percent I�rovement 
Years Experiments Period Rate of Gain Feed/Gain Author 

1960- 1967 8 Baby pigs 36 . 0  1 3 . 5  Zimmerman ( 196 5 )  
{ <100 g/ton 

antibiotic) 

1960- 1 9 6 7  7 Baby pigs 49 . 5  1 3 . 2  Zi11111erman ( 1968)  
(> 100 g/ton 

antibiotic) 

1965- 1970 2 0  Baby pigs 35 . 7  1 5 . 6  Teague ( 19 7 1 )  
( 8- 2 0  lbs ) 

196 5-1970 6 Young pigs 5 . 1  9 . 0  Teague ( 19 7 1 )  
( 2 2 -42 1bs ) 

1950- 1 9 7 7  3 7 8  Young pigs 16 . 1  6 . 9  Hays ( 19 7 8 )  

N (< 35-80 lbs ) 

0\ 
1950-1953 165 Growing pigs 8 . 7-15 . 0  2 . 6-7 . 8  Braude et al . ( 19 5 3 )  

( 3 0-50 lbs ) 

1965-1970 7 Growing pigs 9 . 0  1 . 4  Teague ( 19 7 1 )  

Finishing pigs 6 . 7 J . 1  
( s ame pigs ) 

1 9 5 0 - 1 9 7 7  276 Growing pigs 10 . 8  4 . 5  Hays ( 19 7 8 )  
( 3 5-80 1bs ) 

1 9 5 0 - 1 9 6 3  9 Growing-finishing 9 . 0  2 . 9  Me 1liere and Wai tt 
( 19 7 1 )  

Growing- f inishing 6 . 2  1 . 2  
( no antibiotic 

during fini shing) 

1950- 1 9 7 7  2 79 Growing-finishing 4 . 0  2 . 1  Hays ( 1978 ) 
( 3 2 - 2 0 7  1bs ) 
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TABLE 3 . 2  Effect of Antibiotics on Farrowing Rate 

Number of 
Drug Sows 

Chlortetracycline 1 7 9  
Chlortetracycline 198 
Aureo SP- 2 5 0  9 6  
Aureo SP- 2 5 0  126 
Aureo SP- 2 5 0  79 
Tylosin 192 
Tylosin 1 4 3  
Tylosin-Sulfamethazine 197 
Furazolidone 87 
Chlortetracycl ine 249 
Chlortetracycline 2 3 9  
Aureo SP- 250 184 
Chlortetracycline 101 

Farrowing Rate ( \ )  
Control Treated 

62 
74 
81 
53 
3 0  
7 5  
8 1  

7 0  
6 3  

6 7  

7 1  
6 1  

9 0  

79  
86 

96 
56 
36 
7 7  
84 

8 3  

9 3  
7 5  
7 2  

7 0  

94 

SOURCE : v . c .  Speer , Iowa State University , personal communication , 1979 . 
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production trait to demonstrate that it has had a real 
e ffect . 

POULTRY 

It i s  genera lly conceded that management , housing, 
disease elimination .  disea se control . isolation, and genetic 
improvement i s  f a r  more sophi sticated in the poultry 
industry than any of the other industries . Poultry 
production facil ities can be completely vacated between 
groups o f  birds . the facilities thoroughly cleaned , and then 
the whole produc tion unit filled with bi rds o f  the same aqe 
and at the same time. Yet , improvements in production 
trait s  as a result of antibiotic administration are clearly 
evident from the summary data presented in Table 3 . 3. The 
only producti on  criterion that was not improved was percent 
hatchability for turkey breeders . A compa ri son of the 
re sponse s to antibiotics reported in the l iterature s ince 
1 9 70 compared to the period 1 9 50 to 1 9 77 was examined by 
Hays ( 1 9 7 8 ) . I t  can be conc luded that the antibiotics 
continue to be as effective as they were originally. 

CATTLE AND SHEEP 

Feedlot catt le rate of gain and feed e ffi ciency 
response s to antibiotics are both improved about 5 percent 
(Table 3 . 4 ) . The tetracyc lines have been the most widely 

used antibiotics in the beef cattle industry. (Recently 
monensin has been approved for use for improved feed 
e ff iciency in feed lot cattle . General use by the industry 
has been rapid . Only tylosin in combination with monens in 
has be en approved for use at thi s time . )  The response seems 
to be greater on hiqh-roughage rations than low- roughage 
rations.  A marked reduction in the incidence of liver 
abscesses in feedlot cattle fed antibiotics. particularly 
the tetracyc line s  or tylosin , is economically s i gni ficant 
both from improved performance in the feedlot and increa sed 
carcass va lue . Re sponse s in cal ve s ,  both dai ry  and veal , 
a re greater than with older catt le (Table 3 . 5) . Feed­
addi tive antibiotics have no recognized bene f icia l e ffects 
for the mi lki nq da iry cow. 

Like other f arm species . the young lamb responds to low 
leve ls of antibi otics ( 1 0  to 25 g pe r  ton of diet) . T he  
response of west ern feeder lambs seems to be more variable . 
The tetracyc line antibiotics are more commonly used in 
f eeder l amb diet s .  Low level s of the se antibiotics reduce 
the inci dence of enterotoxemia in feedlot lambs . 
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TABLE 3 . 3  Exper imental Antibiotic Responses for Poultry 

Species Stage of Number of Comfari son Percent Number of Co!!!farison Percent 
or Type Growth or Compari- Anti- Improve - Compari- Anti- Improve-
of Bird Product ion sons Control l!liotic ment sons Control biotic ment 

Wei2ht < 2rams ) Feed/Gain 
Chick Hatch to about 565 382 . 0  407 . 7  6 . 72 313  2 . 03 1 . 94 4 . 4 3 

4 weeks 

Chi ck Hatch to about 286 1 , 313 . 0  1 , 351 . 6  2 . 94 2 1 9  2 . 42 2 . 36 2 . 48 
8 weeks 

Feed/Dozen Eggs 
E22 Production ( % ) ( lbs ) 

Hens Egg production 244  59 . 9  62 . 3  4 . 01 122  5 . 30 5 . 05 4 .  72  
Hatchabi lit:z: ( % )  

N Hens Breeders 69 76 . 2  78 . 8  3 . 41 
U) 

wei2ht <2rams ) Feed/Gain 
Turkeys Hatch to about 166 489 . 0  554 . 0  1 3 . 2 9  76 -r86 1 .  7 3  6 . 98 

4 weeks 

Turkeys Hatch to about 126 1 , 963 . 0  2 , 101 . 0  7 . 03 100 2 . 08 2 . 00 3 . 85 
8 weeks 

Wei2ht ( lbs ) 
Turkeys Hatch to 85 19 . 80 2 1 . 2 2  7 . 17 77 3 . 18 3 . 12 1 . 89 

market 
weight 

E22 Produ ction ( % )  Feed/E22 < 2rams ) 
Turkeys Breeders 15 44 . 2  44 . 8  1 . 36 9 516 . 00 483 . 00 6 . 40 

Hatchabi lit:z: ( % )  
Turkeys Breeders 16 70 . 0  70 . 0  

SOURCE : Adopted from Hays ( 1978) . 
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TABLE 3 . 4  Cattle Feedinq Trial s  with Chlortetracycline 

Number 
of Com,Earisons Percent 
Trial s Control Antibiotic Improvement 

Dai ly Gai n  ( lbs ) 1 

1 6  2 . 1 7 2 . 2 9 5 . 82 

Feed/Gain 
.. 

2 1 1 0 . 2  9 . 7  4 . 2 2 

Liver Absce s s  
Inc idence ( \ j l  

2 8 41 . 5  1 5 . 9 -61 . 8  

Daily Gain ( lbs ) 

34 2 . 3 3 2 . 43 4 . 3 
Rapid 
qaininq 

animal s 

3 1  1 . 4 2 1 . 50 5 . 6  
S lower 
qaininq 
animals 

Feed/Gain 

34 10 . 34 9 . 96 3 . 7 
Rapid 

qaininq 
animals 

31 1 2 . 31 1 1 . 45 7 . 0 
S lower 
qaininq 
animals 

1
on 1y trials i n  which <100 mq CTC/head/day was fed . 

2Reduction 

3 0  

Source 

U . S .  DHEW/FDA 
( 1 9 7 2 )  

U . S .  DHEW/FDA 
( 1 9 72 ) 

U . S .  DHEW/FDA 
( 19 7 2 ) 

Burrouqhs et al . 
( 1 959)  

Burrouqhs et al . 

( 1959)  

Burrouqhs et a l . 

( 1 95 9 )  

Burrouqhs et al . 
( 1 9 59 ) 
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TABLE 3 . 5  Calf Feeding Trials with Chlortetracycline
a 

Number of 
Trials 

16 

10 

Comparison 

Control Antibiotic 

Daily Gain ( lbs ) 

1 . 16 1 . 38 

TON/Gain ( lbs ) 

2 . 16 1 . 96 

a 
Only trials in which < 100 mq CTC/head/day was fed . 

SOURCE : U . s .  DHEW/FDA (197 2 ) . 

3 1  

Percent 

Improvement 

19 . 0  

9 . 3  
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CRAfTER 4 

RESTRICTIONS ON ANT I B IOT ICS IN EUROPE 

BACKGROUND 

Most of the activities coocerning re striction of 
antibiotic use were initiated in the United Kingdom 
following the SWann Report ( 1 9 6 9 ) . Action in other European 
countrie s followed that of the United Kingdom. The British 
were amonq the f irst in Europe to use antibiotics 
extensively as growth promotants . 

In 1 9 4 7  a Penicil lin Act was passed by the British 
Parliament prohibiting the sa le of antibiotics except for 
medi cal and vete rinary use ( Braude 1 97 8) . I n  1 9 53 the 
Therapeutic substances Act was passed following research in 
the United State s and the United Kingdom showing substantial 
economic advantage s from includinq penicil lin or 

· 
chlortetracycline in the diets of young animals, and advice 
from the Medical Research Counci l that no adverse effects 
were observed in humans eating meat from antibiotic-fed 
anima l s .  The regulation allowed inc lusion of pen icillin or 
chlortetracycline at a maximum of 1 0 0  g/ton to diets of 
growing pigs and poultry. Later , oxytetracycline was 
approved . Use o f  antibiotics in ruminant feeds was not 
approved . 

In 1 9 56  workers convened by the Agricultural Re search 
counci l conc luded that the only potential danger from 
feed ing antibiot ic s was the possible establi s hment of 
resistant strains of pathogenic microorganisms. In 1 9 60 a 
Joint committee was appointed by the Agricultural and 
Medical Research council s ,  under the chairmanshi p of Lord 
Netherthorpe . I n  the first report thi s committee recognized 
that continued exposure of a bacterial population to an 
antibiot ic leads to a progres sive reduction in sensitivity 
to that antibiot ic . They indicated that the re wa s f irm 
evidence that antibiotic -re s i stant strains o f  certain 
microorganisms s uch as  �. £2li and Sa lmonella species became 
establ ished in animals t ha t  had received antibiotics a s  feed 
addi t ive s  or the rapeutica lly .  However ,  there were no 
substant ial indications that bacterial res istance had 
interfered with therapy by a particular antibiotic. 
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Following ag itation in the popular press and media , the 
Netherthorpe Committee met in January of 1 96 6  and 
recommended that " an appropriate body with suffi c iently wide 
terms of reference shoul d consider the evidence about the 
use o f  antibiotics in both animal husbandry and veterinary 
medicine and its implications in the field of public hea lth" 
(Bra ude 1 97 8 ) . In July 1 9 6 8 the Mini sters of Health and 

Aqriculture, Fisheries , and Food appointed a joi nt committee 
on the U se of Antibiotics in Animal Husbandry and Vete rinary 
Medic i ne  under the chairmanship of Pro fes sor M. M. SWann. In 
November 1 9 6 9  the Swann Report was publi shed . The main 
recommendations we re that : 

1 .  the supply of penicillin, chlorte tracyc line , and 
oxytetracycline without prescription should be revoked , and 
that of tylo sin,  nit rofuran,  and sul fonami de& should be 
available onlv on prescription ; 

2. " feed" antibiotics as def ined by the Netherthorpe 
commi ttee should be available without prescription for pigs 
and poultry ,  and for calves up to 3 month s of aqe ,  but not 
to layinq poultry and adult bree ding stock (the l atter 
restrict ion was subsequently removed) ; and 

3 .  "therapeutic" antibiotics should be ava ilable for 
use in a nimals only if pre sc ribed by a member of the 
vete rina ry  profe ssion who bas the animal s under his care . 

ANTIBIOTIC US E 

The SWann Report noted that in 1 9 6 7 ,  2 4 0  tons of 
antibiotics we re  used in the Uni ted Kingdom for medica l us e 
and 1 6 8  tons for veterinary use , a 6 : 4 ratio (Braude 1 97 8 ) . 
I f  penicil lin and tetracyclines we re  removed , the ratio was 
8 : 2 .  I n  a n  independent survey the same year a ratio of 
8 . 5 : 1 . 5 was obtained (Braude 1 97 8 ) . I n  the latter survey 
two- thirds of the 1 5  percent used by veterinarians was for 
therapeutic purposes ( 1 0  percent of total) and one-thi rd for 
growth promotion ( 5  percent of total ) .  The ratio between 
medi cal and other uses of antibiotics was about 7 . 5 : 2 . 5 in 
1 9 75 (Braude 1 97 8) . The 25 percent used f or nonmedical 
purpo ses was divided 70: 3 0  for ve terinary and growth 
promotion ,  respectively. 

There is little indication that overal l sales of 
antibiot ics for veterina ry  use has decreased as a result of 
the Swann Report ( Linton 1 97 7a) . The tota l usage of  
anti biot ics in the United Kingdom ba s increa sed since the 
Swann Re port (Ta ble 4 . 1 ) . There was no substant ial incr ease 
from 1 9 6 3  to 1 9 6 7 ,  but the amount essentially doubled 
(pen ic i l lins ,  te tracyclines ,  and fee d anti biotics)  by 1 9 7 5  
(Braude 1 97 8 ) . " Feed " antibioti cs i nclude those that are 

allowed to be used in the feed and include f lavomycin 
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TABLE 4 . 1  U sage o f  Antibiotics as Feed Additive s  (kg of active ingredients ) 

Year 

196 3 
1964 

1965 

1966 
1967 

1971 

197 3 

1974 
1975 

Penicillins and 
Tetracyclines 

40 , 983 
37 , 188 

3 5 , 205 

36 , 460 
4 1 , 680 

19 , 000 
2 2 , 000 
26 , 500 

"Feed" Antibiotics 

2 0 , 000 

55 , 000 

SOURCE : Braude , R. ( 1978 ) Antibiotics in Animal feeds in Great Britain . 
Reprinted by permis sion of Journal 2! Animal Science 46 : 14 2 5 .  
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(bambe rmvcin s) , vi rqiniamycin , and z inc bacitracin. In a 
recent controversial BBC program, "B ra ss Tack s , " lli suse of 
antibiotics by farmers was alleq ed ( Anonymous 1 9 7 9a) . I t  
was sugqested that veteri na ry surqeons may over-prescr ibe. 

PERFORMANC E 

There is no evidence that performance has been decreased 
as a result of the implementation of the recommendations of 
the Swann Re port . Howeve r , anti biot i cs ar e s ti l l  used in 
larqe amounts (Table 4 . 1 )  and substi tute s such as copper 
sulf ate have been introduced. 

RESI STANC E 

Low- leve l antibiotic feedinq has resulted in bacterial 
resistance (Linton 1 9 7 7  a , b ; Smith 1 9 7 7a ;  Braude 1 97 8 ; 
Richmond and Linton 1 9 7 9 ) . Large dif ferences have been 
found in drug re si stance of I· QQli between anima ls fed and 
those not fed antibiotics . The resistance to antibiotic s is 
tran smi ssible .  In many i nstance s the res i stance is due to 
the presence of R-pla smi d s .  The se R-plasmids are able to 
medi ate their own con juga l trans fer in addit ion to 
spec ifying re sista nce to certai n  ant i bioti cs . 

An outbreak of Salmpnella typhimurium pha ge type 2 9  
occurred i n  calves in Britain from 1 9 6 3  to 1 9 6 9  (Linton 
1 9 77b) . Evi dence was obtained ind ica ting tha t the eme rgence 
of re s i s tant �· typhimurium corre lated clo sely with the 
increa sing range of antibiotics used , and that re sistant 
stra i ns also cau sed infections in man. The evidence 
concerni ng antib iotic- re s i stant I· �21! o f  anima l oriqin 
reac hinq man is not complete .  It wa s conc luded that 
antib iot ic- re s i stant I· coli in anima l s  cannot be 
dist inguished f rom those found in man. Trans ferable drug 
re sista nce was demonstra ted in chi ckens and calves , but not 
in p i q s , by feed inq large numbers of donor strain s to these 
animal s .  Transfer of druq resistance to humans by feeding 
donor ce lls f rom animals or humans ha s not been 
substant iated. 

Pe rsistence of druq re s i stance has be en related to t he 
usaqe pattern of antibiotics (Linton 1 9 7 7  a , b ) . Use of 
antibiotics in d ai ry  herds f or treat ing ma stitis or as a 
prophy lactic at the end of lactation had l it t le or no ef fect 
on d rug re si stance in I· £2li. In pig s ,  calves, and 
poul t ry ,  adminis tration of antibiotics by the ora l route for 
short pe ri od s  re sulted in hiqh level s of drug res istance 
whic h soon decreased .  C onve rse ly, when antibiotics we re  fed 
cont inuously at subtherapeutic leve l s  i nci dence o f  drug 
resi stance was g reater and pe rsi sted for a long period a f ter 
the druq wa s di scontinued. Cont inuo us exposure appears to 
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stabi l i z e  the res istant organisms , which become part of the 
flora of the qut . 

Richmond and Linton ( 1 97 9 )  recently conducted studie s to 
determine if the animal or human use of tetracycline s  wa s  
quantitative ly the more important source o f  resistant I· 
QQl1 for man . They studied the amount of tetracycline 
prescribed in the county of Avon , England . By extrapolation 
they found that 3 percent of all pre scriptions were for 
tetracyc line s .  They found that i n  hospi tals tetracycl ine 
wa s used in 2 6  percent of all acute beds and 55 percent of 
all lonq- stay beds . It was concluded that at any one time 
0 . 75 percent of the county ' s  approximately 1 million 
inhabitants will be excret ing te tracycline- resistant 
orga ni sms as a d i rect result of tetracycline treatment . 
This f iqure compares favorably with the value of 3 percent 
of the col i forms i n  Bristol sewaqe f ound to be res istant to 
tetracycline . Furthermore , sewage f rom hospi tal s was found 
to contain a higher proportion o f  re s istant R-factor­
carrying strains of E .  coli with mult iple re sistance than 
did domestic sewage (Linton 1 9 77b) . Richmond and Linton 
a lso obtained evidence tha t  use of other antimicrobial 
aqents such as s ul fonamide may select indi rectly for 
tetracycline res istance. 

R ichmond and Linton ( 1 9 7 9 ) stated "overal l ,  the refore ; 
it seems as though we must look to the medica l,  as opposed 
to the veterinary, use of tetracycline as the main selec tive 
pres sure for the high incidence of tetracycl ine-resist ant 
organisms in t he  human population, and the sourc e  of s uch 
orga ni sms in human beings not receiving anti biot ics is more 
likely to lie in human beings who are be ing treated than in 
the farm animal population . " It bas been suggested that 
" those doctors who criti cize the ir veterinary colleagues f or 
the indi sc rimina te and inappropriate use o f  antimicrobial 
aqents in animal s  should pause awhile be fore cas ting their 
stones "  (Anonymo us 1 9 79b) . 

It has been reported that tetracycline-resistant 
Sa lmonella species in swine and humans have decreased in the 
Netherlands since 1 9 73 (van Leeuwen et al. , National 
Institute for Public Hea lth , Bilthoven , the Netherland s, 
persona l communication, 1 9 7 9 ) . This decrease coincides with 
the discontinued use of tetracyc line as a feed antibioti c .  
However, in calv es the numbe r  o f  type 50 5 isolates o f  �­
typhimur ium has remained constant and the number of multiple 
resi stant phage type 20 1 has increased. 

In the Unite d Kingdom there ha s been no change in the 
incidenc e of piq s exc ret ing tetracyc l ine-res i stant I·  2Qli 
(Braude 1 97 8 )  • •  No decrea se in oxyte tracycl ine-re sistant � · 

QQli in pigs was found in the United Kingdom from 1 9 56 to 
1 9 7 5  (Smith 1 97 7 a ) . M. R. Richmond ( University of Bristo l ,  
personal communi cation , 1 9 7 9 )  stated that no reduction had 
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occurred in the incidence o f  antibiotic- re si stant I· col i in 
Europe f ollowing the implementation of regulations 
recommended in the SWann Report. 

The Scientific
.

Committee for Ani ma l  Nutrition wa s  se t  up 
by the C ommi ssion of the European Communitie s  to provide 
info rmed opinions on matte rs pertaining to animal nutrition 
and e f fects of production method s  on food quality and the 
envi ronment. A series o f  report s wa s prepared by the 
Sc ienti f ic Commi ttee for Animal Nutrit ion ( 1 978)  rel ated to 
antimi crobial s .  Three of the re port s  concerned antibiotics. 
The reports cove red ( 1 ) The Use of Macrolide &  and Rel ate d 
Products in Feedingstuff s ,  ( 2 )  The Conditions of Use o f  
certain Antibiot ics in Feedingstuffs , and (3 ) use o f  Z inc 
Bacitrac in and Flavopbospho lipol and Feedingstuffs for 
Layinq Hens . The antibiotic s covered in the reports were : 
oleandomycin , spiramycin , erythromyc in, tylosin, lincomycin, 
virqiniamvci n, z inc bacitracin,  and flavophospho l ipol. use 
of penic illin and tetracyclines was not addressed . 
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C HAPTER 5 

EFFECTS 0� �NIMAL QISEASE OF SUBTHERAPEQTIC USE 
OF ANTIBIQTICS 

Durinq the l a st 3 0  yea rs , subtherapeutic levels of 
anti bacteria l  druqs have been fed extensively in every ma j or 
l i ve stoc k  and poultry produc ing country. The wide 
acceptance of antibiotic s in low level s  is attributed to 
the i r  e stabl i shed benefits of improving f eed convers ion and 
q rowt h r ate and reducinq the morbidi ty and morta lity f rom 
s ubc l i nical a nd c l inical d i sease s .  During th is s ame  per iod, 
the poultry ,  swi ne , and beef cattle industries were ab le to 
deve lop la rqe , h iqhly intense produc t ion unit s by t he us e of 
antibiotics to contro l d i s ea se probl ems or to inc rea se 
perf o rma nce . 

Subtherapeut ic level s of antibio tics have been def ined 
by the FDA a s  lower than the therape utic l evels needed to 
cure disease . Thi s has arbitrarily been set at 200 q pe r  
ton o f  feed for chickens and /or swine and 1 1  mq/kq 
bodywe iqht per d ay for cattle (U. S .  DHEW/FDA 1 97 8 ) . 

It i s  unknown whether the activi ty of ant ibiotics use d  
in l ow  leve l s  i n  animal feeds exe rts its inf l uence by : ( a )  
metaboli c ef fect , ( b )  nutr ie nt s pari nq or increased 
absorpt ion and uti l ization of nutrie nts , ( c) acti vity 
aqai nst microorq anisms , or (d) a combinati on of these 
activities . 

Data pre sented by Hays ( 1 97 8 )  indi cated t hat the wis e 
use o f  antibioti cs i s  not a substitute for, but a complement 
to , qood sanitat i on and husbandry fo r di sease control . 

soon a fter t he i ntroduct ion of antibiot ic agent s , druq 
resi stance in ba cteria was ob serve d .  Thi s phenomenon wa s  
a l so ob served to occur sPOntaneously and i n  other stre ss 
si tuations .  Under cont i nuou s antibacteria l pres sure such 
resi stant orqani sms wi ll become pred ominant ( Smi th 1 9 6 7) . 

After 3 0  vea rs o f  extens ive use o f antibi oti cs in an i mal 
feeds , d i scussions still d ea l  wit h  potential public health 
haz a rd s .  I t  i s  d i f ficult to c i te human heal th probl ems t hat 
can be attribute d speci f ical ly to me a t  f rom anima ls fed 
ant i b iot ic s  or that c an be a s sociated wi th d i rect or 
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indi rect contact with animals fed low levels of antibiot ics . 
The evidence tha t  resistant organisms in animals compromise 
the treatment of diseases in man or animal s is sparse , 
indi rect and diffi� ult to evaluate . 

A general de crease in the cost of antibiotic s  ha s 
encourag ed the use of higher level s  than were commonly used 
seve ral years after the qrowth promoti ng effects of 
antibiotics were f irst discovered . The level s se lected at 
that time were not level s that elicit ma ximum xesponse . 
Gene ra lly they were compromi sed leve l s  based upon a 
cost/benef it ratio . 

The possible hazards to animal health from us ing 
anti biot ics in low leve l s  are : ( 1 ) adverse or toxic 
reactions in the animal, ( 2 ) development of resi stant 
strains of pathogenic organisms , and ( 3) increased 
susceptibility to some infec tions th rough immunosuppression 
or a l teration in the microflora. 

Toxicity is usually not a problem in f ood animals from 
the use of antib iotics . Whe n  such problems occur , they are 
usually traced to human error, i.e. , the misuse of the d rug 
for purposes not i ncl uded on the labe l or mix ing errors. 

There is likelihood that antibiotic util i zation has been 
abused both in a nimal and human medicine . I t  ha s been shown 
that the use of subtherapeutic and therapeuti c levels of 
antibiotics does in fact cause res istant stra ins of 
orqa ni sms to eme rqe . Th i s  may make it neces s ary to change 
drugs when treatment is not effective for the first drug of 
choice . As in man , there is no way to know what role th e 
use of antibiotics in animal feeds at the subthe rapeutic 
leve l ha s on the establi shment of re si stant populations of 
bacteria when compared to the therapeutic use of 
anti biotic s .  

Sa 1monel la species are widespread in nature and 
frequently cause food po isoning in humans . Epidemiologi cal 
stud ie s  show tha t foods of anima l origin are frequently 
invo lved. Salmone l losis in humans involving antibiot ic­
resi stant st rains of bovine origin has occurred (Anderson 
1 9 6 8 ,  Thre lf all et al . 1 97 8 ) . Although the disturbances 
occurred under conditions of widespread antibiotic use, 
there is  no evid ence of any relationsh ip to s ubtherapeut ic 
feeding.  These studie s  are not gene rally complete enouqh to 
determine the source of contamination . It is di ffic ult to 
determine whethe r or not the se foods were contaminat ed 
befo re or after s laughte r or if the last vector was a food 
handler .  I t  is doubtful that re stri ctinq antibiotic levels 
in animal fe eds will cau se a reduction in food-borne 
infe ct ions of humans. 
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Up to the mi d- 1 9 6 0s ,  bef ore antimi crobial re s istance 
beca me recoqni ze d  as a re s ul t  of wide s pread use o f  
anti biotics , t he compromi s ing e f f e ct o f  subtherapeutic 
anti b i ot ic admi n i strat ion wa s re peated ly reg i ste red . Smith 
( 1 9 6 7 )  wrote " it is becoming inc reasingly appa rent tha t the 
freque nt prophy l acti c  and therapeuti c use in a pig herd o f  
any o f  t he avail able ant ibacterial drugs eventua l ly re sults 
in pe n ic i l li n  drugs becomi ng largely ine f fect ive in the 
treatmen t of I· coli inf ections . "  B e  al so do cumented the 
deve lopment of penici l lin re s istance in 60 percent o f  
staphylococc al s trains in arthritis i n  chickens on die ts 
cont a ini ng penic i l lin and te tracycli nes. Arthrit is 
outbreaks in yea rs prior to antibiotic feeding yielded 
stra i n s  susceptible to pe nici llin. More recently ,  H jerpe 
( 1 9 7 6 )  reported a decline in res ponse to tetracyc line 

t herapy by pne umonic cattle simul taneo us with a r ise in 
preva l en ce of t e tracycline , penic i ll in ,  and s ulfonamide­
re s i stant stra in s  of Pasteurella spec ies a fter feeding o f  
subt herapeutic l evels ( 1 0 0  g/ton) of chlorte tracycl ine was 
init iated in a feedlot . 

The gene ral r ise in antibiotic res i stance among bacteria 
during the past 30 years o f  intensive antibi otic use bas 
undoubtedly c urt a i led the usefulness of some prev ious ly 
e f fe ct ive drugs . Document ati on  concerning this deve lopment 
i s  sca rc e ,  a nd t he extent of it ascr ibable to subtherapeut ic 
use of antibioti cs is impos sible to determine . 

40 

Copyright © National Academy of Sciences. All rights reserved.

Antibiotics in Animal Feeds:  A Report
http://www.nap.edu/catalog.php?record_id=19858

http://www.nap.edu/catalog.php?record_id=19858


C HAPTER 6 

THERAPEUT I C  US E O F  ANTI BIOT ICS 

BACKGROUND 

I n fect ious d i sea se s constitute t he la rge s t  s ingle 
cate qo rv of medi cal prob lems in the seve ra l spec ies of 
dome s t ic anima l s . As a result , ve te rina ri an s  have had a 
c r it i ca l  need for the ant i - i n fec tive drugs in th e  course o f  
eve ryday pract i c e .  Prior to the int roduction o f  mode rn 
ant i b i ot ic s ,  metallo-orqanic compounds , various 
ant i bacter i a l  dve s ,  and othe r chemothe Eapeutic a gents we re 
e mpl oyed . Sho rt ly after s ul fonamide s  were intro duced in t he 
late 1 9 3 0 s ,  they were re coqni zed a s  being e f f ective agai nst 
bovi ne ma sti ti s ,  and soon a f ter aga i nst a wi de spect rum o f  
othe r bacter i a l  in fections o f  animal s .  S imi larl y ,  
i ntr oduc tion o f  the vari ou s  forms o f  pen i ci l l in soon led to 
t hei r broad appl i cat ion in a l l  spec i e s  of domest i cated and 
z oo a ni ma l s .  As the ant i b iotic era deve loped , each new 
addition to the antibiot i c  roste r ,  such a s  the 
tetra cyc l i ne s ,  c h loramphenicol , bacitrac i n ,  s treptomycins , 
neomycin , kanamy cin, gentamicin, pol ymyxin, g riseofulvin , 
nysta t i n ,  amphote r icin B ,  erythromyc i n ,  tylo s in , lincomy c i n, 
c l i n d amvcin ,  cep ha losporins , and the semi synthet ic 
pen i c i l l i ns soon found a val ued posi t ion i n  veter inary 
medi c i ne .  

I n-depth surveys ( 1 9 6 7 , 1 9 7 2  to 1 9 75) o f  the therapeut ic 
usaqe of var ious classes of druqs in vete rina ry medicine 
have been re ported from the Unive r sity of Mi nnesota Co llege 
of Ve te rina ry Me dicine . The re , workers have , over the past 
years , s urveyed the frequency of total drug usage in both 
larq e  and sma l l  anima l s ,  i nc luding the categorie s o f  
companio n ,  z oo ,  and food-produc ing specie s ( Stowe 1 97 5) . 
The s e  studie s clea rly revealed that anti biot i c  druqs we re 
the most f requentl y  used a qents in the treatment o f  animal 
di sea se . The studie s  invo lved the sampl ing o f  5 percent of 
the c l i n i cal ca s e s  that we re pre sented to the Veterinary 
Teac hinq Hospita l s ,  including t he out-patient and in- pat i ent 
Larqe and Sma l l  Ani ma l  H ospi tals and a rura l out lying food­
ani ma l  practice . I n  terms o f  the total number o f  drug 
treatments ( many animals received more tha n one drug) the 
mo st f re quently employed c la s ses of drug s  we re as fol lows : 
a nti b i ot ic aqent s ,  4 8  pe rcent ; anthe l mint i cs ,  1 5  per cent ; 
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cort i coste roids and other endocr ine agent s ( e xclusive of 
di ethyls tilbestrol ) , 1 2  percent ; f luids and e lectrolytes , 7 
pe rcent ; analges ics, anesthetics , and tranqui lizers, 6 
percent ; and ga strointestinal agents , 5 percent ; with the 
rema inde r scattered among the autonomic , cardiac , 
antihi stamine , t opical , and misce l laneous categor ies . Whi le 
this survey deal t  only with one larqe teaching hospi ta l  in 
the upper Midwe s t ,  freque nt contacts with comparable 
ins t i t ut ions els ewhere and with both large and small animal 
pract iti oners le ave s  little doubt that i n fect iou s diseas es 
cons titute the l argest s inql e ca tegory o f  di sease problems , 
a nd that antibio tic d�ug s are the mo st fre quently employed 
agents . 

Wi thin the category of antib ioti c  agents , the most 
f requent ly employed d ruq s  are the penici l l ins (including the 
broad spectrum derivatives such as ampicillin and the 
penic i l l ina se- re si stant penicill ins such a s  clox aci l l in, 
dicl oxac illi n ,  etc . ) and the tetracyc line s , parti cularly 
o xyt etracycl ine .  In a ddition to the se "mainstay s "  which 
cont inue to be e f fective and service able in the ma jority o f  
case s , the sulfonamides continue t o  be heavi ly used because 
of the ir e f f icacy in the f requently encountered 
pa steure l los is i nfect ions in cattle and sheep . Tylosin, a 
nonhuman ant ibio ti c ,  is a l so very he avily employed. In 
qene ra l ,  the economics of livestoc k production is a 
s igni f ic ant dete rminant i n  decid ing which antibiot ic agent 
to employ : the newer antibiotic s tend to be more costly , a 
fact that makes thei r rout ine use in food animal s 
uneconomical . I n  companion animal s ,  on the othe r hand , 
i nclud ing horses , the co st o f  medication i s  o ften not a 
ma j o r  cons ideration, and thus erythromycins, cepha losporin& , 
gent amic in, and s ulfonami de- trimethoprim combinat ions are 
more f requently employed .  

I n  terms of e f f i cacy and saf e ty, there can be l itt le 
doubt that the antibiotic drugs a re e s sentia l therapeutic 
aqents in the di sease s of domestic animal s .  

The wide spre ad usage o f  vete ri na ry  se rvices in the 
l i ve stoc k  industry point s  to a very real economi c gain to 
the producer when veterina ry  service s are uti lized. In a 
seri e s  o f  studie s spon so red by the Minne sota Agr i cultura l 
Expe r iment Stat i on ,  the World Bank ,  and the u . s. Department 
of �qric ulture , i t  wa s found that the re i s  a strong po sit ive 
corre lation between the use of veterinary se rvice s ,  the 
hea lth of l ive stoc k ,  and the net income from the farm 
operation (McCau ley 1 974  a , b ) . In view of the ma jor use of 
anti biotic drugs in vete ri nary pract ice , it would seem 
reas onable to in fer that the se drugs constitute a 
s ignificant cont ribution to live stoc k production and 
economic s .  
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From time to time .  inf ectious di seases do not seem to 
respond to treat ment with a particular ant ibioti c drug. In 
such instance s e ither the dosage is increa sed , o r  anothe r 
ant i b i ot ic a qent i s  selected . I n  mo st cases , when therapy 
with an appropri ate drug is initiated early in the course of 
the d i sease , the outcome is ulti mately suc ce s s ful . However , 
when faced with therapeutic failure , some veterinarians 
conclude that their i nitia l  se lection was un s uccess ful 
beca use of p rior use of low- leve l feeding of antibiotic 
substances to a he rd or f l oc k .  A fe w practit ioners decl are 
that the problems they perce ive as d rug f a ilures can be 
attr ibuted to low- level antibioti c feeding. When quer ied in 
detail about the ir justi f ication for such sta tements , proof 
is lacking . Careful ly c ontrol led studies regard ing the 
cause-and-ef fect relationships between antibiotic feed ing 
and subsequent t he rapeutic failure s are lack ing. Cert ainly 
veterina ry pract itioners , whether ru ral or urban, are not 
equi pped to unde rtake the in-depth studies requi red to 
establish or ref ute the po int at i ssue and consequently 
the i r  opinions. no matte r how firmly expre ssed, have to be 
rejected due to lack of sc ientif ic evidence . It is se lf ­
ev ident that perceived the rapeutic f ai lure s coul d be due to 
factors such a s  mi sdiagnosis , inadequate dosages , antibiotic 
drug antagoni sms , and othe rs . 

I n  some of the larqe r group practices and at the 
vete ri na ry  teaching institutions , antibiotic drug 
sensitivity te st s are employed quite routinely. Lack of 
susc eptibility or res i stance to standard con centrations o f  
vari ous antibiot ic drugs i s  encounte red t o  a varied degree 
with a ll drugs , including those that have not been used at 
all , or used only to a minimal extent for low- le vel 
anti biotic feed i ng ( i . e. , cepha losporins , chloramphen icol , 
gent amic in . kanamycin) . Moreove r ,  the va lidi ty o f  in vitro 
sens itivity testing has sometimes been que stioned . 
C l in ic i ans have reported t he rape utic succe sses i n  treating 
infections due to agents shown to be res istant by labora tory 
te st s (C . M .  Stowe , . Univers ity of Minne sota , Coll ege o f  
Vete rinary Medic ine , personal commun ication, 1 9 7 9 ) . Thi s 
qene ral observat ion is further buttre s se d  by compa ring the 
appa rent frequen cy of !n vitro nonre spon s i veness in the 
hospi tal- clinic settinq to that which one obtains in the 
farm settinq , where the f requency of nonre sponsive organi sms 
seems to be lowe r despite the j uxtaposit ion in the latte r  
case t o  low- leve l antibi otic feedinq . 

The use of data gathered from ve te rina ry teaching 
hos p i ta l s  and cl inics regard ing the frequency of res istance 
amonq pathogens may not be an accura te ref lection of the 
true leve l of re si stance in spec i fic reg ions of the country 
or in the nation at large . Before any infe rence s are drawn 
rega rdi ng the de gree or f requency of res is tant animal 
pathogen s ,  we need to have more in-depth knowledge of the 
spec trum , scope , and degree of a ntib i oti c res ist ance that is 

4 3  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

A n t i b i o t i c s  i n  A n i m a l  F e e d s :   A  R e p o r t
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 8 5 8

http://www.nap.edu/catalog.php?record_id=19858


representative at least in the domestic anima l population. 
At pre sent there simply i s  no body o f  incont rovertible 
evidence reqarding the re l ative importance of the human a s  a 
source o f  re si stant organisms in ani mals or o f  animals as a 
source o f  resi stant organisms in man .  Furthermore. it would 
be impos si ble at the pre sent time to say whether the 
resi stant organi sms arose as a result of subtherapeutic 
antibiotic feed ing ,  prophylactic use , or therapeutic use for 
the t reatment of a speci fic disease outbreak . 

CONTROL AND REGULATION 

C ont rol and regulati on of the therapeuti c us e  o f  
antibiotic drugs is under the purview of the FDA , 
part i cularly the Bureau of Vete rinary Medici ne and the 
Bure au o f  Foods . Contro l is exercised through the mechanism 
of the New Anima l Drug Appl ication ( NADA) . Once approval is 
granted and the drug is marketed . therapeutic use by 
vete rina rians and in some ca ses by l ivestock producers 
foll ows . such u sage i s  ba sed on the indications of the 
drug ; the experience of the practitioner ; and the inherent 
constraints of the dosage , route of admini stration. and the 
resi due or withd rawa l  ti me s .  In the overwhelmin g majority 
o f  cases care is taken to ob serve the requirements of proper 
withdrawal time s  f or e ithe r  mi lk or meat . 

From time to t ime. the question of auditing antibiotic 
drug usage a ri se s ,  primari ly withi n the sett ing of human 
hospi tal s. Other than in an institutiona l setting. the 
audi t i ng of d ruq usage would be ve ry time consuming, cos t ly .  
and di ff icult t o  control . 

E PIDEMIOLOG I CAL CONSI DERATION S 

There is general agreement that the use o f  antibiotics 
in both animals and humans leads to increa sed frequency of 
antibi otic re sistance . Furthermore , there is little doubt 
that res istance can be trans ferred through plasmid& from 
certain resi stant microorgani sms to others that were 
orig inal ly sensi tive . The se in turn have been sbow.n to be 
tran smi ssible to other animal s and , i n  i solated cases , to 
humans (Levy et a l .  1 9 76 a , b ; H i rsh 1 9 77 ) . This resistance 
tran s f er or " infect ious drug re sistance11 has led on the part 
of some indi vidua l s , to the fear that re s istant strains 
coul d be trans fe rred to other animal s and humans . thereby 
creat inq a re se rvoir of pathogens , which when involved in 
clinical infect ion s ,  would be unre sponsive to antibiot ic 
trea tment . Whi le such fears may seem to be a logical 
extens ion of cur rent knowledge regarding resi stance, the re 
i s  pract ical ly no information on the extent to which this is 
happen ing. nor i s  it clear in the case of the few such 
i nst ance s known whether they we re due to low- level 
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antibiotic feeding. therapeutic use of antibi otic s  in 
dome stic ani ma l s  (including companion and pet animal s) . or 
therapeutic or prophylactic use of antibiotic drugs in human 
beings . These vexing questions are not easily resolved. 
parti cul ar ly in view of the fact that both humans and 
anima l s  often share the same pathogens . 
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CHArTER 1 

VOIDS IN QQWLEDGE MD SUGGESTBP USEABCH 

Althouqh vol umi nous re search has been conducted 
regarding the ef fects of feeding antibioti cs on performa nce . 
re sea rch has bee n very l imited in ce rtain other areas . 
Re search results have shown that res i stance o f  
microorgani sms e xi sts i n  a ni ma l s  fed ant i biotics an d  t hat 
thi s res istance can be trans ferred (Linton 1 9 77 a , b ;  Smith 
1 9 77 a ) . However , there is inconclusive evidence that the 
use of antibioti cs a s  growth promotants compromi s es therapy 
of humans and an imals . Few well -des i qned experiment s have 
been reporte d. a nd clear ly there is a need for well-designed 
i nte ns ive invest igations of this important i s sue . 

The main obj ectives of the propo sed re search to f ill in 
the primary void s concerning antibiotics are to determine : 
(a) i f  the feeding of te tracycline s and penicillin 

compromi se ani ma l  therapy , (b) the re lat i on of anti biot i c  
feeding to human health, and (c) t he  mechanism of action o f  
antibiot ics i n  growth promotion. 

It i s  sugges ted that the research descri bed in the 
following paqes be undertaken. 

EFFECT OF TETRACYCLI NE FEEDING ON ANIMAL THERAPY 

Poul try and Swine 

The poss ibi l ity that administration of subtherapeuti c 
leve l s  o f  antibiotics may compromi se the rapy has not been 
adeq uate ly inves tigated . Most previous studies have given 
neqative results with respect to thi s ques tion , but 
acco rding to the FDA (U. s .  DBEW/FDA 1 9 78)  experiments 
qene ra llv we re poorly de s i gned. care f ully planned and 
c ont rol l ed exper iment s conducted with poul try and swine 
s hou ld be conduc ted to attempt to answer thi s que stion w ith 
orga n i sms such a s  Salmonella typhimurium. This organi sm 
s houl d be used in these animals to determine whether 
deve lopment of res i stant o rganisms wi l l  compromi s e  treatment 
of a severe infe ct ion in the species . Chi cks and swine 
shou ld be inocul ated with �· typhimurium to induce a low­
leve l .  nonlethal infection . and be f ed diets with and 
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without tetracyc l ine . After a few weeks the animals wil l be 
chal lenqed with an inoculum ca lculated to cause a seve re 
in fe ct ion re sult inq in considerable mortal ity . This 
inoculum should be i solated from animals fed antibiotic and 
shou ld be documented to contain anti bioti c-resistant 
organisms. The effectiveness of the rapeutic levels of 
tetracyc line s  an d other antibiotics against this infec�ion 
should be determined . To avoid the problem of possible 
deve lopment of immunity, animals une xposed to the organi sm 
should also be inoculated with the dose to ca use a severe 
infection, a nd the e ffectiveness of antibiotic therapy in 
thes e animals should also be investiqated. careful 
labo ratory work to monitor development of antibiotic­
resistant organi sms in the animals and immunity development 
would be needed . 

Cattle 

Catt le in commercial feedlots should be stud i ed that (a) 
have not received antibiotics ; (b) have re ceived a high 
level of antibioti c during the f irst 3 to 4 weeks , fol lowed 
by a low level during the remainder of the period on feed ; 
and (c ) have received a high level of antibiotic during the 
fi rst 3 to 4 wee ks , followed by withdrawal of the drug . 
Comparisons should be made o f  tetracycline therapy on sick 
anima l s  from the lots on the var ious treatments . Response 
to t he rapy shoul d  also be monitored by the number of animals 
treated , the length of stay in the s ick pens , and mortal ity. 
Measurements should also include ant ibiotic s usceptibility 
of o r qani sms i n  treated animals and sample s o f  healthy 
animals from a ll lots at periodic intervals.  

Thi s  type of experiment will need to be performed in 
cooperat ion with univers ity or USDA scientists and feedlot s .  
It would be idea l for most of th e  feedlots t o  be in the 
Cali fornia and Arizona area where antibiotics are not 
normal ly used . However , i t  would be important t hat some 
feedl ots , at lea st those that are treated , be located in the 
Colorado or Kansa s area , where a continuous level of feedinq 
of tet racyclines i s  routinely practi ced. I t  will be 
esse ntia l that the cooperating feedl ots use only 
tetracycline as the subthe rapeutic and the rapeutic drug . I t  
w i l l  b e  essentia l to reimburse the f eedlots for death lo sses 
above the normal mortality rate caus ed by the experimental 
trea tments . Al s o ,  some compensation wil l have to be made 
for the extra labor invo lved in handling the cattle , such as 
monitori nq the norma l animal s  for antibiot i c-res istant 
orqa n i sms . The orqanisms used to monitor resistance wil l 
like ly be a common species of Sa lmonella and �· �. 
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R ELATION OF ANTI BIOTI C FEED ING TO HUMAN HEALTH 

The information which would be required to answer the 
cont rove rsia l que stion will nece ssitate inve s tigations o f  
staggering compl exity and co st. I t  i s  likely tha t broad­
ba sed studie s wi ll involve monitoring of health-rel ated 
prob lems among human populations invo lved in and i solated 
f rom low- leve l antibioti c feeding prog rams . Of course , when 
studying people involved with animal s and animal products . 
a nima l hea lth should also be monitored . Baselines must also 
be establi shed by determining the hi story of the sub ject s 
with regard to a ntibioti c exposure a nd the susceptibil ity of 
the mi croflora s pecies to antibiotic s .  

Recent experiments with animal s have s hown that randomly 
sele cted individuals already carry s ome re si stant ente ri c 
mi croorganisms .  I t  may be neces sary to study respiratory 
bacteria l flora instead of , or in addition to . the changes 
or lack of chang es in susceptibi lity by spec i es over a 
period of time and the nature of any disease epi sode 
pa rt i cularly if suggestive of microbi al etio l ogy .  The 
susceptibility o f  any agent thought to be involved would 
have to be e s tab l i shed and the s ucce s s  of antimi crobial 
therapy determined clinically and microbiologically. The 
logi sti c s  and me chanics o f  this type o f  study wi l l  be 
extremely demand ing in t ime and labor . some aspects , 
espec ial ly tho se involving h umans , would req uire sever al 
year s ,  a large population , or both , for the collection of 
adeq uate data . I f  the mic roflora pre sent at the onset i s  
already predominantly � s i stant to the antimi crobia ls of 
i nte re st , th i s  s tudy would be pointl ess. 

MEC HANI SMS OF ACTION OF ANTI BIOT ICS IN G ROWTH PROMOTION 

" G rowth promotion" from the low- level feedinq of 
antibiotics refe rs to an improvement in both rate of gain 
and e f f i ciency of feed conver sion . Improvement normally 
occu rs i n  both mea sure s o f  performance but not necessari ly 
to t he s ame deqree . In view of known factors that inf luence 
rate and e fficiency of qai n ,  antibiotic action a f fect ing 
each mea sure of performance should prove to be , at lea st in 
some re spects , d i f ferent . 

The di fferent chemical nature . absorbabi l ity , and 
bact e r ia l  spectrum of growth promoti ng antibiotics sugge st 
that the mode of action in growth promotion cannot be the 
same for all of the antibiotics that have proven 
e f f icaci ous . There is a l so good evidence that antib ioti c  
action a ffecting growth i n  the different species is not 
enti re ly f rom the same mode of action. Factors involved are 
the compl ex mechanisms related to di sease . f eed intake , 
dige s t ion, ab sorption , and metabo l i s m  of nutrient s ,  as we l l  
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as antib ioti c ef fects on enteric f lora and the systemic 
bacterial popula tion. 

In swine , frequent mea surement of rate and efficiency of 
qa in i n  control and antibiotic-fed animal s reveals that a 
response to the antibiotic i s  not consistent but occurs only 
occa s ionally ,  and for what i s  usually a short per iod o f  
time . Such an e ffect over an extend ed period promotes 
" averaqe " pe rformance above controls . 

In view o f  t hi s  important temporary ef fect, studie s a re 
suqqested in which short- term pe rformance measurements ( feed 
inta ke a nd rate of gain) a re correlated wi th similar short­
term mea surement s related to the mic robiology and 
biochemi stry of the different physiologi ca l s ystems in 
cont rol versus responding animal s .  Inte stinal cannulation 
to pe rmit samplinq of inge sta at dif ferent points in the 
tract , together with simultaneous blood measurements , are 
needed for such an approach. 

Expe riments designed to uncover mechan isms rela ted to 
the growth-promotant effect might provide a means o f  
exploiting these mechanisms other than b y  th e  use o f  feed ing 
leve l s  of antiba cterial compound s. 

· 
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