Antibiotics In
Animal
Husbandry I

hat effect does the use of antibiotics association with some salmonella, and the sal-
in food production have on the  monella may acquire resistance to antibiotics by
occurrence of antibiotic-resistant  Plasmid transfer. The meat eater becomes
bacteria? Everyone concerned with infected, developsSalmonellasepticemia and
that question agrees about a few things: About di€S While his physicians are treating him with
half of the antibiotics (by weight) used in the 2" inadequate antibiotic (Stallones, 1982).
United States are used in the production of food The scenario is clearly stated, but how often
animals, much smaller amounts are used to cor(ioe_S it occur? That question could be a_n_sw_ered
trol bacterial diseases in plants and in fish farmby identifying people who harbor antibiotic-
ing, and some proportion of the bacteria that aréesistant bacteria and linking those bacteria to
present in and on food may survive cooking ofmeat that was derived from antibiotic-treated
other preparation in the food eaten by humanginimals. That has proved impossible to do; there
Beyond such small areas of agreement, there &€ many possible sources for bacteria, each one
widespread disagreement, or so it would seem. Iwould have to be eliminated, and it is difficult to
fact, the real questions about the transfer of antfrace the origins of “meat” as it arrives at a
biotic-resistant bacteria from foods to humangdutcher shop or supermarket. “[Slome studies
are how often does it happen and what are itéan be conceived but cannot be delivered” (Stal-
consequences, rather than does it happen at all.lones, 1982).
The chairman of a National Research Council In the absence of definitive information, dis-
(NRC) advisory panel that looked at the questiorgreements about the significance of antibiotic

neatly posed a scenario for the risks from use dfse in agriculture on the emergence of antibiotic-
antibiotics in farm animals: resistant human pathogens have fostered several

...a beef producer feeds tetracycline in low Lewews and ?naly?es ofbt'he' data. aboutsnlmql to
doses to his calves to encourage rapid weight uman transfer of antibiotic-resistant bacteria.

gain; nonpathogenigscherichia colin the guts Congress requested an Office of Technology

of the calves acquire antibiotic resistance. Assessment (OTA) studyDrugs in Livestock
Somewhere along the chain from feedlot to Feed,that reviewed risks and benefits of antibi-

dinner table, theE. coli may come into close otic (and other drug) use in agriculture including
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the risks of increasing the prevalence of antibi- Almost a decade later, the Institute of Medi-
otic-resistant bacteria in humans (OTA 1979)cine (IOM) issued a report that dealt with the
OTA did not reach a hard and fast conclusionisks from subtherapeutic use of two common
about the magnitude of the risk. Instead, it putntibiotics—penicillin and two kinds of tetracy-
that risk in context by comparing it to the risk of clines (oxytetracycline and chlortetracycline)—
antibiotic resistance developing as a result ofn animal feeds (IOM, 1989). Its authors further
antibiotic use in mediCine, and concluded that th%arrowed the focus Of the report to the risks of
risk exists, but that it is less than the risk fromgptibiotic-resistant Salmonella from animal
uses of antibiotics in humans: sources causing human deaths. The authors cal-
The risk from resistant plasmids of animal culated that,
origin is not quantifiable....The majority of
resistance in human bacterial populations is
probably caused by widespread use of antibac-

terials in humans (some of which are unneces-
sary), but the enormous pool of R-plasmids that The committee also considered the difficulties

now exist in animals, together with the ability ~ that might arise in treating antibiotic-resistant

of an R-plasmid to be promiscuously trans-  Salmonella infections in humans and calculated
ferred among bacterial species, must be {hat

regarded as a threat to the therapeutic value of . o ) o
antibacterials in the treatment of both human The likeliest estimate of deaths...arising
and animal diseases. (U.S. Congress, Office of because of ‘increased difficulty of disease treat-

Technology Assessment 1979, p. 7) ment’ is 20 per year.”
A year later, an NRC committee (1980)At the same time, the committee acknowledged
reached a similar conclusion, and painted a blealfat it

“The likeliest estimate of excess deaths attribut-
able to subtherapeutic uses of penicillin and/or
the tetracylines...is in the range of 6 per year.”

picture about the possibility of learning more: “was unable to find a substantial bodydifect
After reviewing the evidence, the committee evidence that established the existence of a def-
concluded that the postulations concerning the inite human health hazard in the use of subther-
hazards to human health that might result from ~ apeutic concentrations of penicillin and the
the addition of subtherapeutic antimicrobials to tetracyclines in animal feeds.”

foods have been neither proven nor disproven.  The controversy over the health effects of
The lack (.)f data linking hur.nan '.”ness with sub- antibiotic use in animal husbandy has spawned
therapeutic levels of antimicrobials must not be . . .

several expert committee reviews that have clari-

equated with proof that the proposed hazards do - i
not exist. The research necessary to establish fied the issue somewhat (see table 7-1 for a list-

and measure a definite risk has not been con- ing of review bodies other than the three
ducted, and, indeed may not be possible. mentioned above). There is no doubt that risk

In contrast to the report's conclusion that Sug_eX|sts. There is also no doubt that direct evi-

gests the possibility of a link between uses ofl€NCe, in the form of studies that show a direct
antibiotics in animals and human health, theconnection between agricultural use of antibiot-
chairman of the NRC committee, in a later publi-iIcS and human iliness or death, is sparse and
cation, downplayed any risk: “If the decision difficult to obtain. Moreover, if the IOM com-
were mine, the hog farmers could use all the antimittee’s estimate of the number of deaths caused
biotic drugs they wish to make the pigs grow,by antibiotic-resistant Salmonella of agricultural
The risk to humans looks to me to be vanishinglyorigin is in the right range, determining what pro-
small” (Stallones, 1982). Not everyone sharecdportion of the 40,000 cases of reported Salmo-
that opinion, and studies and reviews have corrella infection each year is related to agricultural
tinued to the present time. use of antibiotics is probably impossible.



Chapter 7 Antibiotics in Animal Husbandry | 157

TABLE 7-1: Reviews—Antibiotics in Animal Feeds

1968 Netherthorpe Committee.
1969 British Government Joint Committee (“Swann Report”).2

1970-1977 FDA makes several reviews of antibiotic use in animal feeds.

1977 FDA directs its Center for Veterinary Medicine to prepare notice of withdrawal of penicillin and
tetracyclines from subtherapeutic uses.

FDA publishes proposals to restrict subtherapeutic uses. Proposals criticized because of reported
inadequate evidence for adverse effects from such uses.

1978 Congressional request to the National Academy of Sciences (NAS) for a study by the National Research
Council (NRC) of the effects of subtherapeutic uses.

FDA Draft Environmental Impact Statement on the Banning of Penicillin and Tetracycline from Animals

Feeds.?
1979 OTA Report on Drugs in Livestock Feed.©
1980 NRcd reports that data neither prove nor disprove human health effects from subtherapeutic uses.
1981 House Appropriations Committee provides funds to FDA to study antibiotic in feed issue.
1984 FDA-sponsored study completed. No regulatory action taken.

The Natural Resources Defense Council (NRDC) petitions the Secretary for Health and Human Services
(HHS) for suspension of subtherapeutic uses because such uses pose an “imminent hazard.”

House Committee on Science and Technology holds hearings on the NRDC petition and results of FDA-
sponsored study.

FDA Commissioner holds hearings on same subjects.
1985 Secretary of HHS denies NRDC petition.

1987 FDA makes request to the NAS for a quantitative assessment of the risks from subtherapeutic uses.
NAS assigns study to the Institute of Medicine (IOM)

1989 IOM® concludes that there is no definitive evidence of adverse effects although such effects may exist.
Council for Agricultural Science and Technology (CAST) report.f
1994 FDA review of fluoroquinolone use.

a8 A subcommittee of the Netherthorpe Committee. Its recommendation results in the United Kingdom forbidding the agricultural use of
antibiotics used in human medicine.

P Feinman, S.E. and J.C. Matheson, 1978.

¢ OTA, 1979.

d National Research Council, 1980.

€ Institute of Medicine, 1989.

f Hays and Black, 1989.

SOURCE: Adapted from U.S. Food and Drug Administration. 1993. Information for Consumers: Antibiotics in Animals Feeds. Photocopied
typescript and other sources.

Levy (1992, pp. 136—-157) summarizes studies OTA does not, in this single chapter of a gen-
that show that bacteria are transferred from farneral report about antibiotic-resistant bacteria,
animals to farm workers, as well as a few studiegattempt to resolve an issue which has persisted
that show transfer of bacteria to the human comfor more than two decades. This report does,
munity beyond the farm. These studies, howevehowever, contain a description of antibiotic uses
leave unanswered questions about the quantid animal husbandry and some other aspects of
tative importance of such transfer in the sprea@griculture, an update of some research findings
of antibiotic-resistant bacteria and, especiallysince the release of the 1989 IOM study, and a
how important such transfer is in comparison tgdiscussion of a current regulatory proceeding
medical use (and overuse) of antibiotics.
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about approving of fluoroquinolone antibiotics cattle, swine, and poultry in that year was 8 mil-
for use in food animals. lion kilograms, or 18 million pounds.

“Disease prevention” describes prophylactic
ANTIBIOTIC USE IN FOOD PRODUCTION actions taken to stave off the spread of a disease.
Everyone, whether a city dweller or farmer, If a poultry producer notices that a few chickens

knows about antibiotic uses in medicine. Doctoré'© ill'and he suspects that the illness is caused

prescribe antibiotics to treat diseases, in advané%y bacte_rla, he f?ould add arr:nblotlcsdto fthr? fﬁ‘_ad
of certain surgical procedures to prevent infecO Water in an effort to stop the spread of the dis-

tion, and, sometimes, as prophylaxis during dengase. These decisions can be made by the poultry

tal procedures to prevent infections in peop|eoroducer acting alone without any involvement

with heart valve abnormalities. In all these case8' @ veterinarian. _

the administration of the antibiotic is overseen by Growth promotion” is a little-understood

a physician. effect from feeding low levels of antibiotics, gen-
Paralleling physicians’ practice in humans,_era”y at a rate of 200 grams or less of antlplptlc

veterinarians use antibiotics to treat infectioud” €ach ton of feed. How such levels of antibiot-

diseases in food (and companion) animamit  Ics affect growth is not clear;'they may warq off

from there on, things are different on the farm.undetectable but consequential, minor infections,

There are differences in medical and veterinaria@" they may have other effects.
diagnostic laboratories, and veterinarian diagnos- Both disease prevention and growth promo-
tic laboratories reportedly do not meet the samé&on are long-term uses, and the U.S. Food and
standards for accuracy and reliability as do mediDrug Administration (FDA) uses 14 days as the
cal laboratories (Walker, 1994). Currently, how-threshold for long-term use. When a company
ever, practices are changing in veterinaryequests approval for longer-than-14-day use,
laboratories, and the National Commission forFDA requires the company to demonstrate that
Clinical Laboratory Standards has recently pubsuch use will not increase the shedding of Salmo-
lished the first guideline document for detectingnella (through feces) that might infect humans
antibiotic sensitivity in animal pathogens. Lackand that it will not increase the number of antibi-
of laboratory quality assurance is not, howeverotic-resistant bacteria that contaminate carcasses.
the major difference between uses of antibiotic§DA (1995) has stated that submissions of
in animals and humans. requests for approval of long-term uses of antibi-
The major difference is that about 90 percenptics are decreasing, being replaced, in part, by
of all the antibiotics used in food animals is usedequests for approval of somatotropins and other
in subtherapeutic doses and not for the treatme@owth-promoting substances. More specifically,
of sick animals. For instance, in 1985, veterinariR.H. Teske of FDA (1995) has stated that, “It is
ans used about 1 million kilograms (about 2.2not likely that FDA will see applications for
million pounds or 1,100 tons) of antibiotics to long-term use of antibiotics that have therapeutic
treat diseases in cattle, swine, and poultry. Duruses.”
ing the same year, farmers fed about 5 million There is so much overlap between prophylac-
kilograms of antibiotics to cattle, swine, andtic uses and doses and growth-promotion uses
poultry for “disease prevention,” and another 2and doses that the division between the two
million kilograms for “growth promotion” (table applications that is shown in table 7-2 must be
7-2). The estimated total of all antibiotics used irregarded as uncertain. Furthermore, the estimates

14In fact, it has been said that the definition of a physician is a veterinarian with a limited knowledge that restricts his practice to a single
species.” (Walker, R. 1994. Remarks at U.S. Food and Drug Administration, Part 15 Hearing: Surveillance Systems for Antibacterial Resis-
tance, Rockville Civic Center, Rockville, MD, November 10.)
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TABLE 7-2: Estimated Annual Use of Antibiotics in Livestock, 1985

All Antibiotics (thousands of kilograms)

Therapeutic Use Subtherapeutic Use
Disease Prevention Growth Promotion Total
Cattle 458 1100 340 1898
Swine 250 3578 1391 5219
Poultry 304 580 315 1199
Total 1112 5258 2046 8316

SOURCE: IOM, 1989, p. 75.

of agricultural use shown in table 7-2 are somavell as in waste waters, farm animals, and some
30 percent higher than the estimates produced bdgod products. A glycopeptide called “avopar-
the Animal Health Institute for the same yearcin,” which is chemically related to vancomycin,
(IOM, 1989, p. 74). has been used as a growth promoter in animal

The data in table 7-2 are from 1985, and OTAfeeds in Europe since the mid-1970s. Bates et al.
looked for newer data as part of this report. Th¢1994) reported that VRE were present in fecal
only source was a commercial firm that requiregnaterials from farm animals on German farms
purchases of data to join a syndicate, and, as\#here avoparcin was used and not present on
condition of membership in the syndicate, thefarms that did not use avoparcin, suggesting that
purchaser is not allowed to publish the datayse of the growth promoter was selecting for
OTA did not purchase those data, but experts if@ncomycin-resistance in Enterococci. More-
the Center for Veterinary Medicine of FDA over, VRE of the species that infect humans were
assert that agricultural uses of antibiotics confound in poultry sold in retail markets (Bates et
tinue to decline (FDA, 1995). al., 1994; Klare et al., 1995).

Most of the antibiotics used in subtherapeutic Acting on reports of VRE in chickens that had
applications were “old” antibiotics, and penicil- been fed avoparcin, Denmark has banned the use

lins and tetracyclines accounted for 84 percent off the drug, and it is now petitioning the Euro-
antibiotics sold for use in animal feeds in 1985P€an Union to ban it also. Sweden banned use of
Some other antibiotics are used only in animal&!l growth-promoting antibiotics several years
and not in human medicine. These uses make ttfg0- To reduce the emergence and spread of

development of resistance to an antibiotic that i&’RE, Murray (1995) urges decreasing use of
currently used in human medicine less likely.9/ycopeptides in animal husbandry and restrict-

They do not, however, guard against the possibil"d Vancomycin use to essential applications in
ity that a drug closely related to one used in aniMmedical practice.

mals will be developed for human use. In that

case, resistance to the animal drug, if transferreANTIBIOTIC-RESISTANT

to bacteria that infect humans, might be crossBACTERIA IN HUMANS

resistant to the human drug and reduce its effiwhile the number and types vary from day-to-
cacy. day, at any moment in time over 40 percent of
There is an example of possible cross resispeople have some antibiotic-resistant bacteria in
tance in Europe. In the United States vancomytheir colon” (Gorbach, 1993). In the vast major-
cin-resistant Enterococci (VRE) are foundity of cases, these antibiotic-resistant bacteria
largely, if not exclusively, in large hospitals. In appear to cause no harm, and they usually consti-
Europe, they are also found in the feces of nontute a minute proportion of the total bacteria in
hopitalized patients and of healthy persons, athe intestines, probably one antibiotic-resistant
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bacterium for every million or billion or more
sensitive bacteria.

OAntibiotic-Resistant Bacteria in Food

The best evidence is that antibiotic-resistant bac-
teria are ingested with food every day, that they
generally fail to establish themselvesin competi-
tion against the bacteria already resident in the
intestine, and that their numbers fluctuate as a
result of the opposing effects of ingestion and
elimination. That benign situation can be
changed by antibiotics, of course. If a person tak-
ing an antibiotic ingests Salmonella that are
resistant to that antibiotic, the ingested bacteria
will have a growth advantage over the other bac-
teria. In that case, they may multiply to become a
major component of the intestinal flora and cause
disease.

Figure 7-1 shows the numbers of tetracycline-
sensitive and tetracycline-resistant Escherichia
coli in feces collected from a volunteer over a
41-day period. During the first 21 days, the vol-
unteer ate a regular diet, and the number of sensi-
tive and resistant bacteria fluctuated daily. For
instance, the number of tetracycline-resistant E.
coli dropped from 107 (10 million) bacteria per
gram of stool on day 7 to alow of about 2x10'
(20) per gram on day 13. Although the fluctua-
tions in the number of total E. coli (susceptible as
well asresistant) were not so great, they still var-
ied from about 10°(10,000) per gram on day 4 to
over 10°(100 million) per gram on day 10.
These variations are interpreted to reflect, in part,
differences in the numbers of E. coli ingested
daily.

Beginning on day 21, the volunteer ate only
sterilized food. The number of tetracycline-
resistant E. coli dropped to about 20 or less two
days later and remained there. The number of tet-
racycline-sensitive E. coli may also have
dropped, but not much below the numbers seen
on some days when non-sterile food was con-
sumed (days 1 to 8).

Elder et a. (1 993) examined fecal samples
from two groups of non-vegetarians and two
groups of vegetarians over a 12-month period.

FIGURE 7-1: Tetracyline-resistant and
-sensitive Escherichia colibacteria from a

volunteer eating non-sterile food (days
1-21) and sterile food (days 21-40).

8
\ JTotal tet-F

N

7

14 . 777 iz LLLT7

1 6 11 16 21 26 31 36 4
Time (days)

SOURCE: Corpet, 1993

There were no differences in the prevalence of
antibiotic-resistant bacteria in the two groups,
and there was a dlightly increased frequency of
multiply-resistant bacteria in the vegetarians.
These results are consistent with the conclusion
that meat is not the only source of antibiotic-
resistant bacteria, and the authors suggest that
restrictions on antibiotic use in animals would
have little effect on antibiotic-resistant bacteria
in humans. They do not show, however, that
meat is unimportant as a source of antibiotic-
resistant bacteria, nor do they pinpoint other
sources of antibiotic-resistant bacteria in the diet.

Corpet (1993), who carried out the experiment
summarized in figure 7-1, concluded that
humans primary source of antibiotic-resistant
bacteria is their food, which is consistent with the
knowledge that food is a common source of bac-
terial infections in humans. For instance, Murray
(1995) concluded that more than half of Cam-
pylobacter infections in humans arise from
ingestion of contaminated poultry, and studies of
the same organisms, in particular Campylobacter
jejuni in Washington State, showed that antibi-
otic resistance patterns were similar in infected
humans and in poultry purchased from retail
markets (U.S. House of Representatives, 1984).
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It is important in this context that both antibiotic- meats may rarely be sufficient to have an effect
sensitive and antibiotic-resistadt jejunicaused on human bacterial flora. He emphasizes, how-
human disease, underlining the importance oéver, that those effects are less important to
other factors in whether or not ingested bacterituman health than the ingestion of antibiotic-
will cause illness. resistant bacteria.

Virulent, antibiotic-resistant  Salmonella A number of papers printed in two special
caused an outbreak of lethal diseases in cattle issues of journals about veterinary microbiology
England that infected as many as 500 humangached similar conclusionsveterinary and
and might have contributed to the deaths of @Human Toxicology 3%supplement 1), 1993, and
individuals (Anderson, 1968). [The closing downVeterinary Microbiology 35(no. 3,4), 1993.
of one farm which was in the business of buyingidd (1994), in a report prepared for the Fédéra-
and reselling calves apparently stopped that eption Européenne de la Santé Animale, comes to a
demic (Bywater, 1995).] Furthermore, there is nasimilar conclusion, but cautions that the lack of
doubt that farmers and others who are aroundvidence for any effect of antibiotics in meat
and care for antibiotic-treated livestock canmay reflect an absence of investigations of the
become carriers of bacteria with the same kindpossibility. While there may remain some linger-
of antibiotic-resistant bacteria as are found in théng suspicions that antibiotic residues in meats
animals (Levy, 1978, 1983, 1992 and Levy et al.can affect the micro-organisms in human beings,
1976). the remainder of this chapter will focus on the

Antibiotic-resistant bacteria in food are risks of antibiotic-resistant bacteria from food
ingested by humans along with other bacteriathat was treated with antibiotics.
and antibiotic-resistant bacteria can be passed
from animals to humans. Questions remain abouintibiotics on Plants and Vegetables
how often these transmissions cause disease vy (1992, p. 159-167) estimates that 40,000 to
human beings or promote the flow of geneticsg 000 pounds of antibiotics are used on fruit
information for antibiotic resistance from bacte-rees in the United States each year. While that
ria of animal origin to bacteria that can causémount is small in comparison to the 18 million

human disease. pounds of antibiotics used in animals, some of it
o _ _ is sprayed onto fruit trees and other crops,
O Antibiotic Residues in Food spreading it into the environment, and some of it

FDA, in approving uses of an antibiotic in food ¢ould be ingested by humans when they consume
animals, specifies a “withdrawal period” follow- fruits and vegetables. Oxytetracycline and strep-
ing the administration of the antibiotic to allow tomycin are used to treat various “rots,” “molds,”
time for the antibiotic “residue” concentration to @nd “spots” on fruits and vegetables, and some of
fall to a level that is of no concern to the agencythe plant pathogens that cause those diseases
When the withdrawal period is observed, and thé/ave developed resistance to the antibiotics.
residue level falls appropriately, the concentral-€vy (1992, pp. 163-165) points to the possibil-
tion of antibiotics in meat, according to FDA, ity that the bacteria that infect plants serve as a
should have no effect on the bacterial flora inf€servoir for antibiotic-resistant genes that can be

humans. Any meat that has a higher concentrdtansferred to other bacteria that infect humans,
tion violates the law. but this possibility has not been researched.

If, however, residue concentrations were high
enough, they could have the same effect oAntibiotics in Fish
humans as ingesting antibiotics directly. CorpeCommercial fish farming is a fast-growing enter-
(1993) summarizes a number of experiments thgirise, and oxytetracycline, a sulfa drug, and a
indicate that the concentrations of antibiotics inderivative of trimethoprim are used to control
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diseases. FDA requires that the antibiotics b€ ONTROVERSY ABOUT ANTIBIOTIC USE
withdrawn from the fish for a specified number|N RAISING LIVESTOCK

Of. dgys befor(_a f[h(_a fish are sold to reduce _transl"here is little controversy about the desirability
mission of antibiotics to humans, but bacteria car. using antibiotics to treat sick animals. More

Eneaﬁ(aert”ed along with the fish when they go tocontroversy arises about the subtherapeutic uses

Catfish. raised i q the ori in prophylaxis and growth promotion, and the
attish, raised in poncs, are the primary com possible diversion of antibiotics licensed only for
mercially farmed fish in the United States. Trout .
. . therapeutic purposes to other uses. Whatever the
are raised in enclosed raceways, and some D
. . . r?ason for the use of the antibiotic, treatment of
salmon are raised in ocean netpens in Puge

. : nimal n result in contamination of meat
Sound, Washington, and off the Maine coast. a ) as ca 'esu co .a atio 0. eat by
. i o antibiotic-resistant bacteria. Three things can
Farmed fish, when treated with antibiotics, ar

fed medicated feeds. Thus, antibiotics enter tr?gappen as a result. The first is that antibiotic-

. . L resistant pathogenic bacteria might be transferred
environment either in fish feces or uneaten food ) o .
, ) S fo humans. The second is that antibiotic-resis-
In catfish farming, antibiotics in feces or food . .
. tance genes, although present in non-pathogenic
drop to the bottom of the pond and are subject tBacteria in the animal, may be transferred to
biological binding or degradation in the sedi- ! y

ment. When catfish ponds are drained, the Sedpathoggn!c organisms -in h””.‘ans' The third is
ment is generally placed on the pond Ieveethat antibiotic-resistant bacteria that do not nor-

restricting movement of the antibiotics into themaIIy |_nf_ec_t humans will be ingested by_people
general environment. on antibiotic therapy, that the therapy will haye
These U.S. practices differ from those else—al_tered the human flora, and'that the alterafuon
where. In Norway, antibiotics are SometimesW|II favor the growth of bacteria that pose a risk
sprayed onto the surface of bodies of water antP human health. . .

the antibiotic can then spread throughout the ANY of these effects is a risk to human health.
water and possibly cause disturbances in the ecd?y would anyone subject himself or herself,
system. In that country, quinolones, as well a§1_|s or her farr_nly, and his or her custome_rs to a
oxytetracycline, are used to treat diseases iffSk? Clearly, if there were no apparent gain from
farm-grown fish, and Ervik et al. (1994) showedYSINg subtherapeutic dqses of antibiotics in ani-
that detectable residues of antibiotics in the flesin@ls, no one would do it. The manufacturers of
of wild fish and mussels in sprayed water bodieg@ntibiotics gain, of course, because such uses
were more common than in fish and musseldncrease their sales. But farmers would not be
taken from waters not known to be treated witnéxpected to buy the antibiotics if they did not
antibiotics. The frequency of antibiotic-resistantProfit from them.

bacteria in fish and mussels near the fish farms Discussions about subtherapeutic uses have
was also higher, but the frequency of such bactd?een dominated by concerns about risks, but the
ria was not zero, even in fish and mussels fronfact that the uses continue and are sanctioned by
untreated waters. This study demonstrates thae federal government is convincing evidence of
antibiotics can move through the aquatic envithe received benefits. Whatever the risks may be,
ronment and affect the flora of wild fish. Its any decision about subtherapeutic uses will
implications for human health are unknown, andnvolve considerations of both risks and benefits,
not generally applicable to the United States. Irand continued focus on efforts to better pin down
particular, no quinolones are approved for use iestimates of risks to the exclusion of benefits
aquaculture in the United States, and, accordingay have little effect on the decisions. In any
to the Animal Health Institute (1995), no suchcase, as can be seen from the earlier reviews of
use is contemplated. this issue, determining actual risk is not simple.
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0 How Well Do Subtherapeutic Neither is used in human medicine. The dose for
Doses Work? growth promotion has remained constant at 1 to

A measure of the success of subtherapeutic usgsgrams per ton of feed for 10 years, and the

of antibiotics in increasing meat production
would be provided by information about the
amounts of antibiotics that meat producers buxE
over time. From the limited information avail-
able it appears that success varies from animal ig
animal and from time to time. As discussed
below, a major chicken producer uses the sarmie
kinds and amounts of subtherapeutic antibiotics
as were used years ago, and large-scale pork pro-
ducers are reducing their use. In addition, small
“niche” markets have been developed for meats
o
2

increased growth rate has remained constant.
According to a chicken-producing company, the

ompany would discontinue growth promotion

se if it did not contribute to profits.

BOX 7-1: Chickens in the United States

The chicken—not the sparrow, pigeon, or star-
ling—is the most common bird on the planet. The
United States produces 7 billion chickens annu-
ally, or about 29 chickens for every one of the 240
million Americans.

from druQ'free animals, and some prOducerS d About 20,000 farm families contract with large
not use antibiotics in order to participate in theseé _picken producers and packers, and the average
markets. farm has two chicken houses. Each house pro-

While OTA has not carried out any original | duces all of the chicken consumed by 15,000
research or analysis on this issue, it appears that Americans annually. Production has doubled
answers to the question of how well subtherapeu- since 1978, and increases 4 to 5 percent annually.
tic antibiotics work to promote growth depends
on the particulars of the application. Unsatisfying

as it may be, the answer appears to be, “IpjgsDecreasing Use with Increasing

depends.” Concentration of Production

) The number of pork producers is decreasing and
Chickens—Constant Use and the number of pigs sold by each producer is
Constant Benefits increasing (National Pork Producers Council,

Chickens are archetypal food animals (see bo1994), and antibiotic use appears to decrease
7-1). Because of selection for faster growingwith increasing size of pork production opera-
chickens and attention to animal husbandrytions (Sundberg, 1994). The reasons for the trend
farmers can now produce a 6-pound chicken imre not well known, but better hygiene is
56 days. Thirty years ago, a chicken of the sampelieved to account for part of the decrease in
age weighed two pounds. subtherapeutic antibiotic use. More generally,
Viral infections, against which antibiotics larger operations mean that the producer’s
have no effect, are a far greater threat to chickerincome is more dependent on pork production,
than are bacterial infections, and they are conrather than being drawn from several products,
trolled by hygiene, vaccination, and isolation ofsay, corn and pigs, and management probably
chickens from possible human and animalbecomes more focused on the animals.
sources of contamination (Dekich, 1994). A few The National Pork Producers Council has pro-
“old” antibiotics, including tetracyclines, are duced a Quality Assurance Program (National
available for treating bacterial infections, butPork Producers Council, 1994) that includes
such actions are uncommon. A large east coaguidelines for the use of all drugs, including anti-
producer treated less than 2 percent of its 7,50Biotics. Those guidelines are intended to prevent
flocks in 1994. the appearance of levels of drugs that exceed fed-
Two antibiotics—virginamycin and bamber- eral limits in finished meat products. According
micin—are used to promote growth in chickensito the pork producers council, the percentage of
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violations for all drug residues in pork droppednecessarily end the controversy about antibiotic
from 10 percent in the mid-1980s to less than lise in animals.
percent in 1994,

CONTROVERSY OVER FLUOROQUINO-
Trends in Some Other Sectors of LONES IN FOOD PRODUCTION

Meat Production Just as physicians need new antibiotics to treat
During the early 1980s, sales of tetracyclines anflyman diseases, veterinarians see needs for the
penicillin for use in animal feeds slowly declined yse of new antibiotics in their practices. FDA has
from 2.9 million kilograms of tetracyclines in approved the use of one fluoroquinolone in the
1980 to 2.4 million in 1985 and from 400,000 treatment of diseases in companion animals, and
kilograms of penicillin in 1980 to 300,000 in several manufacturers have requested approvals
1984 (IOM, 1989, chap. IV). No more recentfor the use of fluoroquinolones in the treatment
data are readily available. of diseases in food animals. Fluoroquinolone use
Levy (1992, p. 142) states that tetracyclinedn animals has been more widespread in Europe,
were added to animal feeds for growth promo-and resistance to the drugs has been reported in
tion at levels of 5 to 10 parts per million in the bacteria isolated from treated animals.
1950s (roughly 5 to 10 grams of antibiotic per Because of the importance of fluoroquinolo-
ton of feed). Currently, concentrations of 50 tones in medicine, the American Society for
200 parts per million are commonly used. TheMicrobiology, the Infectious Diseases Society of
higher rates of use have not substantiallyAmerica, and officials of the Centers for Disease
increased production costs because the cost &ontrol and Prevention have advised FDA to
antibiotics on a weight basis has decreased oveéestrict the use of fluoroquinolones in food
the same period. Because of the slim profit maranimals. In particular, the Infectious Diseases
gin in meat production, decreased growth promoSociety requested that no formulations of fluoro-
tion effects, coupled with increased costs, couldluinolones in animal feeds be allowed. That
lead to a reduction in subtherapeutic uses of antfequest, if honored, would allow veterinarians to
biotics as the costs of the drugs approach oieat individual animals, but prevent treatment of

exceed the benefits from faster growth. herds or flocks. It is opposed by some veterinari-
ans who maintain that using the antibiotic in feed
0] Summary of Comments on is necessary to treat animals.

Subtherapeutic Uses of Antibiotics FDA has received no applications for the
long-term use of fluoroquinolones in agriculture

Levy (1992, p. 156) suggests that several factorgnq does not expect to (FDA Veterinarian,
are reducing the agricultural uses of antibiotics; gg4), put it held public hearings in May 1994
increased concerns about drugs of all kinds iy possible therapeutic uses. At that meeting
fOOd; greater appreciation of the threat of antlbl-FDA announced that it was Considering a new
otic-resistant bacteria and the contribution thabolicy that would restrict approval of new antibi-
agricultural use of antibiotics may make to it; otics to prescription uses in disease treatment and
better animal husbandry that reduces the need fefrevention. The consensus of the advisory panel
antibiotics; and legislative and regulatory initia- convened for that study was that the benefits of
tives. Indeed, FDA experts report that they seeestricted short-term therapeutic use of fluoro-
few applications for the subtherapeutic uses ofuinolones in food animals outweighed the
new antibiotics (FDA, 1995). While Levy’'s potential human health risk due to resistant
impressions may be accurate, and decreases dmganisms, but that strict controls on usage and
such uses were reported over a decade ago, tireproved surveillance were warranted (FDA
phasing out of subtherapeutic uses would not995a).
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