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PREFACE 

In 1980 , at the request of the Food and Drug 
Administration ( FDA) , a committee of the Assembly of Li fe 
Sciences of the National Research Council (NRC ) prepared a 
report evaluating the effects on human health of the use of 
penicillin and two tetracyclines (chlortetracycline and 
oxytetracycline) at subtherapeutic concentrations1 in animal 
feed . That committee concluded that the postulated hazards 
to human health from such use of antimicrobials had been 
neither proved nor disproved . It drew the conclus ion largely 
because a direct detailed epidemiologic investigation of  the 
hazards had not been feasible and in part because it was 
impossible to ascertain prior antimicrobial exposures of 
individual animal sources of meat products for human 
consumption . The committee recommended various epidemiologic 
studies ( especial ly of human il lness due to salmonel lae and 
pathogenic Escherichia QQ!i) and monitoring and surveil lance 
of the occurrence of antimicrobial resistance of enteric 
bacteria in humans , animals , and foodstuffs . 

Several years l ater , in 1987 , FDA asked the Institute of 
Medicine to conduct an independent review of the human health 
consequences and the risk associated with the use of 
penicillin and the tetracycl ines at subtherapeutic 
concentrations in animal feed . The Institute established a 
committee and gave it a tightly drawn charge: specifical ly ,  
to perform " a  quantitative risk assessment" o f  those 
consequences--to " assess the adequacy of existing human 
health data and use such data to arrive at an estimate of 

1 The Center for Veterinary Medicine cons iders any 
extended use of antibiotics in feed at 2 0 0 gjton or less 
beyond 2 weeks as " subtherapeutic use , "  whether it is for 
growth enhancement or disease prevention . "Use level s are 
generally 2 0 0 g or less of penicil lin or tetracycline per ton 
of feed , but dosage units wil l vary by species . Level s 
approved for qrowth cla ims and disease prophylaxis are 
usually lower than those approved for disease treatment; 
however , there is some overlap in the claims for dose level s 
of 2 00 q per ton or less . "  There is more concern in the 
agency "with the lenqth of time the antibiotic is used in 
feed than in the level of druq . " (FDA personal 
correspondence , April 26, 1988) 

iii 
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risk , the basis of which wil l be justified . "  If complete 
quantification of human health risks was not possible because 
of inadequacies of the available data , the committee was to 
evaluate the scientific information that had become available 
s ince the 1980 report and make judgments about the magnitude 
of the risks . The committee has not addressed risk 
management , nor any aspects related to pol icymaking because 
this was not part of its charge . 

In its risk assessment , the committee was to address the 
fol lowing questions: 

o Does the subtherapeutic use of penicil lin and the 
tetracyclines in animal feed result in an increased frequency 
of antimicrobial resistance in pathogens , particularly 
foodborne pathogens? I f  so , can the increase in frequency be 
rel iably estimated and compared with the increases associated 
with other sources of resistance? 

o Does antimicrobial res istance increase (or diminish) 
the abi l ity of foodborne pathogens to cause disease , change 
the number of foodborne pathogens (dose) needed to produce 
disease , or alter the severity of disease caused by foodborne 
pathogens? 

o Does the subtherapeutic use of penici l l in and the 
tetracycl ines in animal feed result in increased prevalence 
of pathogens in the animals so fed and in foods derived from 
them? 

o Does antibiotic resistance attributable to 
subtherapeutic use in feed increase the incidence of 
foodborne infectious disease in humans or compl icate its 
medical management? 

The current committee is well  aware of the longstanding 
uncertainty of the benefits of the subtherapeutic use of  
antimicrobial s  in  animal feed and its possible restriction in 
this country and abroad , and it understands the need for a 
risk assessment as a foundation for risk management in FDA's 
decision-making (rule-making) regarding the use of feed 
additives . 

It is inherently difficult to relate human morbidity and 
mortal ity associated with a specific antibiotic-resistant 
bacterial pathogen directly to that pathogen's origin in 
livestock (or poultry) on a farm or in a feedlot and to 
administration of subtherapeutic amounts (as opposed to 
treatment amounts )  of penicil lin and the tetracyclines to the 
animals . Unequivocal direct evidence l inking morta lity to 
the postulated initial events is not available--certainly not 
in sufficient quantity to establ ish a cause-and-effect 
relationship . For want of direct evidence , the committee has 

iv 
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approached its task indirectly by developing a risk model , 
using the most reliable data available for the individual 
elements involved , including annual numbers of reported cases 
of specified infections , fractions of cases due to bacterial 
strains that show antibiotic resistance , mortality rates , 
fractions of deaths associated with bacterial strains of farm 
origin , and fractions of antibiotic-resistant strains of farm 
origin caused by subtherapeutic use of antibiotics in animal 
feed . Although some bacterial pathogens (salmonel l ae ,  
Campylobacter jejuni , enterohemorrhagic E· coli , and Yersinia 
enterocolitica) are commonly foodborne and of animal origin , 
salmonel la infections are the only ones that have been 
reportable for many years and for which incidence figures and 
antimicrobial-susceptibility data have been col lected . 
Salmonellosis has therefore been selected for the risk 
assessment model , although we acknowledge that several other 
human infections would also be relevant to our charge . 

The committee is particularly conscious of the 
l imitations and inherent weaknesses of the data base used in 
the risk assessment model . Where an assumption or estimate 
had to be made , we have stated its basis . We are aware that 
some estimates used in the model are weaker than others : for 
example , the fraction of antibiotic-resistant strains of farm 
origin attributable to subtherapeutic use of antibiotics (or 
penicil lin and the tetracyclines specifically) . Because some 
data for the model were only estimates , we considered a range 
of values (low ,  mid-range , and high ) for each element and 
expressed the final risk estimates (deaths per year)  as 
minimum , median , and maximum . 

In addition to the risk assessment , the committee has 
reviewed further new information pertinent to human health 
that might be related to subtherapeutic use of antibiotics in 
animal feed . Some of the new information addresses study 
possibilities identified by the former NRC committee on 
subtherapeutic antibiotic use in animal feeds . Some of it 
deals with the biologic impact of antibiotic resistance in 
bacteria and the use of molecular biologic techniques in 
identifying clonal features of isolates obtained from farm 
animals , from foodstuffs derived from livestock and farm 
animals , and from infected humans . Some of it reflects 
fol lowup experience in European countries that have , in the 
last 10-20 years , by regulatory action prohibited use in 
animal feed of subtherapeutic concentrations of antibiotics 
that are used in treatment of humans .  Much of this 
information provides only circumstantial evidence bearing on 
the question under consideration . Some of the facts even 
appear to be mutual ly contradictory . 

The committee has not addressed any cost-benefit aspects 
of the issues related to this problem , nor has it made any 
recommendations regarding regulatory strategies or policies . 
It hopes that its report on the subtherapeutic use of 
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penicil lin and the tetracyclines in animal feed wil l be 
useful to FDA in its consideration of the risk involved and 
appropriate risk management . The committee stresses the 
continuing need for more extensive gathering of detailed 
epidemiologic information to define the human health risks 
more sharply . 
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I 

EXECUTIVE SUMMARY 

In 1987 , the Food and Drug Administration asked the 
Institute of Medicine to conduct an independent review of  the 
human health consequences and the risk associated with the 
use o f  penicill in and the tetracycl ines at subtherapeutic 
concentrations in animal feed . The Institute established a 
committee and gave it a tightly drawn charge : perform " a  
quantitative risk assessment" o f  those consequences--to 
" assess the adequacy of existing human health data and use 
such data to arrive at an estimate of risk , the bas is of 
which wil l be j ustified . " I f  complete quantification of 
human health risks was not possible because of inadequacies 
of the available data , the committee was to evaluate the 
scientific information that had become available since the 
1980 NRC report of a similar investigation and make j udgments 
about the magnitude of the risks . 

Since the introduction of the first antimicrobials into 
cl inical medicine their use has exerted continuing selective 
pressure , resulting in an increase in the prevalence of 
antimicrobial-resistant strains of both primary pathogens and 
commensal " opportunistic" bacterial species . Succeeding 
generations of antimicrobials , often possessing broader 
spectra of activity , have compounded the problem . Over the 
years , medical practice has yielded abundant examples of the 
emergence to predominance of strains of common pathogens that 
bear resistance ( often encoded on plasmids ) to one or more 
antimicrobials . In view of this , many have speculated about 
the need to l imit inj udicious and unnecessary prophylactic 
and therapeutic use of antimicrobials in humans . The 
continued broad , subtherapeutic use of antimicrobials in 
animal feeds has added to the concern that such practices may 
contribute to the emergence of res istant stra ins of bacteria 
that pose a risk to human health . 

Initial ly , the committee examined epidemiologic studies 
that employed recently developed molecular fingerprinting 
techniques capable of directly l inking , by clonal 
characteristics of the etiologic agent , human il lness due to 
a foodborne pathogen ( Salmonel la)  to the same organism with 
these same clonal characteristics isolated in the food 
production chain and back on the farm . Although the 
committee did look at the data available on other infectious 
bacteria than salmonel lae , it was not possible to find a 
substantial body of direct evidence establishing conclus ively 

1 

Copyright © National Academy of Sciences. All rights reserved.

Human Health Risks With the Subtherapeutic Use of Penicillin or Tetracyclines in Animal Feed
http://www.nap.edu/catalog.php?record_id=19030

http://www.nap.edu/catalog.php?record_id=19030


2 

the presence of a human health hazard that resulted from the 
use of subtherapeutic concentrations of penicill in and the 
tetracycl ines in animal feeds . Nonetheless , the committee 
bel ieves that important , although as yet sparse , data show 
the flow of distinct salmonella clones from farm animals 
medicated with antibiotics in subtherapeutic concentrations , 
through food products , to humans , who thus acquire cl inical 
salmonel losis . For example , a multiple antibiotic-res istant 
strain of � newport originated in farm animals exposed to 
chloramphenicol , a drug not approved for feed additive use , 
rather than to penicil l in or the tetracycl ines . We bel ieve 
further that appl ication of available methods for clonal 
analysis of bacterial isolates in future outbreaks of 
salmonel losis can provide the direct evidence required to 
relate use of specific antimicrobials on the farm to human 
infection with antimicrobial -res istant foodborne pathogens ; 
or could show that no relationship exists . 

This model estimates risks for salmonel losis , because 
adequate data were lacking to quantify the risk for other 
foodborne pathogens , such as campylobacter jeiuni , Yers inia 
enterocolitica , and enterohemorrhagic � � .  Furthermore , 
this report deals only with the risk for mortal ity from 
salmonellosis , and does not estimate risk for morbidity due 
to lack of data . 

In contrast to the paucity of direct evidence 
impl icating subtherapeutic use of antimicrobials as a 
potential human health hazard , the committee found a 
cons iderable body of indirect or circumstantial evidence as 
fol lows : 

o Data on the biologic properties pf transposons and R 
plasmids . The use of antimicrobial agents for either 
therapeutic , prophylactic , or growth-promoting purposes 
generates a strong selective pressure for the emergence of 
drug-resistant bacteria in the environment , and this 
selection operates at several levels simultaneously by 
caus ing molecular expansion of the antimicrobial -resistance 
genetic elements as wel l . The basic genetic unit of 
res istance , the transposon , can occupy almost any location in 
the genome , but most typical ly is on a conjugative R plasmid . 
The abil ity of  the drug-res istance gene to transpose ,  as a 
transposon , and to move to other stra ins and species provides 
the potential to confer res istance to the selecting 
antimicrobial on a large population of bacteria . 

Studies of bacterial strains differing only in the 
presence of an R plasmid have general ly revealed l ittle 
difference in virulence . However ,  the results of R plasmid 
acquisition can be striking when a conjugative R plasmid 
contains virulence genes such as ones encoding enterotoxin , 
aerobactin , hemolys in , or colonization factors in addition to 
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3 

antimicrobial-resistance determinants . Selection by 
antimicrobials can promote spread of virulent strains in 
instances in which R plasmids have incorporated virulence 
genes or in which virulence plasmids have acquired drug
resistant transposons . Thus , the mere presence of the drug
resistant phenotype may be enough to enhance the disease
producing potential of the pathogen . Most species of 
Enterobacteriaceae pathogenic for humans and animals carry at 
least one essential determinant of pathogenicity on a 
plasmid . 

o There is evidence of extensive use on farms and in 
feedlots of subtherapeutic concentrations of penicil l in ,  the 
tetracycl ines , and other antimicrobials ( see Chapter IV) . 
OVer 3 1  mil l ion pounds of antibiotics are produced annual ly 
in the United States . Although accurate data on antibiotic 
use in animal feeds are not available ,  estimates indicate 
that almost hal f  the total annual production of antibiotics 
is directed to use in farm animals . The tetracycl ines used 
in l ivestock and poultry feeds represent almost 50%  of the 
total of antibacterial use in feeds . Almost 90%  of all 
antibiotics used in farm animals and poultry is administered 
in subtherapeutic concentrations . About 7 0 %  of the total of 
all antibiotics used in subtherapeutic concentrations in 
animal feeds is given for the purpose of disease prevention 
(prophylaxis ) ,  and the remainder of this amount is 
administered for growth promotion . 

o Ample evidence exists of a high prevalence of 
antimicrobial resistance among isolates of salmonellae from 
farm animals . The frequency of resistance to any of the 
commonly tested antimicrobials among farm-animal isolates of 
salmonellae ranges from 69 to 80% ; of resistance to 
ampicil l in ,  from 15 to 7 2 % ; and of resistance to 
tetracycl ine ,  from 3 7  to 8 1 % . These frequencies of 
resistance among animal isolates are 3 -5 times greater than 
those among stra ins isolated from human beings . Surveys of 
res istance to various antimicrobials among salmonella and 
� coli isolates from farm animals in the United States 
general ly have shown that feeding antibiotics in 
subtherapeutic concentrations increases resistance to 
antibiotics . The prevalence of resistance can vary 
considerably , probably with temporal and regional 
differences , and differences among farm animal species . The 
variations may also reflect differences in antibiotic 
practices , such as the use of specific antibiotics and 
subtherapeutic vs . therapeutic dosages , the relative 
proportions of resistance in bacterial isolates from each of 
the farm animal species , and environmental factors , such as 
production methods , and stress on the animals . 
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o Animal and poultry carcasses in meat-processing 
plants are often contaminated with intestinal pathogens and 
� � ( see recommendations in Chapter XI ) . Contamination 
with salmonel lae has been found in up to 4 5-50% of samples of  
ready-to-cook poultry obtained from food markets at different 
times and in different parts of the United States . Although 
few data are available on the prevalence of antimicrobial 
res istance among salmonellae isolated from animal and poultry 
carcasses at meat-processing plants , it is l ikely that the 
prevalence would be similar among isolates from animals on 
the farm . The l imited data available on salmonel la isolates 
from retail -marketed poultry would show about 3 0-4 0% are 
res istant to the tetracycl ines and about 65% to one or more 
antimicrobials . 

o Human infection with salmonel lae or other enteric 
bacteria may follow handl ing and ingestion of improperly 
cooked , packaged , frozen , or refrigerated meat or poultry 
contaminated with these organisms . 

o The results of several studies have shown the 
selection of drug-resistance in col i form bacteria due to the 
use of antibiotics in feed and subsequent spread from farm 
animals to humans . The potential exposure of members of a 
farm family to various enteric bacteria indigenous to farm 
animals has been investigated to determine the temporal 
frequency with which antibiotic-resistant � QQli strains 
from such contact spreads to them . Fol lowing the use of 
tetracycl ine-supplemented feed in flocks of chickens , the 
intestinal col iform flora in these chickens became largely 
tetracycl ine-resistant : within 2 weeks 90%  of the col i form 
isolates , predominantly � QQli, from the chickens were 
tetracycl ine-resistant . The prevalence of tetracycl ine
resistant col iform organisms also increased in the intestinal 
tracts of the 11 members of the farm family caring for the 
chickens , but not in members of neighboring famil ies . After 
5-6 months of use of subtherapeutic concentrations of the 
tetracycl ines in chicken feed , 3 1% of fecal samples taken at 
weekly intervals from members of the family conta ined over 
8 0% tetracycl ine-resistant col i form bacteria , in contrast to 
7 %  of the samples from neighbors . Multiple antimicrobial 
resistance , most l ikely plasmid-mediated , to unselecting 
antimicrobial s ( streptomycin , ampicil l in ,  sul fonamides ) ,  and 
to the tetracycl ines , developed in over 50% of the � £Qli 
stra ins isolated from chickens fed tetracycl ine-containing 
feed for over 10 weeks . Another study , described in Chapter 
VI , indicating that antibiotic-res istant � col i of farm 
origin can spread to humans involved the use in pigs of a 
nonabsorbable antibiotic of the streptothricin group , 
nourseothricin , which had not been used in humans and 
therefore could not have spread initially from humans to farm 
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animals . After 2 years of use of this antibiotic in piq 
feed , � QQli that contained plasmids bearinq nourseothricin 
res istance were present in the feces of 3 3 %  of piqs with 
diarrheal illness , 18% of workers on the piq farms , 17%  of 
family members of the farm workers , and 16% of outpatients 
from the same qeoqraphic reqion where nourseothricin had not 
been used in feed . Even thouqh no nourseothricin had been used 
in treatment of humans in the reqion , 1% of the � £Qli 
urinary tract infections of outpatients were due to 
nourseothricin-resistant strains . In contrast , intestinal 
� QQli isolated from outpatients in neiqhborinq reqions , 
where nourseothricin had not been used in piq feed , were not 
nourseothricin-resistant . Althouqh much of the important 
information needed to evaluate these observations is lackinq , 
the available information does appear to suqqest 
nourseothricin-resistant � col i from piqs were transmitted 
to humans and probably from humans to other humans . Whether 
nourseothricin-res istant isolates are more or less virulent 
than susceptible ones is not known . 

Epidemioloqic approaches have been used to address 
further the question of whether exposure of human beinqs to 
antibiotic-resistant bacteria of farm-animal oriqin enhances 
the risk of subsequent infection with such stra ins . In one 
such study ( see Chapter VI ) , the possible acquisition of 
� QQ1i urinary tract infections due to antibiotic-resistant 
strains of farm oriqin was examined in a population of about 
100 female employees in poultry processinq plants . � � 
were isolated in 95%  of the cultures from poultry : 96%  of 
these strains were resistant to one or more antimicrobials 
and 87% were resistant to two or more druqs . Eleven percent 
of the female workers who had not recently taken 
antimicrobial therapy had bacteriuria , with � QQli 
accountinq for two-thirds of the isolates . Of the latter , 
17%  were resistant to one or more antibiotics . The 
antibioqrams of the � QQli from the bacteriuria workers and 
from the poultry to which they were heavily exposed seldom 
were similar or identical . The � QQli strains from both 
sources were examined for commonly occurrinq R plasmids with 
restriction-endonuclease-diqestion patterns to trace spread 
of druq resistance from poultry to workers . The presence of 
a unique plasmid pattern endemic in poultry also found in the 
human isolates miqht support the concept of such spread . 
However ,  because the same plasmid could be demonstrated in 
two isolates in only a few instances , the results had too 
l ittle power to exclude the possibil ity of spread . 
Unfortunately , intestinal � coli  from the workers were not 
studied , and , therefore , poss ible spread to their 
qastrointestinal tracts could not be ascertained . The 
val idity of usinq urinary tract infection as an epidemioloqic 
approach to the question of whether exposure of humans to 

Copyright © National Academy of Sciences. All rights reserved.

Human Health Risks With the Subtherapeutic Use of Penicillin or Tetracyclines in Animal Feed
http://www.nap.edu/catalog.php?record_id=19030

http://www.nap.edu/catalog.php?record_id=19030


6 

antimicrobial-resistant bacteria of farm-animal oriqin 
enhances the risk of subsequent infection by such strains can 
be seriously questioned . � � strains causinq urinary 
tract infections appear to represent a selected qroup of 
clones not included amonq those equally l ikely to colonize 
animals and humans . 

Monitorinq of infections amonq farm workers and their 
famil ies caused by antimicrobial-resistant salmonel lae or 
other qastrointestinal pathoqens of farm animal oriqin miqht 
provide evidence of spread of these orqanisms to humans with 
ensuinq illness . Extensive data bearinq on this issue are 
not available . In one study , salmonellosis or diarrheal 
il lness did not occur at a hiqher frequency in farm children 
reqularly exposed to poultry than in a control qroup lackinq 
such exposure . Althouqh scattered cl inical case reports have 
documented transmission of salmonellae from farm animals to 
humans , this does not appear to occur commonly , or at least 
is not often recoqnized .  

I n  the United Kinqdom , s ince about 197 0  all 
antimicrobials used in humans have been banned for use in 
animals , thus only selected antimicrobials can be used for 
animal qrowth promotion . The Swann Committee report of 1969 
made this recommendation and prohibited penicil l in ,  
tetracycl ine , and certain antimicrobials from beinq used as 
feed additives . However , these druqs could be used for 
therapy or prophylaxis of disease only when prescribed by a 
veterinarian and then only for a l imited time period . 
Alternatively , antimicrobials such as Zinc Bacitracin , 
Virqiniamycin , and Avoparcin have been used as feed additives 
but not for therapeutic indications . Use of these druqs does 
not select for bacterial strains res istant to penicil l in ,  
tetracycl ine , or other antimicrobials used in human medicine . 
Some investiqators in the United Kinqdom insist that the 
selection of resistant salmonellae ( and other bacterial 
strains ) is due to the therapeutic use of antimicrobial druqs 
in humans as wel l  as animals .  The concentration of 2 0 0  
qramsjton i s  a therapeutic or prophylactic dose in the United 
Kinqdom and must be prescribed by a veterinarian . In 
contrast , this concentration in the USA is considered a 
subtherapeutic dose when it is administered for 2 weeks or 
lonqer and does not require a prescription from a 
veterinarian . Consequently , comparison of the effects of 
this concentration of antimicrobials on the selection of 
resistant enteric pathoqens , especially Salmonella , is 
difficult because of the difference in appl ications in these 
two countries . Althouqh penicil l in and the tetracycl ines 
have been banned as feed additives in the U . K . , both can be 
used when prescribed for therapy or prophylaxis of disease . 
The amounts of antimicrobials used in veterinary practice has 
increased since the Swann Report . The surveys conducted 
subsequently indicate a fa irly constant and low incidence of 
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resistance amonq salmonella isolates except for � 
typhimurium phaqe type 204C, an exceptional strain that has 
become the most commonly isolated strain from cattle , 
especially calves . Not only bas it been reported in 
increas inq numbers since its isolation in 197 9 , but each year 
new antimicrobials have been added to the l ist to which it is 
resistant . In a few human cases this strain bas developed 
serious treatment problems because of the l imited choice of 
effective antimicrobial s . Althouqh in 1985 it was 
responsible for 4% of all reported cases of salmonel losis in 
humans , most of them were sel f-l imitinq . 

It is difficult to assess the effect of banninq 
penicill in and the tetracycl ines as feed additives in the 
U . K . a fter 1969 when the Swann Report recommendations were 
implemented . There were no systematic collections of strains 
prior to the report to serve as a basel ine . Also , there have 
been siqni ficant cbanqes in the methods of raisinq and 
marketinq animals and these have been important factors in 
the spread of resistant Salmonella , e . q . , � typhimurium 
phaqe type 204C. The multiple antimicrobial resistance 
profile of this particular strain presumably bas been caused 
by the many antimicrobials used therapeutically for scours in 
calves and not by subtherapeutic doses used in the U . K . 
Other strains of Salmonella have not shown this tendency to 
acquire resistance plasmids under similar circumstances . 
Various other salmonella species , of animal oriqin , that 
cause human disease have fluctuated widely in incidence 
durinq this same period but there has not been any dramatic 
increase in resistance to antimicrobials in bacterial 
isolates . Some experts in the U . K . are convinced the Swann 
Committee recommendations have had no impact in reducinq one 
hazard this Committee was charqed to address , the selection 
of resistant bacteria by antimicrobials in animal feed . 

Because the committee was unable to find data directly 
impl icatinq the subtherapeutic use of feed antimicrobials in 
human illness and that much of the available evidence was 
primarily circumstantial , often ambiquous , and sometimes 
confl ictinq , the committee proceeded to develop a risk model 
and perform a quantitative risk assessment . Even thouqh 
salmonellosis may contribute only a small portion of the 
total incidence of possible human disease due to 
subtherapeutic use of antibiotics in animal feed , our model 
was restricted to salmonellosis , because adequate data were 
lackinq to quantify the risk for other foodborne pathoqens , 
such as campylobacter jeiuni , Yersinia enterocolitica , and 
enterohemorrbaqic � coli. 

The model consists of a sequence of five mathematical ly 
derived quantitative estimates that are l inked in a cascade 
fashion : 
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( 1 )  Annual number of cases o f  salmonellosis reported in the 
u.s. ( the committee has used a mid-range estimate of 50, 000 
cases in developing the model in Chapter VII) 

(2)  Fraction of salmonel la strains from human cases showing 
resistance to--

( a )  any antimicrobial (mid-range estimate , 2 4t)  

( b )  penicil l in/ampicill in and/or tetracycl ine (mid-range 
estimate , 1St)  

( 3 )  Death rate associated with infection by salmonella 
strains with various resistance patterns--

( a )  susceptible to all antimicrobials (mid-range 
estimate , O . St)  

( b )  resistant to any antimicrobial (mid-range estimate , 
l . Ot)  

( c )  resistant to  penicill in/ampicil l in andjor 
tetracycl ine (mid-range estimate , l . Ot) 

( 4 )  Fraction of deaths due to salmonel losis that are 
associated with salmonella strains of farm origin (mid-range 
estimate , 70t) 

( 5 )  Proportion of the above fraction ( 4 )  resulting from the 
subtherapeutic use of antimicrobials in animal feed--

( a )  any antimicrobial (mid-range estimate , SSt) 

( b )  penicill in/ampicillin and/or tetracycl ine (mid
range estimate , 90t 

In view of the nature of the l ink between individual 
estimates described above , the five estimates can be 
multipl ied to indicate the number of annual deaths. With 
appropriate modification of the relevant estimates , the 
number of deaths due to use of antimicrobials in feed only 
for the purpose of growth promotion , rather than for all  
subtherapeutic uses (both growth promotion and disease 
prevention) , can be calculated . 

It is extremely important to recognize that the numbers 
of annual deaths estimated by multiplying the five individual 
estimates l isted above are not necessarily excess deaths . It 
is possible that , even if  all subtherapeutic uses of 
antibiotics were stopped , a l ike number of deaths might 
replace those produced by resistant strains as a result of 
infections by drug-susceptible salmonellae . 
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It is possible to estimate the number of excess deaths 
due to subtherapeutic uses of antibiotics by introducinq into 
the risk model the so-called "etioloqic fraction . "  This 
fraction represents the proportion of cases that would almost 
certainly not occur in the absence of druq-resistant strains . 
These excess cases are estimated by takinq into account the 
proportion of the population that is takinq antibiotics at 
any qiven time and the documented excess risk of infection 
fol lowinq such antibiotic administration . Estimates based on 
inclusion of the "etioloqic fraction" are more certain than 
those estimated without its inclusion in the sense that these 
represent true excess cases .  

Because the data available for use in the risk model are 
scanty , were l ikely to have been col lected for other purposes 
and retrospectively , and sometimes require extensive 
extrapolation , the inherent l imitations of the model must be 
appreciated . Furthermore , it should be recoqnized that the 
fiqures used in the model result in a low estimate of the 
actual number of deaths , because possible unreported deaths 
from salmonellosis are not estimated and deaths due to other 
foodborne intestinal pathoqens , such as Campylobacter ieiuni , 
have not been taken into account . Moreover , there is no 
doubt an additional burden of disease (morbidity) should be 
considered part of the characterization of risk . 
Insufficient data were available to allow quantification of 
this burden . 

The committee bel ieves that it has employed the best 
available data to make a series of low ,  mid-ranqe , and hiqh 
estimates for each sequential step in the model . A s imilar 
approach is taken to derive three estimates of the etioloqic 
fraction . Because values for five variables (described 
above ) have been multipl ied to provide specific risk 
quantification , and because there are three different 
estimates of each variable ( low ,  mid , and hiqh ) , there are 
243 different possible estimates of risk for each l inked 
sequence of steps . The committee tends to place qreatest 
rel iance on estimates near the mid-ranqe (median) value as 
beinq the " l ikel iest" estimate reported below . 

With this risk model , a series of estimates of annual 
numbers of deaths from salmonellosis attributable to 
subtherapeutic uses of antimicrobials in animal feed were 
made : 

o The l ikel iest estimate of deaths attributable to 
subtherapeutic uses of penicill in and/or the tetracycl ines 
for both prophylaxis and qrowth promotion is in the ranqe of 
40 per year . 

o The l ikel iest estimate of deaths attributable to 
subtherapeutic uses of penicil l in and/or the tetracycl ines 
for qrowth promotion is in the ranqe of 15 per year . 
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It must be emphasized that neither of the above 
estimates is certain to represent the true excess number of 
deaths due to subtherapeutic uses of antibiotics in animal 
feed . It is possible that stopping such uses will not reduce 
these numbers . Inclusion of the etiologic fraction allows 
estimation of the excess numbers of annual deaths : 

o The l ikel iest estimate of excess deaths attributable 
to subtherapeutic uses of penicillin and/or the tetracycl ines 
for both prophylaxis and growth promotion is in the range of 
6 per year . 

o The l ikel iest estimate of the excess deaths 
attributable to subtherapeutic uses of penicil l in and/or the 
tetracycl ines only for growth promotion only is in the range 
of 2 per year . 

It is also possible to estimate the numbers of deaths 
due to " increased difficulty of treatment . "  These estimates, 
which are more uncertain than the others , represent cases due 
to possibly increased virulence of resistant strains, 
presence of resistance to antimicrobials ordinarily employed 
in treatment of such infections when they are severe or occur 
in particularly vulnerable persons , some other factor, or a 
combination of these . These estimates probably include those 
in the etiologic fraction estimated above . 

o The l ikel iest estimate of deaths attributable to 
subtherapeutic uses of penicillin and/or the tetracycl ines 
for both prophylaxis and growth promotion and arising because 
of " increased difficulty of disease treatment" is 20 per 
year . 

o The l ikel iest estimate of deaths attributable to 
subtherapeutic uses of penicill in and/or the tetracycl ines 
for growth promotion only and arising because of increased 
difficulty of disease treatment is 8 per year . 

The currently available data are an incomplete 
"patchwork" from a variety of sources ; they are not collected 
systematically for the nation , they are complex, they are 
frequently of poor qual ity and require extrapolation for use 
in risk assessment , and they are not focused on the specific 
points of direct interest . 

Complete evaluation of these risk estimates of mortal ity 
from salmonellosis attributable to subtherapeutic uses of 
antimicrobials in animal feed requires consideration of the 
possible benefits to food production that might accrue from 
such antimicrobial use . Consideration must also be given to 
the question of whether overal l  human deaths from 
salmonel losis ( attributable to both antimicrobial-
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susceptible and -resistant strains ) would be changed by the 
discontinuance of subtherapeutic use of penicil l in andjor 
tetracycline . The committee bel ieves that , although some 
deaths attributable to antibiotic-resistant strains may be 
substituted for by deaths from susceptible strains , the 
total number of deaths would decrease . However ,  this cannot 
be proved at present . 

Using al l the resources noted above , the committee was 
unable to find a substantial body of direct evidence that 
establ ished the existence of a definite human health hazard 
in the use of subtherapeutic concentrations of penici l l in and 
the tetracycl ines in animal feeds . 

The committee does not offer recommendations for risk 
management or pol icy making , because this was not part of its 
mandate . However , a series of recommendations for 
strengthening the data bases for future risk analyses have 
been made by the committee . Many of these would warrant 
implementation in order to monitor antibiotic use and the 
changes that might ensue in druq resistance in isolates from 
animals and humans with salmonellosis and other foodborne 
diseases . These recommendations would seem particularly 
appropriate in view of the fact that debate on the benefits 
of use of subtherapeutic doses of penicil l in and the 
tetracycl ines in animal feed has qone on for over two 
decades . 
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INTRODUCTION 

Subtherapeutic concentrations of antimicrobials in feed 
have been used for decades in the raising of animals for food 
production . The concentrations are lower than those usually 
chosen to treat established infections in animals , but high 
enough to affect growth of bacterial components of the 
gastrointestinal flora . Subtherapeutic concentrations are 

. used to improve growth and to prevent infection during 
periods of increased susceptibil ity in rearing . In 198 0 , a 
committee in the Division of Medical Sciences of the National 
Research Counc i l  prepared a report entitled The Ef fects on 
Human Hea l th o f  Subtherapeutic Use of Antimicrobi a ls in 
Animal Feeds2 . The committee concluded that hazards to human 
heal th associated with subthera peutic use o f  antimicrobia ls 
in animal feeds had been neither proved nor disproved ; that 
was not to say that the postulated hazards did not exist . 
That committee made a number of observations that are still 
relevant : 

o Subtherapeutic uses of antimicrobials in animals 
increase the prevalence of antimicrobial resistance in some 
bacteria , such as salmonel lae and Escherichia £211 . Persons 
in close contact with animals treated with antimicrobial s are 
more l ikely to harbor antimicrobial-resistant �. QQli than 
are persons not so exposed . However , in studies of 
antimicrobial-resistant �. QQli in humans with animal 
contact , the dosage and duration of antimicrobial use in the 
animals have not been clearly defined . Thus , subtherapeutic 
use usually cannot be distinguished from therapeutic use . 

o Slaughterhouse workers carry some of the same phage 
types of Enterobacteriaceae as are found in slaughtered 
animals and in the slaughterhouse environment . However ,  the 
relevant studies were not conclusive , because too few persons 
were examined . In addition , the animals to which the workers 
had been exposed had probably received both therapeutic and 
subtherapeutic doses of antimicrobials . 

o A l ink could not be establ ished between il lness due 
to antimicrobial-resistant pathogenic bacteria and contact 
with animals given only subtherapeutic antimicrobials or 
ingestion of meat from such animals . 

12 

Copyr igh t  ©  Na t iona l  Academy o f  Sc iences .  A l l  r i gh ts  rese rved .

Human Hea l th  R isks  Wi th  the  Sub therapeu t i c  Use  o f  Pen ic i l l i n  o r  Te t racyc l i nes  in  An ima l  Feed
h t tp : / /www.nap .edu /ca ta log .php?record_ id=19030

http://www.nap.edu/catalog.php?record_id=19030


1 3  

o Therapeutic and prophylactic doses of antimicrobials 
in humans increase the prevalence of antimicrobial -res istant 
microorganisms in their bacterial flora and in the flora of 
their close contacts . 

o Data that would allow measurement of the frequency of 
transfer of R factors ( resistance factors ) from the bacterial 
flora of animals to the flora of humans were not available ;  
nor were quantitative data on the frequency of R-factor 
transfer among components of the human microbial flora . 

o Available data were insufficient to determine any 
relationship in the general human population between 
ingestion of meat from animals fed subtherapeutic amounts of 
antimicrobials and the prevalence of drug-resistant �. QQli .  
The l imited available data suggested that antimicrobial 
resistant �. QQli were as prevalent in vegetarians as in 
meat-eaters . 

The purpose of the present study , initiated 7 years 
later by the Institute of Medicine at the request of the Food 
a nd Drug Administra tion (FDA), was to devel op a formal 
quantitative assessment of huma n heal th risk associated with 
the subthera peutic use o f  penic i l l in and the tetracyc l ines in 
a nimal feed . 

HISTORICAL BACKGRQUND 

It is helpful to review briefly the history of federal 
pol icies regarding the use of penicil l in and the 
tetracycl ines in animal feeds . 6 , 7  FDA approved the use of 
penici l l in and chlortetracycl ine as feed additives in 1951  
and the use of oxytetracycl ine in  1953 . In 1972 , FDA issued 
a pol icy statement regarding the use of antimicrobial drugs 
in feeds . 6 , 7  In 1977 , the agency issued a Notice of 
Opportunity for Hearing (NOOH) on penicill in- and 
tetracycl ine-containing premixes to help to determine whether 
the previously approved New Drug Appl ications for the drugs 
should be withdrawn because of possible adverse effects on 
human health . 4 , 5  In 1978 , before any action on these NOOHs , 
Congress stipulated that the FDA should seek rigorous 
evaluation of the available scienti fic evidence of human 
health hazards associated with the use of the drugs in 
subtherapeutic concentrations in animal feed . That 
stipulation led to FDA ' s  request that resulted in the 1980  
National Research Council report . Congress , in  its fiscal 
198 1 appropriations hearings , requested that FDA hold any 
proposed withdrawal proceedings on the New Drug Appl ications 
in abeyance until the research recommended in the report 
could be done and evaluated . 
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Between the congressional request and the study reported 
here , the National Resources Defense Council ( NRDC) in 
December 1984 submitted a petition asking the Secretary of 
Health and Human Services to suspend approval of the drug 
appl ications for subtherapeutic use of penici l l in and the 
tetracycl ines in animal feeds . s NRDC alleged that the use of 
the drugs presented an " imminent hazard" to the publ ic 
health . A decision to invoke the imminent-hazard provision 
would have resulted in immediate withdrawal of the drugs from 
the market . FDA reviewed the petition and the scienti fic 
evidence submitted in support of the claim of imminent 
hazard . In summary , the FDA stated that it bel ieved that 
NRDC has not established that antibiotic-resistant 
Salmonella , whose resistance results from subtherapeutic uses 
of penicil l in and the tetracycl ines in animal feed , have a 
signi ficant impact on the outcome of human salmonellosis . 
Moreover ,  the figures used by NRDC to calculate mortal ity and 
morbidity rates were derived , in part , from a study that was 
not designed for that purpose and , therefore , could be 
biased . The FDA recommended that the Secretary deny NRDC ' s  
petition on the grounds that an " imminent hazard" has not 
been demonstrated . 

COMMITTEE APPRQACH 

The present Committee on Human Health Risk Assessment of 
Us ing Subtherapeutic Antibiotics in Animal Feeds has sought 
data that could be used in making a quantitative assessment 
of hazards and risk to human health . It has sought the 
results of peer-reviewed scientific studies on several 
pathogenic organisms that infect both humans and animals , 
that cause disease and death in humans , and for which 
antimicrobial susceptibil ity testing is commonly performed . 
The need for data on mortal ity ( reports of human infectious 
disease reported to state and federal agencies ) further 
l imited the bacterial infections that might be included in 
this study . Few data on morbidity were available . The 
committee needed a definitive end point ( survival or death) 
that was not afforded in any publ ished evaluations of the 
effects of salmonellae in causing morbidity in humans . 
Several other diseases were considered , and these are 
discussed in Chapter VI , but morbidity and mortal ity data on 
the l isted diseases other than salmonellos is were unavailable 
or insufficient in quantity and qual ity for risk assessment . 
(Morbidity was not assessed in the present model , because of 
the lack of data on the cases studied , and the current model 
has no provisions for morbidity . )  Infection with Salmonella 
species ( other than s. typhi) was selected for several 
reasons : salmonel lae are often isolated from farm animals and 
foodstuffs derived from them ; salmonel lae are pathogens for 
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both farm animals and humans , some data are available on 
antimicrobial resistance among farm-animal and human isolates 
of salmonellae : the Centers for Disease Control ( CDC) 
conducts a national surveillance for salmonellae and receives 
numerous human salmonella isolates from all parts of the 
country for identification and serotyping , and CDC has 
conducted studies on the incidence of human salmonellosis in 
selected u . s .  urban and rural counties . l , l Requisite data 
related to salmonella infections as either the "underlying 
cause" or a " contributing cause" of human deaths were sought , 
and the relevant bacterial isolates were categorized as to 
antimicrobial susceptibil ities . The drug-resistance profiles 
of the cl inical isolates have been examined with a view to 
determining the sources of drug resistance and whether drug
resistant isolates could be traced to farm origin or , even 
further , to subtherapeutic use of penicil l in or the 
tetracyclines in animal feed . The task has been formidable , 
because of the sparseness of data that l ink drug-resistant 
cl inical isolates to primary sources of infection , whether 
human or animal , and of data that identify the specific drugs 
used on the farm , their form of administration ( for growth 
promotion or prevention of infection ) , and their dosages . 
The committee has recognized several weaknesses in the data 
needed for risk assessment and its findings have highl ighted 
these weaknesses . 

Bacterial antimicrobial resistance can be natural or 
acquired , and the growth of bacteria with either type of 
resistance will be selectively favored when antimicrobials 
are used in humans , in animals , or in other environments .  
Natural resistance to an individual antimicrobial pertains to 
resistance of an entire species to that antimicrobial , e . g . , 
resistance of Pseudomonas aeruginosa to chloramphenicol . 
Such resistance usually arises from a lack of permeabil ity to 
the drug or the lack of a susceptible target site for the 
drug . Acquired resistance occurs as a result of mutation or 
as a result of transfer of resistance (R)  plasmids . Exposure 
of large bacterial populations to various antimicrobial 
agents results in selection of antimicrobial-resistant 
microorganisms , provided that the concentrations of the 
agents are above the minimal inhibitory concentrations (MICs ) 
for the exposed bacteria .  That selection occurs in bacterial 
cultures in vitro , in humans receiving antibiotics either 
prophylactically or therapeutically ,  and in animals whose 
feed contains antibacterial agents for growth enhancement , 
for treatment of established infection , or for disease 
prevention . One would l ike to know particularly the extent 
to which the human "pool " of drug-resistant enteric 
microorganisms is increased by the aggregate of disease
producing pathogenic strains , bowel flora , and 
gastrointestinal "transients" of animal origin that are 
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generated by subtherapeutic uses of penicillin and the 
tetracycl ines on the farm and in feedlots . 

General questions that might reasonably be raised 
concerning the importance of the subtherapeutic use of 
penicillin and the tetracycl ines in current problems of human 
infection with antimicrobial-resistant bacteria include the 
following : 

o What are the relative ( quantitative) contributions to 
drug resistance , in bacterial species pathogenic for humans , 
of antimicrobial use in humans and in animals? 

o What are the relative contributions to bacterial drug 
resistance of subtherapeutic and therapeutic uses of 
antimicrobial agents? 

o Does bacterial resistance to penicil l in and the 
tetracycl ines foster resistance to other antimicrobial agents 
used in the treatment of animal or human infections? More 
specifically , what is the relationship of the subtherapeutic 
use of these drugs in animals to resistance to other drugs? 

o If subtherapeutic (but not therapeutic ) use of 
penicillin and the tetracycl ines were el iminated , would the 
frequency of antimicrobial resistance among enteric pathogens 
be l ikely to increase , to decrease , or not to change? 

The committee hopes that newly developed molecular 
fingerprinting techniques that pinpoint the sources of 
infections with antibiotic-resistant pathogens and that trace 
routes of transmission ( animal to human or human to animal ) 
wil l  be used regularly in epidemiologic investigations and 
that a database wil l  be established for use in future 
assessment of risk . The pathways of infective bacteria from 
animals to humans or vice versa and the relationship of the 
development of antimicrobial resistance in these bacteria to 
antibiotic use thus might be more clearly identi fied .  

The committee considered the available data on several 
bacterial organisms and selected nontyphoidal salmonel la 
infections as the most appropriate infections to consider in 
making the human health risk assessment , because relevant 
human case reports , antibiotic resistance profiles in 
bacterial isolates , and other data needed were available . 
This report is organized according to individual steps or 
issues of importance that the committee felt might directly 
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or indirectly provide insights into current health risks ( or 
might be identi fied as targets for future investigation) .  

The report deals with the biologic impact of resistance 
to antimicrobial agents first , because the mechanisms of 
antimicrobial resistance , population genetics and the 
overgrowth of resistant microorganisms in the presence of 
antimicrobial agents , and bacterial resistance transfer are 
well-studied topics relevant to antimicrobial drug effects . 
Furthermore , definition of specific antimicrobial-res istance 
genes and other genes of plasmids provides a potential means 
of establishing the common clonal identity of isolates 
obtained at geographically distant yet epidemiologically 
related sites . 

The next chapter describes antimicrobial production in 
the Unites States as a means of estimating total 
antimicrobial use , whether for humans or animals and whether 
for treatment , disease prevention , or growth enhancement ( in 
farm animals ) .  Particular attention was paid to estimating 
the use of penicill in and the tetracycl ines in l ivestock and 
poultry production . To the extent possible , the committee 
has estimated that portion of the total use of antimicrobials 
on the farm and in feedlots accounted for by penicil l in and 
the tetracycl ines . Such estimates have been analyzed to 
apportion the total amounts to therapeutic and subtherapeutic 
use and to growth promotion and disease prevention . 

Central to any consideration of possible adverse effects 
on human health are the patterns and prevalence of 
antimicrobial resistance in salmonellae and E ·  � isolates 
of animal and human origin . Chapter V discusses possible 
differences in prevalence and patterns of resistance between 
isolates from healthy animals and from meat and poultry 
products and isolates from veterinary institutions that treat 
ill animals . studies of the effects of long-term 
administration of subtherapeutic antibiotics to farm animals 
( and later discontinuation )  on the prevalence of 
antimicrobial resistance in their �. £Qli strains are 
reviewed , and temporal trends in resistance among isolates of 
human origin are surveyed . 

The possible transmission of antimicrobial-resistant 
pathogens or intestinal commensals of farm origin to humans 
is examined in the next chapter . Data bearing on the issue 
have come from experimental field studies , from epidemiologic 
studies of outbreaks of salmonellosis in which molecular 
biologic techniques have been used to establ ish clonal ity of 
isolates along the food chain from production to human 
consumption , and from investigations of the occurrence in 
farm and slaughterhouse workers of infections due to 
antimicrobial -resistant microorganisms of farm origin . 

The principal focus of this report is the development of 
a risk model and its use for establishing an estimate of 
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risk . The model described in Chapter VII is based on human 
salmonella infection and incorporates data on the fol lowing : 

o The numbers of cases reported annually . 

o The fraction of cases due to organisms resistant to 
more than one antimicrobial or resistant to ampicill in ( the 
penicil l in congener that is used in treatment of susceptible 
human salmonella infections ) or the tetracycl ines . 

o The fraction of cases that result in death . 

o The fraction of cases of farm origin . 

o The fraction of cases that might be attributable to 
the subtherapeutic use of antimicrobials in animal feeds . 

o The role of recent ingestion of antimicrobial agents 
for unrelated reasons in predisposing to infection by smal ler 
inocula of antimicrobial-resistant pathogens than would 
ordinarily be required to produce disease ( the so-called 
etiologic fraction ) , i . e . , the excess of cases attributable 
to the effects of previously administered antimicrobial 
agents . 

Several European countries have placed restrictions on 
the use of antimicrobial s in subtherapeutic quantities in 
animal feeds over the last 2 decades . Their experience 
regarding use of antimicrobials , patterns of antimicrobial 
resistance in B· � and salmonel lae , and incidence of 
disease due to enteric pathogens in l ivestock and humans has 
been reviewed for insights into the consequences of such 
restrictions . 

The final chapters of the report present the conclusions 
reached by the committee and its recommendations for future 
research . 
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III  

BIOLOGIC IMPACT OF RESISTANCE TO ANTIMICROBIAL AGENTS 

BBIEF HISTQRY OF CLINICAL 
DEYELQPKENT OF DRUG BESISTAHCE 

The discovery of sul fonamide& and antibiotics in the 
first hal f  of the twentieth century led to at least two 
biologic " revolutions . .. The first was the abil ity to treat 
infectious diseases . The second was the use of antibiotics 
to gain insights into the genetics of bacteria . In 1943 , 
Luria and Delbruck7 0  first demonstrated that the emergence of 
bacterial resistance to a single antibiotic after exposure to 
it was a result of chromosomal mutation ( independent of 
antibiotic exposure ) , rather than an adaptive change . In the 
years that fol lowed , it became conventional to consider that 
the emergence of any drug resistance in any bacteria was due 
to a selected mutation . 

Conventional bel iefs concerning the importance of 
mutation in drug resistance were overturned by events in 
Japan in the years j ust after World War II . There , 
physicians treating patients in epidemics of shigella 
dysentery used sul fonamide& extensively . A substantial 
proportion of those bacteria soon became resistant to 
sul fonamides . The widespread sul fonamide resistance caused 
physicians to switch from sul fonamide& to new drugs-
streptomycin , tetracycl ine , and chloramphenicol--to treat 
shigella dysentery . By the late 1950s , many of the isolates 
of shigel lae were drug-resistant , not only to sul fonamides , 
but to all drugs . That finding led investigators to 
question , on theoretical grounds , mutation as the explanation 
for drug resistance . Mutation had previously been shown to 
take place in about 1 in 107 cells , and it strained credul ity 
to assume that cel ls of a single strain could spontaneously 
develop drug resistance to four antibiotics over a short 
period . Moreover ,  several serotypes of Shigella spp . were 
shown to have developed multiple-drug resistance virtually 
simultaneously , and this multiple-drug-resistance pattern was 
actually more common than resistance to a single 
antimicrobial . 

Japanese investigators showed in the late 1950s that 
multiple-drug resistance could be transferred from one 
bacterial species to another . In l ight of discovery of 
bacterial conj ugation in the preceding decade , it was 
possible to demonstrate that multiple-drug resistance was 

2 0  

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 .

H u m a n  H e a l t h  R i s k s  W i t h  t h e  S u b t h e r a p e u t i c  U s e  o f  P e n i c i l l i n  o r  T e t r a c y c l i n e s  i n  A n i m a l  F e e d
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 0 3 0

http://www.nap.edu/catalog.php?record_id=19030


2 1  

being transferred by the process o f  conj ugation . Shortly 
thereafter , other workers demonstrated that these conj ugative 
packages of genetic information , labeled R factors ( now 
called R plasmids ) , were prevalent not only in Shigella spp . , 
but also in Salmonella spp . and Escberichia QQli .  S ince the 
time of their initial discovery , R plasmids have been shown-
in complementary studies by epidemiologists , molecular 
geneticists , and bacterial physiologists--to be widely 
transmissible and specifically selectable when antimicrobial 
drugs are present in the environment . Increasing drug 
resistance among human isolates of cl inically relevant 
bacteria during this period has been shown repeatedly to be 
due primarily to the prol i feration of R plasmids . 

CHRQMOSOHES 

MECHANISMS OF ACQUIRING AHTIMICRQBIAL 
BESISTAHCE IN BACTERIA 

Most drug resistance in cl inically relevant bacteria is 
due to conj ugative transfer of R plasmids and their clonal 
expansion during exposure to antimicrobial drugs . But 
chromosomal inheritance and the transfer of chromosomal 
mutant genes by transformation also play a role . 

Bacteria can acquire new genetic information in three 
known ways : conj ugation , transduction , and transformation . 
Coniuqation requires that the donor bacterium possess both 
the means to dupl icate part of its genetic information and 
the means to attach itsel f to a recipient bacterium for DNA 
transfer . The donor must mate with a recipient bacterium 
that is physiologically capable of permitting the new DNA to 
enter and repl icate autonomously as a plasmid or permitting 
it to become incorporated by recombination into the 
recipient ' s  chromosome . Transduction , a process much less 
important for the transfer of drug resistance , depends on 
bacterial viruses ' known as bacteriophages to "package" pieces 
of the chromosome or plasmid of the donor organism and inj ect 
the package into the appropriate bacterium for uptake and 
incorporation of the foreign DNA . Transformation is the 
process by which DNA in solution is taken up directly by a 
bacterial cel l . Plasmid ( circular) DNA is usually taken up 
more efficiently than chromosomal ( l inear) DNA , in that many 
bacteria have enzymes , known as exonucleases , that attack 
only l inear fragments of DNA . Nevertheless , in some 
organisms , transformation of chromosomal contents has been 
shown to be capable of transferring drug resistance . 

Chromosomal drug resistance , in most cases , is due to 
mutation of pre-existing DNA . Although there are others , 
three antimicrobial drugs stand out for their abil ity to 
select chromosomal mutants that have acquired drug 
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resistance : streptomycin , nal idixic acid , and rifampin . 
Their common characteristic is that they work by binding to 
protein targets within the bacterial cell . Each of the 
protein targets provides an important vegetative function for 
the cel l--the streptomycin target is the 8 1 2  ribosomal 
protein , the nal idixic acid target is DNA gyrase , and the 
rifampin target is RNA polymerase . Those targets perform 
essential functions for the cel l : protein synthesis , the 
required winding of DNA , and the transcription of DNA into 
messenger RNA , respectively . 

The specific sites of antibiotic binding in the targets 
can occasional ly be altered by mutation in such a way that 
the antibiotic no longer binds to the target and the target 
retains most of its function . Thus , the appropriate 
mutations in the genes for the 8 12 ribosomal protein , DNA 
gyrase , and RNA polymerase will lead to resistance to 
streptomycin , nal idixic acid , and ri fampin , respectively . 
The bacterium pays a price for the mutations , in that it 
acquires a less than optimal "housekeeping" protein in the 
process of evading the effect of the antibiotic ; thereafter , 
it is typically not as hardy as its nonmutant parents . 
Although chromosomal resistance usually involves resistance 
that is specific for the selecting antimicrobial drug , it is  
occasional ly responsible for simultaneous resistance to 
several antibiotics of different structures and sites of 
action , e . g . , the mAX locus in � 2211 affects uptake of 
tetracycl ine , cefoxitin , and chloramphenicol . Extensive 
epidemiologic investigations of drug resistance in enteric 
bacteria have yielded l ittle evidence of the importance of 
chromosomal mutation in the acquisition of drug resistance or 
of transformation as a means by which drug resistance can be 
exchanged . Most enteric bacteria have been shown to have low 
efficiency in taking up DNA ( a  property known as competence ) ,  
unless they are treated so as to damage their permeabil ity 
barriers temporarily . 

R PLA8MID8 AND TBANSPQSONS 

S ince their discovery about 3 0  years ago , R plasmids 
have been extensively studied epidemiological ly and 
molecularly and have been shown to play a predominant role in 
drug resistance among bacteria . 7 , 2 2 -2 4 , 2 7 , 2 9 , 3 4 , 55 , 8 5 , 9 1 , 9 2 ,  
98  Like other sel f-replicating nonchromosomal units of DNA , 
R plasmids carry "machinery" for efficient repl ication and 
genes for particular drug-resistance phenotype . By 
definition , R plasmids carry genes that encode products that 
confer drug resistance in a bacterium . Often a single R 
plasmid contains multiple genes , each encoding a different 
kind of resistance . Some individual resistance genes encode 
resistance to multiple related antibacterial drugs . Almost 
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every drug-resistance determinant i s  carried on a genetic 
unit ( usually small , occasionally large ) , called a 
transposon , that can move from its location on the R plasmid 
to other locations--typically , but not exclusively , other 
plasmids . That form of DNA rearrangement , or transposition , 
requires special genes and stretches of DNA that are parts of 
the transposon . l6 , 103  It is useful to consider transposons 
as freely movable genetic modules that can be assorted , 
reassorted , and added to and subtracted from evolving R 
plasmids as environmental pressures dictate . 

The abil ity of most drug-resistance genes to transpose 
provides R plasmids with an extraordinary degree of genetic 
plasticity . Although it is not clear that the presence of 
antibiotics in the environment has any influence on the 
extent of transposition of resistance determinants , 
antibiotics exert a profound influence on the selection and 
persistence of R plasmids with multiple drug-resistance 
determinants . Studies of indigenous soil bacteria in the 
preantibiotic era showed not only that R plasmids were less 
prevalent , but also that recovered R plasmids typically 
contained only one or two resistance determinants each . 2 4 , 2 9 
More recently , in sharp contrast , bacteria recovered in 
environments exposed to antibiotics have had a high 
prevalence of R plasmids with multiple drug-resistance 
determinants . 2 9 , 3 4 , 9 1 , 92 It is important to note that these 
R plasmids are similar in many genetic respects to the 
preantibiotic-era plasmids that did not have multiple drug
resistance determinants . Transposons , whose drug-resistance 
genes evolved as "protection" against the natural 
antibacterial substances in the soil , thus used plasmids 
already available . 7 , 2 9 Moreover , the same transposon can be 
found in an array of different plasmids ; in nature , drug
resistance elements are indeed promiscuous and can locate in 
a broad spectrum of genomes . 

Most bacteria , given the appropriate supplemental genes , 
are potentially capable of transferring DNA to other bacteria 
by conj ugation . Usual ly the supplemental genes are carried 
on a plasmid . When present on an R plasmid , the supplemental 
genes together make up what is called the resistance transfer 
factor , or RTF . Most R plasmids contain an RTF , which 
enables them to be conj ugatively transferred between 
bacteria . 2 9  Just as the transposon , at the level of the 
single drug-resistance determinant , is capable of movement to 
a di fferent R plasmid , the RTF-containing R plasmid is 
capable of movement to other strains and other species of 
bacteria . Although initial studies on conj ugative R plasmids 
were l imited to facultative gram-negative bacteria , 2 9  
conj ugation clearly plays a maj or role i n  the transfer o f  
drug resistance among facultative gram-positive 
bacteria55 , 8 1 , 105 and among anaerobic bacteria . l5 , 9 6 , 114  
Recently , it  has been found that some transposons in some 
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qram-positive bacteria can bypass the need for RTF-containing 
R plasmids in conj uqation . 15 These "conj ugative transposons " 
contain the equivalent of the RTF , as wel l  as the R factor . 
Other studies involvinq anaerobic bacteria have shown that 
sublethal concentrations of tetracycl ine in vitro actually 
promote R-plasmid transfer , in addition to selecting bacteria 
that carry the druq-resistance determinant . 1 19 

Of equal or qreater concern from the standpoint of druq
resistance prol i feration is the findinq that the 
tetracycl ine-resistance determinant ( Tcr) can be 
conj uqatively transferred back and forth between bacteroides 
( anaerobes ) and � £2li ( facultative qram-neqative 
bacill i ) . l l9 Inasmuch as anaerobic bacteria , especial ly 
species of Bacteroides , are the predominant flora in the 
mammal ian qastrointestinal tract , the presence of back-and
forth transfers suqgests that the reservoir for maintenance , 
persistence , and spread of at least one druq-resistance 
determinant , Tcr , is enormous . 

The latter example of interspecies conj uqative transfer , 
of which there are many examples ( see Odelson et al . 9 6  for a 
review) , brinqs up the issue of plasmid host ranqe . In 
addition to the qenetic attributes already discussed , R 
plasmids contain a veqetative origin of replication , or � ,  
which enables them to repl icate autonomously in host 
bacteria . Plasmids can be cataloqed into " incompatibil ity" 
groups based on their �; those with the same � cannot 
coexist within a bacterium , because of competition for 
identical replication factors . 2 9  The specific oriV carried 
by a plasmid constitutes another element of its phenotype : 
its host ranqe . Narrow-host-range plasmids can repl icate in 
only a few species of bacteria , usual ly because only those 
bacteria provide additional factors required for plasmid 
repl ication . In contrast , broad-host-range plasmids can 
transfer to and replicate in a larqe variety of bacteria . 
Results of transfer studies in � £2li and bacteroides 
indicate that antibiotic exposure--in this case to 
tetracycl ine--can increase the transfer and selection of at 
least one form of broad-host-ranqe plasmid resistance to 
tetracycl ine . 

In early studies of conj uqative transfer of R plasmids 
amonq bacteria common in the qastrointestinal tracts of 
humans and farm animals , � QQli was found to act as a qood 
donor and recipient of R plasmids ; Salmonella spp . were not 
as qood donors and recipients . 2 9  In a more recent study 
involvinq � typhimurium and � QQli recovered from calves , 
strains of � typhimurium were extremely proficient R plasmid 
donors--even better than strains of � £2li . 1 2 4  Certain 
plasmids , belonging to a particular qroup of incompatible 
plasmids , Inc H2 , found in most strains of salmonel lae and 
preferentially in � typhimurium , showed a peak efficiency of 
transfer at 3 0°C and were conj uqatively transferred in 
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calves • feces after excretion . 1 2 4  Inc H 2  plasmids have other 
critical features : they carry resistance to both penici l l in 
and the tetracycl ines , they transfer to � � , and they 
carry other non-druq-resistance determinants that increase 
the abil ity of the bacteria to colonize the qastrointestinal 
tract . 1 2 4  In every qeneral aspect of druq resistance studied 
( i . e . , expression of resistance qenes , maintenance of R 
plasmids , and transfer of plasmids ) ,  Salmonella spp . and 
� £2li have been found to be quite similar . 29 Althouqh 
Salmonella spp . miqht behave quite differently from � QQli 
in the qastrointestinal tract , because of the former 
orqanism • s  abil ity to invade entrocytes and thereby avoid 
antibiotics that cannot penetrate cel ls wel l  ( i . e . , 
penicil l in and aminoqlycosides , but not the tetracycl ines or 
chloramphenicol ) , evidence suqqests that R plasmid transfer 
occurs with ease in Salmonella spp . in vivo . For example , in 
an outbreak of qastroenteritis caused by � typhimurium that 
affected 1 , 900  persons who ate contaminated turkey meat , the 
source strain of bacteria isolated from the meat was 
antibiotic-susceptible , as were bacterial orqanisms isolated 
from persons who had not taken any antibiotics . In sharp 
contrast , a hiqh proportion of the persons who were qiven 
chloramphenicol , ampicillin ,  or one of several other 
antibiotics had R plasmids bearinq � typhimurium in their 
stools ;  that proves the abil ity of salmonel lae to acquire 
R plasmids from the human qut . 2 a Thus , strains of 
salmonel lae , as wel l  as � QQli , can act as reservoirs for 
conj uqative R plasmids and thus qain an enormous selective 
advantaqe over other bacteria in the face of antibiotics in 
the environment . 

Epidemioloqic surveys of R plasmids in bacteria that are 
cl inically important have shown that multiple-druq resistance 
has increased proqressively since the beqinninq of the 
antibiotic era . 3 4 , 8 1 , 9 1 , 9 2 Amonq individual R plasmids , the 
number of druq-resistance qenes per R plasmid and the 
l ikel ihood that a qiven R plasmid is conj uqative have also 
been increasinq . 63 , 8 9 , 114  Althouqh early studies had 
indicated that the problem of druq resistance was most 
pronounced in the Enterobacteriaceae , the more recent studies 
show that the problem has spread . Druq resistance has now 
been found in bacteria of virtually all qenera that are 
important . 15 , 2 2 , 2 7 , 3 4 , 53 , 55 , 8 1 , 8 5 , 9 1 , 92 , 9 6 , 98 , 102 , 105 , 114 , 
119 , 1 2 2  

In summary , R plasmids affect the microbial populations 
of humans in several ways : 

o R plasmids confer druq resistance on a qreat number 
of bacteria ,  includinq pathoqens and commensals . 

o R plasmids typically confer druq resistance to 
several antimicrobial druqs simultaneously . 
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o R plasmids are capable o f  being transferred among 
strains of the same species and among different species 
through the process of conj ugation . Transfer can occur from 
commensal to pathogenic bacteria in the presence of 
antibiotics . 

o R plasmids can carry additional genes , including 
virulence factors (discussed later) . 

o Exposure to antimicrobial drugs causes an increase in 
the number and the spread of R plasmids by preferential ly 
selecting bacterial offspring that are drug-resistant and , in 
some cases , possibly by increasing the efficiency of 
conj ugative transfer . 

ROLE OF ANTIMICROBIAL DQSAGE IN SELECTION 

OF DRUG-RESISTANT BACTERIAL POPULATIONS 

Antimicrobials are used in three ways in agriculture . 
In the first , high ( therapeutic) doses are used for brief 
periods (usually no longer than about a week to 10  days ) for 
the treatment of infectious disease . In the second , low 
( growth-enhancing)  doses are used for long periods in 
l ivestock to promote growth . In the third , low 
(prophylactic) doses are used for a period up to 2 weeks to 
prevent disease . Although the duration of antimicrobial use 
differs between growth-promoting and prophylactic purposes , 
the dosages for both " subtherapeutic" uses are typically the 
same , i . e . , less than 2 0 0  grams/ton . The selection of 
antimicrobial-resistant bacteria is a consequence of 
therapeutic use and of both types ( growth-enhancing and 
prophylactic) of subtherapeutic use of antimicrobial agents . 

Dosages of drugs that would be classi fied as 
subtherapeutic might wel l  produce concentrations in the 
gastrointestinal tract that are sufficient to inhibit 
susceptible species of bacteria .  In Danish studies examining 
the incidence of drug resistance in feces of pigs given only 
intermittent therapeutic courses of antimicrobial drugs ( none 
of the antibiotics was fed ) , a high proportion ( 53 % )  of 
� QQli strains were found to be resistant to at least one 
commonly used antimicrobial drug . ll5 Moreover ,  5 3 %  of the 
pigs carried tetracycl ine res istant � QQli despite the fact 
that none of the animals had been exposed to tetracycl ine 
within the past year . l l5 Using various methods of analysis , 
Carpet recently found that continuous subtherapeutic doses of 
antimicrobial drugs caused a profound alteration in the fecal 
flora of mice , with a significantly increased proportion of 
resistant � � . 17 

Although the data are overwhelming in showing that use 
of antimicrobial agents promotes the emergence of drug 
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resistance , the differential effects o f  the three kinds o f  
use i n  selectinq druq resistance either i n  animals or in 
vitro have not been wel l  studied . Nevertheless , in a 
recently reported study , when three qroups of piqs were 
examined for the presence of druq resistance in their fecal 
col i form bacteria , a non-antibiotic-treated herd had a lower 
proportion of druq-resistant bacteria than a herd qiven 
antibiotics only intermittently and at a hiqh ( therapeutic ) 
dose : isolates from the latter herd had a lower proportion of 
druq-resistant col i form bacteria than those from a herd 
exposed continuously to antibiotics at a subtherapeutic 
dose . 58 Specifical ly , the proportion of the tetracycl ines 
resistance amonq the fecal isolates was found to be 2 6 %  for 
the first herd , 7 6 %  for the second herd , and 100%  for the 
third herd . sa 

An earl ier study by the same qroup of investiqators 
yielded nearly identical result . 59 The feedinq of one of the 
tetracycl ines at subtherapeutic doses resulted in a l inear 
increase in tetracycl ine-resistant col i form bacteria , and the 
numbers of druq-resistant bacteria eventual ly equaled or 
exceeded those of druq-resistant bacteria from animals 
treated therapeutical ly . These studies support the 
hypothesis that any form of antibiotic exposure increases the 
prevalence of druq resistance . Moreover , they provide 
l imited evidence that druq resistance is at least as 
prevalent after continuous subtherapeutic use of antibiotics 
as a fter intermittent therapeutic use . 

EXPERIENCE WITH AUTIBIQTIC BESISTAHCE 
AfTER AHTIBIQTIC USE IN HUMANS 

The experience qained in the use of antimicrobial druqs 
since the 1940s provides stronq evidence of the effects of 
such aqents in the selection of antimicrobial -resistant 
commensals and pathoqens in humans . That experience 
emphasizes the importance , constantly reiterated in cl inical 
teachinq , of avoidinq unnecessary , prolonqed , inadequate 
( subtherapeutic dosinq ) , or inappropriate ( for the etioloqic 
bacteria ) treatment or prophylaxis with antimicrobial druqs . 

The current prevalence of antimicrobial-resistant 
strains of bacteria is a consequence of extensive 
antimicrobial use in the last 4 0-50 years . The prevalence 
was much lower in the pre-antibiotic era . 

Baseline LeVels of Antibiotic Resistance--the Status in the 
Pre-antibiotic Era 

Insiqhts into the prevalence of antibiotic resistance 
in the pre-antibiotic era come from examination of bacterial 
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isolates from primitive societies unexposed t o  antimicrobial 
therapy and from study of stored isolates predating the 
introduction of penicillin . 

In an examination of 2 1  human stool specimens and 19 
soil specimens from an "antibiotic-virgin" population in the 
Solomon Islands in 1968 , R plasmids (mediating streptomycin 
and tetracycl ine resistance) were found in only two specimens 
( 5% ) . 3 5  I n  a study o f  human and animal communities in 
Rhodesia , about 10% of 47 fecal specimens from Kalahari 
bushmen and 5 4 0  from animals contained gram-negative bacil l i  
resistant to one or more antibiotics . 7 4  I solates were 
frequently resistant to only a single drug ( often 
ampici l l in ) , and none contained R factors . However , the 
initial fecal cultures were streaked on media containing low 
concentrations of antibiotics , which may have been inhibitory 
to occasional R-plasmid-containing strains and thus might 
have caused their prevalence to have been somewhat 
underestimated . 

In a study of another antibiotic-unexposed population , 
in North Borneo , 50 multiple-antibiotic-resistant strains 
were found among 1 , 017 fecal isolates ( more than hal f 
identi fied as � £211) from 128  persons . Of the latter , s i x  
strains ( al l � £Qli) ,  contained R plasmids ; 2 4  those stra ins 
represented 0 . 6% of the original isolates . Skerman and 
Falkow in 1969 studied the incidence of drug-resistant fecal 
� £Qli in members of a "pre-antibiotic" society in Austral i a  
and found that 16%  o f  2 4 7  � QQli isolates were 
antimicrobial-resistant and that less than 1% contained R 
factors . 3 0 , 1 10 

In a stored collection of enterobacteriaceae from widely 
scattered parts of the world ( Europe , the Middle East , and 
North America ) , originally isolated between 19 17 and 1954 , 
very l ittle antibiotic resistance was found on susceptibil ity 
testing decades later . 4 5  Of 4 3 3  strains , 11 ( 2 . 5% )  were 
resistant to antibiotics ( 9  to tetracycl ines ,  2 to 
ampici l l in ) . No transferable antibiotic-resistance plasmids 
were detected . None of the 2 10 Salmonella spp . and none of  
the 3 2  � £Q!i strains in the study showed resistance to  any 
of seven antibiotics , to sul fonamides , or to trimethoprim . 
In  contrast , 2 4 %  of strains were able to mobilize a 
nonconj ugative plasmid in a recipient strain , indicating the 
presence , in the host , of a conj ugative plasmid that was 
lacking antimicrobial-resistance determinants . That 
prevalence is roughly comparable with that ( 17 % )  noted in J o g 
fecal � QQli strains isolated from nonhospitalized persons6 

and that ( 3 3 % )  noted in 6 0  � £Qli strains obtained from 
human , porcine , and bovine sources . 1 1J 

Thus , it appears that conj ugative plasmids were as 
common among enterobacteriaceae before the introduction o f  
antibiotics a s  they are i n  the current antibiotic era . I n  
contrast ,  under the selective pressure o f  antibiotic use i n  
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humans and animals ,  plasmid transfer and gene exchange have 
markedly expanded the population ( strains and species ) of 
resistant bacteria . 

Increases in Resistance After Wideapread Clinical Use of 
Antibiotics 

Experience over the last 4 decades of antimicrobial 
use in treatment and prophylaxis of human infections 
indicates the profound effect of these practices on the 
prevalence of antimicrobial resistance in a variety of 
bacterial species . Experience time and again has emphasized 
the importance of l imiting the use of antimicrobials to 
necessary and reasonable therapeutic indications and , indeed , 
even to holding some highly effective drugs in reserve . 
Before 1946 , when penici l l in became general ly available , 85%  
of cl inical isolates of Staphylococcus aureus at the Boston 
City Hospital were highly susceptible to penicil l in . 3 3  
Within 3 years , most o f  the strains there had become highly 
resistant to penicil l in .  In most developed countries today , 
only about 10% of � aureus isolates , whether of community or 
hospital origin , are susceptible to penicil l in . 

Isolates of another gram-positive human bacterial 
pathogen , Streptococcus pneumoniae , col lected before 1950 
were tested years later and found to be uni formly susceptible 
to penicil l in .  The situation is entirely different in 
Barcelona , Spain , where recently about hal f of a small number 
of pneumococcal isolates were either moderately or highly 
resistant to penicil l in , and 6 2 %  of the same isolates were 
resistant to chloramphenicol . 6 0  This high degree of 
antibiotic resistance might wel l  be related in part to 
widespread use of those antibiotics , prevalent for many years 
in Spain . 6 6  

Problems of antimicrobial resistance i n  bacterial 
species associated with widespread antimicrobial use in 
humans have been evident among gram-negative bacillary 
species notorious for causing infections in hospitals . For 
example , whereas serratia strains isolated in the 1950s were 
uni formly susceptible to kanamycin , nal idixic acid , and 
gentamicin and a minority of strains were resistant to 
streptomycin , a large proportion of strains were resistant to 
all but gentamicin by 1967 . 3 3  

Prophylactic use o f  antimicrobial drugs , a s  wel l a s  use 
in therapeutic concentrations , might similarly exert a 
selective effect in humans , increasing the prevalence of 
antimicrobial-resistant strains . The experience on the Burn 
Service at Grady Hospital where prophylactic topical use of 
gentamicin was extensive from 1964 to 1969 , offers a dramatic 
example . 108 In 1968 , more than 1 , 4 0 0  lb of that drug was 
used topically on burns at that center . From 1965 through 
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1967 , 8 0-9 0% o f  all Pseudomonas aeruginosa isolates from 
patients in that burn unit were susceptible to gentamicin . 
By 1969 , only nine percent were susceptible . Almost all the 
resistant isolates were almost all of a single pyocin type-
a type that had in the past been seen only infrequently in 
the burn unit and had previously been susceptible to 
gentamicin . In mid-1969 routine topical use of gentamicin 
was discontinued , and it was replaced with other topical 
drugs that would not have been used in systemic treatment of 
bacterial infections . In mid-197 0 , 9 5 %  of � aeruginosa 
isolates were susceptible to gentamicin--back to basel ine 
values that existed before the routine use of topical 
gentamicin . 108 

Effect of Reduced Use of Antibiotics in Humans on 
Antimicrobial Besistance 

Quantitative aspects of overall  antimicrobial use in 
humans contribute to selection of resistant strains . Thus , 
rational choices of drugs for appropriate therapeutic and 
prophylactic indications are of continuing importance in 
treating humans . The same rational approach seems warranted 
in antimicrobial use for animals . I f  one accepts the concept 
that populations of bacteria represent a common gene pool 
with considerable genetic fluidity and that some of the 
genetic information segregated for much of the time in 
individual components of the population are capable of being 
transferred among members of the population , then the effects 
of antibiotic use on one component ( e . g . , indigenous flora of 
farm animals ) might be relevant to another component ( e . g . , 
commensals and pathogens for humans ) .  

It is not known whether the current widespread 
prevalence of antimicrobial resistance genes among bacterial 
isolates from human and farm animal sources is too great to 
be reduced by any reasonable reduction of overal l  
antimicrobial use : the issue warrants careful consideration . 
The extensive reduction in gentamicin resistance in � 
aeruginosa over a 1- to 2 -year period in the Grady Hospital 
Burn Unitl08 cannot be general ized ,  because of the relatively 
short period of use of the drug and the confined location of 
its extensive use . S ince the early 1950s , scattered studies 
have reported temporal relationships between decreased use of 
speci fic antimicrobial agents in a given hospital or hospital 
ward and decreased prevalence of nosocomial bacterial 
pathogens resistant to those drugs . 78  However ,  caution must 
be exercised in interpreting such data , because many of the 
reported studies dealt with nosocomial outbreaks . Other 
epidemic-control measures that were instituted might have 
contributed as much as the changes in antibiotic use to the 
decreased prevalence of the resistant strain in some of the 
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outbreaks . Nonetheless , the data suggest the potential for 
reduction of antimicrobial resistance by l imiting the use of 
some drugs . 

When antimicrobial use in humans has been decreased , 
usually in a hospital setting , resistant strains did not 
necessarily disappear quickly . Res istant bacteria can 
sometimes persist despite the absence of antimicrobial 
selective pressures . In a study of 56 infants who were known 
to have been colonized with R-plasmid-containing kanamycin
resistant enterobacteriaceae during a stay in an intensive
care nursery in which kanamycin was extensively used , 8 9 %  
were still colonized with kanamycin-resistant strains 2 
months after their return to the community . 2 0  Intestinal 
carriage of such R-plasmid-containing kanamycin-resistant 
strains gradually decreased , but after 12 months or more , 4 6% 
of the infants still harbored the resistant organisms . 

EFFECT OF ELIMINATION OF SUBTHEBAPEQTIC AHTIBIQTIC 
USE ON LEVELS OF AHTIBIQTIC BESISTAHCE IN FARM ANIMALS 

What is the counterpart in animal production of the 
above-described circumstance of the withdrawal or shi ft of 
antibiotic use in humans , and what changes have such shifts 
made in the prevalence of antibiotic-resistant col i form 
bacteria in their fecal bacterial population? Results of 
long-term studies of the responses of the intestinal col iform 
bacteria of swine to cessation of antibiotic exposure suggest 
that changes occur slowly (V .  Hays , University of Kentucky4 
personal communication , 1988 ; also see Langlois et al . S6 , 5 ' ) .  
In a separated herd of pigs ( see additional detail below)  
maintained on subtherapeutic concentrations of tetracycl ine 
( 50-100 grams/ton of feed) for 13 years ( since 197 2 ) , 
tetracycl ine resistance averaged over 9 0% in the fecal 
col iform population . Such a high level of resistance to 
tetracycl ine , almost exclusively R-plasmid-mediated in 
enterobacteriaceae in this setting , was accompanied by 
res istance to one or more other antibiotics . Does that high 
level of resistance indicate such extensive permeation of R 
plasmids and transposons throughout the intestinal population 
of � QQli and other related col iform species so extensive as 
to stabilize their predominance and preclude diminution of 
their maj or position even if exposure to antimicrobials in 
feed ceased? On the basis of experience with the use and 
withdrawal of specific antibiotics in relatively closed 
populations of hospital ized patients , one might expect a 
protracted period to elapse before resistance returned to 
control levels in a comparable population that had not been 
exposed to antibiotics . 

The effects of antibiotic withdrawal on antimicrobial 
resistance in intestinal col i form organisms in the swine herd 
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mentioned above has been extensively documented over a 13 -
year period ( V .  Hays , 1988 , personal communication) . This 
herd of pigs , establ ished in 1963 , that received antibiotics 
routinely as feed additives and in inj ectable form (when 
needed for treating sows and pigs ) , no s ingle antibiotic was 
used continuously . After 1972 , the herd was kept free of any 
antibacterial agents as feed additives or for therapy . The 
level of tetracycl ine resistance among fecal col i form 
bacteria was over 90%  in 1972 . The level of resistance 
subsequently declined , but very slowly . Eight years after 
cessation of exposure to the tetracycl ines and other 
antimicrobial s , the level of tetracycl ine resistance was 
still  57% ; by 198 5 , it had dropped to 3 0% .  Those results 
certainly indicate that an early postwithdrawal " snapshot" 
should not be the basis for evaluation of the effects of 
discontinuation of antibiotic use . 

Why did reversion to lower levels of antibiotic 
resistance in the col i form flora take so long in the 
experiments in swine j ust described? First , some strains ( 0-
serotypes )  of � QQli appear better constituted than others 
to persist and multiply in the colon , perhaps by virtue of 
speci fic plasmid carriage and particular surface antigens . 4 2  
I n  piglets , the presence o f  the plasmid K88 confers adhesive 
properties on some strains of � �' facil itating 
attachment to brush borders of intestinal cel l s . 4 9  
S imilarly , i n  calves1 a comparable plasmid , K99 , is important 
in enteric disease . 1 3 In a situation where over 90%  of 
col i form organisms start out with R-plasmid-mediated 
resistance to the tetracycl ines ( or other antimicrobials ) , 
strains with a selective advantage , such as the presence of 
colonization factors or nutrient sequestration , are 
preferentially retained . Thus , once R plasmids and 
transposons are extensively establ ished in the col i form 
flora , they can be retained by selective advantages other 
than those provided by antibiotic use . 

Second , persistence of R-plasmid-containing resistant 
strains might be facil itated by environmental factors . In 
the pigs that showed only very slow loss of antibiotic
resistant intestinal col iform bacteria over 13 years , the 
isolation of the experimental animals from other animals 
could have played a role in the slowness of replacement of 
such bacteria . The quarters of the animals were undoubtedly 
fouled initially with their own excreta , which contained 
resistant col i form bacteria . Reintroduction of the same 
bacterial flora from a constantly soiled environment must 
have occurred repeatedly over the years . Exposure of the 
animals to untreated animals whose intestinal flora contains 
col i form bacteria that colonize efficiently but are 
susceptible to antibiotics , might be required i f  the 
antibiotic-res istant strains are to be "diluted out" more 
rapidly . 
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Chickens fed subtherapeutic doses o f  oxytetracycl ine 
rapidly began to excrete an intestinal population in which 
over 90%  of col i form bacteria were tetracycl ine-resistant : 
despite frequent cleaning of the cages , the chickens 
continued to excrete high concentrations of tetracycl ine
resistant organisms . 64 The resistance determinants might 
have been plasmids that had establ ished stable relationships 
with the host bacteria . Insofar as conj ugative plasmids help 
to mediate chromosomal gene recombination and genetic 
transfer among members of a population , population fitness , 
rather than individual bacterial fitness might be enhanced by 
these plasmids . 62 The proportion of resistant col i form 
bacteria decreased only when the chickens were mixed with 
other chickens excreting antibiotic-susceptible col i form 
bacteria or when they were moved to different cages . 

Plasmids might acquire multiple resistance determinants 
when the host bacteria are exposed to a single drug in an 
animal ' s  intestinal tract . The long-term use of tylos in , a 
macrol ide antibiotic , as a feed additive in pigs resulted in 
the evolution of an intestinal streptococcal population that 
was multiple-drug-resistant . l4 Such multiple-drug-resistant 
plasmids appeared to differ from streptococcal plasmids 
present in control antibiotic-free pigs only in the presence 
of added resistance determinants . 

The acquisition by conj ugative plasmids of individual or 
multiple resistance transposons from smaller , nonconj ugative 
plasmids under the influence of antibiotic exposure might 
facil itate subsequent dissemination of the resistance 
determinants . Whether persistence of antibiotic resistance 
in intestinal col i form bacteria after cessation of antibiotic 
exposure indicates the presence of resistance determinants 
cannot be known , but such persistence could be important in 
determining the results of cessation . I f  determinants are 
present , whether they are on conj ugative or non-conj ugative 
plasmids might affect the ultimate rate of spread of 
resistance . Although the level of resistance to tetracycl ine 
remained relatively high after discontinuation of the 
tetracycl ines as feed additives in Great Britain , there was 
an observable decl ine . 111  

The prevalence of antimicrobial resistance to one or 
more drugs in human isolates of salmonellae is 16-3 1% ( 8-2 2 %  
resistance to tetracycl ine , 5-19% to ampicillin)  ( see Chapter 
V) , and prevalence of resistance to ampicill in and 
tetracycl ine in human isolates of � £Qli is 2 3 -3 2 %  and 2 5 -
2 9% , respectively . 3 These data suggest that the dispersion 
of resistance genes might not yet have gone so far as to be 
irreversible . 
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SPECIFIC MECHANISMS OF BESISTAHCE TO ABTIMICBOBIAL 
DRUGS IN PATHOGENS FROM AHIMAL SQURCES 

RATIONALE AND EFFICACY OF MOLECULAR GENETIC TECJINIOUES IN 
RELATING HUMAN BACTERIAL ISOLATES TO FARM QRIGINS 

A pivotal issue concerning the potential spread of 
animal-borne pathogens to humans is the abil ity to determine 
that a given pathogen is "the same" in both locations . 
Because bacteria divide asexually , each parent gives rise to 
two daughter cells that , assuming no maj or acquisition or 
loss of genetic material ( e . g . , an R plasmid) , would be 
genetically and biochemically identical with the parent . The 
daughter cells are "clonal " with respect to each other and to 
the parent . By definition , clonal bacteria have the same 
recent origin and are therefore identical or nearly identical 
genetically and biochemically .  Clonal ity cannot be 
absolutely ensured in the field or in the laboratory , but its 
existence can be shown with statistical analytic procedures . 
In this analysis , two bacteria are labeled operationally 
clonal if  the test comparison shows so many similarities that 
the probabil ity that the bacteria examined are different 
approaches zero . 

The demonstration of clonal ity , with some degree of 
statistical certainty , is necessary but not sufficient for 
proving that a given pathogen has been transferred from an 
animal source to humans ( either through the food chain or by 
some other means ) . Also required is evidence that the 
pathogen in question is not normally a part of the human 
flora . With cons istently pathogenic bacteria , that 
confounding factor , which would otherwise present substantial 
background noise , is not usually a problem . Modern 
epidemiologic techniques for investigating human outbreaks of 
infectious disease usually make it possible to determine 
whether a pathogen has entered the human environment from an 
outside source . The same techniques can be appl ied to each 
prior source in the l inear chain of contagion , so that , 
assuming the rarity of a given pathogen in a given setting , 
the primary source can be determined with reasonable 
certainty . 

The power of the epidemiologic approach rests squarely 
on the abil ity to prove clonal ity . A number of recent 
detailed reviews have examined the various methods available 
and have analyzed their resolving strength . l , 3 2 , 4 1 , 107 , 1 3 1 
Other reviews have examined the evolutionary stabil ity of 
bacterial chromosomes and plasmids , with the greatest 
attention focused on E ·  QQli and Salmonella spp . 12 , 4 3 , 8 2 , 10 0 , 
105 , 1 17 , 12 1 , 12 5 , 12 6  The consensus i s  that , for large 
class ification proj ects involving hundreds of strains of a 
given species , simple ,  inexpensive techniques , such as 
isoenzyme analys is , are capable of yielding adequate 
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discrimination o f  strains . l This biochemical approach has 
been useful in following the evolution and dissemination of 
clones of a single species , such as B ·  QQ11 . 107 

Many of the simple biochemical approaches are not useful 
for identi fication , because their discriminatory power is 
insufficient . When small numbers of isolates are to be 
identified the use of molecular genetic techniques to 
" fingerprint" plasmids with DNA-probe technology122 or 
restriction-fragment-length polymorphism is extremely useful 
for exactly the reasons that make these techniques worthless 
for the large numbers of isolates from population studies 
gathered over several years . Most plasmids--especial ly R 
plasmids , because of their genetic plasticity--are unl ikely 
to be invariant over time . Moreover ,  because of their 
conj ugative nature , plasmids are spread horizontally between 
strains ( and species ) of different clonal origin . Those 
effects are minimal in short-term outbreaks , so identity of 
plasmid profiles , particularly in the background of 
substantial plasmid diversity , is strong evidence of 
clonal ity . 

In some instances , the use of molecular genetic 
techniques to analyze plasmids has achieved great certainty 
of strain identification . 8 , 4 3 , 100 , 104 , 1 17 In situations in 
which either the bacteria have no plasmids or the plasmids 
are particularly stable ( e . g . , those needed to preserve 
strain virulence ) , the use of cloned , random chromosomal 
sequences as probes to identi fy clones of Salmonella spp . has 
been valuable in research settings . 12 5 

R PLA$MIDS OF VEGETABLE QRIGIN AND ANIMAL 
ORIGIN AND THE EMERGENCE OF DRUG BESISTAHCE 

In evaluations of the origin of drug-res istant bacteria 
in humans , investigators have analyzed fecal bacterial 
isolates from meat-eaters and of vegetarians and have 
compared the flora for resistance . The frequency of drug
resistant bacteria in vegetarians is at least as high as , i f  
not higher than , that i n  omnivores . No studies have used the 
molecular epidemiologic techniques described above to 
demonstrate the origin of the drug-resistant bacteria in 
vegetarians , but cross-contamination of vegetables 1 which 
have been shown to carry high numbers of bacteria ,  8 , 99 
presumably occurs in the environment . On the basis of the 
preceding discussion , increased drug resistance in the 
environment may be said to reflect the presence of increased 
amounts of substances with antibacterial activity , probably 
from any source . 
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EFFECTS OF BESISTAHCE TO ABTIKICBOBIAL 
DRUGS ON BACTERIAL VIRULENCE 

Two mechanisms enable bacteria to change from a 
drug-susceptible to a drug-resistant phenotype : mutation of 
chromosomal genes or acquisition of new genetic information , 
typically in the form of R plasmids . The former often 
involves the alteration of a target of the antibiotic ( e . g . , 
the S12 ribosomal protein and streptomycin or the RNA 
polymerase and rifampin) . The antibiotic target is usually 
required to perform a vital vegetative function of the cell , 
so the effect of the mutation must be l imited specifical ly to 
the antibiotic-binding domain . Occasionally , point mutations 
have pleiotropic effects and can subtly or profoundly alter 
the abil ity of the organisms to exist in their environment . 
Insofar as those vegetative functions are required for the 
infective stage of the pathogen , the virulence of the 
pathogen will  natural ly be attenuated . 

Perhaps in part for that reason , nearly all drug 
resistance in bacteria ,  particularly in pathogenic species , 
is due to R-plasmid acquisition , as reviewed above . Most 
drug-resistance genes act either by inactivating an 
antibiotic or by excluding it from its target site . 2 2 , 2 3 , 2 9 ,  
87  As opposed to the mutation of chromosomal genes , the 
acquisition of new genes ( on the R plasmid) might be expected 
to have l ittle i f  any effect on bacterial virulence . 
Presumably , no vegetative function has been altered . Any 
pleiotropic consequences to the bacterial cell might be 
expected to be l imited to the effect of the small additional 
burden of repl icating new genes and synthesi z ing new gene 
products . To balance that theoretical deleterious effect on 
cell  physiology , it should be pointed out that R plasmids can 
carry genes in addition to those essential for drug 
resistance . Thus , the selection of R plasmids that also 
contain toxin genes or other virulence factors would 
indirectly select for the acqyisition of new virulence 
factors . 2 5 , 2 8 , J l , J 7 , 3 9 , 4 0 , 7 0 , 7 1 , 7 3 , 77 , 8 5 , 13 0  

Two approaches have been used to analyze the effects of 
R-plasmid acquisition on the virulence of a bacterial strain . 
Some investigators have begun with a strain known to be 
virulent in an experimental infection model , genetically 
transferred a given R plasmid into the strain ,  and then 
compared the parent and the recipient for virulence in the 
model . 5 , 10 , 19 , 50 , 54 , 8 5 , 112 , 12 3 Others have surveyed isolates 
in the field ( e . g . , a hospital setting) , determined which 
strains were drug-susceptible and which drug-resistant , and 
then evaluated the amount of disease that the two classes of 
bacterial strains were capable of producing . 4 4 , 4 7  

studies comparing bacterial strains that differ only in 
whether they contain an R plasmid have generally revealed 
l ittle difference in virulence , although a few exceptions are 
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notable . Two early reports of the effects of an R plasmid on 
�. typhimurium112 , 12 3  showed decreased virulence in the 
strain that had acquired the R plasmid by conj ugative 
transfer . The molecular basis of those results was not 
pursued ; but they might be explained by more recent studies 
that have shown many cl inical isolates to be relatively poor 
recipients in conj ugative crosses . The efficiency of mating , 
though , can be overcome with a mutation in the smooth 
l ipopolysaccharide ( LPS ) , which concomitantly reduces 
bacterial virulence . 7 2  A single mutation is sufficient for 
that effect , so a single back-mutation to the virulent wild 
type readily appears in an appropriate setting , such as the 
animal gastrointestinal tract . 

The consequences of R-plasmid acquisition can be 
dramatic , in contrast , when the R plasmid contains , in 
addition to drug-resistance determinants and RTF� a virulence 
gene , such as enterotoxin2 5 , 3 7 , 4 0 or hemolys in , l� O or when 
the R plasmid is capable of mobil izing8 5  or recombining 
with77 a virulence-encoding plasmid . Thus , in special cases 
in which R plasmids are l inked with virulence genes , 
selection by antibacterial agents might promote spread of 
virulent strains . For example , aerobactin plasmids in 
� QQli strains isolated are commonly associated with 
resistance to one or more antimicrobials , such as the 
tetracycl ines and ampicill in . 48  The broad epidemiologic 
studies suggest that R plasmids do not interfere with 
bacterial pathogenicity and might significantly increase the 
severity of disease . The best examples include cases of 
plasmid coinheritance of drug-resistance factors and various 
enterotoxins , as in cl inical isolates of Staphylococcus 
aureus7 3 and B ·  coli . S , 2 5 , 3 7 , 69 Even without speci fic 
evidence of a coinherited virulence factor , it is clear that 
drug-resistant bacteria are culprits in maj or outbreaks of 
disease . 4 7  A recent review examined 175 publ ished and 
unpubl ished reports evaluating the effects of resistance to 
specific antibiotics on the outcome of bacterial infections 
in both community and nosocomial settings . 4 4  Regardless of 
the setting , the drug-resistant bacteria , compared with drug
susceptible bacteria ,  were found to be associated with 
il lness that was significantly more severe ; in particular , 
the mortality ,  the l ikel ihood of hospital ization , and the 
length of hospital ization were at least twice as great . 
Further analysis determined that the underlying causes of the 
worse outcome in hospital ized patients infected with a 
variety of drug-resistant bacteria were twofold : drug 
resistance led to a high incidence of antibiotic failure , and 
drug-resistant pathogens emerged in the superinfection that 
followed prior antibiotic treatment for a different disease . 

In summary , R plasmids have been shown repeatedly to 
increase the virulence of bacteria , both when speci fic 
mechanisms can be elucidated2 8  and when they cannot . 4 4  The 
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few experimental situations in which reduced virulence after 
R-plasmid acquisition has been demonstrated are unl ikely to 
reflect the importance of selective pressures in nature . Any 
environmental factors that select for spread of R plasmids in 
bacterial populations ( such as use of antimicrobial drugs ) 
are l ikely to coselect for spread of coinherited virulence 
factors . 

THE SPBEAD OF ANtiMICRQBIAL-BESISTAHCE 
GENES THROUGH BACTERIAL POPULATIONS IN STAGES 

Bacteria l ive in the world not in pure culture , but as 
mixed strains and species competing in ecosystems , many of 
which are carried by animals or humans . 129  

Bacteria isolated from humans a hal f-century ago had 
resistance plasmids , but not the resistance genes found in 
comparable isolates today . 2 1  The use of each new 
antibacterial agent since than has commonly led eventual ly to 
the emergence and spread on plasmids of genes that encode 
resistance to the agent . 9 3  The recent appearance of new 
resistance genes and of older ones in pathogens that had been 
free of them indicates that the process of emergence and 
spread is continuing . 2 6 , 8 0 , 8 3 , 8 6 

We review here evidence that the use of antimicrobial 
agents advances the emergence and spread of antimicrobial
resistance genes through bacterial populations in discrete 
stages triggered by specific events than are increasingly 
identifiable . 

A previously unknown resistance gene can emerge by 
becoming mobil i zed from an obscure strain or by evolving from 
an ancestral gene . Use of an antimicrobial agent could 
mobilize a resistance gene from an obscure strain by 
selecting for the strain ' s  overgrowth and thus increasing its 
contact with other strains . Use would similarly favor 
evolution by selecting for increasingly resistant mutants of 
the ancestral gene . Mobil ization and evolution would each be 
l ikely to progress through stages , and some resistance genes 
might progress through stages of both . 3 6 , 127  

Broad-spectrum P-lactamases able to  hydrolyze newer P
lactam antibiotics , for example , have recently emerged 
apparently by two-step mutations of 8-lactamases ( SHV-1 or 
TEM-2 ) that had emerged earl ier . 52 , 116 Use of the older p
lactams had presumably mobilized the older resistance genes 
to stages of sufficient prevalence for their very rare 
mutants that were resistant to the new P-lactams to occur 
often for selection by use of the new agents and thus the 
beginning of the new stage . 

Antibacterial agents can affect bacterial populations 
directly only by inhibiting susceptible strains . A bacterial 
ecosystem so depleted by an antimicrobial agent can be 
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repopulated by the progeny o f  a single bacterium that has a 
gene that encodes resistance to the agent . overgrowth of a 
clone in the face of such selection can generate overnight a 
bill ionfold ampl ification of the number of copies of the 
resistance gene . That ampl i fication might be transitory , 
however ,  because the isogeneic bacteria that carry these 
copies might prove less fit for the diverse niches of the 
ecosystem than would their heterogenic predecessors or 
successors . 

SIGNIFICANCE OF PLA8MIPS 

Once inserted on a plasmid , a resistance gene can 
repl icate and persist in the niches of all the strains to 
which the plasmid can be transferred . Recombination by 
various mechanisms , such as transposition or site-speci fic 
recombination , moveover ,  can move the resistance gene to 
other plasmids capable of transfer to additional strains and 
thus to additional niches , beyond the host range of the first 
plasmid . 6 , 7 5 

LINKAGE AHD DISSEKINATION OF BESISTAHCE GENES 

Recombination of a resistance gene with additional 
plasmids and coresidence of the recombinant plasmids with 
additional plasmids and chromosomes in new strains would also 
tend to l ink or associate the resistance gene with other 
genes in the presence of different selection . Such other 
genes would include other resistance genes in the presence of 
selection by other antimicrobials , other adaptive genes on 
chromosomes , and genes that were maintained on plasmids and 
had unknown survival values before antibacterials began to be 
used . 2 1 , 109 Selection for any of these would preserve or 
ampl i fy the resistance gene in the absence of the agents to 
which it encodes resistance . 

Spread of plaque and cholera across continents showed 
long ago that the world ' s  bacterial ecosystems 
interconnect . 3 8  Accordingly , dissemination of an emerged 
resistance gene through them would await only sufficient 
amplification , recombination and transfer of the gene to get 
it into intercoloniz ing strains . Studies of resistance-gene 
phenotypes and more recently of their nucleotide sequences 
are , in fact , reveal ing few examples of parochial resistance 
genes confined to one area , and those examples may prove to 
have been premature . 4 6 , 7 9 

In recent years , moreover , new technology has made 
possible the detection , not j ust of distinctive resistance 
genes , but of distinctive plasmids carrying them that have 
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become widely distributed among bacterial genera , animal and 
human hosts , and widely separated geographic areas . 

Two small multicopy plasmids that encode resistance to 
sul fonamide and streptomycin and that share homology over 
hal f  their length were found in escherichia and salmonellae 
from animals and humans in many parts of the world . 4 , 1 2 8  
Three distinctive multiple-resistant plasmids were found in 
col lections of salmonella isolates from both animals and 
humans in the United States ; one of them was endemic in 
cattle in 2 0  states and sporadic in humans in at least two 
other states . 9 5  A plasmid in an isolate from Venezuela was 
found also to carry one of the earl iest gentamicin resistance 
genes in seven genera of enterobacteriaceae from eight widely 
separated medical centers in the United States . 94  A plasmid 
that encodes resistance to trimethoprim and other agents was 
in isolates of � QQli from pigs on a farm and from patients 
in a medical center 4 0  miles away . 13  

It has become possible to recognize identical or closely 
related speci fic transposons in plasmids from bacteria 
isolated in different parts of the world . 101 , 118 One large 
( 2 0-kilobase ) transposon , Tn 2 1 ,  has been found in plasmids 
from some of the earl iest multiple-resistance shigel lae 
isolated in Japan and in a remarkable number of different
looking plasmids from other genera in different parts of the 
world . They include nearly all of the varied plasmids that 
first brought gentamicin resistance to 2 0  medical centers in 
Germany and a number of plasmids from various locations that 
carry different P-lactamase genes . 6 1 , 106 

A l ineage has been proposed for the evolution of Tn 2 1  
and its grogressive acquisition o f  di fferent resistance 
genes . 12 Tn 2 1  appears to have specific recombination sites 
that permit exchange of new resistance genes between its 
progeny . 11  I f  Tn 2 1  continues to be found in additional 
resistance plasmids , it wil l  raise the possibility that 
resistance might have progressed in the world quite 
differently if it had not evolved . 

SPBEAD OF RESISTANCE GENES IN STAGES 
The preceding observations indicate that resistance 

genes emerge and spread in successive stages . 9 0  The initial 
mobilization or evolution of the gene , insertion into a 
plasmid , transfer to strains within the plasmid host range , 
recombination with other plasmids , and insertion into other 
transposons and consequent l inkage with other genes in the 
presence of different antibiotic selection , as well as the 
paral lel evolution of the plasmids and transposons themselves 
( e . g . , Tn 2 1 )  toward fitness in more niches , are all discrete 
steps in the dissemination of the gene . 
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Each o f  the stages sketched above can be seen to have 
the qual ities that characterize the steps in an enzymatic 
cascade : amplification and irreversibil ity . At any stage , a 
given amount of antibacterial use would select more copies of 
the resistance gene than it would have at the preceding 
stage . S imilarly , the use needed to maintain a new stage 
would be less than the threshold amount needed to initiate 
' t  7 6  1 • 

Each new stage begins with a mutation , a chance 
encounter of rare strains in vast populations , a conj ugative 
transfer , or a recombinational event . Each such event has a 
low probabil ity of occurrence , and the ultimate prevalence of 
a resistance gene depends on the product of the probabil ities 
of the events that inaugurate each of its stages of spread . 

We know , for example , that recombination of DNA segments 
that encode the TEM-1 P-lactamase with plasmids resident in 
strains of Hemophilus influenzae and Neisseria gonorrheae was 
the final step in the disastrous emergence of resistance to 
penicill ins in these two pathogens 15 years ago . We can only 
quess , however ,  at the chain of preceding events that 
required 3 0  years of penici l l in use before those final stages 
could occur . 9 , 13 3  

A resistance gene i s  an essential participant in each of 
the improbable events cited above , therefore , the chance that 
any of them will occur is a function of the prevalence of the 
resistance gene in the preceding stage . 

EFFECT OF ANTIMICRQBIAL USE ON 
SPBEAD OF RESISTANCE GENES 

Because use of antimicrobial agents can greatly ampl ify 
the prevalence of genes that encode resistance to them at 
each stage , such use can be seen as the main force driving 
the progression of resistance genes through their stages of 
spread . 

I f  resistant bacteria arose only through frequent 
single-stage mutation of susceptible strains , as was once 
thought the genesis of a resistant strain isolated from any 
patient might be due entirely to antimicrobial use in that 
patient or a neighbor . I f ,  however ,  the resistance in each 
such isolate is encoded on a complex genetic element that has 
been assembled in sequential stages , each triggered by a rare 
event , the l ineage of that res istance might be traced back to 
almost anywhere . Antimicrobial use by the patient might have 
produced overgrowth and mani festation of the res istant strain 
in that patient , but the evolution of the stra in ' s  resistance 
genome and its spread to the patient required much greater 
use elsewhere . 

The emerging connection between the molecular evolution 
of the genomes that carry a resistance gene and its stage of 
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spread suqqests that even very l ittle interchanqe between 
bacterial populations miqht be sufficient for wide dispersion 
throuqh them of a resistance qene that had been selected to 
an advanced staqe by intensive antimicrobial use in the first 
population . The analoqy would be to a virus that evolves to 
hiqh contaqiousness on one continent and becomes epidemic on 
a second continent when taken there by a sinqle tourist . 

The qrowinq information reviewed above is enouqh to show 
that there is a qlobal epidemioloqy of antimicrobial
resistance qenes and qenomes , but not enouqh to measure them . 
A ranqe of models can be considered . 

At one extreme , a model would propose that antimicrobial 
use in bacterial populations in one reqion would have no 
effect on later resistance-qene prevalence in distant 
bacterial populations . At the opposite extreme is a model 
that proposes that the prevalence of resistance qenes in a 
bacterial population is a function of total antibacterial use 
in all  bacterial populations , however remote . 

Neither of those extreme models appears to be 
appropriate . All the above evidence indicates some effect of 
use in one population on prevalence of resistance in others . 
For a more specific example , we have qood reason to bel ieve 
that current prevalence of penicillinase-producinq Neisseria 
gonorrbeae ( PPNG) in a number of American cities is a 
consequence of antibiotic use in areas of the Far East 15  
years aqo . 2 9  

There appears to be ( see Chapter V) qradients of 
prevalence of resistance from hiqh to moderate to low as one 
moves from populations of intense to moderate to no use of 
antimicrobials . The critical question is : How much qreater 
is the prevalence of resistance ( and how much sooner is it 
attained) in populations of moderate or no use than would be 
the case if there had been no ( or fewer) populations of 
intense use . 

IMPLICATIONS FOR ANTIMICROBIAL USE 

The models indicate the potential effect of the use of 
antimicrobial aqents in animal bacterial populations on the 
prevalence of resistance qenes in human bacterial 
populations . Nearly hal f the antimicrobial use in the United 
States is in animals . The pool of resistance qenes in animal 
flora in the United States may be estimated ( see Chapter V) 
to be 10  times that in the total human flora . Animal 
bacterial populations are not distant from human bacterial 
populations , in as much as continuous samples of the animal 
populations flow on slauqhtered carcasses throuqh food 
distribution chains to most households in the United States . 

Althouqh recent work with new technoloqy has elaborated 
many of the observations presented above , the qlobal effect 
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o f  antibacterial use on bacterial resistance has long been 
grasped intuitively by workers studying resistance in the 
laborato� and by cl inicians coping with resistance in their 
patients . 9 , 1 3 4  Many have urged that antimicrobial use be 
minimized whenever possible and have identi fied use of 
antimicrobials in animal feed as the largest use category 
that could be reduced in the United states . 67 

Their concerns and recommendations , however , were based 
on indirect evidence . The complexity of the processes 
outl ined above and the hugeness of the bacterial populations 
in which they operate had precluded reconstructing the entire 
chain of use that led to the presence of a particular 
resistance gene in the isolate from a particular patient . 68 

DUAL ROI.ES OF SALMQNEI.I,AE AS PATBOGENS AND TBACERS 

The first direct evidence that antimicrobial use in 
animals led to res istance in bacteria in humans came from an 
epidemic of multiple-resistant salmonellae among calves in 
Britain , apparently augmented by the antimicrobial use , that 
spread to infect humans . It became the occasion to enact 
legislation banning routine addition of antibiotics to animal 
feed in Britain and countries of the European Common Market 
( see Chapter V) . 2 

Some observers felt that the epidemic in Britain had 
been exceptional , ascribable to pecul iar husband� practices 
there , and not pertinent for the United states . 5 1  When the 
National Research Council  Committee to study the Human Health 
Effects of Subtherapeutic Antibiotic Use in Animal Feeds met 
in 198 0 , it could stil l  be arqued that in the United States 
animal and human bacterial resistance genes were in separate 
pools that did not interchange . 88  The committee j udged that 
hazard to human health associated with the subtherapeutic use 
of antimicrobials in animal feeds was neither proved nor 
disproved . s a 

A report publ ished two years later found three different 
examples in which isolates of salmonellae from animals and 
humans in the United States carried resistance plasmids that 
had the same distinctive restriction endonuclease fragments . 
Several later studies used the same method to trace spread of 
res istant strains of salmonel lae from animals to humans in 
recognized food-borne outbreaks in the United States ( see 
Chapter V) . 

Al l the direct evidence comes from salmonellae , because 
they are pecul iarly traceable . Relatively rare in human 
flora , they signal their presence by producing a conspicuous 
il lness . Laboratories routinely find them with selective 
media even when they are sparse in stool flora and send them 
to reference laboratories , where their serotypes are 
discriminated from more than a 1 , 000  possible types . More 
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than 40, 000 strains are winnowed out of human flora in the 
United States by that elaborate system each year , and their 
serotypes are recorded . A parallel system exists for 
salmonel lae isolates from animals . 

Althouqh their relative rarity in human flora helps to 
make salmonellae traceable , it also leaves them a very smal l 
part of the antimicrobial-resistance problem . It is probably 
reasonable to estimate that , of all the courses of 
antimicrobial therapy administered to humans in the United 
States , includinq al l the expensive and sometimes toxic 
second and third qeneration aqents used to circumvent 
resistance to older aqents , much less than 1% are directed 
aqainst infection by salmonellae . 

DUAL LINES OF EVIDENCE OF FEED-ADDITIVE HAZARD 

Two l ines of evidence of hazard associated with 
antimicrobial use in animal feed additives have been 
developinq in the last several years . 

One l ine of evidence , as outl ined here , arises from the 
qrowinq understandinq that the resistance qenomes in 
bacterial isolates of humans are the products of extensive 
evolutionary development that required lonq exposure of vase 
bacterial populations to antibacterial aqents . Where the 
populations miqht not be critical , qiven the qrowinq evidence 
of their interconnection . Which antibacterials were used 
miqht also not be critical , qiven the close l inkaqes observed 
between res istance qenes and the ease with which some 
plasmids , once made prevalent by use of an antimicrobial , 
appear to acquire new resistance qenes by site-specific 
recombination . 9 7  

The second line of evidence arises from epidemiologic 
observations , supported by molecular finqerprintinq of 
plasmids , of outbreaks and other surveys of salmonella 
infection in the United States in recent years . They provide 
valuable examples for the first l ine of evidence , but also 
direct evidence of the effect of antibacterial use in animals 
on the outcome of specific types of human infect ion . 

The first l ine of evidence addresses all res istance in 
human bacterial flora , but still  cannot yield enouqh direct 
evidence for development of a quantitative risk assessment 
model . The second l ine of evidence addresses a subset of 
human bacterial infections , but can yield direct evidence for 
a risk assessment model , as developed in Chapter VII .  

SUMMARY OF THE BIOLOGIC IMPACT OF DRUG RESISTANCE 

Althouqh present at low incidence in the preantibiotic 
era , druq resistance has burqeoned since the wide use of 
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antimicrobial drugs began 4 decades ago . Most drug 
resistance is due to the presence of transposable genetic 
elements , cal led transposons , that are found on R plasmids , 
which are usual ly conj ugative . Because of the flexibil ity of 
this mechanism of genetic expression , bacteria can acquire 
resistance to a given antimicrobial agent quite easily and at 
minimal cost in terms of growth rate and general hardiness . 
Because of the abil ity of R plasmids to add additional 
transposons in modular fashion , the conj ugative acquis ition 
of an R plasmid typically confers drug-resistance phenotypes 
in addition to that specifically selected by the presence of 
antibiotic in the environment . 

R factors make a direct contribution to the abil ity of 
bacteria to cause disease . Unfortunately , however , R factors 
occasionally carry virulence factors as wel l . The mere 
presence of the drug-resistance phenotype has been shown , in 
epidemiologic surveys , to increase severity of illness . The 
mechanism of the latter is twofold : antimicrobial resistance 
leads to delays in the selection of an appropriate 
therapeutic agent and permits the differential outgrowth of 
the resistant organism during antimicrobial therapy or some 
other infection or presumed infection . 

With greater understanding of the molecular biology of 
drug resistance , R-plasmid passage and strain dissemination 
have become better understood as wel l . R plasmids are 
genetical ly plastic and in many cases are transmissible to a 
wide variety of strains and species . Therefore , the outbreak 
of disease due to a clonally expanded strain can often be 
followed with great precision by fol lowing its plasmid 
molecular profile , as deduced from restriction fragment
length polymorphism .  With this sophisticated technology , R
plasmid-containing strains of salmonella have been traced 
unequivocal ly from the farm through the food chain to 
clusters of human patients . Outbreaks have provided strong 
evidence of the deleterious role that antimicrobial use in 
the environment has played in the selection and propagation 
of antimicrobial resistant bacterial pathogens of humans . 
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IV 

QUANTITATION OF ANTIBACTERIAL AGENTS USED IN 
LIVESTOCK AND POULTRY FEEDS 

Expos inq larqe numbers of bacteria to an antibacterial 
aqent at concentrations that inhibit qrowth is the most 
effective means of selectinq antimicrobial-resistant stra ins 
( or species , if the initial population comprises a mixture of  
species ) . The concentration of the antimicrobial chemical to 
which bacteria are exposed determines both the number of 
resistant orqanisms that may be isolated initially and the 
maqnitude of resistance to that antimicrobial chemical . The 
duration of exposure to an antimicrobial compound has an 
important role in the el imination of susceptible stra ins or 
species in mixed populations , e . q . , in the lower 
qastrointestinal tracts of humans and animals . 

Antibacterials are used in l ivestock and poultry in 
several dosaqes : at hiqh ( therapeutic)  concentrations to 
treat establ ished infectious diseases and at low 
( subtherapeutic) concentrations for enhancement of  qrowth and 
for disease prevention (prophylaxis ) .  The Food and Druq 
Administration ( FDA) approves separately each label claim for 
efficacy for each dose and animal species . The Feed Addit ive 
Compendium summarizes all FDA-approved feed additives , label 
claims , doses , animal types , and federal requlations . It is 
estimated that approximately 7 5% of dairy calves , 6 0% of beef 
cattle , 7 5% of swine , and 8 0% of the poultry marketed have 
received one or more antimicrobial druqs in their feed at 
some time . 1 , 2 

Twenty antimicrobial druqs have been approved by FDA as 
feed additives ( Table IV-1 ) . Penicill in and 
chlortetracycl ine were approved in 1951 and oxytetracycl ine 
in 1953 . Nonantibiotic antimicrobial druqs , such as 
nitrofurans and sul fonamides , are used in the same fashion . 
In addition , ionophores , such as monensin , which have l ittle 
antibacterial activity , are extensively used as coccidiostats 
in the poultry industry . Combinations of antimicrobials such 
as chlortetracycl ine and hyqromycin or chlortetracycl ine , 
penicil l in ,  and sul fathiazole--are approved as feed 
additives . 

POPULATION OF LIVESTOCK AND POULTRY 

It is useful to know the population of each species of 
animal for calculatinq the amounts of penici l l in or the 
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TABLE IV-1 

COMMON ANTIBACTERIAL FEED ADDITIVES 
APPROVED BY U . S .  FOOD AND DRUG ADMINISTRATION 

Additive 

Sul faquinoxal ine ( sul fonamide ) 
Roxarsone ( arsenical ) 
Chlortetracycl ine 
Penici l l in 
Bacitracin 
Sodium arsenate ( arsenical ) 
Furazol idone 
oxytetracycl ine 
Erythromycin 
Hyqromycin B 
Neomycin 
Novobiocin 
Tylosin 
Sul famethaz ineb 

Sul fameraz ineC 
Oleandomycin 
Lincomycin 
Sul fathiazoleb 

Bambermycin 
Virqiniamycin 

Year Approyed 
19 4 7  
1 9 5 1  
19 5 1  
19 5 1  
1953 
1953  
1 9 5 3  
1953  
19 5 5  
1957 

a 
19 6 1  
19 6 1  
19 6 3  
1967 
1968 
19 7 0  
1 9 7 1  
197 3 
1974 

source : u . s .  Food and Drug Administration , 
Division of Animal Feeds , Center for 
Veterinary Medicine , December 1987 ( personal 
communication) . 

a 

b 

c 

Never official ly approved : has been 
marketed since before 1958 . 

For use in combination only . 

For use in fish . 
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tetracycl ines used to medicate them . The food-animal 
population in the United states is very larqe--more than 2 0  
times the human population ( Table IV-2 ) .  I n  197 1 and 198 5 ,  
for example , the total u . s .  food-animal population was 3 , 52 2  
and 5 , 12 2  mil l ion head , respectively (Table IV-2 ) . The 
number of head of l ivestock ( exclusive of poultry)  for the 
same 2 years was 2 3 7  and 2 0 6  mil l ion . In the interveninq 14 
years , production of red meat decl ined somewhat , and poultry 
production increased . The relationship of the amount of red
to white-meat food produced is important in considerinq the 
maqnitude of human exposure to meat or poultry products 
contaminated with pathoqenic bacteria of farm-animal oriqin . 
An understandinq of the maqnitude can be had by inspection of 
per-capita consumption figures for meat and poultry in this 
country . The consumption of red meat per capita ranqed from 
a hiqh of 168  lb in 1 9 7 1  to a low of 153 . 2  lb in 1985 . In 
the same period , the amount of poultry consumed increased 
from 4 9 . 0  to 69 . 7  lb . 6 

ANIMAL CONSUMPTION OF FEED AND BACTERIAL 
CONTENT OF GASTROINTESTINAL WASTE 

To understand the number of col i form orqanisms 
potentially exposed to antimicrobials in animal feed , one 
need only examine Table IV-3 , which shows the larqe amounts 
of feed consumed per head of  l ivestock or poultry annually . 
( The amounts of medicated feed consumed are discussed later . ) 
Multiplyinq the amounts of feed by numbers of animals in 
production in the United States (Table IV-2 ) yields an 
estimate of the larqe amounts of manure produced . Animal 
manure is a direct source and a vector of bacterial 
contamination of the farm , of farm animals , of foraqe crops 
and feed , of farmers , of slauqhterhouse workers , and of meat 
or food by products ( such as milk and eqqs ) consumed by 
humans . 3 The spread of bacteria can be enhanced by the 
coprophaqic habits of some animal species . As an example of 
the maqnitude of the potential bacterial contamination 
problem associated with farm and feedlot exposure of animals , 
the numbers of col i form orqanisms and the larqe amount of 
manure produced by beef cattle can be cited . A sinqle 900-lb 
feedlot steer produces about 9 lb ( 4 . 1  kq ) of manure sol ids 
daily ; each qram contains approximately 107 col i form 
orqanisms , for a total of 4 . 14 x 1010 such orqanisms per 
day . 5 

TOTAL ANTIBIOTIC PRODUCTION 

Accurate analysis of the impact of antimicrobials on 
farm animals ( on their infectious bacterial flora , health , or 
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TABLE IV-2 

ANIMAL PRODUCTION IN UNITED STATES 
{ Thousands of Head Marketed or Produced for Marketing)  

Year Cat tie Calves Sheen Lambs Chickens Broilers Turkevs Hoas Hoas/oiasa 

1 9 8 7  4 9 , 9 0 0  1 0 , 5 6 4  
1 9 8 6  4 9 , 9 9 5  1 0 , 4 7 7  - - 2 1 6 , 9 3 8  4 , 64 6 , 3 12 2 07 , 2 16 
1985 4 8 , 7 3 9  1 0 , 4 8 8  1 , 6 1 0  6 , 4 5 6  2 5 1 , 9 5 7  4 , 4 7 8 , 7 4 9  1 8 5 , 2 8 2  8 6 , 5 8 3  52 , 2 9 8  
1 9 8 4  5 0 , 6 8 2  1 0 , 2 5 3  1 , 8 2 1  7 , 007 2 3 4 , 7 69 4 , 2 8 2 , 3 9 1  17 1 , 2 9 6  8 7 , 3 4 4  5 4 , 07 3 0\ N 
1 9 8 3  4 8 , 0 8 9  1 0 , 4 4 3  1 , 8 2 0  7 , 1 0 4  2 3 1 , 8 2 1  4 , 18 3 , 6 6 0  1 7 0 , 7 2 3  8 9 , 1 2 9  5 6 , 6 9 4  
1 9 8 1  4 6 , 6 4 7  1 0 , 3 8 3  1 , 5 1 0  7 , 0 1 3  2 2 3 , 7 2 1  4 , 14 7 , 5 2 1 1 7 0 , 8 7 5  9 5 , 9 8 6  58 , 6 9 8  
1979 4 8 , 3 5 8  10 , 1 5 1  1 , 3 4 7  6 , 3 3 6  2 2 5 , 0 6 6  3 , 9 5 1 , 2 9 1  1 5 6 , 4 57 9 2 , 4 9 9  67 , 3 18 
1 9 7 7  5 6 , 3 7 8  1 2 , 6 2 1 1 , 4 5 0  7 , 3 6 1  2 3 5 , 8 5 6  3 , 9 3 9 , 8 97 1 3 6 , 8 9 0  8 0 , 9 3 9  5 6 , 5 3 9  
197 5 5 4 , 3 15 12 , 2 3 9  1 , 8 1 2  9 , 0 3 9  2 3 8 , 5 7 6  2 , 9 5 0 , 099 1 2 4 , 1 6 5  7 3 , 6 2 7  4 9 , 2 67 
197 3 4 8 , 3 69 1 1 , 652  2 , 19 8  1 0 , 8 7 9  2 3 6 , 7 10 3 , 008 , 6 67 1 3 2 , 2 3 1  8 2 , 4 10 6 0 , 614  
1 9 7 1 4 9 , 14 3 12 , 0 8 6  2 , 2 02 12 , 6 2 7  2 2 0 , 1 9 5  2 , 94 5 , 3 4 8  1 1 9 , 6 5 7  9 8 , 6 4 4  62 , 4 12 

Source : u . s . Department of Agriculture . 6a 

a Combination of pigs and overweight market hogs . 
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TABLE IV- 3 

FEED CONSUMED BY LIVESTOCK AND POULTRY 197 1-19 8 3  
( Feed Consumed Per Head , Pounds , Equivalent Feeding Value o f  Corn) 

Year Qaia gAttle Sheep �Qulta Hogs 
( Beginning Milk Beef and Hens and . ( per 
October} Cows Other Cattlea LambS Pullets Chickens Broilers Turkeys 100  lb) 

19 7 1  1 1 , 3 7 0  5 , 859  9 , 198 1 , 008 99  32  9 . 3  9 6  9 5 4  0\ w 
1 9 7 3  1 1 , 5 7 0  5 , 7 7 4  7 , 7 0 8  2 , 02 1  100 32  9 . 7  94  660  
1975  1 1 , 5 4 0  6 , 3 0 3  7 , 59 3  1 , 2 6 0  1 0 1  2 6  7 . 7  7 1  566  
1977  12 , 1 2 9  8 , 8 64 6 , 52 4  1 , 442  103  24  8 . 6  7 9  6 3 3  
1979  12 , 9 7 8  6 , 8 0 0  8 , 1 2 2  1 , 3 7 3  107 2 6  9 . 4  7 6  688 
1 9 8 1  12 , 18 1 6 , 2 4 8  8 , 7 5 9  1 , 409  108  2 6  10 . 0  84  62 0 
1983  12 , 6 4 8  5 , 7 9 5  7 , 8 4 8  1 , 7 2 3  105 28 9 . 3  82  605  

Source : Adapted from u . s .  Department of Agriculture . 6a 

a Feed consumed divided by the number of cattle on feed January 1 .  
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rates of growth ) requires rel iable data on the total amounts 
of  penicil l in and the tetracycl ines used annual ly in animals 
( as feed additives , for growth promotion , for prophylaxis , 
and for treatment of infections ) and medical use in humans . 
The same information on other common feed-additive drugs 
would be useful for purposes of comparison , but such detailed 
information is not available . Although gross estimates of  
production and use have been made , there is not good 
agreement between the figures from different sources . 
However , the figures that are available to the committee 
provide a general basis for estimating the breadth of use of 
antibiotics in animals reared for human food . 

The u . s . International Trade Commission provides 
information on the annual production of antibiotics in the 
United States (Table IV-4 ) . The data show total pounds 
produced for medicinal and nonmedicinal use in humans and 
animals . From 1 9 5 0  to 19 8 6 , the total annual antibiotic 
production in the u . s . increased by a factor of  about 49 
( from 0 . 9  to 4 4 . 4  mil l ion pounds ) .  Production figures for 
1 9 8 6  show an atypical annual increase ( 3 9 % )  over the 
preceding year and may represent an aberration . However ,  the 
figure for 1 9 8 5  ( 3 1 . 9 mil l ion pounds ) is within the range for 
the previous 4 years ( 3 0 . 4 - 3 2 . 5  mil l ion pounds )  and 
represents an increase by a factor of about 3 5  over 
production in 1 9 5 0 . 

The data in Table IV-4 show that the percentage of total 
production directed to animal feed and other uses increased 
from 1 6 %  in 1 9 5 1  to 3 8 %  in 1 9 5 9 . In the 1960s , an average 
of  about 4 0% of the total antibiotic production was directed 
to animal feed and other uses . By the late 1970s , 4 2 -4 8 %  of 
antibiotic production was directed to animal feed and other 
uses . Although information on the actual amount of  
antimicrobial production used in animal feed rather than 
other use is not available , an assumption can be based on 
information presented later in this chapter--that the 
nonmedicinal represented the predominant use . In Table IV-5 , 
for 1 9 8 1 - 1 9 8 6 , the total production figures are available for 
classes of antimicrobials , but a direct breakdown into 
medicinal and nonmedicinal uses is not available . Although 
Tables IV-4 and IV-5 are not directly comparable , they do 
show that large amounts of  antimicrobials were used as feed 
additives . In 1 9 8 3 , for example , 3 1 . 9  mil l ion pounds of 
antibiotics was produced , of which 2 2 . 5  mi ll ion pounds ( 7 1% )  
was tetracycl ines plus other non-P-lactam antibiotics . In 
the same year , 7 5 %  of  the antibiotics ( other than 
penicill ins , cephalosporins and tetracycl ines)  were directed 
to feed additive and other uses (Table IV-4 ) . Thus , 3 6 %  of 
the entire antibiotic production for 1983  cons isted of  
antibiotics ( other than P-lactams and tetracycl ines ) that 
were directed to feed additive and other uses . 7 Considerable 
amounts of  tetracycl ine and penici l l in go into animal feed , 
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TABLE IV-4 

U . S .  ANTIBIOTIC PRODUCTION 1950-19 8 6a 

Medicinal 
Total Use Nonmedicinal Use 

Port ion o f  
Added to Ant ibiotic 

In Animal Production 
Humans Feed and Added to 

u . s .  Annual and for Other Annual Animal Feed 
Production , Chanqe , Animals , Uses , Chanqe , and Other 

� � lb ' � lb  � lb  ' Uses. ' 
1 9 8 6  4 4 . 4  + 3 9  b b b b 
1 9 8 5  3 1 . 9  + 5 b b b b 
1 9 8 4  3 0 . 4  - 5 b b b b 
1 9 8 3  3 1 . 9 - 2 b b b b 
1 9 8 2  3 2 . 5  + 6 b b b b 
19 8 1  3 0 . 6 +2 4 b b b b 
1 9 8 0  2 4 . 6  - 2 b b b b 

1 9 7 9  2 5 . 2  - 2 14 . 6  1 0 . 7  - 1 3  4 2  

1 9 7 8  2 5 . 7  + 1 1  13 . 4  12 . 3  + 2 2  4 8  

1 9 7 7  2 3 . 1  + 1 3  14 . 0  1 0 . 1  + 1 4 3  

1 9 7 6  2 0 . 5 +12 10 . 4 . 10 . 0  + 1 2  4 8  

1 9 7 5  18 . 3  - 1 1  9 . 4  8 . 9  +2 0 4 8  

1 9 7 4  2 0 . 5  - 1 13 . 2  7 . 4  - 1 0  3 6  

1 9 7 3 2 0 . 8  +2 5 12 . 6  8 . 2  +2 1 3 9  

1 9 7 2  1 6 . 6  - 7 9 . 8  6 . 8  - 4 4 1  

19 7 1  17 . 9  + 6 10 . 8  7 . 1  - 3 4 0  

1 9 7 0  1 6 . 9  + 2 8  9 . 6  7 . 3  +2 6 4 3  

1 9 6 9  1 3 . 2  + 2 8  7 . 4  5 . 8  + 3 5  4 3  

1 9 6 8  1 0 . 3  + 8 6 . 0  4 . 3  + 2 4 2  

1 9 6 7  9 . 5  - 2 5 . 2  4 . 2  0 4 5  

1 9 6 6  9 . 7  2 9  5 . 4  4 . 2  + 5 0  4 3  

1 9 6 5  7 . 5  + 1 5  4 . 7  2 . 8  + 8 3 7  

1 9 6 4  6 . 5  - 3 3 . 9  2 . 6  + 4 4 0  

1 9 6 3  6 . 7  + 6 4 . 2  2 . 5  + 9 3 7  

1 9 6 2  6 . 3  + 2 4  4 . 0  2 . 3  + 2 8  3 6  

19 6 1  5 . 1  + 9 3 . 3  1 . 8  + 6 3 5  

1 9 6 0  4 . 7  + 2 7  3 . 0  1 . 7  + 2 1 3 6  

1 9 5 9  3 . 7  + 6 2 . 3  1 . 4  + 5 6  3 8  

1 9 5 8  3 . 5  + 9 2 . 6  0 . 9  0 2 6  

1 9 5 7  3 . 2  +19 2 . 4  0 . 9  + 1 2  2 6  

1 9 5 6  2 . 7  + 2 9  2 . 0  0 . 8  + 6 0  2 8  

1 9 5 5  2 . 1  - 9 1 . 6  0 . 5  0 2 5  

1 9 5 4  2 . 3  + 1 0  1 . 8  0 . 5  + 2 5  2 1  

1 9 5 3  2 . 1  + 2 4  1 . 6  0 . 4  + 3 3  2 1  

1 9 5 2  1 . 7  + 1 3  1 . 5  0 . 3  + 5 0  1 5  

1 9 5 1  1 . 5 +67 1 . 3  0 . 2  1 6  

1 9 5 0 0 . 9  0 . 9  b 
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TABLE IV-4 FOOTNOTES 

a 1950-1978 data from National Research council ( NRC)  
report , The Effects o n  Human Hea l th o f  Subtherapeutic Use 
of Ant imicrob i a ls in Anima l Feeds4a ( NRC data is based on 
re ports of the u . s .  International Trade Commiss ion [ ITC ] 7 ) 
197 9 - 198 6 data cul led from ITC reports? ( animal-feed 
antibiotic data breakdown not presented by ITC for 1980-
198 6 ) . 

b 

Amounts of sul fonamide& produced not included . Only 
chemicals  included in ITC production figures ; not included 
are finished pharmaceutical preparations and products in 
form of pills , tablets , and capsules . 

In ITC data , amounts of antibiotics produced differ from 
reported amounts sold ; e . g . , in 19 8 6 , 4 4 . 4  mil l ion pounds 
of antibiotics produced and 1 1 . 3  mil l ion pounds sold . 
Difference between reported production and sales 
attributed to inventory changes , losses in process ing , and 
captive consumption converted into ethical and proprietary 
pharmaceutical products by primary manufacturer . Many 
pharmaceutical manufacturers not included in ITC reports 
if not primary producers of medicinal chemical ( i . e . , 
their drug requirements are met by purchases from U . S .  or 
foreign producers ) .  

Amounts of antibiotics produced annual ly assumed to 
provide better estimate of amounts used than ITC estimates 
of amounts sold , because finished dosage-form products 
made under captive use not included in estimates of 
amounts sold . 

Figures not available . 
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TABLE IV-5 

u . s. PRODUCTION OF INDIVIDUAL CLASSES OF ANTIBIOTICS , 
1 9 8 1-1986  

�[Os;lY.QtiQD, HilliQDS Qf :fQUDQ§ 
1981 1982 1983 1984 1985 1986 

Cephalosporins 1 . 1 1 . 1 1 . 4 1 . 4 a 1 . 7  

Penicill ins 7 . 4b 7 . 4b 6 . 1b a 6 . 8c 7 . 7c 

Semisynthetic 
penici l l insd 

2 . 3  2 . 1  1 . 9  2 . 0  

Tetracycl ines 6 . 8  7 . 2  7 . 2  a a a 

Others 13 . 0  14 . 7 15 . 3  2 7 . 0  2 5 . 1e 3 5 . o f 

Total sul fonamides 3 . 9  3 . 1  2 . 8  a a a 

Total 3 0 . 6 3 2 . 5  3 1 . 9 3 0 . 4  3 1 . 9 4 4 . 4  

Source : Adapted by the committee from u . s. International 
Trade Commiss ion ( ITC ) Reports . 7 

a 

b 

c 

d 

e 

f 

Figures not available . 

Penicill ins other than semisynthetic penic i l l ins . 

Includes all  penicill ins . 

Includes ampicil l in ,  amoxicil l in ,  dicloxacil l in ,  
cloxacil l in ,  and oxacil l in .  

Includes tetracycl ines and cephalosporins . 

Includes tetracycl ines . 
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so it is clear that , on the basis of production data , the 
true figure for the percentage of antibiotic production going 
into feed additives probably l ies somewhere between 4 2 %  and 
4 8 %  (Table IV-4 ) . 

Penicill ins and tetracycl ines together make up 4 2 %  of 
the total 198 3 antibiotic production . Of the other 
antibiotics , which account for 58% of the total production 
for the same year , only a few are approved for use as feed 
additives ( see Table IV- 1 ) . Total sul fonamide production of  
2 . 8  mill ion pounds in  198 3 was not included in  the previously 
cited antimicrobial-use data . Information is not ava ilable 
as to what portion of sul fonamide production was directed to 
animal feed uses . 

Although precise figures on the amounts of individual 
antibiotics used in feed are not ava ilable from the ITC data , 
it appears that a large percentage ( 4 2 -4 8% ) of the total 
antibiotic production in the United States is used in animal 
feed ; penicill ins and tetracycl ines represent a si zable 
fraction thereof .  FDA , in using 197 9 data from ITC , has 
estimated that approximately 55-60% of the penicill in and 
tetracycl ine consumed in the United States is used in animal 
feed in subtherapeutic dosages ; an additional percentage is 
used for therapeutic purposes ( FDA , Personal correspondence , 
Office of Planning and Evaluation , 2 1  May 19 8 6 ) . 

ANTIBIOTIC USE IN fARMS AND FEEDLQTS 

Actual percentages of each type of antibiotic used in 
farms and feedlots would be more informative than the 
foregoing calculations of total antibiotics used . 

A summary analysis of amounts used in farms and feedlots 
for the period 1980-1985 has been attempted ( see Table IV-6 ) 
with data from IMA America , Ltd . , private organizations ( on 
purchases of feed antibacterials by feed manufacturers ,  
l ivestock supply stores and distributors , etc . ) ,  the Animal 
Health Institute (AHI ) , ITC , researchers , trade associations , 
and the companies that manufacture drugs for use in animals . 
The figures in Table IV-6 , the best available to this 
committee , show l ittle variation in this period in total feed 
use ( amount sold to the feed trade ) of antibacterials : 9 . 7 -
1 1 . 7  mil l ion lbsjyr . Tetracycl ine accounted for 57%  of this 
volume in 1980  and 4 9 %  in 1984 and 1985 . Penici l l in 
accounted for only 5-8 % of the total . The total use of 
tetracycl ines and penici l l in in feed in this period gradually 
decl ined . The foregoing figures on annual sales of 
antibacterials for l ivestock and poultry feeds can be related 
to the total annual production of all antibiotics ( for all  
uses)  and to the total annual production of the tetracycl ines 
and penicil l in .  For example ,  in 19 8 3 , 3 1 . 9  mil l ion pounds of 
antibiotics was produced and 9 . 9  mil l ion pounds was sold to 
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Year 

19 8 0  

19 8 1  

19 8 2  

19 8 3  

1984  

19 8 5  

TABLE IV-6 

ANNUAL SALES OF ANTIBACTERIALS FOR LIVESTOCK AND POULTRY FEEDS , 19 80-1985 

Production 
for all 
Use�:---

106 

lJL_ 
2 4 . 6  

3 0 . 6  

3 2 . 5  

3 1 . 9  

3 0 . 4  

3 1 . 9  

Annual Sales for Livestock and Poultrv Feeds 
Total Tetracvcl ines Penicillin Others 

1 0 6 1 06 

lJL_ kg_ 
lb 

1 1 . 2  5 . 1 4 6  

9 . 7  4 . 4  3 2  

1 0 . 8  4 . 9  3 3  

9 . 9  4 . 5  3 1  

1 1 . 7  5 . 3  3 8  

1 1 . 0  5 . 0  3 4  

106 106 

llL ksL lc 

6 . 4  2 . 9  57 

5 . 2  2 . 4  54  

5 . 3 2 . 4  4 9  

5 . 1 2 . 3  52  

5 . 7  2 . 6  4 9  

5 . 4  2 . 4  4 9  

10 6 10 6 

llL ksL lc 

0 . 9  0 . 4  8 

0 . 7  0 . 3  7 

0 . 7  0 . 3  6 

0 . 6  0 . 3  6 

0 . 7  0 . 3  6 

0 . 6  0 . 3  5 

10 6 10 6 

.llL 
kg_ 

lc 

3 . 9  1 . 8  3 5  

3 . 8  1 . 7  3 9  

4 . 9  2 . 2  4 5  

4 . 2  1 . 9  4 2  

5 . 3  2 . 4  4 5  

5 . 1  2 . 3  4 6  

Source : Modified from a presentation (unpubl ished) to the committee by H .  w .  
Jamison o f  the Animal Health Institute ' s  Antibacterial Research Criteria Task 
Force , March 2 1 ,  19 8 8 , entitled "Estimating the Volume of Antibacterials Used in 
Livestock and Poultry Feeds . "  

a From Table IV-4 . 

b Percent of total antibiotic production . 

c Percent of total annual sales for l ivestock and poultry feed . 

0\ \D 
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the feed trade for use i n  l ivestock and poultry feeds . 
Tetracycl ines and penicil l in accounted for 58%  of the 9 . 9  
mill ion pounds . In the same year , of the 7 . 2  mil l ion pounds 
of tetracycl ines produced , 5 . 1 mill ion pounds ( 7 1% )  was sold 
for use in l ivestock and poultry feeds (Tables IV-5 and IV-
6 )  • 

SUBTHEBAPEUTIC USE OF ANTIBACTERIAL DRUGS IN ANIMAL FEED 

The current FDA-approved uses of the tetracycl ines and 
penici l l in in animal feeds are for growth enhancement , 
disease prevention , and treatment of disease . In the first 
two of these categories ( commonly designated 
" subtherapeutic" ) , these antibiotics are used at 2 0 0 grams or 
less per ton for 2 weeks or more . 4 Some combinations with 
other antibacterials ( tetracycl ine at 1 0 0  gjton [ gjton = 

grams drug per ton of feed ] , sul famethaz ine at 1 0 0  gjton , and 
penicil l in at 5 0  gjton) have been approved by FDA for use in 
pigs that weigh up to 75  lbs . The Center for Veterinary 
Medicine ( see Footnote # 1 , page 1 of Preface) cons iders any 
extended use of antibiotics in feed at 2 0 0  gjton or less 
beyond 2 weeks as " subtherapeutic use , " whether it is for 
growth enhancement or disease prevention . "Use levels are 
general ly 2 00 gjton or less of penicil l in or tetracycl ine , 
but dosage units wil l  vary by species . Levels approved for 
claims of growth promotion and disease prophylaxis are 
usually lower than those approved for disease treatment ; 
however ,  there is some overlap in the claims for dose levels 
of 200 gjton or less . "  There is more concern in the agency 
with the length of time the antibiotic is used in feed than 
in the level of drug . ( FDA , personal correspondence , April  
2 6 , 1988 . )  Although the need for such information is 
critical , there are no actual data ( only estimates ) on the 
amounts of penicil l in or tetracycl ine used subtherapeutically 
in animal feed . 

Experts in veterinary medicine from the Animal Health 
Institute and elsewhere testified to this committee that use 
of the prophylactic dosage of antibacterial agents is common 
and important for successful and profitable rearing of 
l ivestock . It appears that hog farmers use antibacterial 
feed additives rather consistently during the early periods 
in rais ing swine . That involves such use of antibacterial 
additives for about 10 weeks in feeder pigs ( approximately 
one hal f  of their l i fe span ) , divided into several stages . 
The first stage often consists of the tetracycl ine
sul famethaz ine-penici l l in combination or a tylosin
sul famethaz ine combination . After that stage , tetracycl ine 
( 2 5-50 gjton) , tylosin alone , bacitracin , or bambermycin is 
used . In cattle it is common to feed a tetracycl ine
sul famethaz ine combination per head ( 3 5 0  mg of each drug to 
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each animal ) per day for 4 - 6  weeks a s  the cattle go into 
feedlots . The intent of such administration is primarily 
"prophylactic . " Although penici l l in and the tetracycl ines 
are approved by FDA for use in several classes of poultry , 
they are not used commonly in broilers . 

In its efforts to obtain broader and more up-to-date 
information about the use of antibiotics by the different 
animal industries , the committee made inquiries to the 
National Broiler Council (NBC ) , the Texas Cattle Feeders 
Association (TCFA) , and the National Pork Producers 
Association (NPPA) . NBC in 1984 surveyed 3 0  companies 
representing 77 . 8 % of the industry ' s  broiler production for 
that year . None of the companies reported us ing penici l l in 
or the tetracycl ines to increase rate of growth and feed 
efficiency . However ,  they did indicate that those 
antibiotics were widely used in disease prevention and 
treatment programs . Of the 3 0  companies surveyed , 18 ( 60 % )  
reported using penicil l in i n  disease prevention or treatment 
programs , 2 8  ( 9 3 % )  reported using chlortetracycl ine ,  2 3  ( 77 % )  
reported using oxytetracycl ine ,  and 1 0  ( 3 3 % )  reported using 
tetracycl ine . The use of the antibiotics for disease 
prevention is summarized in Table IV-7 . 

A survey by the TCFA in 1986  involved 102 feedyards that 
produce 7 5 %  of the feed cattle in the TCFA area (New Mexico , 
Oklahoma , Texas ) . Responses from nutritionists responsible 
for more than 11 mil l ion head of cattle ( approximately 4 2 %  of 
all the feed cattle produced annual ly in the United States , 
assuming a total feed cattle production of 2 6  mil l ion a year) 
indicated that none of the animals receives continuous low
dose tetracycl ines in feed (penicillin is not approved for 
such use ) . However ,  the survey did not address the use of 
subtherapeutic concentrations for disease prevention . 

The NPPA has not conducted a recent survey on the use of 
penicil l in or tetracycl ines in swine feed . However , Virgil 
Hays ( personal communication , 1988 ) has calculated the amount 
o f  tetracycl ine used in swine feed for the committee (Table 
IV-8 ) . According to u . s .  Department of Agriculture figures , 
approximately 8 6 . 5  mil l ion pigs ( see Table IV-2 ) with an 
average weight of 110  kg were marketed in 19 8 5 . On the bas is 
o f  the numbers in Table IV-8 and the survey estimate of 6 . 6 g 
o f  tetracycl ines per pig , it is possible to derive a figure 
for the total amount of tetracycl ines used in the rearing of 
swine in that year : 8 6 . 5  mil l ion (head of swine) x 6 . 6 g 
( tetracycl ines per pig) = 0 . 57 mil l ion kilograms ( 1 . 2 5 

mill ion pounds ) of tetracycl ines . I f  al l swine feed were 
medicated with tetracycl ines , the total would be 1 . 7  mil l ion 
kilograms ( 3 . 7  mil l ion pounds ) .  Because 5 . 4  mil l ion pounds 
o f  tetracycl ines were estimated to have been used in 
l ivestock and poultry feeds in 1985  ( Table IV-6 ) , the figure 
of 1 . 2 5 mil l ion pounds used in pig production represents 
approximately 2 3 %  of the total tetracycl ines used in animal 
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TABLE IV-7 

USE OF PENICILLIN OR TETRACYCLINES FOR 
DISEASE PREVENTION IN POULTRY , 1984 

No . 
Drug Companies A Route Dosage 

Penicil l in 3/ 14 Feed 50-100 gjton 
Penici l l in 4/ 18 Water 100-160 KU/galb 

Chlortetracycl ine 9/2 8  Feed 100-500 gjton 
Chlortetracycl ine 9/2 8  Water 10 0-4 00 mgjqal 

Oxytetracycl ine 6/2 3  Feed 100-2 00  g/ton 
Oxytetracycl ine 8/2 3  Water 100-4 00  mqjgal 

Tetracycl ine 5/ 10 Water 2 00-1 , 0 00  mgjqal 

Durat ion 
of 
use . days 

3 -14  
3 -14  

2 -7 
2 -7 

3 - 1 4  
3 - 1 4  

3 -7 

Source : Data from J .  P .  Pretanik , National Broiler Council , 1988  
(personal communication) .  

a 

b 

No . Companies • ( number of companies reporting this 
use) / ( number of companies reporting) . 

KU • thousand units . 
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TABLE IV-8 

ESTIMATES OF TETRACYCLINE USED IN REARING SWINE 

Use 

In sow breeding and 
gestation : estimate used 
2 1-day breeding period 

In lactation : assumption 
of 100  gjton 

Starter : assumption of 
100 gjton 

Grower : assumption of 
s o  gjton 

Finisher : assumption of 
25 gjton 

Total per pig 

Feed , 
kg 
44  

15  

23  

96  

280 

4 58 

Tetracycline. gA�--
All Diets Suryey Estimate 

2 . 7  0 . 17 

1 . 6  0 . 17 

2 . 5  0 . 4 7 

5 . 3  1 . 9 2 

7 . 7  3 . 8 7 

19 . 8  6 . 60 

Source : Data from Virgil Hays , University of Kentucky , 1988 , 
( personal communication) . 

a As basel ine for comparison , amount of tetracycl ine is 
calculated for medication of all diets . On basis of 
surveys done in the state of Ill inois and those done by 
University of Nebraska in 198 3 , and more recently by Hays 
( 1988 ) of seven maj or suppl iers of feed for swine , figures 
have been calculated in right-hand column . The committee 
recognizes that accuracy of figures cannot be val idated in 
practice . However , in absence of recent comprehensive 
survey data , the committee views these as best estimates 
of amounts of tetracycl ine used in swine . 
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and poultry feed . According to Virgil Hayes (personal 
communication , 198 8 ) , triple-drug medication that includes 
the tetracycl ines in the feed of growing swine is used 
routinely , thus subtherapeutic dosing is frequent and 
widespread . 

Estimates of antimicrobial consumption indicate their 
use in farm animals is predominantly in subtherapeutic 
concentrations . In December 1984 , Gustafson testi fied before 
the Subcommittee on Investigations and OVersight of the u . s .  
House of Representatives Committee on Science and Technology . 
Gustafson presented estimates (Table IV-9 ) derived primarily 
from industry sources , that , of the 8 , 3 16 , 000  kg ( 18 . 3  
mil l ion pounds ) of antibiotics used in animal production , 88%  
was used in  subtherapeutic concentrations : of the latter 
amount , 2 8 %  was for growth promotion . Of the 2 , 64 0 , 000  kg of 
the tetracycl ines administered to farm animals ( Table IV-9 ) , 
2 , 4 03 , 000 kg ( 9 1% )  was used in subtherapeutic concentrations . 
Only 7%  and 2 % ,  respectively , of all the tetracycl ines 
administered to cattle and swine were for therapeutic 
purposes , but 85% of the tetracycl ines given to poultry was 
used therapeutically .  In addition to reviewing the above 
estimates made by Gustafson in 1984 , the committee sought and 
received estimates made by AHI that would have involved data 
from the same sources as were available to Gustafson ( Table 
IV-6 ) . In those estimates , the total sales of antibacterials 
for l ivestock and poultry feeds was 5 . 0  mil l ion kilograms in 
1985 , contrasting with the figure of 8 . 3  mil l ion kilograms 
reported by Gustafson (Table IV-9 ) . The difference is 
substantial and is not readily expl icable .  However ,  it 
should be noted that the total figures for annual use ( or 
sales ) of tetracycl ines in l ivestock and poultry are very 
similar : 2 . 6  mil l ion kilograms in the Gustafson estimates and 
2 . 4 mil l ion kilograms in the AHI estimates , prorated for 
total u . s .  antibiotic production in 1985 (Tables IV-6 and IV-
9 ) . The AHI estimates are related to "antibacterials"  and 
the Gustafson estimates to "antibiotics , "  so the differences 
might be due to inclusion in the latter category of 
antibiotics that are coccidiostat& (e . g . , monensin) , rather 
than antibacterial agents . As a result of the aforementioned 
differences , the committee is uncertain as to which estimates 
should be used as a basis for comparison of trends in annual 
use . 

The estimates of tetracycl ine use in feed for individua l 
animal and avian species show some possible discordances . 
The estimates by Hays of tetracycl ine use in swine indicate 
that 1 . 7  mil l ion kilograms would be used i f  al l swine feed 
were medicated with this drug . This figure would be close to 
the 1 . 65 mill ion kilograms in the 1985 estimate of Gustafson . 
However ,  not all swine are medicated with tetracycl ines 
during growth . In addition , the previously noted NBC and 
TCFA surveys both indicate recent marked reductions in the 
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TABLE IV-9 

ESTIMATED 198 5  ANNUAL ANTIBIOTIC USE IN THERAPY , 
DISEASE PREVENTION , AND GROWTH PROMOTION 

All Antibiotics . tbousands of kilograms 
Subtherapeutic Use 

Disease Growth 
Tberapeutic Use Prevention Promotion 

cattle 
swine 
Poultry 

Total 

4 58 
250 
304 

1 , 012 

1 , 100 
3 , 57 8  

580 

5 , 258 

3 40 
1 , 3 9 1  

3 15 

2 , 04 6  

Total 

1 , 898 
5 , 219 
1 , 199 

8 , 3 16 

Tetracycl ines ( Chlortetracycl ine and Oxytetracycl ine ) , 
thousands of kilograms 

Subtherapeutic Use 
Disease Growth 

Tberapeutic Use Prevention Promotion Total 

cattle 
swine 
Poultry 

Total 

50 
30 

187 

2 67 

589 
9 50 

3 3  

1 , 57 2  

130 
7 0 1  

8 3 1  

7 69 
1 , 651  

220 

2 , 64 0  

Source : Correspondence from R .  H .  Gustafson (American 
Cyanamid Company ) to E .  Eastman ( Subcommittee on 
Investigations and OVersight , House Committee on 
Science and Technology) , January 24 , 1985 (personal 
communication) . 
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use o f  tetracycl ines for growth promotion . However ,  the 
committee bel ieves that the tetracycl ines are widely used in 
poultry production for disease prevention . In cattle
raising , data on the extent of use of prophylaxis are not 
reported . Although use of tetracycl ine for growth promotion 
in poultry and cattle has reportedly decreased , it is unknown 
whether the prophylactic use of subtherapeutic concentrations 
has remained constant or has increased correspondingly . 
Thus , it is very difficult to quantify current subtherapeut ic 
use of tetracycl ines ( and penicil l in)  on u . s .  farms and 
feedlots . 

In summary , exact data on antibiotic use in animal feed 
are not obtainable . The best available estimates indicate 
that 3 1-4 6% of the total annual production of antibiotics 
( 3 1 . 9  mill ion pounds ) in the United States is used in animals 
for all purposes . ( Even higher figures have been suggested) . 
A range of 9 . 7 - 1 1 . 7  mil l ion pounds ( 4 . 4 -5 . 3  mil l ion 
kilograms ) was used annual ly from 1980 through 1985 (Table 
IV-6 ) . In the same years , tetracycl ine use in l ivestock and 
poultry totaled 5 . 1-6 . 4  mil l ion pounds , and penicill in use 
0 . 6-0 . 9  mil l ion pounds . Although data are l imited , it 
appears that about twice the amount of antibacterials is used 
for disease prevention as for growth promotion . 

The committee is aware that strict compl iance with the 
regulations in the United States governing subtherapeutic use 
of antimicrobials is not always achieved in common practice . 
On the farm , planned brief periods of antimicrobial use and 
the amount of medication and duration of its administration 
might sometimes be below or exceeded the specifications . For 
example , concentrations of antimicrobials actual ly achieved 
in feed might vary widely from the specified regulatory 
l imits , because of miscalculation or improper mixing of drug 
and feed either on the farm or by the feedmil l . The true 
period of medication might be longer or shorter due to the 
time taken to consume the amount of feed in storage or for 
other reasons . For purposes of analysis , the committee has 
considered all  use of antimicrobials as speci fied for both 
growth enhancement and disease prevention as being in the 
category of subtherapeutic use . That is also the view taken 
by FDA ( M .  F .  Lowe , 1988 , personal communication ) . The 
approach seems reasonable , in that , with the except ion o f  the 
report o f  Gusta fson , the re is l itt l e  quant itat ive i n formation 
to d i st i ngu ish use for growth promoti on from use for d i sease 
prevent ion . Gusta fson ' s  estimates indicated that 8 8 %  o f  a l l  
antibiot i c  u s e  in l ivestock and poultry was subtherapeutic . 

Tetracycl ines account for almost SO% of total 
antibacterial use in l ivestock and poultry feeds (Table IV-
6 ) . In the estimates of Gustafson (Table IV-9 ) , 
subtherapeutic use of tetracycl ines accounts for 2 9 %  of all 
antibiotic use in cattle ,  swine , and poultry for all  
purposes . I f  data in Tables IV-4 , IV-5 , and IV-9 are 

- - - - -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 .

H u m a n  H e a l t h  R i s k s  W i t h  t h e  S u b t h e r a p e u t i c  U s e  o f  P e n i c i l l i n  o r  T e t r a c y c l i n e s  i n  A n i m a l  F e e d
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combined , i t  appears that subtherapeutic use of tetracycl ines 
( 2 . 4  mill ion kilograms ) accounts for 17 t of total annual 

production of all antibiotics ( approximately 14 mil l ion 
kilograms in 198 3 ) and 7 3 t  of all tetracycl ines produced for 
all  purposes ( 3 . 3  mil l ion kilograms in 198 3 ) . Data on 
subtherapeutic use of tetracycl ines for the last 3 years are 
not available , and it is not possible to calculate the 
percentages of total antibiotic production or of total farm 
and feedlot use that they account for today . 

Antibiotic use in animals , in quantitative terms , is an 
important pressure for selection of antibiotic resistance in 
enteric bacteria on the farm and in feedlots . Subtherapeutic 
use in animal feed appears to be greater in quantative terms 
in this regard than antibiotic use for therapy , and 
tetracycl ine accounts for about hal f the amount of 
antibacterials used in this fashion . Although distinction 
between the growth-promotion and disease-prevention uses of 
subtherapeutic concentrations would be helpful , no accurate 
data is available . Furthermore , disease-prevention uses 
apparently are routine when there is suspicion of disease in 
some animals in a group or the durations of medication might 
be prolonged beyond speci fied regulatory time periods in 
severe cases or simply because of mistakes . 
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ANTIMICROBIAL RESISTANCE IN HUMANS AND ANIMALS 

fREQUENCY OF DRUG BESISTAHCE IN CLINICAL ISOLATES 
OF SALMQNEIJA SPP . fROM HQMANS AND ANIMALS IN 

THE QNITED STATES 

Thousands of cl inical laboratories throughout the United 
States isolate occasional strains of salmonel lae from humans , 
test their susceptibil ity to antimicrobial agents , and send 
the isolates--but not the susceptibil ity test results--to 
state reference laboratories for serotyping . S imilarly , a 
paral lel set of veterinary service and reference laboratories 
process animal isolates of salmonel lae similarly . This whole 
elaborate salmonella reporting apparatus l ists about 4 5 , 000 
total isolates per year . These salmonella test results , 
however ,  are scattered through the files of thousands of 
laboratories , and even the reference laboratory files rarely 
have both susceptibil ity and serotype results . Thus , an 
expensive system obscures a maj or part of its only product , 
epidemiologic information . 

To survey the prevalence of res istance in salmonel lae , 
it is therefore necessary to repeat work that has already 
been done , to col lect serotyped isolates from reference 
laboratories to retest their susceptibil ity and to file the 
results together .  Table V-1 summarizes an example of such 
work carried out 8 years ago as background for a study of 
resistance plasmids in salmonellae . Susceptibil ity testing 
was performed on several thousand human isolates of 
salmonellae col lected and serotyped by the Massachusetts 
state Laboratory and several thousand animal isolates 
collected and serotyped from all parts of the United states 
by the National Veterinary Laboratory , in Ames , Iowa . 

In this chapter and throughout the report the committee 
has included data on the antibiotic resistance profile of 
bacterial isolates collected from various veterinary 
laboratories throughout the United States over several 
years . The history of antibiotic exposure was not available 
in most cases . The committee has made the assumption that 
the antibiotic resistance profile of the isolates is 
indicative of exposure of the animal host to the specific 
antibiotics listed in the profile . There is an inherent 
problem in this assumption that is clearly recognized : the 
antibiotic resistance profile of an isolate cannot be used 
with absolute certainty to determine direct exposure of a 
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TABLE V-1 

RESISTANCE TO ANTIMICROBIAL AGENTS IN 
SALMONELLA ISOLATES ( 1979-19 8 0 )  
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human or an animal to any specific antibiotic , nor to the 
dosage , nor to the route of administration ( oral or 
parenteral ) . This could result in errors in j udgement , e . g . , 
the inabil ity to differentiate bacterial res istance to an 
antibiotic administered either parenterally or via the feed 
(per os ) . (Note : Penicill in/ampicil l in is used as 
terminology to include penici l l in G to reflect the fact that , 
although this is the form of the P-lactam administered 
parenteral ly to l ivestock , susceptibil ity testing of 
salmonel lae isolates from humans is performed with ampicill in 
as the P-lactam drug . ) 

The prevalence of several serotypes can be seen to 
differ greatly between the human and animal isolate 
col lections ( See Table V-1 ) . Strains of � enteritidis 
constitutes 3 1% of human but only 3% of animal isolates ; � 
choleraesuis , � derby , � dubl in , � pul lorum , and § .  san 
diego were found mostly in the animal isolate col lection . 

OVeral l ,  resistance to each of the antibacterial agents 
tested or to any of the agents was more frequent in the 
animal than in the human col lections . Resistance was also 
disproportionately prevalent in isolates of several serotypes 
( e . g . , � typhimurium , � heidelberg ,  � anatqm , � agona , 
and � st . paul ) in both animal and human isolates . The 
frequency of resistance to the di fferent antibacterial agents 
had the same rank order of resistance in both animal and 
human isolates as fol lows : 

( streptomycin>tetracycl ine>sul fonamide>ampicill in> 
chloramphenicol ) . 

Table V-2 arranges animal isolate data similar to that 
in Table V-1 by serotype and antibiotype . Each antibiotype 
that was found in 2 %  or more of the isolates of any serotype 
is shown in Table V-2 . The table shows that much of the 
resistance in the isolates of a given serotype is clustered 
into a small number of antibiotypes , and that these prevalent 
antibiotypes vary greatly from serotype to serotype . When 
col lections of isolates representing several of the prevalent 
serotype-antibiotype combinations were tested ( e . g . , the 
antibiotype TSKUHA for � typhimurium var . copenhagen ) it was 
found that res istance in many of the isolates was due to a 
common resistance plasmid which they shared , even when the 
isolates came from different states or from both animals and 
humans . 15 

The results shown in Table V-2 also illustrate a problem 
encountered in surveys of the prevalence of res istance in 
Salmonella spp . The resistance tends to be discontinuous , 
that is , clustered in groupings of multiple res istance in 
particular serotypes .  Any survey that includes , for 
unsuspected epidemiologic reasons , a disproportionate number 
of isolates belonging to one of these clusters wil l  not 
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TABLE V-2 

PERCENTAGES+ OF ANIMAL ISOLATES OF EACH COMMON 
SEROTYPE OF SALMONELLA THAT TESTED RESISTANT TO 

VARIOUS COMBINATIONS OF ANTIMICROBIAL AGENTS 
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T • tetra cycl i ne 
C • chl o rampheni col 
S • s tre ptomyc i n  
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U • sul fonami des 
H • cephal o th i n  

+ Pe rce n ta g e s  l e s s  t h a n  2 not shown 

A • ampi c i l l i n  
G • gentami c i n  
X � s u l fa tr i metho pr i m  

Adapted from O ' Brien et a1 . IS 
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accurately represent the prevalence that might be found i n  a 
larger or more broadly-based sample . 

Table V-3 summarizes in chronologie order the prevalence 
of res istance in collections of salmonella isolates from 
humans and from animals in the United States . Among the 
human isolates , the first two reports , from the late 1960s 
show similar prevalence of resistant strains at 2 1-2 2 t . 2 0 , � 9 
Four reports of studies done in the 1970s were based on 
reference laboratory col lections--those of Cherubin et al . ,

5 

Saad and Farrar , l9 O ' Brien et a1 . , 16  and MacDonald et a1 . 14 
--the results in these surveys were in close agreement ; 
percentage of res istant strains ranged from 15 . 5  to 17 . 4 .  
The higher percentage reported during this period was the 
survey of Bissett et al . , 2 that showed 3 lt resistant 
strains . 

The report of Lorian , l3 covering the decade from 1975  
through 1984 , was produced by a different method of  
survei l lance than those mentioned above . This method was not 
based on col lections of reference laboratories , but on 
analys is of computer-data files from several hundred hospital 
laboratories . Although these computer files did not give 
serotype identification , there was broad geographic 
representation in this very large data file . Lorian ' s  
analysis of these data did not attempt to determine the 
percentage of isolates resistance to at least one of the 
tested antibacterial agents . However ,  we can proj ect that 
the percentage of isolates resistant to any of the agents 
would be around J Ot , since the resistance to either 
tetracycl ine or to ampici l l in alone was 2 2 t  and 1St , 
respectively , assuming a distribution of groupings of 
resistance similar to that seen in the other studies . Thus , 
we are left with the puz zle of why these hospital-based 
survey data showed approximately twice the percentage 
resistance as the reference-laboratory-based surveys of 
approximately the same time period . 

One possible explanation is that the different 
reporting method for the data in the Lorian surveyl3 might 
have accounted for some of the observed difference in 
prevalence of resistance . These data did not include the 
primary measurements of the extent of resistance ( inhibition 
zone diameter or MIC) , but only reported susceptibil ity 
rather than res istance , and this has been proj ected here to 
make the results comparable with those of the other studies . 
In Lorian ' s  method the percentages in the intermediate range , 
which are not reported here , were reported as resistant , 
while in the other studies , they would have been reported as 
nonres istant . The intermediate percentages for the 
antibacterial agents reported in the other studies , are too 
small to account for the difference between them and the 
Lorian data , also there was no information on qual ity control 
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TABLE V-3 

RESISTANCE TO ANTIMICROBIAL AGENTS AMONG ISOLATES OF 
SALMONELLAE FROM HUMANS AND ANIMALS IN THE UNITED STATES 
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Source : Adapted by the committee from data bi Blackburn et al . 3 ,  Bissett et al . 2 1 Cherubin et al . s  Lorianl3 , MacDonald et al . l , O ' Brien et a1 . 16 , Saad and Farrar 9 , 
Schroeder et al . � o ,  Winshell et al . 2 9 , and personal communications ( Cole , Libal , Thayer 
and Whitford , Veterinary Laboratories ) .  
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in the hundreds o f  laboratories that generated the data 
reported in Lorian • s  large survey . 13 

The survey results reported by MacDonald et al . 14 showed 
a rise from 16  to 2 4 %  from 1980 to 1985 for human isolates of 
salmonellae resistant to any of the tested antimicrobial 
agents . These percentages are important , because they 
indicate that the antibacterial resistance found in human 
isolates of salmonellae has increased . Accordingly , the 
latter value ( - 2 4 % )  would be the more nearly contemporary 
percentage to use in the risk assessment model . 

The val idity of the results of the 1985 survey by 
MacDonald et al . 14 is supported by the geographic 
representation incorporated in its design and by its 
comparabil ity to the survey performed 5 years earl ier . 
Also , the percentage of resistance ( 16% ) found in the earl ier 
( 198 0 )  survey reported by MacDonald agrees closely with the 
percentages mentioned in the three other surveys of that time 
period . Given the complexity of the problem , however , a 
sample of 4 8 5  isolates is not large . This i l lustrates the 
committee ' s  earl ier concern about the inadequacy of 
surveillance of resistance in isolates of salmonel lae in the 
United states 1 when we cons ider that the 4 8 5  isolates on 
which this survey was based were from nearly 2 0 0 , 000 human 
isolates of salmonellae serotyped by reference laboratories 
in the United States since the earl ier survey . 

The report by Saad and Farrar19 of the percentage of 
resistant salmonellae in animal isolates from Georgia and 
South Carol ina during 197 3 and 1974 shows a relatively low 
percentage of resistance , in contrast with the two later 
studies of animal isolates (Table V-3 ) . This probably is due 
to regional differences and small-sized samples , and thus 
does not represent a true national secular trend . Studies by 
O ' Brien et al . 1 6  covering the period 1979-19 8 0  and by 
Blackburn et al . 3 covering 1980-198 1--were both based on the 
same data source , namely , the large col lection of animal 
isolates at the National Veterinary Laborato� in Ames , Iowa . 
Although the results of the Blackburn et al . 3 study showed 
somewhat higher percentage of resistance than the O ' Brien 
study , more recent data would be needed to determine whether 
these results represents a trend . In addition to these three 
surveys , veterinary laboratories in several states have 
provided results of susceptibil ity tests done on salmonel lae 
isolated in recent years . Yearly values for percentages of 
resistance showed no clear trends over time , so values for 
a l l  years were averaged for each state and host species , as 
shown in the lowest six l ines of Table V-3 . 

Table V-3 essentially ampl ifies the observations of 
Table V- 1 . The percentage of isolates resistant to any 
antibacterial agent for which data are available in any of 
the nine collections of animal-isolates , except for the small 
group reported by Saad et al . ,  exceeds the percentage 
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reported i n  any of the human isolate collections . The 
percentages reported for resistance to tetracycl ine are 
greater than those resistant to ampicil l in in eight of the 
nine col lections of human isolates and in all nine 
collections of animal isolates . The average percentage of 
resistance of salmonellae isolates to ampicil l in or to 
tetracycline in the animal col lections is 3 to 4 times 
greater than in the human collections . 

fREQUENCY OF PRUG BESISTAHCE IN CLINICAL 
ISOLATES OF E . COLI fROM HUMANS AND 

ANIMALS IN THE UNITED STATES 

The data in Table V-4 shows the percentages of isolates 
resistant to antimicrobial agents in collections of isolates 
of � £Qli from humans and animals in the United States . The 
data in the first row , reported by O ' Brien , is from all  
isolates tested during 1986 by the laboratory of a large 
general hospital in Boston ( O ' Brien , 1988 , personal 
communication) .  It is the committee ' s  bel ief  that these 
percentages are similar to those commonly found in United 
States hospital laboratories , because they are comparable to 
the percentages in the second row reported by Atkinson and 
Lorian from isolates tested over a decade in several hundreds 
hospitals in the United States . 1 The percentages in the 
latter large study by Atkinson might be sl ightly inflated in 
comparison with the percentages in other col lections , because 
they were reported as "percent nonsusceptible" --that is the 
total of resistant isolates plus isolates in the intermediate 
resistant category . 

The data in the first two rows of Table V-4 , reported by 
O ' Brien , Atkinson , and Lorian , are representative of data 
that are commonly reported by hospital laboratories . Data 
from this source are considered biased , because most of the 
isolates are from patients who are hospital ized presumably 
due to an il lness , thus constituting a smal l group having 
more isolates that are res istant than the human population at 
large . The � £Qli isolates in the third row reported by 
Lester et al . from the general human population probable give 
a better representation of the resistance profile from the 
human population at large . These data are from a col lection 
of 10 random colonies of � QQli from stool cultures from 
each of  3 8  healthy children who had not been treated with any 
antimicrobial agents for at least 4 months before culture . 
The percentages of resistance reported in these community
based isolates of � coli are about one-third of those 
reported for hospital-laboratory isolates . 

The lower part of Table V-4 shows percentages of 
resistant isolates in various col lections of animal isolates 
of � £Q!i .  The first three rows are from earl ier studies by 
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.. " " 
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AN I MAL PORC I NE 
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" " n 

.. AN I MAL 
.. BOV I NE 
" II II 

II II II 

.. PORC I NE 
II II II 

II II II 

II POULTRY 

TABLE V-4 

RESISTANCE TO ANTIMICROBIALS AMONG ISOLATES OF E .  COLI 
FROM HUMANS AND ANIMALS IN THE UNITED STATES 

PER I OO  REG I ON  
. . . . . . . . .  . . . . . . . . .  

1 986 BOSTON 
1971 · 1982 u.s  • 

1 985 BOSTON 

1 974 I LL I NOI S 
1 974 . " 
1 974 MONTANA 
1 980 u.s • 

1 981 • 1987 SOUTH DAKOTA 
1 985 · 1986 TEXAS 

1 986· 1987 GEORG I A  
1 981 · 1 987 SOUT H DAKOTA 
1 985 · 1 986 TEXAS 
1 986· 1 987 GEORG I A  
1 981 · 1 987 SOUTH DAKOTA 

NO . OF tet ra • 

I SOLATES cyc l f ne 
. . . . . . . . . . . . . . . . .  

3757 26 

1 . 8  mil 28 

388 1 2  

530 90 

106 49 

431 0 
1 00 80 

366 76 

405 71 

265 57 

1 0 1 5  96 

1 07 93 

405 93 

·30 83 

X RESI STANT TO:  
. . . . . • . . . . . . . . .  

ch l or111• a t repto• aul fon· 
phenf col lftYC f n  lllf de 
. . . . . . . . . . . . . . .  . . . . . . . 

8 27 

5 29 

1 9 

1 . 7 93 83 
0 50 29 
2 1 1 
6 n 70 

69 

55 

93 

80 

�·· 
c f l l  f n  

. . . . . . . . .  
29 
28 

10 

53 
13 

1 
29 

38 

49 ' 
35 

44 

77 
62 

3 1  

I NVEST I GATOR 
. . . . . . . . . . . .  

O ' BR I EN . ET AL 16 

ATKINSON NG LCRIM1 
LEST�R ET AL 12 

S I EGAL ET AL 21 
" " " 
" " " 

O ' BR I EN ET AL 15 
PERSONAL COMMUN I CAT I ON 
FROM VETER I NARY 
LABORATOR I E S  
( COLE , T HAYER , 
L I BAL , \JH I T FORO ) 

.. II " 
" " " 

Source : Adapted bl the committee from data by Atkinson and Lorian1 , Lester et a1 . 12 , 
O ' Brien et al . lS , l , S ieqal et a1 . 2 1 , and personal communications ( Col e , Libal , Thayer and 
Whit ford , Veterinary Laboratories ) .  

0) ...,J 
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S iegal et al . of � � i n  fecal samples from pigs and 
cattle on farms in I l l inois and from range cattle in 
Montana . 2 1  The isolates from range cattle were remarkable , 
in that scarcely any of them were res istant to any of the 
antimicrobial agents tested . 

I solates from animal hosts reported in the fourth row o f  
Table V-4 shows the resistance i n  1 0 0  � QQli stra ins chosen 
randomly from among the large collection of animal isolates 
sent to the National Veterinary Reference Laboratory for 
serotyping . The data in the other seven rows show the 
percentage resistance in the collections of � � isolates 
from di fferent animal host species tested by the same 
veterinary laboratories that provided the data on salmonel lae 
isolates in Table V-3 . In all collections of � QQli 
isolates resistance to tetracycl ine was more frequent than 
resistance to ampicil l in ,  with the exception of those from 
range cattle .  

In addition to the data in Table V-4 , data from other 
studies provide information about the res istance to 
antibacterials in salmonellae and � � isolated from 
animals in the United States . Fagerberg and her associates6 
surveyed fecal samples from production cattle , broilers , and 
swine at various slaughter plants in the United States . 
Salmonellae were isolated from 5% of the broilers , 5% of the 
production swine , 9 %  of the beef units , and 60% of the swine 
at the slaughter plants . The resulting 199 salmonella 
isolates were of 2 7  serotypes ; 8 2 %  of the strains were drug 
resistant . The survey results showed 1 , 563  strains of � 
£Qli ,  of which 9 5% were drug-resistant : 7 2 %  res istant to 
tetracycl ine , 60% res istant to streptomycin , 8 4 % resistant to 
sul fadiaz ine , and 1 3 %  res istant to ampicil l in .  

Gustafson et al . 7 found differing rates ( 10 to 8 4 % ) for 
the isolation of Salmonella from healthy market hogs taken at 
slaughter plants in Pennsylvania , Iowa and Georgia and 
different percentages ( 0-2 4 % )  of drug resistance among the 
isolates , although only 2 4  isolates out of 14 9 1  from 658 
swine were resistant to multiple antibacterials . 

A study by Spgaard2 2 involved pigs without cl inical 
signs of il lness which had not been fed any antibiotics in 
their feed but were given therapeutic dosages of antib iotics . 
A prevalence of 7 4 % resistance was reported to one or more 
antibiotics . The incidence of res istance to sul fonamides , 
tetracycl ines , and streptomycin was high . Most stra ins were 
susceptible to ampicil l in and chloramphenicol . Pigs never 
given antibiotics either subtherapeutically or 
therapeutical ly showed a prevalence of res istance among � 
col i  o f  5 3 % . Thus , the therapeutic use o f  antibiotics in 
swine accounted for an absolute 2 1% increase ( from 5 3 %  to 
7 4 % )  of organisms resistance to various antibiotics . 
Langlois et a1 . 10 found tetracycl ine resistance in 7 6% of the 
fecal col i form organisms in swine fed no subtherapeutic 
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antibiotics but receiving only therapeutic antibiotics , 2 6% 
among isolates from swine never having received antibiotics 
and in 100% of the isolates from swine continuously exposed 
to subtherapeutic levels of antibiotics . Langlois et a1 . 1 1  
found less of a decrease i n  antibiotic-res istant col i form 
organisms in pigs given therapeutic levels of antibiotics 
compared to pigs fed continuous subtherapeutic levels of 
antibiotics once the drugs were withdrawn . Therefore , 
Langlois et a1 . 1 1  has suggested therapeutic doses of 
antibiotics may have a more marked effect than subtherapeutic 
doses of antibiotics . They found bacterial isolates from 
pigs that received therapeutic doses of one of the 
tetracycl ines for only 14 days ( total of 2 2 . 0  �g/g) had more 
antibiotic res istance than those that received subtherapeutic 
doses ( total of 2 7 . 5  �g/g) for 85 days . 

Variabil ity in the frequency of antibiotic res istance of 
salmonel lae isolated from healthy poultry has been noted . 
Salmons19a has summari z ed several industry-sponsored studies . 
In the survey of chickens , "by far the predominance of 
Salmonella isolates were sensitive to the broad spectrum of 
antibiotics used in human or animal therapy . However ,  
isolates from turkeys were 2 2 -2 3 %  res istant to streptomycins , 
tetracycl ine , panamycin and neomycin . " 

Other reports have found similar variations between the 
prevalence of resistance among species , by years and by 
geographical locations . 2 , 3 , 13 , 14 , 16 , 19 They were unable to 
correlate level of antimicrobial drug use and percentage of 
res istance in most of these studies ; percentage of res istance 
was reported for tetracycl ine as 50% to 8 5% and for 
ampicil l in as 16% to 80% which agrees with the results 
submitted to the committee . Two labs also reported a 
decreased percentage of res istant organisms . 1� , 1 6 

In conclusion , there have been several reports and 
surveys of resistance of various enterobacteriaceae to 
various antibiotics in cattle , swine , and poultry within the 
United States . These reports general ly agree that feeding 
subtherapeutic antibiotics to animals or therapeut ical ly 
treating animals with various antibiotics causes an increased 
in the frequency of isolation of Salmonella spp . and � QQl! 
that are res istant to those antibiotics . However ,  there 
appears to be a regional and temporal difference in the 
percentage of resistance and some variation of res istance 
expressed between animal species . These results probably 
reflect the difference of usage both subtherapeutically and 
therapeutically of the various antibiotics between poultry , 
cattle , and swine specimens submitted to these labs . Varying 
production methods , stress , and management pract ices could 
also explain some of the differences and reported decreases 
in resistance . 

Also , these data indicate that the percentage of 
res istance to antimicrobial agents in isolates of salmonellae 
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from animals i n  the u . s .  i s  3 to 5 times greater than that in 
isolates from humans . Greater differences are seen in the 
data for isolates of � £Qli in humans or animals , i f  we 
assume that hospital i zed patients or range cattle represent a 
small port ion of the total human or animal populations , 
respectively . S ince farm animals outnumber humans in the 
u . s .  ( see Chapter IV) , they harbor in their intestinal flora 
a reservoir of res istance genes that may be an order of 
magnitude larger than that of the flora in the total human 
population . 

EFFECT OF BANNING THE USE OF 
SUQTHEBAPEUTIC DOSES OF ANTIBIOTICS 

To assess the impact of subtherapeutic use of 
antibiotics on the selection of antimicrobial-resistant 
bacteria isolated from animals that may also cause human 
disease , it is critical to review the experience in England 
and the other countries where growth promoting use of 
antibiotics has been prohibited . In 1969 , Swann et al . 2 4  
were appointed to the Joint Committee on the Use o f  
Antibiotics i n  Animal Husbandry and Veterinary Medicine in 
England to obtain information about an increase in res istant 
strains ; it produced a report that attempted to explain in 
s imple and straightforward terms how the use of antibiotics 
in animals may affect both humans and animals . 

Other concerns that influenced the Swann committee 
included the presence of trace amounts of antibiotics in meat 
or poultry products consumed by humans and their potential 
for causing allergic or toxic reactions and allowing the 
selection of resistant bacteria from among the nosocomial 
flora , and the possibil ity that � typhi would develop 
res istance to chloramphen icol , the drug of choice at that 
time . 

Recommendations adopted included the division of 
antibiotics for agricultural use into two classes : 
therapeutic antibiotics , for use in treating bacterial 
infections in animals and ava ilable only by prescription from 
a veterinarian ; and " Feed" ant ibiotics used in subtherapeutic 
doses for growth promot ion that is available to the farmer 
without a prescription through feed merchants or farm stores . 
It was recommended that the latter class be restricted to 
those drugs that have no use in human medicine . Thus , Z inc 
Bacitracin , Virginiamycin , Avopracin have been used and 
apparently do not select strains that would be resistant to 
the tetracycl ines , penicil l in ,  and other antibiot ics . 
Penici l l in and the tetracycl ines have not been used for feed 
additives or growth promotion . Although those two 
ant ibiotics could be added to animal feed i f  the purpose was 
for treatment or prevent ion of a bacterial infect ion , neither 
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could be included at low concentrations for promoting growth . 
such use of an antibiotic in feed is prescribed by a 
veterinarian for a particular disease episode , general ly for 
no longer than 4 weeks . 

The subtherapeutic dose ( 2 00 gjton ) of antimicrobials in 
the United States is considered a therapeutic dose in the 
United Kingdom . Therefore , it is difficult to compare the 
impact due to the use of this concentration of antibiotics in 
each of these two countries on the selection of res istance 
because the appl ications for this concentration have been 
different . This difference in appl ication of dosage is 
critical to our understanding in the United States about the 
position of the British scientists who feel that 2 0 0  gjton is 
a concentration that is important in selecting res istance in 
infectious bacterial strains . 

Many changes have occurred in animal husbandry since 
1969 , and there was no systematic col lection of data before 
that date , so the effect of the Swann Committee 
recommendations cannot be accurately assessed . 18 , 2 7 , 2 8 
Interested investigators and government groups have gathered 
data on the number and types of some resistant organisms in 
animals and humans in the British Isles , but no comprehens ive 
prospective study has been initiated to evaluate the effect 
of the recommendations . Antibiotic use apparently had 
increased in both humans and animals s ince the Swann report 
( see Table 1 in Braude4 ) .  Also , human use of antibiotics in 
the United Kingdom increased rapidly ; it was 17 times the 
veterinary use in 19 8 0 , but before the Swann report , the 
human use was only 1 . 4  times the veterinary use . 3 0  

Walton and other researchers have become convinced that 
the therapeutic use of antibiotics in humans , as wel l  as in 
animals ,  causes the selection of resistance in the bacterial 
strains in humans . 18 , 2 5 , 2 7 , 2 8 They contend that 
concentrations of antibiotics achieved in animals receiving 
subtherapeutic concentrations of antibiotics (presumably less 
than 2 00 gjton of penici l l in or the tetracycl ines ) did not 
reach the critical points necessary for the select ion of 
resistant strains . 28 Although there is concern that some 
bacterial strains found in animals have multiple antibiotic 
resistance that could be a hazard to human health , the 
situation has not worsened despite increas ing antibiotic use 
in animals . Furthermore , it is the general feel ing of some 
scientists in the United Kingdom that the Swann Committee 
recommendations have had no impact in reducing this hazard . 

The ava ilable data are suffic ient for an assessment of 
the changes in res istance patterns as wel l  as assessment of 
the numbers of isolations of various species of salmonellae 
in England since 19 7 0 . Soj ka et al . 2 3 have periodical ly 
reported similar results over the period from 19 7 2 - 1 9 8 6 . 
Those surveys clearly indicate that the recommendat ions in 
the Swann report did not stop the development of ant ibiotic 
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res istance , especially resistant to penici l l ins and 
tetracycl ines . Chloramphenicol resistance has steadily 
increased in some isolates , despite the prohibition of the 
use of this antibiotic in feed . The authors of those surveys 
conclude that the therapeutic use of antibiotics in animals , 
combined with poor animal handling and management practices , 
especial ly regarding calves , does continue to promote the 
development of res istant strains . 18 , 2 5 , 2 7 , 2 8 

Resistance of salmonellae to penicil l ins and 
tetracycl ines in animals varies with the animal ; those of 
bovine origin are less l ikely to be sensitive to either kind 
of drug than those from poultry . In all isolates of 
res istant � typhimurium , predominately phage type 2 04 C , and 
related types 4 9  and 2 04--accounted for most of the 
resistant strains . Those phage types appeared in calves in 
197 9 , spread widely in the next 2 years , and they remain the 
predominant types in cattle ( 59 %  in 198 5 ) .  Phage type 2 04C 
has also caused enteritis in humans as observed in 4% of  the 
patients in 19 8 5 . The disease has usually consisted of mild 
to moderate diarrhea , but several of the 677 patients with 
� typhimurium infection in 197 7 -1984 had to be hospital i zed 
for severe diarrhea . The cases in two outbreaks might have 
been due to consumption of raw milk,  while most of the other 
cases were thought to be farm workers , but that has not been 
confirmed . Most people with infections had no farming 
connections . The bacterial strains isolated from these cases 
were res istant to ampicil l in , chloramphenicol , gentamicin , 
tetracycl ine , and trimethoprim . Strain of 2 04 C  phage type 
accounts for 7 7 %  of al l the Salmonella strains isolated from 
calves in 1985 . 9 Apparently , infected calves stop shedding 
� typhimurium before they reach slaughter weight and , 
therefore do not serve as a source of infection to humans 
because they do not enter the food chain in great numbers . 
The spread of phage type 2 04 C probably occurred because of 
the practice of sel l ing colostrum-deprived calves from broker 
to broker several times during the first 56 days of l i fe .  
Calves apparently are susceptible to Salmonella infection 
during this early period and poor management practices 
contribute to the problem during frequent trips to market , 
whereby they acquire salmonel lae from other animals . It is 
speculated that the resistant salmonellae became res istant 
because of futile attempts to treat cal f scours with numerous 
antibiotics . 2 5  These salmonel lae also appear to have a 
predilection for acquiring plasmids . Each year since 
isolation the resistance pattern of phage type 2 04C has 
broadened ; gentamicin is the most recent antibiotic to which 
the stra in has developed resistance . 2 3 The plasmid that 
codes for resistance to gentamicin also confers res istance to 
netilmicin , tobramycin , and apramycin . The last named is an 
aminoglycos ide that is used to treat salmonel la in fections in 
calves , its use is probably the reason that resistance to 
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apramycin and qentamicin appeared . Phaqe type 2 04 C  has also 
appeared in the Netherlands2 6 and Denmark , 8 and was imported 
into the European countries via veal calves . 

The appearance amonq bacterial isolates of � 
typhimurium phaqe type 2 04 C  with multiple antibiotic 
resistance has been an isolated event in Enqland . Other 
Salmonella species have not shown the same rapid increase in 
acquirinq res istance . There have been dramatic shi fts in the 
number of isolations of various other res istant Salmonella 
species . For example , � agona appeared in the early 1970s 
in Enqland and the United States , havinq been imported from 
Peru with contaminated fish meal ( to be used as poultry 
feed ) . 9 By 1975 , there were 1 , 8 2 1 human isolates , the peak 
number . The number fel l  to around 4 50 for the years 1 9 7 9 -
19 8 3 : reasons for the decl ine are unknown . � hadar appeared 
in 197 1 and peaked in 1979 at 2 , 4 8 0  isolates . This strain 
was isolated from turkey breedinq stock , and the meat from 
contaminated , undercooked larqe birds caused outbreaks . 9 In 
1984 , only 4 9 6  isolations were reported : aqain , the reasons 
for the decl ine are unknown . Those two examples demonstrate 
that the presence of antibiotics in animals did not cause the 
strains to prol i ferate or to develop res istance to 
antibiotics , such as occurred with � typhimurium phaqe type 
2 04C and related types . 

Walton noted several lessons that were learned from the 
United Kinqdom ' s  eXPerience with the Swann Committee 
recommendations . 2 7 , 2 8 Antibiotics , such as the tetracycl ines 
and penici l l in used in the production of meat products , did 
not become ineffective , despite the development of res istance 
by bacteria . Those two classes of druqs continue to be used 
and to be effective prophylactically and therapeut ically .  
Food animals have short l i fe spans--broiler chickens , 3 5-56 
days : piqs , 3 . 5  to 5 months : and cattle 2 . 5 years--and the 
rapid turnover results in the destruction of larqe numbers of 
bacteria . 2 7 , 2 8 When larqe batches of animals leave their 
quarters , cleaninq is carried out with hiqh-pressure water , 
which not only removes most qross amounts of offal but also 
dilutes and kil ls bacteria . Better control of antib iotics 
has been instituted because of the requirement that 
veterinarians write prescriptions for the use of antibiotics 
in feed . 

One item that has not been clear from the discussions 
presented above is the human health hazard associated with 
the increasinq number of salmonel lae isolated in the United 
Kinqdom . Fiqure V- 1 shows the inc idence of salmonel losis in 
Enqland and Wales in 194 1-19 8 4 . This shows a s iqnificant 
increase in the numbers of incidents durinq these years . 
Interpretation of the trends indicates an epidemic of 
� typhimurium infection in the United Kinqdom . Total 
figures for mortal ity caused by salmonellae is not available 
to the committee . However , some fiqures have been obtained : 
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Figure V- 1 .  Salmonel losis , England and Wales , 1 94 1 - 198 4 . 
Reprinted from Palmer and Rowe . 17 
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a maj or hospital outbreak i n  19 8 4  involved about 3 50 
patients and 50  staff members ; 19 patients died . � 
typhimurium was the causative organism . Other less striking 
examples of the deaths during outbreaks l isted were as 
follows : 2 of 654 patients infected by � typbumurium from 
raw milk in 19 8 1 ; none of 500 patients infected by � 
montevideo from chicken in 19 8 1 ; none of 2 4 5  patients 
infected by � napoli from chocolate in 198 2 ; 2 of 7 6 6  
patients infected by � enteritidis from a spicy glaze in 
1984 : 4 of 2 7 4 patients infected by � yirchow from cooked 
meats in 19 8 5 : and 1 of 60 patients infected by � ealinq 
from infant dried milk in 19 8 5 . Those are selected outbreaks 
and do not represent a thorough survey . The res istance of 
these bacteria to various antimicrobial drugs was not 
reported . No great increase in mortal ity occurred inasmuch 
as the authors who reported on the incidence of the disease 
and the apparent increase in numbers of bacterial isolates 
did not indicate any increase in mortal ity . 18 , 2 5 , 2 7 , 2 8 

Walton2 7 , 2 8 also suggested in 19 8 5 that the 15  years of 
antibiotic controls in the United Kingdom as recommended by 
the Swann Committee and similar controls in Europe had 
provided guidance for other countries that wanted to develop 
antibiotic control pol icies . Other authors such as Rowe and 
Threl fal l 18 appeared to concur , with the following 
suggestion : Total control of antibiotic use is neither 
possible nor even necessary . Rather a redefinition of the 
current pol icy is needed , plus updated practical measures to 
assess the most effective use of the drugs . 

In summary , the United Kingdom ' s  experience with 
restricting the use of antibiotics in feeds has shown that 
resistance in bacteria probably develop in spite of the 
controls on " feed" ( subtherapeutic concentrations ) 
antibiotics not used in humans . Thus , prohibition of 
subtherapeutic doses of antibiotics in animals has not 
prevented or even a ffected the prevalence of res istant 
bacteria in the United Kingdom . 

In conclusion , it is impossible to ascertain the 
effectiveness of the Swann Committee recommendations , because 
agricultural practices have changed substantially and because 
the therapeutic use of antibiotics-- is a more important 
stress in the selection of res istant organisms than 
subtherapeutic . Res istant strains of salmonellae and other 
bacteria have pers isted ; some have increased in incidence , 
and others have decreased . The reasons for the changes are 
unknown , but do not appear to be related solely to the 
presence of antibiotics in the gastrointestinal tract . Human 
health hazards persist , perhaps they have increased . Human 
cases of salmonellosis have increased , but whether mortal ity 
from this disease has changed cannot be ascertained . 
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VI 

EVIDENCE OF TRANSMISS ION OF 
PATHOGENS OF FARM ORIGIN TO HUMANS 

Evidence of transmission of bacteria from farm-animal
origin to humans has been found in two genera of bacteria : 
Escherichia and Salmonel la . 

ESCHERICHIA QQLI 

Escherichia . col i  and other enteric bacteria res istant 
to multiple drugs have been found to spread from farm animals 
into farm workers , their famil ies , and the nearby community 
has been investigated . Such studies have , in general , 
indicated that multiple-drug-resistant E· QQli organisms do 
indeed colonize farm workers , and to a lesser extent their 
famil ies , and at times even spreads to nearby non- farm 
populations . No evidence has suggested , however , that 
multiple-drug-resistant � - QQli of farm origin is associated 
with a higher risk of serious infection than � - QQli of non
farm origin . 

Perhaps the first systemic study of the change of 
col i form organisms from susceptible to multipl e-drug
res istant in farm animals and in eleven members of the family 
on this farm . This was a prospective study carried out by 
Levy and Associates . l l The systemic fecal sampl ing showed an 
increase in res istant � col i within a week after start of 
the feeding of tetracycl ine-supplemented feed to a fl ock of 
chickens . The numbers of tetracycl ine-res istant intestinal 
col i forms also increased in the eleven members of this farm 
family , but not in the ir ne ighbors . Within 3 - 5  months a fter 
medicating the chickens , 3 1% of the fecal samples taken each 
week from each member of the farm family yielded bacterial 
populations of which 80%  of the col i form bacteria col onies 
were tetracycl ine-res istant , compared with 6 . 8 % of the 
sampl es from neighbors . About 6 months a fter the 
tetracycl ines had been removed from the animal feed , the 
percentage of res istance organisms in farm dwel l ers ' fecal 
samples that yielded col iform organisms over 8 0 %  of which 
were tetracycl ine-resistant had decreased to approximately 
the magnitude found before use of the tetracycl ines was 
started . The rapidity with which commercially processed 
poultry is marketed precludes a study over a l ong time period 
of the change in the percentage of tetracycl ine-resistant 
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col i form bacteria isolated from chickens after 
discontinuation of tetracycl ine-supplemented feed . 

The potential for spread of antimicrobial-res istant 
� &Q1i between farm animals and from farm animals to farm 
workers and the environment was further demonstrated in very 
recent experiments by Levy and Marshall . 1 1a In this study a 
cal f  was fed a marked strain ( containing both chromosomally 
mediated nal idixic acid resistance and a large plasmid 
encoding multiple antimicrobial resistance including that of 
tetracycl ine ) capable of coloniz ing the human as wel l  as 
bovine intestinal tracts . In the absence of any 
antimicrobial administration the marked strain was detected 
in the feces of the cal f ,  and of another bovine kept in an 
adj acent stal l ,  for at least 3 months . The same market 
strain was also present in the excreta of mice kept caged in 
the sta l l  with the cal f and in fl ies trapped in the farm . In 
addition , two farm workers caring for the bovines began 
excreting the marked stra in in the stools 4 -7 days a fter the 
experimental strain had been fed to the cal f .  Colonization 
of the intestinal tract of these two farm workers , who were 
not receiving antimicrobials continue for 3 0-4 5 days . 

That antibiotic-res istant col i form organisms of farm 
origin sometimes can cause disease in humans was suggested by 
Hummel and col leagues . 10 They studied a pig- farming in a 
defined territory in which the streptothricin antibiotic 
nourseothricin was added to pig feed to promote growth . 
After 2 years of nourseothricin use in pig feed , they 
reported that col i form organisms containing plasmids encoded 
for nourseothricin resistance were found in 3 3 %  of the 
isolates from fecal cultures from pigs with diarrheal 
disease , in 18% in those from employees of the pig farms , 17% 
among isolates from famil ies of employees , and 1 6% in those 
of outpatients l iving in nearby communities . Although no 
nourseothricin had been used in the human population in the 
territory , 1%  of the isolates from urinary tract infections 
of outpatients were nourseothricin-resistant E· coli . 
Examination of cultures from pigs , farm employees , and 
outpatients in neighboring territories that did not use 
nourseothricin in pig feed revealed no nourseothricin
res istant E· � .  

Much o f  the important information needed to evaluate the 
results of the study of Hummel et al . is l acking . The dates 
of the study were not speci fied ,  nor were demographic data on 
the territories studied wel l  defined . There was no 
information on the dens ity of the pig population or the human 
popul ation , and it has been difficult to assess the degree of 
contact with pigs on different farms in the various 
popul ations studied . S imil arly , the timing of cultures and 
their study thereof for nourseothricin resistance in the 
various populations was not specified . However ,  the 
available data do suggest that nourseothricin-resistant 
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� .  QQli was transmitted from pigs to humans and from humans 
to other humans . Once the human gastrointestinal tract had 
been found to be colonized , it was not surpris ing that the 
organisms were occasional ly found in urinary tract 
infections 1 however , it was not determined whether the 
organisms were more or less virulent than � .  � not 
resistant to nourseothricin . 

Parsonnet and Kass14 compared the antibiotic-res istance 
patterns of E· 2211 isolated from the urine of bacteriuric 
female slaughterhouse workers with those of E· QQli from 
poultry in the process ing l ine . � .  � was found in 9 5% of 
the cultures from poultry 1 9 6% of them were res istant to 
antibiotics , and 8 7 %  were resistant to more than one 
antibiot ic . The microorganisms isolated from the bacteriuric 
women ' s  urine , however ,  only infrequently showed s imilar 
resistance patterns or identical patterns with those of the 
microorganisms from the poultry to which they were heavily 
exposed . Unfortunately , the bacteria in the women ' s  feces 
were not studied , so direct spread from the processing l ine 
to their gastrointestinal tracts could not be determined . 

Such a direct analysis of antimicrobial resistance 
patterns in fecal � � strains ( rather than strains 
causing urinary tract infections ) would seem necessary to 
document spread from animal foodstuff to humans , since � 
QQli strains causing human urinary tract infections represent 
only a small nonrandom group of clones , not found with equal 
probabil ity among those which colonize the intestinal tracts 
of humans and animals . � coli strains causing urinary tract 
infections in individual s  without underlying microbiologic 
abnormal ities belong to a l imited number of O . K . serogroups 
and possess speci fic virul ence factors . l Oa , 24 a 

The antibiotic-resistance plasmids of the poultry and 
slaughterhouse workers from the latter study were examined 
for matching restriction endonuclease digestion- fragment 
patterns ( T .  F .  O ' Brien , 19 8 8 , personal communication) .  I f  a 
plasmid had been endemic among the poultry isolates , as found 
earl ier among cattle isolates of Salmonella typhimurium var . 
copenbaqen ,  its presence o r  absence i n  the human isolates 
would support or argue against the s�read of drug res istance 
from the poultry to the workers . lO , l In fact , the same 
plasmid could be found in two isolates in only a few 
instances , so the result had l ittle power to exclude the 
poss ibil ity of spread . Extensive spread , however , might have 
been expected to yield human isolates with higher rates of 
res istance or more antibiotypes closely matching those of the 
poultry isolates . 

The human health hazards attributable to infection with 
multiple-drug-resistant � .  QQli of animal origin were studied 
more directly by Habte-Gabr and colleagues in Iowa . 8 In 
1972-19 7 3 , they studied 14 8 Iowa famil ies : 5 1  famil ies 
exposed to l ivestock given antibiotic-supplemented feed , 4 3 
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rural famil ies with no exposure to l ivestock , and 54 urban 
fami l ies . Multiple-drug-resistant � .  QQli was found in 15% 
of the stool cultures from members of animal-exposed 
famil ies , in 6% of those from members of rural famil ies not 
exposed , and in 7 %  of those from members of urban fami l ies . 
A fol l ow-up health survey was conducted 12 years later with 
12 6 of the original 14 8 famil ies . The incidence of serious 
infections was 6% in members of rural fami l ies exposed to 
l ivestock , 1 3 %  in members of rural famil ies not exposed to 
l ivestock , and 12%  in members of urban famil ies . Thus , 
colonization by multiple-drug-resistant E .  £211 of farm 
origin did not appear to be a factor in infection in members 
of those populations . More extensive bacteriologic studies 
were not carried out and the populations studied were not 
large , so the study could "detect" only a high l evel of 
transmiss ion of multiple-drug-resistant E · &Qli of farm 

. origin that caused serious infections . If such spread of 
infection occurs at a l l , it is l ikely to be infrequent . 

SALMQNELLAE 

Most evidence l inking human disease to multi-resistant 
bacteria of farm origin has been found in salmonellae . Data 
detail ing the incidence and associated morbidity and 
mortal ity of salmonella infections in farmers , slaughterhouse 
workers , and the ir famil ies are not ava ilable .  Comparison of 
case reports on farmers who used subtherapeutic antibiotics 
as l ivestock feed additives with those on farmers who did not 
might be particularly informative . The only information 
avai lable is in the form of case reports or descriptions of 
small numbers of outbreaks in farmers and their famil ies , but 
not in slaughterhouse workers . 

The paucity of reports might suggest that the occurrence 
of salmonella infection in the rural or urban population is 
rare , indeed . In a 10-month study of 2 7 9  second-grade farm 
children in a rural county of Virginia ,  14 9  episodes of 
diarrheal i l l ness occurred in 97  children ; salmonellae were 
isolated from only one of over 4 00 stool samples in the 14 9 
cases of diarrhea . 5 The chi ldren were in two groups : 92  
l ived on commercial poultry farms , and 187 did not . The 
occurrence of diarrheal episodes was almost identical in the 
two groups . Despite the high prevalence ( 2 7 % )  of  salmonella 
infection among the poultry flocks , only one culture-proven 
case of salmonella gastroenteritis ( antib iotic 
susceptibil ities not known) occurred , and it was in a child 
who did not l ive on a poultry farm . 

Wil l iams2 5  described two veterinarians with pustular 
forearm lesions due to salmonellae (�.  dubl in and � .  
typhimurium) that occurred several days after they del ivered 
an infected stil lborn cal f or cleaned a cow that had recently 
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aborted . But they did not describe the antimicrobial 
susceptibil ities of the isolates . 

Through 1980 , five outbreaks of human salmonel losis 
directly l inked to contact with farm animals have been 
reported . In the mid-1960s a multiple-antibiotic-resistant 
stra in of � .  typhimurium ( phage type 29 ) caused a large 
outbreak of bovine infection in Great Britain . 1 Infection 
occurred in farmers , the ir famil ies , and veterinarians who 
treated infected calves ; spread from animals to humans was 
implicated . Spread of infection to dairy cows led to 59 
human cases of milk-borne salmonella gastroenteritis . 
Prophylactic use , in healthy animals , of antibiotics to which 
the epidemic Salmonella strain was resistant might have 
favored infection with the pathogen by reducing the numbers 
of competing nonpathogenic antibiotic-susceptibl e intestinal 
bacteria . 

Salmonella gastroenteritis occurred in a 12 -year-old 
canadian farm boy who cared for an infected dai ry cow and its 
new cal f . ?  The strains of � - typhimurium isolated from the 
cow and the boy were of the same phage type and antibiotic
resistance pattern ( resistant to tetracycl ine and 
chloramphenicol ) . Spread of infection from the cattle to the 
child was considered most l ikely . Administration of 
antibiotics to the s ick cow by the farmer 5 -6 days before his 
son became ill might have led to selection of salmonel lae 
with the aforementioned res istance pattern . However ,  
possible use o f  subtherapeutic doses o f  antibiotics in feed 
was not mentioned . 

An outbreak of salmonel losis involving several newly 
arrived calves on a connecticut farm occurred in 19 7 6 . 12  
� .  heidelberg that was res istant to chloramphenicol , 
sul famethoxazole , and tetracycl ine was responsible . The 
farmer and his pregnant daughter cared for the s ick animals 
and became infected themselves . The daughter gave birth to a 
son 9 days after the calves arrived on the farm ; 3 days after 
del ivery , her newborn infant developed salmonella 
gastroenteritis and bacteremia . Infection spread in the 
nursery to two other babies , most l ikely by contact with 
nursery staff . The strain of � .  heidelberg isolated from 
three calves and the farmer had identical antimicrobial 
susceptibil ities , and those isolated from the farmer ' s  
daughter and the three infants were very s imilar ( resistant 
to chloramphenicol , sul famethoxazole , and tetracycl ine ) , but 
lacked res istance to neomycin , streptomycin , and kanamycin . 
Information on subtherapeutic or therapeutic use of 
antibiotics in the calves is not available . 

In the late 1 9 7 0s , numerous outbreaks of salmonellosis 
due to multiple-antibiotic-resistant � - typhimurium of phage 
types 2 04 and 1 9 3  occurred among calves on over 3 0 0 farms 
throughout Great Britain . 17 , 2 4 The two strains of � .  
typhimurium made up 2 8 % of all s .  typhimurium isolates from 
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cattle that were sent to the central Publ ic Health Laboratory 
for evaluation in 1978 . The same two strains were later 

· 

isolated from 2 1 1  human infections , including one that ended 
fatally , in the British Isles . In most human cases , no 
apparent connection with cattle could be found , but the same 
strains were later isolated from minced meat and sausage , 
suggesting entrance at some point into the human food supply . 
However , 3 0  of the human infections occurred in persons on 
farms where outbreaks of bovine infection with the multiple
drug-resistant strains of � .  typhimurium were occurring or 
had previously occurred . 17 

Before 1977 , the predominant-antibiotic res istance 
pattern in s .  typhimurium of phage type 2 04 respons ible for 
several outbreaks of salmonellosis in cattle and humans in 
Great Britain consisted of res istance to sul fonamide 
( nontransferable ) and tetracycl ine ( not directly 
transferable , but mobilizable by F-l ike plasmids ) . In 1977 , 
a strain of phage type 2 04 that had gained an additional 
transmissible R plasmid (H2 compatibil ity group) bearing 
res istance to chloramphenicol ( C ) , streptomycin ( Sm) , 
sul fonamide ( Su ) , and tetracycl ine (T)  was responsible for a 
small outbreak of salmonellosis on a farm in Leicestershire . 
The farm was involved extensively in cal f-trading , which 
resulted in wide distribution of calves infected with the 
multiple-drug-resistant strain . It was thought that 
acquisition of the new H2 plasmid probably resulted from 
selective pressure introduced by the use of chloramphenicol 
in treatment of a cal f  infected with a type 2 04 strain that 
had the original R plasmid ( SuT) , which was predominant 
before 1977 . Alternatively , the multiple-drug-resistant 
( C  Sm Su T) plasmid might have been brought in with a newly 
purchased , already infected animal that could have been 
introduced into the herd shortly before the outbreak . 2 4 

An outbreak of multiple-drug-resistant salmonella 
infections involving three of four members of a family who 
worked on a dairy farm in Kentucky occurred in 1977 . 4 
Infection appeared to have been transmitted through ingestion 
of unpasteurized milk . 

These data are not sufficient to support any conclusions 
concerning the relative incidence of infections with 
salmonel lae ( either antibiotic-susceptible or -resistant ) in 
farm workers or their famil ies , compared with other 
population groups . Data are not available to this committee 
on the frequency or severity of infections with salmonel lae 
( either antibiotic-susceptible or -resistant ) in 
slaughterhouse workers . In the five salmonella outbreaks 
described above , there are no data on the role of 
subtherapeutic use of antibiotics in feed , although the use 
of therapeutic dosages of antibiotics in the first four was 
cons idered to have important effects . 

S ince 1980 , several additional outbreaks of multiple-
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druq-resistant salmonel losis provide some evidence , and in 
one case compel l inq evidence , that the resistant salmonellae 
oriqinated in farm animals fed antimicrobial druqs . Holmberq 
et al . 9 reported on an outbreak of � .  newport resistant to 
ampicil l in ,  carbenicil l in ,  and tetracycl ine that occurred in 
several midwestern states . Food histories and plasmid 
profiles of the orqanisms isolated from both humans and 
animals led the authors to conclude that the resistant 
orqanisms infectinq the patients were of animal oriqin and 
that the probable source was contaminated hamburqer , the meat 
of which was derived from a sinqle herd . The subtherapeutic 
use of chlortetracycl ine in this herd was admitted by the 
farmer , but this has not been analyzed or proven . Althouqh 
the editorial that accompanied the report of Holmberq et al . 9 
suqqested that the study provided the " important missinq 
l ink" between human disease and resistance in the infectinq 
bacteria due to the feedinq of subtherapeutic antibiotics to 
animals , the evidence is incomplete . ( Note : Dr . Holmberq ' s  
comments , in personal communication , about this article are 
inserted parenthetically below . ) 

First , as pointed out by DuPont and Steele , 5 the 
pathoqenic bacterial strain was not recovered from the 
slauqhterhouse or from the hamburqer ( al l  the hamburqer meat 
had already been consumed and none of the slauqhterhouse 
animals were available for study ) , and no cases of � - newport 
disease occurred in the cattle or in the people associated 
with the farm that reared the animals or the processinq 
plants ( l ivinq cows remaininq on the farm were excretinq 
� newport) .  Second , another processinq plant in another 
state received hal f  the carcasses from this herd of cattle 
and had no apparent problem ( actual ly there were only 12 
animals out of the 105  animal herd sent to another state : 
that cases traceable to these were not uncovered may only 
mean that some or all  of these 12 animals were not infected 
or that ill  persons were not ascertained or reported ) . 
Third , the only � .  newport isolated from an animal and of a 
strain identical with the outbreak strain was isolated from a 
cal f that died in an adj acent dairy herd . That cal f  miqht 
have been the source of the infection ( this cal f  was not the 
only animal from which � newport was isolated , as stated 
above , some of the cows on the farm were excretinq the 
bacterium) . 

More recently , an outbreak of multiple-druq-resistant 
� .  newport in Cal i fornia in 1985 convincinqly demonstrated 
the entire chain of transmiss ion . 2 2  The outbreak strain was 
resistant to chloramphenicol , tetracycl ine , kanamycin , 
ampici l l in ,  and sul fisoxazole and was characterized by a 
sinqle larqe plasmid . Epidemioloqic studies identified 
qround beef as the suspect food vehicle , and many of the 
patients had consumed the qround beef at fast-food 
restaurants . Microbioloqic and epidemioloqic studies traced 
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the epidemic strain through the hamburger ,  back to meat 
processing plants , and ultimately back to the farms from 
which the animals were sent for slaughter .  The isolates were 
from i l l  calves and cows at a number of dairies in important 
dairy-farming areas . Isolation of chloramphenicol-resistant 
salmonel lae was associated with chloramphenicol use at those 
dairies . Such use of chloramphenicol as a feed additive is 
not approved by the Food and Drug Administration . 

Several recent milk-borne outbreaks of multiple-drug
resistant salmonel lae provide additional information , but do 
not directly l ink the organism to a farm source , or to 
subtherapeutic use of antibiotics . Tackett et al . 2 3  reported 
an outbreak of multiple-drug-resistant s .  typhimurium that 
occurred in Arizona caused by the ingestion of raw milk . 
This bacterial strain was isolated from the raw milk samples . 
Further investigations into the source of contamination was 
not done because the impl icated dairy withdrew the product 
from the market and would not permit any examination of  the 
facil ity , its employees , or its animals . 

The largest outbreak of salmonellosis ever recorded in 
the United States occurred in Ill inois and Wisconsin in 1985 
and involved over 16 , 000  bacterial-culture-confirmed cases . 18 
In these studies , the estimates of cases derived from 
telephone surveys estimated the actual number of people 
infected was about 175 , 00 0 . The epidemic strain was 
resistant to ampicil l in ,  tetracycl ine , carbenici l l in ,  
streptomycin , sul fisoxazole , erythromycin , and penicill in . 
The outbreak ultimately was traced to two brands of 
pasteurized milk produced by a single dairy plant . The 
source of the infecting bacterial organism was presumed to be 
the dairy cattle , although this could not be demonstrated 
conclusively because no isolates either from the dairy
animals or the farm had exactly the same plasmid profile as 
the strain isolated from the milk . 

One might speculate on whether those outbreaks due to 
multiple-drug-resistant salmonellae might still  have occurred 
had the salmonel lae been fully susceptible . The cause of 
each of the outbreaks appeared to be defects in food 
processing or inappropriate food preparation , rather than 
being due to the fact that the salmonellae were multiple
drug-resistant . Such defects would allow the pers istence of 
any salmonellae , whether antibiotic susceptible or resistant . 
Hence , it would be difficult to argue that the outbreaks 
would not have occurred at all had the salmonel l ae been fully 
susceptible . 

A recently reported outbreak of egg-associated ful ly
drug-susceptible �. enteritidis infections underscores the 
ease with which salmonellae can enter the food chain , in 
spite of the usual food processing and food preparation 
safeguards . Epidemiologic data suggested that , rather than 
the usual mechanism of contamination of the shel ls , 
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especially cracked shells , by salmonella-containing chicken 
feces , the mode of transmission was transovarial , with 
infection of the yolk before shel l deposition . That 
mechanism would thwart the usual method to decontaminate 
eggs ; and any use of such eggs that involved l ittle or no 
cooking--e . g . , use with hol landaise sauce , eggnog , or Caesar 
salad dress ing--would l ikely result in cases of human 
salmonellosis . 

The evidence of farm-to-human spread of salmonel lae 
derived from the study of outbreaks should be put into the 
broader context of the overal l  epidemiology of human 
salmonellosis . In a study of farm children regularly exposed 
to poultry , Marx13  could find no evidence of a greater 
occurrence of salmonel losis and diarrheal il lness than in a 
control group . In a multivariate analysis of cl inical and 
epidemiologic features of multi-drug-resistant salmonellae 
causing salmonellosis in humans , Riley and colleagues16 found 
no evidence that exposure to animals or pets was a 
significant risk factor . Risk factors identi fied in their 
investigation included the recent use of antimicrobial agents 
by patients , a Hispanic ethnic background , regular antacid 
use , and age over 60 years . Thus , although transmission of 
salmonellae from farm animals to humans has been documented 
in several instances , it is not frequently recognized . It 
would appear that the best protection against multiple-drug
resistant salmonellae is the same as that against fully 
susceptible salmonel lae ; that is , accepted sanitation and 
steril ization ( cooking) techniques of food processing and 
food preparation . 

OTUER ENTERIC PATHOGENS 

The available information on three enteric pathogens-
enterohemorrhagic �. 2211 , Yersinia enterocolitica , and 
campyl9bacter spp . --is sparse , but they are responsible for 
important cl inical infections and should be mentioned . The 
committee did not search the data files of cl inical or 
diagnostic laboratories in the United States for information 
on those organisms , but has rel ied on publ ished summaries . 
The committee acknowledges that the hazard associated with 
transmission to humans of these bacteria that might have 
originated on the farm cannot be evaluated . 

Enterohemorrhagic � .  2211 was recognized in 1982 as a 
maj or etiologic agent of the syndrome of hemorrhagic col itis , 
a diarrheal syndrome characterized by rapid progression from 
watery to bloody diarrhea and marked by severe 
morbidity . 3 , 15 , 19 Signs of enteroinvasive infection , such as 
fever or the presence of fecal polymorphonuclear leukocytes , 
are usual ly lacking or are not prominent . A particular 
serotype o f � .  QQ!i , 0 157 : 87 ,  is especial ly associated with 
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the syndrome and has been found to produce cytotoxins similar 
to the shiga toxin of Shigella dysenteriae type 1 .  

outbreaks of hemorrhagic col itis due to 
enterohemorrhagic � .  2211 have occurred in persons of all 
ages , but have been prominent in elderly residents of nursing 
homes . Deaths were frequent in nursing home outbreaks . 
Several outbreaks have been traced to the consumption of beef 
and dairy products , and the organisms have been isolated from 
cattle . Thus , cattle are suspected of being a maj or 
reservoir . There is no comprehensive information on the 
epidemiology of the syndrome , and national surveillance data 
do not yet exist . 

Antibiotic resistance of enterohemorrhagic � .  QQli has 
not been an issue . Indeed , the role of antibiotics is 
paradoxical : their use appears to be a risk factor for 
development of hemorrhagic col itis if they are given during 
exposure : but they appear to have l ittle therapeutic value in 
the disease , in that the pathogenesis is toxin-mediated , 
rather than enteroinvasive infection . 15 

Infection caused by Yersinia enterocolitica , although 
moderately common in some European countries , is rarely 
recogni zed in the United States . There might be serious 
underdiagnosis of infection caused by this species , but far 
more extensive data would be needed to establ ish yersiniosis 
as an important cl inical problem in this country . Most 
isolates are susceptible to tetracycl ine , although ampicillin 
resistance is common . The committee knows of no nationwide 
database that permits estimation of the incidence of 
infection with x.  enterocolitica . 

Results of recent surveys in several areas of the United 
States suggest that Campylobacter spp . might cause at least 
as much illness and death as salmonellae . However ,  
nationwide data on infections caused by campylobacters are 
not available yet , and antimicrobial resistance is not a 
recognized issue in the treatment of infections with 
them . 2 , 6 , 2 0 , 2 1 

In summary , studies have indicated spread into farm 
workers and their famil ies of � QQli originating in farm 
animals and poultry . I f  a drug-resistant enteric flora is 
selected in farm animals or poultry by the use of antibiotic 
supplemented feeds , the drug-resistant enteric flora might 
spread into the farm workers , their famil ies , and ultimately , 
to some extent into the community at large . There is no 
evidence , however , to suggest that drug-resistant � £211 of 
farm origin are more infective or more virulent than drug
susceptible � QQli of non-farm origin . Farm workers and 
their famil ies have not been found in l imited studies to have 
an increase in serious infections with diarrheal diseases , as 
compared to the population at large . 

There is evidence , derived from the study of food-borne 
outbreaks of salmonel losis , that the causative salmonellae 
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were of farm oriqin , and entered the human food chain . In a 
number of outbreaks of multiple druq-resistant salmonellosis , 
an animal or poultry source was impl icated , and the multiple 
druq-resistance was bel ieved to be due to the use of 
antibiotics in animal feeds . In only one such outbreak was 
the evidence compell inq , with full documentation of the 
entire chain of transmission from infected cattle to infected 
humans . 
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VII 

THE RISK MODEL : 
OVERVIEW OF THE PROBLEM AND NEED FOR A MODEL 

The committee took as its principal charge the 
quantitative assessment of hazards to human health from the 
subtherapeutic administration of penicill in/ampicil l in and 
the tetracycl ines to fa� animals . The committee del iberately 
chose to consider the tetracycl ines and penicill in G 
together ,  rather than separately , for several reasons : 

o Antimicrobial resistance in salmonellae and � QQli 
to each of these drugs is predominantly plasmid-mediated . 

o Simultaneous resistance to both ampicil l in and the 
tetracycl ines is commonly found in the same individual animal 
isolates of salmonellae . Of 7 17 isolates of � typhimuriun 
( see Table V-2 ) , 52%  had tetracycl ines resistance , and 3 7% 
had both tetracycl ine and ampicill in resistance . 

o Exposure to either penicillin G or a tetracycl ine of 
� £Qli or salmonella strains bearing R plasmids that encode 
both tetracycl ine and ampicillin resistance markers selects 
for such R-plasmid-containing strains in a mixed population . 
Thus , exposure to either of the two antibiotics would enrich 
the population of microorganisms resistant to the other , as 
well as resistant to it itsel f .  

o The tetracycl ines far exceed penicill in G in use in 
livestock and poultry feeds . For example , in 198 5 , 
tetracycl ine accounted for 49%  of annual sales of 
antimicrobials for animal feeds , and penicil l in accounted for 
only 5% (Table IV-6 ) . Because penici l l in use was only 10%  of 
that of the tetracycl ines , it did not seem to the committee 
that performing a separate risk analysis for penicill in G 
would provide useful information . 

o In performing the risk assessment , the committee 
could not find evidence sufficient to j ustify the use of 
different death rates for strains resistant to ampicill in 
(penicil l in ) , as opposed to the tetracycl ines . 

This task requires the study of broad questions 
regarding the effects of drug resistance on the epidemiology 
of various pathogens and diseases and the effects of feeding 
subtherapeutic doses of antimicrobial agents on ( a )  the 
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prevalence of carriaqe of various pathoqens by farm animals : 
(b )  the antimicrobial susceptibil ity patterns of these 
pathoqens : ( c )  the prevalence of infections caused by these 
pathoqens in humans . 

Data do not exist to answer directly the principal 
question posed to the committee even for a well-recoqni zed 
pathoqen such as Salmonella spp . Indeed , the data are sparse 
and confl ictinq even with reqard to the subordinate questions 
cited above . To illustrate some of the problems confrontinq 
the committee , Fiqures VII-1  and VII-lA provide a summary of 
current information about the impact of druq resistance of 
salmonellae on the epidemioloqy of salmonellosis in human or 
animal populations exposed or not exposed to antimicrobial 
aqents . In constructinq Fiqures VII-1  and VII-lA ,  it was 
assumed that there is a qradual shi ft of strains from druq 
susceptibil ity to druq resistance . The committee bel ieves 
that druq res istance is a manifestation primarily of exposure 
of bacteria to antimicrobial aqents for lonq periods with 
ultimate selection of resistant strains : thus , it is 
anticipated that with increasinq time of exposure , the 
prevalence of resistant strains in the animal and human 
populations wi ll increase . For certain elements in both 
Fiqures VII-1  and VIl-lA ,  no data are available , as indicated 
in parentheses after the item . The studies cited in Fiqures 
VII-1  and VII-lA are l imited in appl icabil ity by the fact 
that they were not done as part of a cohes ive attempt to 
address the overall issues posed to this committee , but 
rather were done to address more l imited aspects of the 
problem . 

As illustrated in the first hori zontal l ine of Fiqure 
VII - 1 , the "maj ority" of the reports show that salmonellae in 
the fecal flora of farm animals are resistant ( i . e . , 
resistant to at least one antimicrobial ) and a minority are 
susceptible (meaninq susceptible to ampicill in or the 
tetracycl ines ) .  By contrast , the maj ority of the reports 
show that human isolates are still susceptible to commonly 
tested antimicrobials ( Fiqure VII-lA) . The prevalence of 
resistance appears to be risinq both for � £Qli and 
Salmonella spp . 

No data prove directly that administerinq antimicrobial 
aqents in subtherapeutic doses to farm animals increases the 
prevalence of carriaqe of susceptible salmonella in farm 
animals : the arqument (a hiqhly unl ikely one ) would be 
indirect by analoqy with the effect of antimicrobial aqents 
on infections by enterohemorrhaqic � col i ( EHEC) in humans . ? 

By contrast , the 19 8 0  NRC report2 1  cited various studies 
showinq that the feedinq of antimicrobial druqs to farm 
animals enhanced the rate of el imination of susceptible 
strains of Salmonella spp . : this effect would result in a 
decrease in the prevalence of these susceptible isolates . 
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1 .  Current prevalence 

2.  Effect of subtherapeutic 
administration on prevalence 

Susceptible Strains 

Minority of strains 

+ (no data except by analogy 
with EHEC** strains In humans, 
see text) 

- (1980 NAS 21 ) 

Resistant Strains 

MaJority of strains 

+ + (numerous studies of E. coll in animals 
[see text] but for Salmonella, 
and extra potation from 
"etiologic fraction" concept 
In humans) 

- (no data) 

o (Fagerberg 13 ) 

FIGURE VI I- 1 . Potential Effects of Antimicrobial Use on Prevalence of Antimicrobial
Susceptible and -Resistant Salmonella Strains in Farm Animals . Figure prepared by the 
committee . 

+ represents mild increase in prevalence of strains , in degree of virulence , or in the 
characteristic specified : ++ represents a moderate increase : and 
+++ represents a maj or increase . 

- represents a mild decrease in prevalence of strains , in degree of virulence or in the 
character specified :  -- represents a moderate decrease : and --- represents a maj or 
decrease . 

o represents no change . 

* *  EHEC = Enterohemorrhagic � QQli .  

� 
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**EHEC = Enterohemonhaglc E. coli. 
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+ compared to susceptible strains 
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(great difficulty If "wrong• 
drug chosen, presumably uncommon) 

FIGURE VI I -la .  Potential Effects of Antimicrobial Characteristics on Antimicrobial
susceptible and -Resistant Salmonel la Strains in Humans . Figure prepared by the 
committee . 

+ represents mild increase in prevalence of strains , in degree of virulence , or in the 
characteristic specified ; ++ represents a moderate increase ; and +++ represents a maj or 
increase . 

- represents a mild decrease in prevalence of strains , in degree of virulence or in the 
character specified ; -- represents a moderate decrease ; and --- represents a maj or 
decrease . 

o represents no change . 
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There are few data on animals concerning the effect of  
feeding subtherapeutic doses of antimicrobial agents on the 
carriage rate of drug-resistant strains . However ,  Bohnhoff 
and col leagues showed many years ago that the feeding of a 
single oral dose of streptomycin to mice markedly increased 
their susceptibil ity to infection by a stregtomycin-resistant 
strain of salmonel lae administered orally . 5 S imilar 
findings were later reported by Meyne11 , 2 0a Bohnhoff and 
Mil ler , 5b Meynell and Sabbaiah , 2 0b and Miller and 
Bohnhoff . 2 0c Furthermore , by extrapolation from the 
" etiologic fraction" in humans (the proportion of infections 
that would not have occurred but for the resistance of the 
infecting bacterial strain to the antimicrobial 
administered ) , one would expect a marked enhancement of 
infectivity and hence of prevalence . No data support a 
diminution in the prevalence of drug-resistant strains as a 
result of feeding subtherapeutic doses of antimicrobial 
agents . One study by Fagerberg13 indicates no difference in 
the clearance rates of tetracycl ine-resistant strains of 
salmonellae between animals given tetracycl ine and those 
given another antibacterial drug . 

In assessing the second , third , and fourth elements of 
Figure VI I-1A ,  which deal with the impact of salmonella 
infections in humans , the committee had the opinion ( see 
below) that the maj ority of strains of salmonel lae that find 
their way into humans are transmitted from food products 
which originate on the farm . The second element deals with 
the effect of antimicrobial res istance on the virulence of 
salmonellae for humans . Various authors have used the term 
"virulence" in different ways . Some have restricted the term 
to the abil ity to cause disease , particularly toxin-mediated 
disease , whereas others have incorporated the abil ity to 
col onize and to cause disease by any mechanism .  The 
committee decided to use the second definition for this 
assessment and to use the terms "virulence" and " infectivity" 
interchangeably . I f  drug-susceptible strains are considered 
as a basel ine , there is evidence ( see Chapter I I I ) that drug 
resistance may be associated with either a decrease or an 
increase in virulence . On balance , the committee decided 
that the data were more compel l ing for either no change in 
virulence or an increase in virulence than they were for a 
decrease in virulence , although the data are weak and rather 
inconclus ive . 

In terms of the virulence of Salmonella spp . for humans 
who are taking antibiotics for other reasons ( element 3 in 
Figure VII - 1A) , there is strong evidence that drug resistance 
of the salmonellae facil itates infection . In persons in this 
category , whose disease is included in the " etiologic 
fraction , "  drug-resistant strains are able to colonize the 
gastrointestinal tract and cause disease even in inocula too 
small to cause infection in other circumstances , presumably 
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because the antimicrobial drugs inhibit the normal competing 
flora ( see below) . By contrast , the committee is aware of  no 
data indicating that drug resistance diminishes the 
. infectivity of Salmonella spp . for humans . The committee 
also is unaware of any data on the effect of taking 
antimicrobial agents on the infectivity of drug-susceptible 
stra ins . However ,  by analogy with data in animals noted 
under element 2 in Figure VII-1 , the administration of 
antimicrobial agents could enhance the rate of el imination 
and hence reduce the infectivity of drug-susceptible strains 
for humans . Nevertheless , using infection by 
enterohemorrha�ic � Q21i ( EHEC)  as an analogy , a study in 
19 8 7  by Carter of EHEC infection in a nursing home showed a 
higher rate of secondary infection among patients who were 
taking antimicrobial agents to which EHEC was presumably 
susceptible ( isolates of EHEC appear to be almost uni formly 
susceptible to ampicil l in ,  tetracycl ines , chloramphenicol , 
and trimethoprim-sul famethoxazole , 2 2a , 2 3 , 2 9 a  as opposed to a 
control group that was not taking such antimicrobial agents . 
This suggests a facil itating effect of antimicrobial agents 
even upon infection by susceptible strains . 

Final ly , the committee considered the effect of drug 
res istance on the treatabil ity of salmonella infections in 
humans . In principle , resistance should lead to increased 
difficulty in treatment . However ,  considering the 
epidemiology and the population at greatest risk of death 
i . e . , neonates and the very elderly--it seemed l ikely to the 
committee that many patients who die of salmonellosis never 
receive speci fic antimicrobial treatment and that failure of 
treatment because the wrong drug was chosen may be uncommon . 
However ,  some patients may be treated inadvertently because 
their physician does not recognize the infection as 
salmonellosis . Treatment that prevents bacteremia , a rare 
event anyway , might lead to an unrecognized benefit . Taking 
these considerations into account , the committee considered 
that drug resistance is an uncommon cause of treatment 
failure . 

overall , the committee concluded that the maj or 
consequences of feeding antimicrobial agents to animals or 
humans are l ikely to be : 1 )  a tendency to increase the 
prevalence of drug-resistant strains : 2 )  an effect on both 
the pathogen and the fecal flora that might alter their usual 
interaction : and , thus , the relative infectivity of the 
pathogen . 

The number of reported cases of salmonel losis in the 
u . s .  has risen progressively over the past three decades , a 
period during which the practice of subtherapeutic 
administration of antimicrobial agents to farm animals has 
been steadily increasing ( Figure VII -2 ) . However ,  this 
observation does not prove that the increase in salmonellosis 
is related to antibiotic use because other potentially 
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confoundinq variables have occurred in the same interval , 
includinq the increas inq use of convenience foods and 
prepared " fast foods . "  That the increase in reported cases 
of salmonellos is in humans over the past 3 0  years is not an 
art ifact of reportinq is suqqested by the fact that the 
number of infections caused by Shigella spp . has remained 
fairly constant durinq this period ( Fiqure VI I-2 ) . Thus , 
there is  direct evidence of an increase in salmonellosis in 
humans . Some of this increase miqht be attributed to some of 
the elements shown in Fiqure VI I-1A .  Furthermore , it is 
di fficult to dete�ine directly the contribution of druq 
res istance to fatal ity from salmonella infection because 
neither the published CDC data for reported cases nor the 
NCHS fiqures for deaths from salmonellosis make note of the 
druq susceptibil ity or resistance of the pathoqen . 

After consideration of the concepts il lustrated in 
Fiqure VI I-1  and the l imited data available pertaininq to the 
issues , the committee concluded that it was impossible to 
arrive at a firm answer to the important question of whether 
or not the administration of antimicrobial aqents in 
subtherapeutic doses to farm animals has led to an overall 
chanqe in the total number of cases of salmonellosis in 
humans . Accordinqly , the committee decided to approach the 
problem indirectly by devisinq a risk model that focuses upon 
one aspect of the problem , namely , the number of deaths which 
can be attributed to the subtherapeutic administration of 
antibiotics to farm animals . 

STRUCTURE AND LIMITATIONS OF THE MODEL 

As summarized above , questions about the s i ze of the 
human risks from low-level farm uses of antibiotics cannot be 
answered by the direct interpretation of data on this matter . 
Therefore , the committee developed and adopted a conceptual 
approach , or model , in which some information is available at 
each step . In devisinq the model , the committee chose to 
dea l  only with salmonel losis because this was the only 
pathoqen for which there were data available in quantity and 
qual ity that the committee could use in quanti fyinq the risk . 
Nevertheless , the committee recoqnized that there are other 
infectious orqanisms that may account for at least as larqe a 
part of the overall problem of human illness attributable to 
the subtherapeutic use of antibiotics on the farm . 

The model includes a sequence of five quantitative 
estimates , each dependent on the prior estimates . In steps 2 ,  
3 ,  and 5 ( see below) , the estimates were calculated 
separately for resistance to any antibiotic and for 
res istance to at least penicill in/ampicil l in or the 
tetracycl ines . These estimates are illustrated in 
parentheses by the committee ' s  mid-ranqe estimate for each 
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step with respect to resistance to penicillin/ampicil l in or 
the tetracycl ines , as in the following : 

1 .  Annual number of cases of  salmonellosis reported in 
the u . s .  ( 50 , 0 0 0 ) . 

2 .  Fraction of human cases due to bacterial strains 
showing res istance to penicil l in/ampicill in or the 
tetracycl ines ( 15 % ) . 

3 . Death rate ( 1 . 0% )  among cases with drug-res istant 
salmonellosis . 

4 .  Fraction of these deaths associated with infection by 
bacterial strains of farm origin ( 7 0% ) . 

5 .  Proportion of this fraction resulting from 
subtherapeutic use of penicill in/ampicil l in or the 
tetracycl ines in animal feed ( 9 0% ) . 

S ince these estimates are l inked in stepwise fashion , 
and each is developed to be statistical ly conditional on all  
that precede it , they can be multipl ied to estimate the 
number of deaths . This chapter develops the risk model and 
explains the committee ' s  choices of the quantitative inputs 
the model requires , and Chapter VII I  uses the model to 
develop estimates of excess deaths while reflecting the 
uncertainty of those estimates . 

FOcuS ON SALMQNELLAE 

The model has several l imitations . one l imitation i s  
that i t  assesses only the hazards of infection with 
Salmonella spp . The maj or foodborne pathogens known or 
suspected to be transmissible to humans from farm animals or 
their products are Salmonella spp . ; Campyl obacter j ej un i 
enterohemorrhagic strains of  Escherichia col i ( EHEC ) , 
especially serotype 0157 : H7 ;  and Yers inia enteroco l it i c a . 
The Centers for Disease Control reported on 151 outbreaks o f  
foodborne bacterial disease i n  1982 : 8 , 9  of this number ,  
salmonellae caused 5 5  outbreaks with 2 , 056  cases and 8 
deaths . By contrast , each of the other three species caused 
only two outbreaks , with between 3 1  and 188 cases for each 
species , and no deaths . However , these data are highly 
selected and are incomplete . 

Although recent surveys3 , 4 , 5 , 14 , 15 , 19 , 2 6 , 2 7 , 2 8 suggest 
that Campyl9bacter spp . may cause at least as much il lness as 
does salmonellosis , data on infections caused by nine named 
or proposed named campylobacter species are not available . 
Laboratory-based national surveillance of campylobacter 
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infections in the u . s .  began in 1982 with a panel of 1 1  
states with additions in 1983  bringing the total t o  3 1  
states . 10  The committee has not critically looked a t  these 
data . Also , antimicrobial resistance is not recoqnized as a 
maj or issue in treatment , and no data are available to 
determine whether the administration of antibiotics to farm 
animals has contributed to antimicrobial resistance in these 
species . 

S imilarly , there are no nationwide data available to 
estimate the impact of infection caused by x .  enterocol it i ca 
or EHEC . However ,  infection caused by � .  enterocol it ica i s  
rarely recoqnized in  the United States . Although infections 
may be grossly underdiagnosed , more data would be needed to 
establish yersiniosis as an important cl inical problem in 
this country . Most isolates of �. enterocolitica are 
susceptible to tetracycl ine , but ampici l l in resistance is 
common . 6 Strains of EHEC are almost always susceptible to 
commonly used antimicrobial agents . 2 2a , 2 3 , 29a  

There are over 1500  serotypes of salmonellae . 12 
However , more than 7 0% of the infections are caused by 10 
serotypes and four are dominant : �. typhimurium causes about 
one-third . of reported infections , � .  enteritidis about 10% , 
� .  heidelberg about 10% and � newport about 5% . The 
frequency of isolation of � .  typhi ,  which causes typhoid 
fever , has diminished sharply since the beginning of this 
century ; currently , there are about 500  isolations of �.  
typhi per year , as opposed to more than 4 0 , 000  isolations of 
other species of salmonellae . � .  typhi is not known to 
infect animals or to have an animal reservoir and is thought 
to be spread from person to person , so it is not considered 
in this analysis . The committee concluded that Salmonella is 
the only genus for which sufficient data are available to 
estimate the national impact on mortal ity from infections 
caused by drug-resistant organisms transmitted from farm 
animals or their products to humans . The remainder of the 
quantitative analysis in this report pertains to infection 
caused by nontyphoidal Salmonella spp . Morbidity was not 
included in the risk calculations . 

MODEL QNCERTAINTY 

A second l imitation is that the model itsel f may be 
incorrect . While the steps outlined above are logically 
appeal ing , other chains of critical events could be 
developed , such as steps in the chain of transmission or 
pathogenesis , and these might produce material ly different 
estimates . 

Numerous difficulties , conceptual and practical , impede 
the estimation of the mortal ity rates attributable to 
salmonella infections , and the committee recommends a 
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substantial increase in the investiqation and development of 
conceptual models of this matter that include morbidity . 

INDEPENDENCE OF ESTIMATES 

Third , our use of the model requires that the parameter 
estimates be conditionally independent ; that is , the 
statistical distribution of one estimate , qiven others that 
precede it in the model , depends on those values in a way 
that is ful ly speci fied by the model . For example , the death 
rate amonq cases with druq-resistant salmonellosis ( see step 
3 in Table VI II-1 ) refers to reported cases in the u . s . ; it 
is presumed that there is a much larqer number of unreported 
cases ( see below) . The death rate is l ikely to be lower for 
the unreported cases than for reported cases . However ,  it is  
not qenerally possible to val idate this assumption of  
conditioned independence from available data for salmonella 
risks . Further , l imitations in the data have required the 
use of some estimates that are not conditional , or that are 
less completely conditional , than the model theoretically 
requires . Both the numerators and the denominators needed to 
calculate the rates of il lness and death are subj ect to 
considerable uncerta inty . Further , these uncertainties are 
closely l inked , so that the numerator and denominator must be 
developed toqether and the resultinq (death ) rate should be 
appl ied to other settinqs only insofar as the maj or 
uncerta inties are appropriately correlated . 

For example , the death rate of salmonella infections 
depends very much on whether it is for cases such as are 
reported to the Centers for Disease Control or for the whole 
of symptomatic infections in humans . Thus , the seven deaths 
reported amonq 503  pa

2
tie�ts in a 1979-

i
1980  CDC survey yield a 

death rate of 1 . 4 % . 1 S 1nce the denom nator was 503  cases 
reported in approximately routine fashion to the CDC , one 
miqht , with caution , estimate that about 1 . 4 % of al l such 
reported cases of salmonellosis miqht have been fatal . 
Because about 5 0 , 000  cases of salmonellosis are reported to 
the CDC annual ly , one could make an estimate that there are 
about 7 0 0  deaths in 50 , 000  reported cases per year . In fact , 
it is reasonable to assume there are many more unreported 
cases ; however , the death rate estimate of 1 . 4 % does not 
necessarily need to be chanqed , because , unreported cases 
miqht be less l ikely to be severe or fatal and to qo 
unreported for that reason . 

Similar considerations apply to other aspects of 
salmonella infection , such as the rate of hospitalization , 
the proport ion of patients with " serious" rather than mild 
disease , and a medical decision to culture stools or other 
materials . 
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LIMITATION TO CQC-BEPQRTED CASES OF SALMQNELLQSIS 

The committee recognizes that the numbers of cases of 
salmonellosis reported to CDC per year , ranging from about 
4 0 , 0 0 0  to 65 , 000 , surely is an underestimate of the number of 
cases in the u . s . ; nevertheless , the committee decided to use 
this range of numbers for the first step in the risk 
assessment . This decision was made because : 1 )  several other 
critical estimates in the risk model apply to this same 
population of CDC-reported case , and 2 )  it may be that 
unreported cases are milder and of lesser consequence , 
although this has not been shown to be the case . However ,  
investigation o f  epidemics by CDC o f  reported cases 
necessarily underestimates the scope of the problem . 

LIMITATION TO ESTIMAtES OF MORTALITY 

A fi fth l imitation is that the model deals only with 
lethal infections . Salmonellae also cause considerable , 
albeit temporary , personal distress (morbidity) , as well as a 
large economic burden . The cl inical mani festations range 
from asymptomatic colonization through mild or sometimes 
severe diarrhea , to disseminated and sometimes lethal 
il lnesses , such as meningitis or osteomyelitis . However ,  
statistical data regarding the incidence o f  various symptoms 
are minimal or lacking even for severe cases , and there is 
difficulty in applying such data to the u . s .  as a whole .  

Fatal ities due to salmonella infections are clustered in 
the very young and in the elderly ; Table VII - 1  shows the age 
distribution of salmonella deaths reported to the National 
Center for Health Statistics (NCHS ) for the years 1968-19 8 5 . 
For each end point , the group at risk must be unambiguously 
defined , essentially all instances in the group must be 
identified ,  and the calculated rate must be appl ied to other 
groups only when they are l ikely to have about the same 
distribution of severity of i l lness and only when adequate 
margins of error are attached to the calculated rate . These 
margins of error will  ordinarily be substantial ly wider than 
statistical confidence l imits . 

The hospitalization rate for salmonellosis in the 1979-
19 8 0  survey of selected communities was 4 5 %  and the rate in 
the 1984-1985  survey was reportedly similar . 12 However ,  in a 
review of recent outbreaks of � .  enteritidis infections 
occurring in the northeastern u . s . , the hospital ization rate 
was estimated to be only 12 t . 3 0  Thus , a range of 1 2 %  to 4 5 %  
may b e  entertained a s  the estimate for the rate o f  
hospital izations of patients with salmonellosis . When these 
rates are appl ied to the 50 , 000  reported cases of 
salmonellosis per year , the number of patients hospital ized 
for this  infection ranges from 6 , 000  to 2 2 , 500  per year . 
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TABLE VII-1 

FREQUENCY AND PERCENTAGE OF DEATHS DUE TO SALMONELLOSIS 
( By Age , for 1968-19 8 5 )  

�Atbl 
Percent 

Age Number Per YeAr of Age 

Under 1 day 1 0 . 1  
1 - 6 days 8 0 . 6  
7 - 2 7  days 3 0  2 . 1  

2 8  - 3 64 days 165 1 1 . 6  
1 - 4 years 4 2  3 . 0  
5 - 9 years 12 0 . 8  

10  - 14 years 1 1  0 . 8  
15  - 2 4  years 14 1 . 0  
2 5  - 3 4  years 3 0  2 . 1  
3 5  - 4 4  years 4 2  3 . 0  
4 5  - 54 years 104 7 . 3  
5 5  - 64 years 176  12 . 4  
65  - 7 4  years 3 14 2 2 . 1  
7 5  - 84 years 2 9 6  2 0 . 8  
8 5  + years 174 12 . 2  
Unknown 2 0 . 1  

All Ages 1 , 4 2 1  100 . 0  

Source : National Center for Health Statistics . 22 
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LIMITATIONS IN THE Dill 

S ixth , the model is l imited by the ranqe and qual ity of 
data avai lable for the estimates required , as summarized 
above . The committee has developed three estimates for each 
quantitative parameter : a mid-range estimate , a high estimate 
and a low estimate . The mid-range estimate expresses the 
committee ' s  best j udgment about the value that is equally 
l ikely to be too large or too small --a median , of sorts , of 
the committee ' s  col lective obj ective and subj ective j udgment . 
The high and low estimates express the committee ' s  best 
j udgments about the range of fiqures that most other experts 
would find plausible . These l imits are not presented as 
statistical confidence l imits ( even subj ectively) ,  nor as 
outside bounds on poss ibil ity . For example , if three fiqures 
for some parameter were 1 and 10 , an estimate outside the 
range 1 ,  3 ,  and 10  would not be credible , the committee 
bel ieves , to most other experts . We have not attempted to 
attach probabil ity values to these low and high estimates , 
because we have no direct evidence about what l imits other 
experts would be will ing to accept as plausible .  

The committee discussed at some length how these three 
estimates should be derived . The basic point of discussion 
was the extent to which our col lective subj ective j udgment 
should be used to modi fy speci fic values obtained from the 
l iterature . As an example , the fraction of strains resistant 
to two or more antibiotics has been rising ,  in contrast to 
publ ished results that necessarily refer to infections 
detected in the past . Thus , the publ ished range of rates of 
res istance to multiple antibiotics will tend to be too low , 
but by an unknown amount . How much should the committee ' s  
j udgment about this trend over time be integrated into rates 
obtained from the l iterature? 

Other problems arise because of the need to use 
estimates that are statistical ly conditioned on preceding 
estimates , though appropriate data may not exist . For 
example , the fraction of infections due to multiresistant 
strains should refer speci fically to the kinds of cases , with 
speci fic details , reported to CDC : however , not all sources 
meet this requirement . In the end , the committee tended to 
give its subj ective j udgment considerable weight . We have not 
attempted to attach probabil ity values to these low and high 
estimates , because we have no direct evidence about what 
l imits other experts would be will ing to accept as plausible . 

The remainder of this chapter outl ines the basis for the 
estimates that the committee used in its risk model to assess 
the contribution of subtherapeutic use of antibiotics in 
animal feed to the presence of drug-res istant salmonellae in 
humans in the United States . 
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NUMBER OF CA5ES PER YEAR 

The number of cases of salmonella infections per year is 
large , but not precisely determined . Many observers bel ieve 
that it is probably 10-100 times larger than the number of 
confirmed cases reported to the CDC . This  is because many 
patients with salmonellosis do not seek medical attention : 
when they do , stools or other specimens may not be cultured : 
when cultures are attempted , they may be unsuccessful in 
isolating the infecting bacteria , or positive results may not 
be reported to CDC . Still , most of the data relating to 
morbidity and mortal ity from salmonel losis in the u . s .  are 
derived from the CDC . The CDC in turn rel ies on several 
sources for its information , including the followinq : 

o A Salmonella Surveillance System , maintained by CDC 
s ince 1963 , when several large outbreaks of salmonellosis 
were traced to commercial egg products . The purpose of  the 
surveillance system is to accumulate epidemioloqic data such 
as the age , sex , and county of res idence of patients from 
whom Salmonella isolates are submitted to state health 
departments for serotyping . Data are also kept on isolates 
from food and animals . 

o Investigations of outbreaks by state , local , and 
federal agencies . 

o Special epidemiologic and laboratory surveillance in 
selected counties . 

In 19 79-1980  and 1984-1985 , the health authorities in a 
stratified sample of urban and rural counties were asked to 
submit all salmonella isolates , together with detailed 
epidemioloqic information , for all patients from whom 
isolates were obtained . 12 The communities were chosen to 
provide about 5%  of the expected number of reported 
isolates . 2 4  Strains from known outbreaks were excluded . The 
isolates collected in this way were obta ined throuqh the 
usual CDC reporting channels with no speci fic efforts at 
case-finding (R . Tauxe , CDC , 1988 , personal communication ) .  
The isolates were tested for susceptibil ity to antimicrobial 
agents and sometimes for their plasmid DNA content . These 
findings have been used to provide information on the rates 
of antibiotic resistance , hospital ization for il lness , and 
mortal ity from salmonel losis . 

The salmonella surveillance system conducted by CDC has 
shown a fairly constant rise in the annual number and rate of 
reported cases of nontyphoidal salmonellosis at least s ince 
1955  ( Fiqure VI I-2 ) . The reasons for this rise are not 
clear . However , the bel ief that the rise was not s imply the 
result of better case findinq is supported by the observation 
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that there was no appreciable change in the reported rate of 
shigellosis over the same period . In the years from 1982  
through 198 6 , the number of cases of salmonellosis reported 
per year ranged from 4 0 , 861  to 65 , 3 4 7 . 8 OVer 9 0 %  of the 
reported isolates were from symptomatic individuals  ( P .  Blake 
and R .  Tauxe , CDC , 1988 , personal communication ) .  

There is substantial underreporting of salmonellosis . 11  
Indeed , it has been estimated that in several outbreaks as 
few as 1% of cases were reported . 2 In  a telephone survey 
conducted recently during a massive epidemic of 
salmonellosis , it was found that only about 10% of 
symptomatic infections were reported . 2 5  Attempts to 
determine the number of cases more precisely run into the 
problem of defining exactly what is a case . Should one 
include as cases only symptomatic patients with infections? 
Does passage of one or two loose stools qual i fy? Must 
symptoms be severe enough to interrupt normal activities for 
at least 2 4  hours? Must symptoms be severe enough to require 
medical attention? The numbers might vary by one or two 
orders of magnitude , and no answer is inherently correct . 
Each investigator in the field must develop a conceptual 
definition that is meaningful and useful for a speci fic 
study . This must then be translated into operational terms : 
How can one col lect and interpret data so as to estimate both 
the number of cases by this definition and the degree of 
error l ikely to attend the estimate? 

An extensive analysis  using three independent methods to 
derive these estimates for the annual incidence of 
salmonel losis produced estimates ranging from 8 0 0 , 000  to 
3 , 7 0 0 , 000  infections . 1 1  A mean estimate of 1 . 9  mill ion 
infections in 1984  would imply that about 2 . 5% of infections 
( about 5 0 , 0 0 0  cases ) had been reported to the CDc . 1 1  
Therefore , a n  annual incidence of 50 , 000  reported cases o f  
nontyphoidal salmonellosis i n  the United States is a highly 
conservative estimate . A more probable fiqure is on the 
order of 8 0 0 , 000  cases per year , and the upper l imit could be 
as high as 3 , 7 0 0 , 000  cases per year . 11  

Because many of the estimates considered critical for 
use in the model were based on data derived by the CDC from 
cases reported to that agency , the committee used the number 
of isolates reported as the starting point for the model ( see 
" Limitations in the Data , "  above ) . In the estimation of 
risk , the committee used the following figures for low ,  mid
range , and high-estimates for the number of reported cases of 
salmonellosis per year ( U . S .  only) : 4 0 , 000 , 50 , 0 0 0  and 
65 , 0 0 0 , respectively . 

ANtiBIOTIC BESISTAMCE OF SALMONELLA 

The proportion of salmonella isolates from humans with 
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resistance to at least one antimicrobial aqent was 16% in the 
1979-1980 CDC survey and 2 4 %  in the 1984-1985 survey . 2 0  The 
proportion with resistance to two or more druqs , i . e . , 
multiresistant strains , increased from 12% to 15% durinq 
these same years . 2 0  These surveys avoided the countinq of 
multiple isolates from the same outbreak or the same patient . 

Chanqes in drug-resistance rates vary amonq the 
di fferent salmonella serotypes . In the 1979-1980 study , the 
rate of resistance was hiqh for � . heidelberg , but low for � . 
typhimurium ; in the 1984-1985 study , the rate of resistance 
of � . heidebberq decreased , and that of �. typhimurium 
increased . 2 

There were also chanqes in resistance to different 
ant ibiotics . The rate of resistance to ampicil l in rose from 
8 %  to 9%  between the two study periods , and the rate of 
resistance to tetracycl ine rose from 8 . 6% to 1 3 % ; by 
contrast , the rates of res istance to chloramphenicol and 
trimethoprim-sul famethoxazole were each 2% or less for both 
study periods . 2 0  At the request of this committee , the CDC 
provided additional information which allowed the committee 
to calculate that 19 of 4 8 5  strains ( 3 . 9 % )  were resistant to 
both ampicil l in and tetracycl ine , whether or not they were 
also resistant to other aqents . In a collection of 2 , 8 2 6  
strains isolated from humans from Massachusetts durinq 1979-
1980  the prevalence of res istances was as follows : 
ampicil l in ,  5 . 1% ;  tetracycl ine , 8 . 7% ;  tetracycl ine and 
ampicillin ,  3 . 3 % ;  tetracycl ine or ampicillin ,  10 . 3 % .  The 
overall prevalence of resistant strains in the Massachusetts 
col lection ( see Table V-1 )  was low ,  compared to other 
sources , perhaps because of the hiqh proportion of qenerally 
susceptible � . enteritidis ( 3 1% ) . 

For the estimation of risk, the committee chose the 
rates for occurrence of antibiotic resistance shown in Table 
VI I-2 . The high estimates for resistance were chosen to 
account for the apparent increase in resistance rates over 
time , because the reported rates may underestimate the 
current prevalence of resistance . 

MORTALITY BATE FOR INFECTION BY RESISTANT 
STRAINS OF SALMONELLA 

In concept , the number of deaths from salmonella 
infections should be only the number of infected persons who 
died , and who would not have died in the absence of these 
infections . 

This concept encounters serious problems in appl ication , 
because the causes of some deaths are difficult to determine 
in ordinary conditions of medical practice , and the asserted 
cause of death on a death certificate often is unproved . 
Some diseases or conditions act j ointly to cause death , 
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TABLE VII-2 

RESISTANCE OF SALMONELLAE TO ANTIMICROBIALS 

Rate of resistance of 
salmonellae to ; 

At least one antimicrobial 

At least penicil l in/ampicillin 
or tetracycl ine 

ww 
Estimate 

16% 

10% 

Mid-Ranqe 
Estimate 

2 4 %  

15% 

Hiqh 
Estimate 

3 1% 

2 0% 

source ; Adapted by the committee , from data in Table V-3 . 

althouqh neither alone has resulted in death ; in such a 
case , what is the underlyinq , "cause of death " ?  In some 
instances , a severe infectious disease is almost incidental 
to a severe underlyinq terminal condition ; shall we count 
such a death i f  the salmonella infection only advances the 
time of death by a month , a day , or an hour? A decision is 
needed about whether to count as a salmonella death the death 
of a person who was severely debilitated from other causes 
but whose uncontrol led salmonella infection contributed to 
the death . 

The committee recoqnizes that the u . s .  National Center 
for Health Statistics , l ike other offices of vital 
statistics , has consistent and well-developed rules for 
decidinq how to report these types of deaths . The committee 
understands the need for well-defined and consistent 
statistical data , especial ly for identi fyinq differences 
amonq populations and chanqes over time . However , the 
committee emphasizes that these rules deal with the 
underlyinq conceptual problems in consistent reportinq 
without solvinq them in a way that is useful here . 

Table VI I-3 summarizes recent data on reported death 
rates of patients with salmonel losis . The CDC study of 19 7 9 -
19 8 0  identified seven deaths amonq 503  patients with 
nontyphoidal salmonellosis , for a death rate of 1 . 4 % ;  there 
was a similar rate in the 1984-1985  survey . 12 However ,  these 
were all deaths amonq patients reported to have 
salmonel losis , reqardless of specific causes of death . The 
committee asked for additional information reqardinq the role 
of salmonellosis in causinq death . CDC was not able to 
provide such data for patients who died in the 1979-19 8 0  
study , but did provide additional information on the 8 deaths 
amonq about 600  patients included in the 19 84-1985  survey . 
Accordinq to the committee ' s  interpretation of those data , 
salmonellosis played an unknown role in three of the deaths 
and no role in four deaths , and it clearly contributed to the 
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Prospec t i ve 
CDC 

Surve i l I Ince 

TABLE VI I - 3  

RECENT MORTALITY RATES FROM NON-TYPHOIDAL SALMONELLOSIS 

Spec i f i ed/or Comb i ned 
Ca..un i t y - Acqu i red co .. un l ty Nosoc i • i a l  

Infect i on Nosoco•t al I nfect ion Soyrce of Infect ion 
Mul t l ·  Not Mul t i ·  Not Mu l t i ·  Not  

pat .ll S u s c eD Res 12!£ Suscep R!l le!£_ Suscep Rea Spec x.:CO!!!�e�:::::n�t<&l------------
1 I I I I I I 

1 979· 1 980 I I I I I I f 1 . 4X ! Ro l e  of S a l •one l l os t s  i n  caus i ng de a t h s  
I I I I I I 1 < 7t503 >  ! no t  1pec i t i ed .  

1 984 · 1985 I I I I I I j 1 . 4X ! On l y  one death c l ea r l y  1 t t r i bu t ab l e t o 
I I I I I I 1 < 81600 ) I Si l mone l l os h < see t ex t ) . 

1 984 - 1 985 I I I I I I I I I o - 21 I 
< reca l cu l ated > ! I 1 1 I I I I 1 < 1 1600 > I 

I I I I I I I I I I 
I I I I I I I I I I 

Outbreaks I I I I I I I I I I 
I I I I I I I I I I 

us ou tbreaks ! I I I I I 1 0 . 21 f 4 . 21 I I 
1 971 - 1 983 1 8 1 1 I I I I 1 <4t 191 2 > 1 < 1 3t3 1 2 > 1  I 

I I I I I I I I I I 
US Outbreaks i 0 - 21 1 3 . 41 I 1 1 . 01 f 1 1 . TX  I I I I f Molt of the da ti base was t h e  11me 
1 971 - 1 98o 1 7  1 < 3! 1 32 1 >  1 < 71205 >  1 1 < 2t202 > I < 30t256> 1 I I I I •• for 1971 · 1983 . 1 8 

I I I I I I I I I I 
N . E .  USA30 I 0 . 5X I I I I I I I I I � enter t d ta ,  presu.1b l e  drug - suscept i b l e  

U n i t ed 

IC i ngdo• 

M i dwes t  
USA25 

1 < 1 1 /2 1 19 > 1 I I I I I I I l < not lteted ) v i e  gr1de A eggi I n  
I I I I I I I I I I Northeastern USA . 
I I I I I I I I I I 
I I I I I I I I f 0 . 3X ! See Ch 1pter 6 f o r  d i scuts i on of cases . 
I I I I I I I I I <40t 1 2 , ooo > l 
I I I I I I I I I I 
I 1 0 . 1 1 I I I I I I I 1 1 4  deaths probab l y  or pos s i b l y re l a t ed t o  
I 1 < 1 4/ 1 2 , 624 > 1  I I I I I I I S a l •one l l os i t ; L. typh i mur iUIII I n  
I I I I I I I I I l pa a t eur hed •I l k  res i s t a n t  t o  amp i c i l l i n , 
I I I I I I I I I I t h e  t e t rlc yc ! l nes , c1 rben i e l l I i n ,  and 
I I I I I I I I I l su l f i soxa za l e .  
I I I I I I I I I I 

Source : Adapted by the committee , from data by Cohen and Tauxe , 1 2 Holmberg , 1 7 , 1 8 
Ryan , 2 5  and st . Lou i s . 3 0  u . s .  outbreaks 197 1 - 1 9 8 0 17 i n c l udes Pue rto R i co . 

1-' w 0 
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death of only one patient , in whom the organism was isolated 
from blood ( P .  Blake and R .  Tauxe , CDC , 1988 , personal 
communication) .  Accordingly , in only 1 patient of about 600  
( 0 . 2 \ )  did salmonellosis clearly contribute to the death of 
the patient , although the rate may have been as high as 4 in 
600 ( 0 . 7 \ ) . 

In a CDC review of outbreaks of salmonellosis by 
Holmberg et al . , 17 encompassing the period 1971-19 8 3 , the 
overall death rate from drug-susceptible strains was 0 . 2 \ and 
from drug-resistant strains was 4 . 2 % .  Of the 13  deaths 
caused by multiresistant strains , 8 were in elderly persons 
in the community , and 5 occurred among 18 infants in a s ingle 
hospital nursery . 18 The basis on which it was determined 
that salmonella infection caused or contributed to death was 
not stated . 

More recently , Holmberg et al . 17 reviewed both 
nosocomial and community-based outbreaks that were 
investigated by CDC and that occurred in the United States 
between 197 1 and 1980 . These outbreaks were caused by 
various species of bacteria . Al l but one of the outbreaks of 
salmonellosis reported in this review had already been 
reported in the earl ier paper by this group . 18 In 1 0  of the 
community-based outbreaks of salmonellosis that were 
identified as being caused by drug-susceptible strains , 
salmonellae caused the death of three persons among 1 , 3 2 1  
persons infected , or 0 . 2 % .  By contrast , the death rate in 
four community-based outbreaks caused by multiresistant 
strains was 7 of 2 05 ,  or 3 . 4 % . 8 The death rate in seven of 
the nosocomial outbreaks that were caused by drug
susceptible salmonel lae was 1 . 0% ( 2  of 2 02 patients ) but in 
nine of the nosocomial outbreaks caused by multiple-drug
resistant salmonellae , the death rate was 11 . 7 % ( 3 0  of 2 5 6  
patients ) . 

In both the community acquired nosocomial outbreaks j ust 
cited17 , 18 the data do not allow comparison of the ages of 
the individuals with salmonellosis . This comparison might be 
important in view of the greater number of deaths due to 
salmonella infections reported at the two extremes of age 
( see Table VI I - 1 ) . Among the nosocomial outbreaks 
reported17 , 1 1  of the 3 0  deaths due to multiresistant 
salmonellae occurred in patients in neonatal intensive care 
units , whereas the 2 deaths due to antimicrobial-susceptible 
strains occurred in general hospital wards in patients whose 
ages were not specified . The committee consulted the CDC for 
additional details on this issue but no further information 
was available ( S . D .  Holmberg , 1988 , personal communication ) . 
Thus , i f  more outbreaks due to antimicrobial-resistant 
strains had involved infants and the elderly than outbreaks 
due to susceptible strains , the higher mortal ity associated 
with resistant strains might reflect such a difference in the 
population at risk . 
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A review of 65  outbreaks o f  � - enteritidis infection 
that occurred between January 1985 and May 1987 in the 
northeastern United States showed a death rate of 0 . 5% ( 11 
deaths among at least 2 , 119 cases ) . 3 0  Ten of these deaths 
occurred among 1 3 0  residents in nursing homes . Although 
antimicrobial susceptibil ity data were not given , strains of 
� enteritidis nearly always have been found to be 
susceptible to commonly used antibiotics . Grade A eggs or 
foods containing eggs were impl icated in 7 7 %  of the outbreaks 
in which a source of the infecting bacteria could be found . 3 0  

The two papers on CDC ' s  surveys o f  outbreaks are 
summarized by Holmberg et al . 17 , 18 (Table VI I-3 ) and show a 
higher death rate from infection due to multiple-drug
resistant strains than from infection due to susceptible 
strains of salmonellae . The more recent paper summarized 
data from outbreaks of infections that included bacteria 
other than salmonellae and reported nosocomial and community
acquired infections separately and more clearly than the 
earl ier summary . The authors concluded that for both 
community-acquired and nosocomial infections , the mortal ity 
rate , the l ikel ihood of hospitali zation , and the length of a 
hospital stay were usually at least twice as great for 
patients infected with drug-resistant strains as for those 
infected with susceptible strains of the same species . 17 A 
higher mortal ity rate due to infection with drug-resistant 
strains of salmonel lae could result from : ( a )  a greater 
virulence of the resistant strains , (b )  a propensity for the 
drug-resistant strains to infect patients with diminished 
host defenses ( see "etiologic fraction" below) , or ( c )  the 
inefficacy of treatment with drugs to which the bacteria are 
resistant . Salmonella deaths are also reported by the u . s .  
National Center for Health Statistics (NCHS ) in the National 
Death Index (NDI ) , which col lects data from the total u . s .  
and tabulates causes of death using the International 
Class i fication of Disease ( ICD) categories on the death 
certificates . The data summari zed in the NDI do not provide 
any information on the individual cases , their location , the 
infecting bacterial serotypes (except that nontyphoidal 
salmonella infections are identified as such) , serotypes or 
their drug susceptibil ities . Therefore , these data do not 
have the same application for the analysis of risk as the CDC 
data . It is useful to compare the salmonella deaths reported 
by both sources as a check on the accuracy of salmonella 
deaths reported by each . 

The NDI data are based on information given on the death 
certificates completed by physicians , coroners , or medical 
examiners . Summaries of deaths from salmonel losis are given 
in Table VI I -4 for the years 19 8 0  to 1985 . During this 
period , " other (nontyphoidal ) salmonellosis" ( ICD-9 , code 
003 ) was reported as the underlying cause of death in 8 2 - 1 17 
deaths per year . In addition , during this same period , 
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TABLE VII-4 

NUMBER OF DEATHS DUE TO SALMONELLOSIS ( ICD-9 , NO . 003 ) 
TABULATED IN THE NATIONAL DEATH INDEX 

� �· lA** 

1985  117 2 18 
1984  89  164 
1983 82  154 
1982  8 7  1 7 6  
1 9 8 1  1 0 4  
1 9 8 0  8 8  1 7 5  

Source : National center for Health Statistics . 22 

* uc • Underlying cause of death ( i . e . ) disease was 
l isted as initiating cause of death on death 
certificate ) . 

* *  EA • Entity axis ( i . e . , disease was listed as 
contributing cause of death ) . 

salmonel losis , whether it was only contributory or was 
thedirect cause of death , was mentioned on the death 
certificate in 154-2 18 deaths per year . 2 2  These numbers of 
deaths , derived from sources and methods that are different 
from those used by CDC ,  are within the range of death rates 
cited by the CDC . For example , if salmonellosis was the 
underlying cause of death in 100 deaths per year 
( intermediate between 8 2  and 1 17 deaths per year) and these 
deaths are considered to occur among the 50 , 000 reported 
cases of salmonellosis per year , the death rate would be 
0 . 2 % .  For the approximately 2 00 cases per year in which 
salmonellosis was at least a contributing factor , the death 
rate would be 0 . 4 % .  

The NDI data may underestimate the number of deaths from 
salmonellosis for several reasons : ( 1 )  a death certificate 
may be filled out by a physician or other authorized person 
who is not ful ly famil iar with the illness of the deceased 
and may not recognize the contribution of the infection to 
"card iac arrest" or some similar non-infectious process ; ( 2 )  
a salmonella infection may be recognized and reported as 
septicemia , meningitis , or other infection without 
identi fication of the causative organism ;  or ( 3 )  failure to 
take a bacterial culture from a patient with salmonellosis as 
a complication of a terminal illness might lead to failure to 
identi fy the organism .  

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 .

H u m a n  H e a l t h  R i s k s  W i t h  t h e  S u b t h e r a p e u t i c  U s e  o f  P e n i c i l l i n  o r  T e t r a c y c l i n e s  i n  A n i m a l  F e e d
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 0 3 0
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The data on case studies i n  Table VII-3  suqqest that the 
death rate may ranqe from 0 . 2 % to O . S% in community-based 
salmonella infections caused by druq-susceptible strains , but 
could be as hiqh as 1 . 4 % if  the CDC surveillance data were 
for susceptible strains , a fact which cannot be determined 
from the reports . The death rate may ranqe from 0 . 1% to 3 . 4% 
or 4 . 2 % in community-based outbreaks caused by multiple-druq
resistant strains ; however ,  the two hiqher values for death 
rates from resistant strains are derived from on overlappinq 
body of data and are not independent . The death rate was 1% 
in nonsociomal outbreaks caused by susceptible strains and 
was as hiqh as 11 . 7 % in nosocomial outbreaks caused by 
multiple-druq-resistant strains . 

The death rates used in the risk assessment model are 
summarized in Table VII-S . The committee considered whether 
the low estimate for strains resistant to at least one druq 
should be set at 0 . 1% in accord with the report by Ryan et 
a1 . 2 s  on a very larqe outbreak of milk-borne salmonel losis . 
The committee concluded that the reported death rate in that 
outbreak was unusually low ,  perhaps because extensive 
publ icity led to substantially above-averaqe reportinq of 
marqinal cases ( the denominator of the reported death rate ) . 
Each outbreak is thus considered a sample of one and not 
weiqhted accordinq to the number of persons affected . No 
death rates were available from the l iterature for strains 
resistant specifically to at least penicill in/ampicillin or 
the tetracycl ines , althouqh resistant strains isolated in 
epidemics were frequently resistant to at least one of these 
druqs . Thus , the committee elected to use the same death 
rate of 0 . 2 % for strains resistant to penicill in/ampicil l in 
or the tetracycl ines as to any other druq ( see Table VI I-S ) . 

For the mid-ranqe and hiqh estimates of the death rate 
from strains with no resistance , the committee elected to use 
estimates that spanned the ranqe of values shown in Table 
VII-S for strains of this kind , whether the infections were 
community-acquired or nosocomial . 

For strains with druq resistance , the committee bel ieved 
that the plausible mid-ranqe or hiqh death rates were 
appreciably hiqher than those for strains with no resistance , 
for three reasons : ( a )  some patients , althouqh probably few , 
would receive the "wronq" druq intentionally or 
inadvertently ; ( b )  druq-resistant strains would tend to cause 
some infections in the "etioloqic fraction" cateqory 
(discussed below) in patients who miqht be debil itated and 
more susceptible to the consequences of infection ; ( c )  the 
data of Holmberq et al . summarized in Table VII-3 indicate a 
hiqher death rate from resistant than from susceptible 
stra ins . As discussed earl ier , there are theoretical reasons 
why druq-resistant strains miqht be more virulent than druq
susceptible strains , includinq the possibil ity that the 
resistance plasmids have acquired virulence qenes ( or that 
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TABLE VII-5 

RANGE OF DEATH RATES (AS A PERCENTAGE ) FOR SALMONELLOSIS 
FROM SUSCEPTIBLE AND DRUG-RESISTANT STRAINS 

Jii&timsatt=& 
� Mid-Rsanqe High 

susceptible 0 . 2  0 . 5  1 . 0  

Resistant to 0 . 2  1 . 0  4 . 0  
at least one druq 

Resistant to at least 0 . 2  1 . 0  4 . 0  
penici l l in/ampicil l in 
or tetracycl ine 

Source : Prepared by the committee ( see Table VI I I -1 ) . 

virulence plasmids have acquired resistance qenes ) . It 
miqht be arqued that the death rate for strains resistant to 
atleast penicil l in/ampicil l in or the tetracycl ines should be 
hiqher than for strains resistant to any druq , because the 
former would be more l ikely than the latter to lead to 
problems with the "wronq" choice of druq , or with the 
"etioloqic fraction . "  However , lackinq any specific data on 
this  point , the committee chose to use the same mid-ranqe and 
hiqh estimates for these two kinds of strains . In any event , 
it seems unl ikely that the results from the risk model wil l 
be much influenced by the use of similar values for these two 
kinds of strains . The reported death rates for infection by 
res istant strains in Table VI I-3 are for multiresistant 
stra ins , whereas the desiqnation in Table VII-5 is for 
strains resistant to at least one aqent : the committee 
considers this distinction to be of minor consequence for the 
present analysis . 

FRACTION A8SOCIATJ:iD WITH FARM QRIGIN 

A critical step in the risk estimate is the 
determination of the source of resistant strains of 
salmonel lae that cause infection in humans . In fact , the 
true " oriqin" of  a strain of salmonellae that causes 
infection in humans--i . e . , whether it arose from a food 
product , contact with another person or a pet , or some other 
source--is almost never known , except in outbreaks that are 
investiqated . However , there is a common bel ief that for 
most strains of nontyphoidal salmonellae , the proximate 
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source is usually food animals or food products derived from 
animals . This bel ief is supported by the findings that 
carriage of nontyphoidal salmonellae in humans is general ly 
brief and that a wide variety of commonly consumed foods are 
often contaminated by strains of salmonellae and by the 
evidence ( summarized below) that , in most outbreaks in which 
the source could be traced , the source has been food products 
originating on the farm . 

Rel iance on the results derived from the analysis of  
outbreaks is problematical , because salmonella infections in 
humans are usually sporadic . Of course , i f  adequately 
detailed investigation could be done , it is l ikely that many 
" sporadic" cases would turn out to be smal l  epidemics . There 
is no evidence that salmonella strains isolated from 
outbreaks are distinct from strains isolated from sporadic 
cases : the epidemiologic effects of a given strain are 
presumably related to the number of organisms in the 
infecting inoculum and the number of people exposed to this  
inoculum . Because of these considerations , the committee 
concluded that the data from outbreaks are usable in the 
present context . In CDC ' s  review of 52 outbreaks of 
salmonel losis , food animals or their food products were 
impl icated in 11 of 16 outbreaks ( 69 % ) caused by drug
resistant salmonellae , 6 of 16 ( 3 8 % )  outbreaks caused by 
drug-susceptible salmonellae , and in 1 of 9 outbreaks ( 1 1 % )  
caused by salmonel lae o f  unknown susceptibil ity . 18 By 
consensus , the committee concluded that the low estimate for 
the l ikely percentage of resistant strains that originated in 
farm animals or their products was 50% , and the upper l imit 
of this estimate might be as high as 100% . For the mid-range 
estimate , 7 0 %  was used--a value similar to that found in the 
CDC ' s  review of outbreaks cited above . 

FRACTION OF ANTIBIOTIC-BESISTANT STBAINS CAUSED 
BY SUBTHEBAPEUTIC USE OF ANTIBIOTICS 

Because of the paucity of data , the most uncertain 
aspect of the committee ' s  risk analysis is the estimation of 
the portion of drug resistance in salmonellae of farm origin 
that is attributable to the subtherapeutic use of 
antibiotics . Farmers use antimicrobials in subtherapeutic 
dosages in feed for two purposes : ( a )  growth promotion , and 
( b )  prophylaxis ( such as the prevention of atrophic rhinitis 
in swine or " shipping fever complex" in cattle ) . FDA ' s  
definition of subtherapeutic use includes use for both growth 
promotion and prophylaxis . The committee ' s  obj ective is to 
develop data for this combined use of antimicrobials , as well 
as for use in growth promotion alone . 

The committee could find no data that bear directly on 
the relative contributions to the development of drug 
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res istance caused by any of the three maj or dosaqe reqimens 
for antimicrobials--for therapy , for qrowth promotion , or 
for prophylaxis . Indeed , the data are l imited and 
inconclusive reqardinq the relative contribution of chronic 
low-dose administration vs . intermittent hiqh-dose 
administration of antimicrobial aqents in fosterinq druq 
res istance ( see Chapter I I I ) . OVeral l ,  the l imited data 
available to the committee suqqest that chronic exposure to 
low concentrations of antimicrobials is at least as l ikely to 
foster resistance as intermittent exposure to hiqh 
concentrations . Given the substantial uncertainties about 
the causal relationship between the type of antimicrobial 
dosaqe reqimens and development of resistance , the committee 
adopted as its mid-ranqe estimate of the relative 
contributions of the three maj or farm uses of antibiotics the 
approximate proportions ( percentaqes by weiqht ) of druqs 
administered nationwide for each of these purposes to animals 
( see Chapter IV) . 

Even this seeminqly straiqhtforward approach proved 
di f ficult , because of the problems in obtaininq rel iable 
estimates of the amounts of the various antibiotics used for 
each of the three main purposes ( see Chapter IV) . As a 
startinq point , it appears that , overall , about 1 2 %  of 
antibiotics sold for veterinary use is used for therapeutic 
purposes and about 8 8 %  is used in subtherapeutic dosaqe 
reqimens ( see Table IV-9 for the source of these 
percentaqes ) .  

Based on the tonnaqe ratios shown in Table IV-9 , some 
two-thirds of the druqs used for subtherapeutic purposes is 
qiven for prophylaxis and one-third qrowth promotion ; this 
would result in a partition of the 88% into about 60% for 
prophylaxis and 2 8 %  for qrowth promotion . However , in the 
j udqment of committee members the fraction used for 
prophylaxis is probably about three-fourths . This would 
result in a partition of the 8 8 %  used subtherapeutically into 
66%  for prophylaxis and 2 2 %  for qrowth promotion . The 
arithmetic means of these estimated percentaqes are 6 3 %  ( 60-
66% ) for prophylaxis and 2 5% ( 2 2 -2 8 % }  for qrowth promotion , 
as shown in Table VII-6 . Accordinqly , on the simple 
assumption that the contribution of any druq used on the farm 
to the development of druq resistance would be in l inear 
proportion to the amount used for each of the three purposes , 
the committee chose a mid-ranqe estimate of 12 % for the 
contribution of � drugs used for therapeutic purposes and a 
mid-ranqe estimate of 8 8 %  for the contribution of � drugs 
used subtherapeutical ly ( 63 %  for prophylaxis and 2 5 %  for 
qrowth promotion) . 

The committee recoqnizes that there may not be a l inear 
rel ationship between selection of antibiotic resistance and 
the total amounts of antibiotics used in farm animals . By 
consensus , the committee chose the plausible low estimate for 

Copyright © National Academy of Sciences. All rights reserved.

Human Health Risks With the Subtherapeutic Use of Penicill in or Tetracyclines in Animal Feed
http://www.nap.edu/catalog.php?record_id=19030

http://www.nap.edu/catalog.php?record_id=19030


1 3 8  

TABLE VII-6 

ESTIMATED PERCENTAGE OF ANTIBIOTIC RESISTANCE IN 
STRAINS OF FARM ORIGIN CAUSED BY SUBTHERAPEUTIC 

USE OF ANTIBIOTICS IN ANIMAL FEED 

Contribution of growth
promotion use to resistance 
Low Mid-Range High 

Use 

Proportion of 
Tonnage for 
Specified Use Estimate Estimate Estimate 

AnY Resistance caused by AnY Drua 

Therapeutic 

Subtherapeutic 

Prophylaxis 

Growth 
promotion 

12 

60-66 
( 63 )  
2 2 -2 8  
( 2 5 )  

100  

15  

8 0

1 5 

100 

12  8 

8 5  
6 31 88  
25  

4 2} 9 2  
50 

100  100  

Estimated Percentage o f  Pen ic i l l inLAmQi c i l l in Or Tetracyc l ine 
Res i stance Caused by Administration o f  Pen i c il l i nLAmQi c i l l i n  
the Tetracycl ines 

Therapeutic 10 14 10 6 

Subtherapeutic 

Prophylaxis 60 8 1 } 60 \ 3 4 } 
8 6  9 0  9 4  

Growth 3 0  5 3 0  60 
promotion 

100  100  100  100  

Source : Table prepared by the committee . 

or 
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AnY gxyg given for growth promotion of 5%  and the high 
estimate of SO% . These estimates were chosen bearing in 
mindthat the most plausible figure for the actual tonnage 
(mid-range estimate) of drugs used for growth promotion was 
2 5 % . The remaining percentages of AnY drugs used 
therapeutically or prophylactically were partitioned with the 
same ratio as for the mid-range estimates--i . e . , about · 1 : 5-
to fill out the data base for the low and high estimates . 

The lower hal f  of Table VII-6 presents the committee ' s  
estimates of the contribution of penicillin/ampicillin or the 
tetracyclines to the development of drug resistance when used 
in the feed of farm animals for one of the three 
maj ortreatment purposes . These were derived in an analogous 
manner . However ,  for these antibiotics the committee assumed 
that a higher percentage was used for growth promotion than 
shown for AnY gxyg in the upper hal f of Table VII-6 . In 
particular , it was considered that the addition of the 
tetracycl ines to swine feed was predominantly for the purpose 
of growth promotion ; therefore , the mid-range estimate of 2 5 %  
for the contribution o f  drugs given for growth promotion was 
raised to 3 0% for strains resistant to penicill in/ampici l l in 
or the tetracycl ines . The other two values in the mid-range 
estimate for penicill in/ampici l l in or the tetracycl ines were 
reduced as follows : for prophylaxis , 6 3 %  to 60% ; and for 
therapy , 12 % to 10% . The ratio of therapeutic to 
prophylactic use thus became 1 : 6 ,  which corresponds to the 
proportional amounts given to animals for these purposes . 
Thus , by committee consensus , 5% was chosen for the � 
estimate and 60% for the high estimate of the proportional 
use of antibiotics for growth promotion . These estimates are 
somewhat higher than those for resistance to AnY � in 
l ight of the extensive use of the tetracycl ines for growth 
promotion . The remaining estimates for therapeutic and 
prophylactic use were partitioned in a ratio of about 1 : 6 .  

Thus , all  estimates have been adj usted sl ightly so that 
the total for each of the three types of use in each column 
is 100% . This assumes that essential ly all the antibiotic 
res istance found in salmonel lae encountered on the farm is 
rel ated to the amount of antimicrobial drug in the aggregate ,  
used for each of the three maj or types of appl ication in the 
aggregate . 

PREYENTABLE CASES OF SAiliQNELLOSIS : "ETIOLOGIC fRACTION" 

The approach used in the risk model has been to estimate 
the number of persons who die each year as a result of 
infection with drug-resistant strains of salmonel lae that 
originated on the farm ( i . e . , salmonellae isolates from meat 
or animal food products , eggs , or milk) and for which the 
drug resistance was selected by the subtherapeutic doses of 
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antibiotic drug in animal feed . However , at the beginning of 
this section the committee acknowledged that it cannot 
estimate the total number of cases of salmonel losis , the 
profile of drug susceptibil ities , or the source of the 
bacterial strain that would l ikely occur in the United States 
if subtherapeutic doses of any antibiotics , or of penicill in/ 
ampicil l in or the tetracycl ines , were not administered to 
farm animals . 

It might be argued that , if  all subtherapeutic use of 
penicill in/ampicil l in or the tetracycl ines were stopped , 
deaths due to infection by strains of drug-resistant 
salmonel lae would be replaced by a l ike number of deaths 
caused by drug-susceptible salmonellae . However , there are 
at least three ways in which drug resistance itsel f might 
contribute to a higher total number of deaths from salmonel l a  
infection : ( a )  by leading t o  a "wrong" choice of drug for 
treatment ( presumably an uncommon event ) , ( b )  by being 
intrinsically more virulent and hence lethal ( a  possibil ity 
for which there is some evidence , but which might in turn 
relate to wrong choice of drug or to etiologic fraction) , or 
( c )  by causing some infections that would not have occurred 
but for the resistance of the infecting bacterial strain to 
the antimicrobials administered . Infections caused in the 
third way have been called the " etiologic fraction , "  and the 
resulting cases of illness are termed " excess cases . "  The 
concept of the "etiologic fraction" arose from two 
observations : first , the ingestion by salmonella carriers of 
drugs to which the salmonel lae were resistant in occasional 
instances appeared to provoke the development of cl inical 
salmonellosis : 12 , 2 3 second , in one outbreak of salmonel losis , 
the association between ingestion of penicil l in or other 
antimicrobials and the development of infection was so 
striking that it led to the initial suspicion that the drug 
was contaminated with salmonellae . 16 Subsequently , 
controlled studies have documented repeatedly that 
antimicrobial ingestion does enhance the l ikel ihood of 
infection by drug-resistant salmonel lae in epidemic 
situations . The hypothesis for which supporting evidence 
exists in animals5a� Sb , 2 0a , � Ob , 2 0c is that the antimicrobial 
drug suppresses the drug susceptible competing fecal flora , 
and enhances the opportunity for the pathogen to become 
implanted or , in carriers , to prol iferate and cause disease . 
The effect is to lower the size of the inoculum needed to 
cause infection . For purposes of calculation , the etiologic 
fraction is determined by multiplying the relative strength 
of association between the recent ingestion of an 
antimicrobial agent and the l ikel ihood of development of 
salmonellosis--i . e . , the "odds ratio"--by the proportion of 
patients with that risk factor . In a recent review by Cohen 
and Tauxe12  of various outbreaks , the proportion of cases in 
the " etiologic fraction" ranged from 16 to 6 4 % . Whether 
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patients in the " etioloqic fraction" are more susceptible to 
infection with salmonel lae and whether they are more l ikely 
to die of this infection is not known , i . e . , the relative 
death rates in the "etioloqic fraction" are not known . As 
the proportion of bacterial strains that are druq-resistant 
increases , cases belonqinq to the "etioloqic fraction" should 
constitute a larqer and larqer proportion of all infections . 
Table VII-7 summarizes quantitative evidence from six recent 
studies about the increased risk of druq-resistant 
salmonel losis amonq individuals takinq antimicrobial aqents . 

As an illustration , the information from Adler et a1 . 1 
is summarized in Table VII-8 where the fiqures in parentheses 
are obtained by difference from the four fiqures in the top 
l ine of Table VI I-7 . The odds ratio is then calculated from 
the cross products of the four " internal "  cel ls of Table VII
s as follows : 

OR = ( 2 8x19 ) I ( 2 1x8 ) = 3 . 2  

Other l ines in Table VI I-8 are to be interpreted similarly . 
The odds ratios , which are close estimates of relative 

risks , are presented without statistical confidence l imits , 
because confidence l imits express only the uncertainty due to 
random error , and each of these sources is subj ect to 
considerable additional nonrandom uncertainty in any 
qeneralization to a broader population . For example , a study 
of a sinqle strain ( as in an outbreak) violates the basic 
assumption of statistical independence : controls drawn from 
patients on a pediatric ward may be both more vulnerable and 
more exposed to resistant strains than infants in qeneral ( or 
than the population as a whole) : and household contacts of 
patients may tend to share patterns of antibiotic use with 
the patients . In addition , the sources of subj ects were not 
always wel l characterized , antibiotic resistance was 
determined in different ways , and methods of ascertaininq 
druq use varied . Nevertheless , the odds ratios cons idered in 
this analysis are thouqht to be appl icable to patients who 
inqest penicill in/ampici l l in or the tetracycl ines and to 
salmonel lae that are resistant to those druqs , in that they 
were derived primarily from studies in which those were the 
druqs involved in producinq the "etioloqic fraction . "  

Given these di fferent kinds of uncertainty , the 
consistency in. the elevation of odds ratios is impressive . 
However ,  because these odds ratios refer to different sorts 
of subj ects and diseases ( il l  children , outbreaks vs . 
sporadic cases , etc . ) and because one may expect such 
di fferences to affect relative risks , none of these fiqures 
alone is entirely suitable for estimatinq the odds ratio for 
the public at larqe or for estimatinq the part of the total 
national burden attributable to the overqrowth of resistant 
strains when the normal flora is suppressed by antibiotic 
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Senior 
Author_ 
Adler 
1 9 7 0 1 

Rile� 
1984 4 

Holmberg 
1984 16 

Mac 
Donald 
1 9 8 7 2 0 

Spika 
1 9 8 7 2 9 

Ryan 
19 8 7 2 5 
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TABLE VI I-7 

SOME STUDIES OF THE FREQUENCY OF ANTIBACTERIAL 
THERAPY IN INDIVIDUALS INFECTED WITH 

ANTIMICROBIAL-RES ISTANT SALMONELLA STRAINS 

Both 
Infected with Infected 

Total Resistant Recent and Recent 
l sub"iecta SA1111l'llftAllAA IDrua Usa Drua UsA 

76 patients 36 multi- 49 took 2 8 
on a pediatric resistant semisynthetic 
ward ( s ingle penicil l in or 

strain) ampicillin , 
l timA not stated 

( a )  504 cases , 66 resistant 4 3  took 1 or > 1  13 
geographically to 2 or >2 antimicrobials 
dispersed anti- within 4 weeks 

mi l'!,..nhi a1 a 
( b )  4 3  patients 13 resistant 2 5  took 12 
receiving strains* ampicillin ,  
antimicrobials amoxicillin , 

I or oenicillin 
( a )  21 patients 10 res istant 7 took 7 

with &. DAKRQDi ( s ingle amoxicillin or 
infection strain) penicill in 

within 1 week 

(b)  Same 10 drug- Same Same 7 
resistant cases + 
2 9 household 
....... _ .. . ..... ..  

( c )  Same 10 drug- Same Same plus 7 
res istant cases + ophaloridine 
27 non-s 
4 8 5  isolates , 117 res istant 63 took anti- 2 3  
geographically to at microbial a 
dispersed least one within 

I antibiotic 4 ... 

4 5  cases , 8 8  4 5  epidemic 13 took 1 1  
matched controls multi- penicillin or 

resistant tetracycl ine 
I s  l within 1 month 

50 cases , 50 50 epidemic Hot stated Hot stated 
matched controls multi-

resistant 
: s tvohimuriWD 

Odds 
Batio 

3 . 2  

3 . 3  

1 5 . 7  

Infinite 

Infinite 

Infin ite 

2 . 0  

1 3 . 9  

5 . 5  

Source : Adapted by the committee from Adler et al . , l Riley ,
2 4  

Holmberg , 1 7 MacDonald , 2 0  Spika , 2 9 and Ryan . 2 5  

* Not clear whether res istant to any ant ibiotic , to 2 or more 
antibiotics , or to penici l l ins (with or without other 
antibiotics ) . 
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TABLE VII-8 

NUMBERS OF PATIENTS WITH RESISTANT SAlMONELLA 
USING ANTIMICROBIALS 

bliltAot SAlGD§l.l.A 

Yes 

No 

Totals 

li§Q§Dt 
In_ 

2 8  

.u.u 

4 9  

Qrua lll§ 
lf2_ 

( 8 )  

.un 

( 2 7 )  

Source : Adapted from Adler et al . 1 

All SubjgQts 

3 6  

1.!.Ql 

7 6  

use . Those studies that come closest to ideal for estimating 
a population-wide odds ratio are those of Holmberg et 
al . , �6 , 18 Spika et al . , 2 9  and Ryan et al . 2 5  The three 
estimates are : infinite (based on a small sample ) ,  1 3 . 9 ,  and 
5 . 5 .  The committee is incl ined to bel ieve that the true 
popul ation-wide odds ratio , for cases similar to those 
regularly reported to CDC , for oral intake of any 
antimicrobial in common use among humans and for salmonellae 
res istant to that drug ( and perhaps others ) , may be about 5 
and is probably between 2 and 2 0 .  Clearly , these 
estimatesare uncertain , and additional research is needed to 
improve them . 

A population-wide estimate of the proportion of 
salmonella infections or deaths ( the "etiologic fraction" ) 
can be derived from an odds ratio combined with an estimate 
of the proportion of the population taking antibiotics as : 

EF = ( OR- 1 )  P/ [ 1+ ( OR- 1 )  P ] , 

where OR is the odds ratio and P is the proportion exposed to 
the risk factor ( here , antibiotic use) . The definition of 
"taking antibiotics" must be close to that used in estimating 
the odds ratio , so the committee reviewed the studies in 
Table VII-7 to see whether any could be used for this 
purpose . There are uncertainties in each of the studies , but 
the closest seem to be those of Holmberg ( none of 2 9  
household contacts had taken antibiotics within one week , 
giving a rate of use of 0 . 0% )  and Spika ( 2  of 88  matched 
controls had taken antibiotics within one month , or 2 . 3 % ) . 
Clearly , the population-wide figure is larger than Holmberg ' s  
0 . 0% ,  and it may be close to Spika ' s  figure , scaled down from 
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2 . 3 % for use in the past month to , perhaps , 0 . 5% per week . 
Thus , our best estimate here is 0 . 5% use within the past 
week , to which we attach a high estimate of 1% and a low 
estimate of 0 . 2 % .  

Using the low ,  mid-range , and high estimates of both OR 
and P ,  the committee produced nine estimates of the 
proportion of human salmonella infections due to this 
mechanism alone ( the etiologic fraction) : 

OOPS BATIO 

Antibiotic Use 
<Past Week> � � � 

0 . 2 % 0 . 2 % 0 . 8 % 4 %  

0 . 5% 0 . 5% 2 . 0% 9 %  

1 . 0% 1 . 0% 4 . 0% 16% 

Thus , the committee ' s  best estimate is that 2% of 
salmonella infections of the sort reported to CDC are a 
direct result of the use of antibiotics by persons who harbor 
salmonel lae resistant to those antibiotics . We think it 
unl ikely that the high estimates of both OR and P hold or 
that both low estimates hold ( the upper left and lower right 
corners of the table ) . The range of the estimates excluding 
those two possibil ities is 0 . 5% to 9 % . The committee ful ly 
recognizes the great uncertainty of the estimates here . 
Nevertheless , we bel ieve that the estimates are worth 
presenting , partly because they embody our best j udgment 
about the matter , and partly because they point in a clear 
manner to a need for additional research . The uncertainty i s  
inherent i n  the l imitations o f  available data , and other 
methods of analysis and presentation would simply hide the 
uncertainty , rather than reduce it . 
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VII I  

THE ESTIMATION OF RISK 

RISK ASSESSMENT AND UNCERTAINTY 

As noted in earl ier chapters of this report , there is no 
direct evidence that subtherapeutic uses of antibiotics in 
animal feed create an excess risk of disease or death in 
humans consuming products from treated animals . This is not 
unexpected , at the present state of knowledge it would be 
unreasonable to expect direct evidence , even i f  the risk were 
relatively large . Attempts to collect such evidence are 
beset with serious methodologic difficulties ; opportunities 
for col lecting direct evidence on the magnitude of this risk 
are rare ; and when they exist , are not l ikely to produce 
unambiguous results . There are questions about what agency 
has the mandate , funding , or manpower to obtain the 
information needed to evaluate the effectiveness of any 
regulatory action regarding the feed additives under 
cons ideration here . The cost of the data col lection will 
certainly be high . There are unanswered questions about 
whether FDA now has the legal authority to demand the 
col lection and submission of the types of data that would be 
required to show safety , in its broadest sense for human 
health . 

The tools of risk assessment are typically appl ied in 
situations of this type where there is a need to acquire some 
sense of the probable size of a potential publ ic health 
problem ,  some relevant data are available , 1but no means 
exists to obtain a direct measure of risk . 

Because risk est imates produced by such means are based 
on a s sumpt ions and l imited data , they should be interpreted 
and used with caut ion . Such est imates are best seen a s  
sc i e nt i f ic hypotheses about the poss ible extent o f  a prob l em .  
Thi s  does not mean they a re " hypothetica l "  i n  the weak sense 
tha t  they are based on speculat ion . Rather ,  they are 
hypotheses that are cons i stent with a l l  ava i l ab l e  in formation 
and s c i ent i f i c  understand i ng,  but that have not been ver i f ied 
by traditional scient i f i c  methods . Al l the est imates 
presented in thi s  report should be v i ewed in th i s  
perspect ive . 

An essential part of any risk assessment is the 
characterization of the associated uncertainties . In most 
cases , including the present one , risks are presented as 
numerical estimates ( for example , as deaths per year) or as 

149  

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 .

H u m a n  H e a l t h  R i s k s  W i t h  t h e  S u b t h e r a p e u t i c  U s e  o f  P e n i c i l l i n  o r  T e t r a c y c l i n e s  i n  A n i m a l  F e e d
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 0 3 0

http://www.nap.edu/catalog.php?record_id=19030


150 

ranges . We caution that such numerical estimates are 
incomplete descriptions of risk and should not be used 
without citation of the associated uncertainties , many of 
which can not be expressed quantitatively . 

METHOD OF RISK CALCULATION 

Chapter VII explained the risk model , provided a view of 
the uncertainties associated with each parameters used by the 
committee and presented the committee ' s  low ,  mid-range , and 
high estimates of these parameters required by the model . 
The estimates of risk presented in this chapter are l imited 
to infections with antibiotic-resistant strains ( due to 
subtherapeutic uses of antibiotics in animals)  of Salmonella 
( other infectious bacteria have been mentioned , but risks are 
not calculated for them) and further l imited to annual 
numbers of deaths from these infections ( risk due to 
morbidity and from non-lethal cases were not calculated) . 

Annual numbers of deaths are estimated by a straight
forward multipl ication of combinations of parameter 
estimates , as il lustrated for the mid-range estimates alone 
at the opening of Chapter VI I .  The committee could not 
select a single "best estimate" of any of the parameters for 
use in describing risk . All possible combinations of the 
parameters were thus used to produce a range of possible 
risks . The various combinations selected for estimating 
different risks are described in the text to follow .  In  each 
case the complete set of possible risks for each combination 
was calculated , and the results were converted to percentiles 
and plotted on graphs as cumulative distributions ( Figures 
VII I - 1  through VI I I - 12 ) . 

The committee attaches some importance to the 5th , 50th 
(median) and 9 5th percentiles as descriptions of the whole 
set of estimates . However ,  the 5th and 9 5th percentiles are 
not to be interpreted as confidence l imits , because they do 
not reflect any underlying probabil ity distribution . A given 
percentile simply describes the fraction of risk estimates 
that fal l  below it . Thus , for example , if a specific risk is  
based on multipl ication of five different parameters , and 
there are three different estimates of each parameter ( low , 
mid , and high-range ) � then there are 2 4 3  different possible 
estimates of risk ( 3  ) .  The lowest five percent of these 2 4 3  
estimates fal ls below the 5th percentile , etc . The committee 
bel ieves that it is unl ikely that all ( or nearly all ) of the 
low or high estimates hold simultaneously . Thus , 
combinations of parameters that are all ( or nearly all ) low ,  
or high , are highly implaus ibl e .  This i s  based , i n  part , on 
the improbabil ity of being consistently wrong in the same 
direction , and in part on the committee ' s  attempt to set the 
low and high estimates at the bounds of general plausibil ity . 
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Figure VIII -1 . Estimates of annual numbers of deaths from subtherapeutic uses of any 
antibiotic for both prophylaxis and growth promotion (multipl ication of l ines 1 ,  2 a , 3b , 
4 ,  sa o f  Table VI I I - 1 ) . 
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Figure VI II-2 . Estimates of annual numbers of deaths from subtherapeutic uses of 
penici l l in/tetracycl ine for both prophylaxis and growth promotion (multipl ication of l ines 
1 , 2b , 3 c , 4 ,  6 a of Tabl e  VI I I - 1 ) . 
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Figure VI II-3 . Estimates of annual numbers of deaths from subtherapeutic uses of any 
antibiotic for growth promotion only (multipl ication of lines 1 ,  2a , 3b , 4 ,  sb of Table 
VI II-1 ) . 
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Figure VIII-5 . Estimates of annual numbers of deaths in the etiologic fraction 
attributable to subtherapeutic use of any antibiotic for both prophylaxis and growth 
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Figure VI II-7 . Estimates of annual numbers of deaths in the etiologic fraction 
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Figure VI II-9 . Estimates of annual numbers of deaths arising because of higher death rate 
and increased difficulty of disease treatment attributable to subtherapeutic uses of any 
antibiotic for both prophylaxis and growth promotion (multipl ication of times 1 ,  2a , 
( 3b-3a ) ,  4 ,  sa of Table VII I - 1 ) . 
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Figure VI I I- 1 0 . Estimates of annual numbers of deaths arising because of increased 
difficulty of disease treatment attributable to subtherapeutic uses of 
penicill in/tetracycl ine for both prophylaxis and growth promotion (multipl ication of l ines 
1 ,  2 b , ( 3 c-3 a ) ,  4 ,  6a o f  Table VIII-1 ) . 
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Figure VI I I -11 . Estimates of annual members of deaths arising because of increased 
difficulty of disease treatment attributable to subtherageutic uses of any antibiotic for 
growth promotion only (multipl ication of l ines 1 ,  2a , ( 3  -J a ) ,  4 ,  sb of Table VI II-1 ) . 
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Figure VII I - 12 . Estimates of annual numbers of deaths aris ing because of increased 
difficulty of disease treatment attributable to subtherapeutic uses of 
penicil l in;tetracycl ine for growth promotion only (mult ipl icat ion of l ines 1 ,  2b , ( Jc-Ja) ,  
4 ,  6b of Table VI I I - 1 ) . 
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1 6 3  

The committee thus tends t o  place greatest rel iance on 
estimates near the median value . 

ESTIMATION OF RISKS 

Chapter VI I , "The Risk Model " ,  provides the data on 
which the committee has based its estimates of human health 
risk that may be associated with the subtherapeutic use of  
antibiotics in animal feed . Table VI I I- 1 gives the 
parameter estimates used in assess ing the whole of  the 
problem of excess human salmonellosis deaths that might be 
attributable to any low-level farm use of ant ibiotics . These 
estimates are taken directly from the text and tables in 
Chapter VI I . Various combination ' s  of these parameters are 
used to estimate d i fferent types of risk . Twelve d i fferent 
sets of risk estimates were produced from these data : these 
estimates are presented graphical ly in F igures VI I I -1 through 
VI I I - 1 2 , and are summarized in Table VI I I-2 . The basis and 
meaning of the twelve different sets of estimates that are 
shown in F igures VI I I - 1  through VI I I - 1 2  are described in the 
fol lowing text . 

MAXIMUM POSSIBLE NUMBERS OF EXCESS DEATHS 

F igure VI I I- 1 shows the cumulative distribution of  the 
2 4 3  est imates of  annual deaths generated for drug res istance 
of any type { Table VI I I - 1 ,  multipl ication of parameters from 
l ines 1 ,  2 a , 3b , 4 ,  sa ) .  Figure VI I I-2 shows the 
corresponding distributions for resistance to penici l l in 
andjor tetracycl ine spec i f ical ly {Table VI I I -1 ,  
mult ipl icat ion of parameters from l ines 1 ,  2b , 3 c , 4 ,  6a ) .  
Estimates presented in Figures VI I I - 1  and VI I I -2 represent 
subtherapeut ic use of ant ibiotics for both growth promotion 
and prophylaxis . 

F igures VI I I-3 and VI I I-4 are s imilar to F igures VI I I - 1  
and VI I I-2 except that the est imates are for farm use o f  
antibiotics for growth promotion only , rather than for all  
subtherapeutic uses on the farm . Figure VI I I - 3  describes 
risks for use of any antibiotic and is based on 
mult ipl ication of l ines 1 ,  2a , 3b , 4 ,  and sb of Table VI I I - 1 .  
Figure VI I I -4 describes risks for use of penicil l in and 
tetracycl ine only and is based multipl ication of parameters 
from l ines 1 ,  2b , 3 c , 4 ,  and 6b in Table VI I I-1 .  

Readers are cautioned that these are not necessarily 
"excess deaths " in the sense that the total number is 
increased by the quantity indicated : they are rather 
estimates of the annual numbers of deaths attributable to 
salmonel los is of the speci fied origin . These may , to some 
extent , overlap or repl ace deaths { in these patients or 
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TABLE VI I I -1 

DATA USED TO ESTIMATE ANNUAL DEATHS FROM SUBTHERAPEUTI C  
USES O F  ANTIBIOTICS IN ANIMAL FEED 

Estimates 
Low Mid-Banqe High 

1 )  Reported Salmonella per year 

2 )  Res i stance of Salmone l l a  to 
antimicrobials 
a) Res istance to any antibiotic 
b) Res istance to penicil l in/ 

tetracycl ine 

3 )  Death Rate -- infection by strains 
a )  Not resistant to any antibiotic 

* *b )  Resistant to any antibiotic 
* *c)  Resistant to penici l l in/ 

tetracycl ine 

4 )  Fraction of those deaths 
associated with strains of farm 
origin 

5 )  Fraction of antibiotic resistance 
of farm origin caused by 
subtherapeutic use of any 
antibiotic in animal feed 
a )  Prophylaxis and growth promotion 
b) Growth promotion only 

6) Fraction of antibiotic resistance 
caused by subtherapeutic use of 
penicill in/tetracycl ine in animal 
feed 
a) Prophylaxis and growth promotion 
b) Growth promotion only 

7 ) Etiologic Fraction 

4 0 , 000 

*0 . 16 
0 . 10 

0 . 002 
0 . 002 
0 . 002  

0 . 5  

0 . 8 5 
0 . 05 

0 . 8 6 
0 . 05 

0 . 005 

50 , 000 

0 . 2 4 
0 . 15 

0 . 005 
0 . 01 
0 . 01 

0 . 7  

0 . 88 
0 . 2 5 

0 . 9 0 
0 . 3 0 

0 . 02 

Source : Table prepared by the committee . The bases for all 
estimates are provided in Chapter VI I . Note : penicil l in/ 
tetracycl ine = penicil l in ,  ampicil l in or tetracycl ines . 

* Decimal fraction or proportion .  

65 , 000  

0 . 3 1  
0 . 2 0 

0 . 0 1 
0 . 04 
0 . 04 

1 . 0  

0 . 92 
0 . 50 

0 . 9 4 
0 . 6 0 

0 . 09 

* *  The committee could not find evidence sufficient to j usti fy 
the use of different death rates for strains resistant to one 
drug rather than another , or for multiresistant strains vs . 
strains resistant to only one drug . 
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TABLE VI II-2 

SUMMARY OF THE VARIOUS ESTIMATES OF ANNUAL NUMBERS OF DEATHS 
FROM SUBTHERAPEUTIC USES OF ANTIBIOTICS 

Sgyrce of Etti11te1 
F i gure ¥ 1 1 1 · 1: 
F i gure ¥ 1 1 1 · 2 
F i gure ¥ 1 1 1 · 3; 
F i gure ¥ 1 1 1 · 4 
F i gure V l l l ·5� 
F i gure V l l l - 6 
F i gure V I I I · 7

J
f 

F i gure Y i l t - a 
F i gure V l l l · 9k 
F i gure V l l l · 1 0 l  
F i gure V l l l · 1 1 • 
F i gure vr r r  - 1 2n 

lett Ettllltt' 
70 
40 
20 
1 5  
06 
06 
02 
02 
40 
20 
oa 
oa 

� <meslien> 
5 · 700 
1 · 400 
1 · 400 
1 · 300 
1 - 200 
1 · 200 
0 · 1 00 
0 · 1 00 
3 · 200 
2 · 1 00 
1 · 1 00 
1 · 1 00 

source :  Adapted by the com. i t t ee f r� T eb l e  V I J I - 1  end F i gure! ¥ 1 1 1 · 1 th rough ¥ 1 1 1 · 1 2 .  
e SOl of ett i .,tet f e l l  be l ow th i t  f i gure ( rounded t o  one t f gn i f i cent f i gure) . 
b 51 of ett i ., tet fe l l  be l ow l ower end of the renee; 951 of ett i .. tet f e l l be l ow upper end . 

Ett i .,tet of ennue l nu.btrt of deetht : 
c f ro. tubtherepeut i c  utet of eny ast i bi ot i c  for both prophy l ex i t  and growth pro.ot f on 

(.u l t i p l i ce t i on of l i net 1 ,  2a , 3 , 4 ,  58 of Teb l e  ¥ 1 1 1 • 1 ) .  

d f ro. !Ubtherapeut i c  Ute! Of pen i c i l l i n/�etracyc l i ne for both prophy l tX i l  end grOWth 
pro.ot f on ( .u l t i p l i ca t i on of l i net 1,  2 , 3c , 4 ,  68 of T eb l e  V l l l - 1 ) .  

8 f ro. tubthere�t f c  u&e• of eny ent i b f ot i c  for growth pro.ot i on on l y  ( .U l t i p l i ce t i on of 
l i ne! 1 ,  2 8 ,  3 , 4, 5 of Tab l e  VI J J · 1 ) .  

f f ro. tubthertptUt i C  Ute! Of esni c i l l i n/tst rtcyc l i nt for g rowth pro.ot i on on l y  
( .u l t i pl f cet f on  o f  l f net 1 ,  2 , 3c , 4 ,  6 o f  Teb l e  ¥ 1 1 1 · 1 ) .  

I i n  the et f o l og f c  frec t f on  e t t r i buteb l e  to tubtherapeut f c  ute of 'BY ent f bi o t i c  for both 
prophy l ex i t  end growth pro.ot f on ( .u l t i pl i cat f on of l i net 1 ,  7,  3 , 4, s• of Teb l e  Y l l l - 1 ) .  

h f n  the et i olog i c  f ract i on e t t r f butebl e to tubtherepeut i c  Ultl of pen i c i l l i n /tet recyc l i ne 
for both prophy l ex f t  end growth pro.ot i on ( .u l t f pl f cet i on of l i nt! 1 ,  7, 3c , 4 ,  68 of T eb l e  
¥ 1 1 1 · 1 ) .  

i n  the et f o l og f c  f rect l on e t t r f buteb l e  to tubthBrapeut&c utet o f  eny ent f bf ot f c  for growth 
pro.ot f on on l y  ( .u l t f p l f cat i on of l i ne• 1 ,  7 ,  3 , 4 ,  5 of Teble V l l l · 1 ) .  

f n  the et f o l og f c  f ract i on at t r l buteb l e  to tubtherepeut i c  utetbof pen i c i l l i n/tetrecyc l f ne f o r  
growth pro.ot i on on l y  ( .u l t f p l i cet f on of l i nt! 1 ,  7 , 3c , 4 ,  6 of Tebl e Y l l l • 1 ) .  

k er i t f ng beceute of h i gher deeth rete end l nc reeted d i f f i cu l ty of d i teate t reet•ent 
a t t r f buteble to tubtherepeut i c  utea of eny ast i bf ot i c  for both prophy l ex f a  and growth 
pro.ot i on ( .U l t i pl f cet f on of t f .,a 1 ,  28•  (3 · 38 ) ,  4, 58 of Ttb l e  V l l l · 1 ) .  

e r f a f ng because of f ncreeatd d i f f i cu l ty of d i aeeae treat.,nt e t t r i buteb l e  to aubtherepeut l c  
uses of peGi c f l l i n/tet recyc l f ne for both prophy l ex f a  end growth pro.ot f on ( .u l t f pl i ca t i on o f  
l f nea 1 ,  2 , ( 3c - 3a ) ,  4 ,  68 of T ab l e  Yl l l - 1 ) .  

• er i a i ng beceuae of . I nc reased d i f f i cu l ty of d f aeaae t reat.,nt e t t r l bu t ab l e  to aubthe�apeut l c  
u&e• of eny ent i b i ot i c  for growth promot i on on l y  ( .u l t f p l i cet l on of l i nea 1 ,  2e , ( 3 - 3a ) , 4 , 
5 of Teb l e  V I I I - 1 ) .  

" E a t l .. tea of annue l nu.btra of deetha e r l a i ng because ·of f ncreeaed d i f f i cu l ty of d i sease 
t reat.,nt e t t r i buteb l e  to aubtherapeut i c  use& of �n i c f'l l i n/,et recyc l i ne for g rowt h 
pro�t f on on l y  ( .u l t f pl i ce t i on of l i nea 1 ,  2 , (3 · 3 1 ) , 4 ,  6 of T e b l e  V I J I - 1 ) .  
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others ) from salmonellosis that would have occurred anyway 
with some other strain . Conversely , it is possible that 
these estimates underestimate the real number of excess 
deaths i f ,  for example , resistant strains tend to be more 
virulent than drug-susceptible strains , or i f  the estimates 
in successive l ines of Table VIII-1 are not independent , ( see 
Chapter VII regarding independence) .  

ESTIMAtES OF DEAtH 8ASED ON ETIOLQGIC FRACTION 

As explained above , the estimates for deaths from all 
Salmonella strains with drug resistance attributable to 
low-level farm uses of antibiotics are not necessarily 
estimates of the excess number of salmonellosis deaths from 
such use . A fraction of the excess can , however , be 
estimated--the "etiologic fraction" discussed in this section 
and the death of farm origin "harder-to-treat fraction 
discussion in the following section . These two fractions may 
overlap ( e . g . , figures for the etiologic fraction may reflect 
some increase in the difficulty in providing effective 
treatment ) and , further , these two fractions do not 
necessarily account for the whole effect of farm use of 
subtherapeutic levels of antibiotics ( e . g .  there may be a 
difference in virulence ) . 

Estimates for deaths attributable to the etiologic 
fraction--that is , cases of salmonel losis that would simply 
not have occurred in the absence of  resistance--require some 
modi fication in approach . Parameter estimates are given in 
Table VIII-1 . The odds ratios in Table VI I-7 are calculated 
for the whole population of exposed persons ; of these , some 
proportion harbor resistant strains . The estimated odds 
ratios would be larger--perhaps substantially larger--i f  they 
were calculated to express the risk in persons who harbor 
such resistant strains . Use of the odds ratios in Table VII -

7 ,  therefore , already incorporate a reducation factor to 
express the risk in the population as a whole .  Furthermore , 
this automatical ly reflects the actual proportion of persons 
who have resistant strains ( perhaps in addition to 
susceptible strains ) and does not depend on the kind of 
estimate in l ine 2 of Table VIII-1 , which deals with 
proportions of strains rather than with the whole set of 
res istant strains that may inhabit one person . This approach 
ignores the l ikel ihood that persons within fami l ies , within 
hospital wards , or otherwise in proximity may tend to carry 
the same strains of salmonel lae , but no data on this seems to 
be available for use here . Because of the frequency 
distribution of resistant strains already incorporated into 
the odds ratios ( l ine 7 ) , no further adj ustment for 
resistance ( l ine 2 )  is needed or appropriate . 
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Perhaps future research studies can estimate odds ratios 
for the "etiologic fraction" of cases among persons who are 
hosts to one or more resistant strains . The odds ratios are 
likely to be substantial ly higher , but will  be reduced by the 
( then appropriate ) inclusion of such factors as those in l ine 
2 .  Until this kind of additional information is available , 
we bel ieve that our present analytic approach to the 
etiologic fraction is correct . In addition , the committee is 
concerned that death rates in the "etiologic fraction" : ( see 
l ine 3 ) may be above average , because some persons who 
receive antibiotics do so because of conditions related to 
immunosuppression , general debil ity ,  or other illnesses that 
may damage normal body defenses . In the absence of data , 
however , the committee has chosen to apply the death rates in 
l ine 3 of Table VII I - 1  to the "etiologic fraction" . 

Two sets of estimates are presented for the " et iologic 
fraction" component of salmonel losis . Figure VI II-5 presents 
the 2 4 3  estimates for deaths in the etiologic fraction 
attributable to subtherapeutic farm use of any ant ibiotic for 
both prophylaxis and growth promotion (multipl ication of 
parameter in l ines 1 ,  7 ,  3b , 4 ,  sa , of Table VI I I -1 ) , and 
Figure VIII-6  presents similar estimates for 
penicill in/ampicil l in andjor tetracycl ines uses only 
(multipl ication of parameters in l ines 1 ,  7 ,  3 c , 4 ,  and sb of 
Table VII I -1 ) . Figures VII I-7 and VI II-8 present similar 
estimates for growth promotion alone : Figure VI I I -7 concerns 
farm use of any antibiotic and Figure VII I -8 concerns uses of 
penicill in/ampicill in and/or tetracycl ines only . 

EXCESS DEATHS DUE TO INCBEASED DIFFICULTY OF TREATMENT 

While few or no strains of salmonel lae are resistant to 
all cl inically useful antimicrobials in the modern 
therapeutic armamentarium , some individual drugs are 
potentially toxic , have unwanted effects in particular groups 
of patients , may require parental administration , and some 
are very expensive . Further , critical time is required to 
determine patterns of resistance of bacterial isolates in 
specific infections . Thus , it would be medically 
inappropriate , to treat each suspected case of salmonel losis 
with the whole combination of antimicrobials that could 
conceivably be effective . More selective therapy is 
medical ly appropriate , but it has the unfortunate effect in 
some cases of delaying or replacing treatment by the optimum 
drug or drug combination , and as a result death rates may be 
higher in salmonellosis with res istant strains than with 
susceptible strains . 

Whatever the reason ( s ) , it has been commonly observed 
that infections with resistant stra ins of salmonellae more 
often end in death than infect ions with susceptible strains , 
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suggested by l ines 3a , 3b , and 3c of Table VIII-1 . The 
difference between these l ines can be interpreted as an index 
of the increased difficulty of providing effective therapy in 
cases of resistant salmonellosis . Because the estimates in 
l ines 3a , and 3b and 3 c are so closely l inked , the committee 
simply worked with the three differences ( at low ,  mid-range , 
and high levels )  rather than the 9 possible combinations . 

Estimates of the size of this effect for all  
subtherapeutic uses of any antibiotic are presented in  Figure 
VII I -9 (multipl ication and parameters in l ines 1 ,  2 a , 
( 3b-3 a ) ,  4 and sa , Table VI I I-1 ) and s imilarly in Figure 
VIII-10 for resistance to penicil l in/ampicil l in and/ or 
tetracycl ine antibiotics ( l ines 1 ,  2b ( 3c-3a ) ,  4 ,  6a ) .  

S imilar figures , but l imited to drug use for growth 
promotion , are given in Figure VIII-11  ( l ines 1 ,  2 a , ( 3b-3 a ) ,  
4 sb ) for any drug resistance and Figure VI II-12  ( l ines 1 ,  
26 , ( 3c-3a ) , 4 ,  6b ) for penicil l in or tetracycl ine resistance . 

SUMMABY OF NQMERIC BESULTS 

Each of the figures in this chapter presents a range of 
risks , reported as annual numbers of  deaths . This procedure 
was used because the committee had no basis for selecting any 
s ingle "best" estimate . This procedure produces , for the 
data in each figure , a total of 2 4 3  estimates . The committee 
bel ieves that the best s ingle estimator is the median of the 
2 4 3  estimates , and that the range from the 5th to 9 5th 
percentile is quite l ikely to contain the unknown true value . 
Because of the way these estimates were developed they do not 
provide ordinary statistical confidence l imits ( as explained 
above) , but they should in practice provide even greater 
certainty than , say , 90%  or 95% confidence l imits . The 
committee bel ieves that the minimum and maximum estimates 
presented in the figures are not scientifical ly plausible 
because they would require that the mid-range estimates for 
the parameters ( Table VI I I - 1 )  all  be cons istently or nearly 
consistently wrong by a large margin and all be in the same 
direction . 

Figures are presented to one decimal to emphasize that 
they are estimates , not counts . Data from the twelve figures 
are summarized in Table VI II-2 . The fol lowing is an 
i l lustration of how the figures and data in Table VIII-1 are 
to be read : 

Figure VIII-1 . Estimates of annual numbers of deaths 
from subtherapeutic uses of any antibiotic for both 
prophylaxis and growth promot ion . Figure VI II-1  is read as 
fol lows : 

Copyright © National Academy of Sciences. All rights reserved.

Human Health Risks With the Subtherapeutic Use of Penicillin or Tetracyclines in Animal Feed
http://www.nap.edu/catalog.php?record_id=19030

http://www.nap.edu/catalog.php?record_id=19030


169 

( i ) Five percent of the estimates fal l  below 5 to 6 
deaths per year , and 95%  fall below 7 0 0  deaths per 
year . Thus , the committee bel ieves that the true 
number is very l ikely to be between 5 and 7 0 0  
deaths per year . 

( i i )  The l ikel iest estimate is 7 0  deaths per year . This 
is the committee ' s  best single estimate for 
mortal ity in this category . 

The estimates in Table VIII-2 are derived from Figures 
VII I - 1  through VIII-12 , and each range is based on different 
assumption ' s  regarding uses ( e . g . , any antibiotic vs . 
penicill in/ampici l l in and , or tetracycl ines only , on 
prophylaxis and growth promotion uses vs . growth promotion 
only ) . The ranges also differ with regard to other 
assumptions ( e . g . , inclus ion of "etiologic fraction" , 
consideration of increased difficulty of treatment ) . The 
specific meaning of each set of estimates is indicated by the 
Figure headings , that are reproduce at the foot of this 
table . 

INTERPRETATION OF BESULTS 

The various estimates of risk presented in Table VII I -2 
are based on somewhat different assumptions and have 
different meanings , as indicated in the foregoing text and as 
summarized in the Figure headings � For each set of estimates 
the committee places greatest rel iance upon the 5 0th 
percentile figure , which has been termed the " l ikel iest 
estimate" in Table VI I I -2 . The range shown in Table VI II-2 
almost certa inly encompasses the true figures . 

The committee is not able to assign a numerical 
probabil ity to the l ikel ihood that the estimates shown are 
correct . As noted earl ier , none o f  these est imates has been 
veri f i ed by trad itional sc ient i f ic methodol ogies ( i . e . , 
exper imental or we l l -contro l l ed field stud ies ) , and thus 
shoul d  be interpreted as s c i ent i f ic hypotheses about the 
pos s ib l e  extent o f  the probl em that are cons i stent with a l l  
ava i l ab l e  scient i f i c  informat i on . The comm ittee knows o f  no 
direct ev idence to support these est imates . They shou ld be 
con s i dered as hav ing s c i enti f i c  support roughly comparab l e  to 
that available for estimates of low dose carcinogenic risk 
associated with chemical carcinogens subj ect to regulation . 

The estimates of death presented in Table VI I I - 1  can be 
placed in the context of other types of risk estimates . FDA , 
for example , general ly holds that , for carcinogenic drugs 
used in animals that leave toxic food residues , l i fetime 
risks of cancer (presumed to be equivalent to l ifetime risks 
of death ) , of around 10-6 or less are of ins ignificant public 
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· health consequence . Using this yardstick , and assuming the 
entire population of the United States to be potentially 
exposed to such residues , the numbers of excess annual 
cancers ( i . e . , deaths ) , assuming the risk to be accurately 
known , can be estimated for one such drug as fol lows : 

2 4 0  x 106 persons x 10-6 
= 2 4 0  l i fetime deaths , or 
= 3 -4 deaths per year . 

The total number of deaths due to carcinogenic residues 
depends on the number of such drugs in use . 

Actual numbers of deaths are probably much lower than 
these figures indicate , because actual residue levels rarely 
approach the maximum allowable and because it is unl ikely 
that most of the population is exposed to these drugs on a 
continuing basis . Moreover ,  the risk estimation method used 
for carcinogens is designed to overstate risk . That is , the 
procedures used to estimate excess cancer risk include 
adoption of upper 95%  confidence l imits on the dose-response 
curve and several other assumptions about interspecies and 
high-to-low dose extrapolation that almost guarantee that the 
actual numbers of deaths will be less than those shown above . 
In fact , actual risk may be zero . The above figures are 
helpful nonetheless , because they reflect the hypothetical 
number of excess deaths that might be considered of 
negl igible public health consequences . 

The estimates of annual numbers of excess deaths 
presented in Table VI I I - 1  are derived by a method that is not 
strictly comparable to that used by FDA for carcinogenic drug 
residues , so care must be taken in comparing these two 
sources of risk . However , no better basis for comparison is 
known to the committee , and , with the appropriate 
qua l i f ications , the drug-res idue cancer risks , apparently 
considered acceptable by FDA , do provide a moderately useful 
yardstick against which the risks in Figure VI I I - 1  can be 
measured . Moreover , the committee does not mean to suggest 
that the risks considered acceptable by FDA for carcinogenic 
animal drug res idues are necessarily appl icable to the 
determination of acceptabil ity of the risks that are the 
subj ect of this report . Whether the risks presented in 
Table VI I I - 1  are to be considered acceptable or unacceptable 
depends on many factors that fal l outside the scope of the 
committee ' s  charge . Such determinations of acceptabi l ity are 
risk-management decis ions and thus are properly left to FDA . 
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EFFECTS OF DISCQNTINQATION 

Will the number of deaths from salmonel losis and its 
compl ications be reduced or otherwise altered by the 
discontinuation of the use of the subtherapeutic doses of 
antibiotics in farm animals , or by discontinuation of use 
speci fically for growth promotion? The committee , in the 
discuss ion that follow below ,  is incl ined to think that the 
total number of deaths due to salmonel losis would decl ine . 
However ,  these matters are not at present subj ect to 
scientific proof . 

The committee did not deal with the conversion of drug
susceptible bacterial organisms to drug-resistant clones (by 
plasmid transfer) in situ , but with the reduction in numbers 
of bacteria of drug-susceptible strains and the subsequent 
overgrowth with the more drug-resistant strains to f i l l  the 
vacated ecologic niche . In this context , it may be useful to 
consider a simple diagram with two circles , one with deaths 
at some future time i f  no discontinuation of antibiotics is 
instituted , and one if  discontinuation has been put in place 
as follows : 

Deaths under 
present po l i c i es ,  
bu t  not under 
a ben 

Dea t h s  

Dea t h s  i f  aubth e repeut i c  
--+-- uses e r e  banned 

t h a t  w i l l  
occur e i t h e r  
way 

A ban then , would remove deaths in the left-hand lunule 
in this figure and replace them with by deaths in the right
hand lunule . The committee might pose the question about 
whether this shi ft is worth making . The committee has not 
attempted any risk-management pol icy analysis ( it was not 
part of the committee ' s  mandate ) , but bel ieves that the 
following comments are within its mandate . The left-hand 
lunule alone is approximated , for various facets of the 
problem , by Figures VI II-1  through VI II-6 , and certain 
aspects of the net difference of the left-hand minus the 
right-hand lunule ( the best benefits of discontinuation of 
antibiotics ) should be approximated by Figures VI I I -7 through 
VI II-12 . The committee bel ieves that overal l  there would be 
a net benefit in reduced mortal ity ( thus , the right lunule 
might be smaller than the left ) , but this cannot be proved 
with mathematical certainty , nor can the size of the net 
benefit be estimated with precision . 

Critical to consideration of a ban is the l ikel ihood of 
a long-term reduction in the proportion of salmonella strains 
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with resistance to antibiotics . The genie is out of the 
bottle ; wil l  it return? Resistant strains appear to have no 
survival advantage in the absence of challenge by antibiotics 
( otherwise they would have driven out susceptible strains 
long before the modern era ) , but there is l ittle evidence 
that they have a survival disadvantage either . Further , 
other uses of antibiotics will  continue including therapy of 
infections in both humans and animals , and compl iance with a 
ban on subtherapeutic uses might be incomplete . Thus , it may 
be that a ban would retard the increase in proportion of 
res istant strains , but not stop or reverse the increase . 
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IX 

DIScuSSION 

The use of tetracycl ine and penic i l l in in subtherapeutic 
concentrations in animal and poultry feeds has aroused 
concerns about the possibi l ity of a risk to human health . 
There are good reasons for concern : the known properties of 
transferable resistance plasmids and transposons among 
bacteria , the powerful action of antimicrobial drugs in 
selecting for antimicrobial-resistant bacteria , and the high 
level s  of antimicrobial resistance found in � � and 
salmonella isolates from farm animals and humans .  In  
addition , it is now poss ible to detect clonally salmonella 
stra ins from various sources in the food production chain 
( from farm to consumer) and so establ ish l inkages between 
isolates from humans and from farm animals ( or animal food 
products ) .  This report deals mainly with the magnitude of 
the human health hazard and with whether sufficient data are 
available to assess the risk . 

There is no direct evidence to quantify the human health 
hazard from antibiotic-resistant pathogenic bacteria created 
by the use of subtherapeutic amounts of penici l l in or the 
tetracycl ines in animal feed . Using the available indirect 
evidence shows these antibiot ics in subtherapeutic 
concentrations do present a hazard to human health and may 
contribute to a percentage ( see Figure VI I-2 ) of the 
approximately 500 deaths annual ly in the United States from 
salmonellosis . Although the focus in the analysis of risk 
has been only on deaths attributed to salmonel losis , there 
are the same concerns about risk due to � £Qli ( and other 
Enterobacteriaceae ) and to other pathogens (both gram
negative and gram-positive ) known to be drug res istant that 
might infect both animals and humans . Human exposure to 
enteric organisms (pathogens and commensals )  of animal origin 
is extensive . In food-animal processing plants , the 
incidence of bacterial contamination has been reported as 
high as 3 4 %  for chickens , 7 4 %  for beef , and 8 4 %  for pork . 10 
Figures reported for comparable � QQli contamination range 
from 7 3 %  for beef carcasses , 8 1 %  for chicken and 9 7 %  for pig 
carcasses . The � £Qli contamination presumably is from 
fecal sources . In studies from Great Britain , 7 , 8  3 8 %  of � 
QQli in cal f  feces were resistant to one or more 
antimicrobial s , and other studies showed values of 4 9 %  for 
pigs and 8 3 % for poultry . In the state of Washington in 
surve illance for enteric pathogens in a poultry process ing 
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plant , 4 7 %  of poultry were contaminated with Campylobacter 
iejuni and 4 . 7% were contaminated with Salmonella species . l3 
Contamination with Campylobacter spp . was found in 2 2 %  of 
poultry from retail sources and 3 . 5% with Salmonella spp . 
Contamination with � jeiuni was observed in 0 . 4 % of beef 
samples , but no salmonella contamination was found . 
Salmonella contamination was 2 . 7% in pork products . In this 
study , 30% of the salmonella isolates from retail poultry 
were resistant to tetracycl ine . These findings show that � 
QQli ,  Salmonella spp . , and � - iejuni commonly are found on 
meat and poultry products . Human ingestion of these bacteria 
might result from contamination of hands during food 
preparation or consumption of inadequately cooked animal food 
products . Colonization of the human intestine by antibiotic
resistant � £Qli, in the absence of antibiotic use , has 
occurred fol lowing handl ing of commercial ly prepared chicken 
carcasses in the kitchen . 

The abil ity of particular � £Qli strains to colonize 
the intestinal tract both of humans and various species of 
animals depends on the presence of colonization factors and 
speci fic cell  surface characteristics common to both , because 
many of the 0-serotypes of � £2li found in woultry , pigs , 
and calves also have been found in humans . 7 ,  Therefore , it 
is l ikely these � £Qli are from a common pool . 

It has been shown that � £211 strains from the 
al imentary tract of humans and chickens are identical by O ,  
H ,  K serotyping , by antimicrobial resistance patterns , and by 
plasmid restriction endonuclease profi les . 7 , 8  Also , 
serotype identity among E . coli stra ins of one specific 
serotype ( 02 : Kl ) have been identified commonly in human 
urinary tract infections and neonatal meningitis and in 
animal disease (bovine mastitis , and chicken septicemia ) .  

Recently , a group of such stra ins of both human and 
animal origin was submitted to clonal analys is by comparison 
of outer membrane protein (OMP) patterns , l ipopolysacehharide 
patterns , electrophoretic mobil ities of enzymes , biotyping , 
etc . l Human isolates were found to fit into two clonal 
groups , poultry isolates belonging to one and bovine isolates 
to the other . Human isolates of one clonal group were 
distinguishable from poultry isolates of the same group by 
their plasmid content : human isolates of the second clonal 
group were distinguishable from bovine isolates of that group 
by a minor alteration in the OMP pattern and by their plasmid 
pattern . Whether these differences in plasmid pattern ( or in 
the OMP pattern , in the case of bovine isolates ) indicate 
that the populations of human and animal isolates are not 
overlapping , even though very similar , is unclear . 

In view of the exchange of � QQli and Salmonella spp . 
that can occur between food animals and humans , movement of 
antimicrobial-resistance genes from the intestinal flora of 
animals to the flora of humans may occur by carriage of 
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plasmids and transposons . Such movement of antimicrobial
res istance genes may fol low movement to and persistence in 
the human al imentary tract of the foodborne enteric bacteria 
or from subsequent conj ugative transfer of the plasmid to a 
res ident constituent of the human intestinal flora . 
Conj ugative transfer of R plasmids can be detected in the 
human intestinal tract in the presence of an antimicrobial 
that allows an increase in the number of R+ donor cel ls and 
other cel ls that have received the R plasmid . 2 However , 
such transfer might not occur commonly in the absence of 
antimicrobial selection12 in humans , although it occurs quite 
efficiently in the rumen of sheep after 24 hours of 
starvation . 14 

The foregoing suggests that the populations of enteric 
bacteria of animal and human origin might be cons idered as a 
common pool of antimicrobial-resistance genes ( transposons , R 
plasmids , and chromosomal genes ) capable of being ampl ified 
through antimicrobial exposure and subsequent selection . 

DISSEHIBATION OF BESISTAHCE GENES AND GENOKES 

Use of each new antimicrobial agent introduced over the 
past hal f-century has caused the emergence and global 
dissemination of bacterial genes encoding resistance to the 
agent . Growing prevalence of genes that encode resistance to 
older agents has prompted development and use of new ones , 
which have caused succeeding rounds of emergence and spread 
of new res istance genes . Dissemination of a resistance gene 
incurs different kinds of costs as it proceeds . When the 
resistance is not recognized or when optimal medical skills , 
laboratory services , or newer antimicrobial agents are not 
promptly available ,  the health burden is treatment failure 
with prolonged morbidity or death . When optimal support is 
available , which is rare everywhere at first and seldom in 
poorer regions , costs shi ft towards the expense of the 
support and the costly new agents and the toxicity of some of 
the agents . 

Recognition of the emergence and spread of resistance 
and of its costs initially raised fears that the activities 
encoded by the emerging and spreading resistance genes would 
exceed our abil ity to develop new agents . However ,  nearly 
al l of the target s ites in bacteria that are exploited by 
existing agents were exploited in the first-quarter century 
of the antimicrobial era . The finding of few new target 
sites in the second-quarter century suggested that these 
sites were an unreplenishable resource--one increas ingly 
endangered by proli ferating resistance genes that prevented 
intact antimicrobial molecules from reaching the target 
sites . 
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The fear that we would run out of effective 
antimicrobial agents altogether was greatly diminished in the 
past decade by the introduction of many new agents that 
evaded the effects of existing resistance gene products and 
reached and inhibited the old target sites . Within the past 
year , however ,  a number of new resistance genes have been 
detected in different parts of the world that inactivate many 
of the largest class of the newer agents , the third
generation cephalosporins . 

It was recognized early that use of antimicrobial agents 
was the maj or force driving the emergence and dissemination 
of resistance genes , and that such use should therefore be 
reduced to its essential minimum . What was not clear 
earl ier , however ,  was the interrelatedness of what might be 
called a global system of antimicrobial res istance and the 
consequent effect of use in one area upon resistance in 
another . New evidence for this has been developing from both 
molecular and epidemiological work . 

The molecular studies show that resistance genes and the 
plasmids that carry them constitute intricate assemblages of 
multifunctional modular components with the size and 
complexity but not the packaging of viruses . For such a 
genome to have arisen de novo in a patient or his neighbors 
in an intensive care unit would be the equivalent of 
spontaneous generation . Each must have had a lengthy 
evolutionary history .  Studies in molecular biology and 
molecular genetics are beginning to suggest some of that 
evolutionary history . Individual resistance genes evolve 
from ancestral genes , are moved to other genomes or 
transposons or by site-specific recombination , acquire 
promoters , become l inked to genes under different selection , 
are transferred on conj ugative plasmids to other strains 
occupying other niches in bacterial ecosystems , and are 
carried in bacteria to other bacterial habitats . Each such 
event in the evolution of a resistance gene or its plasmids 
may initiate a new stage in its dissemination by extending 
its range or pers istence . And the chance of occurrence of 
each such event would be greatly enhanced by antimicrobial 
use , which ampl i fies at every step the prevalence of the gene 
and its genome and hence the chance that something new wi l l  
happen t o  them . Besides showing that resistance genes and 
their plasmids must have extended l ineages , the molecular 
work is now also beginning to trace some of those l ineages . 
Genetic maps of the large transposon Tn 2 1  suggest that it 
carried mercury resistance as well  as resistance to several 
of the early antimicrobials before being included in the 
first recognized resistance plasmids ( in shigel losis in Japan 
in the late fi fties ) . This transposon has subsequently 
turned up in plasmids in many parts of the world ,  including 
most of the varied plasmids that first brought gentamicin 
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res istance to German medical centers and plasmids carrying a 
variety of different P-lactamase genes . 

A corollary of the extended l ineages of resistance genes 
and plasmids is that the resistance observed in the bacterial 
populations of one patient or one medical center is a 
consequence of prior use of antimicrobials , not j ust there 
but in other bacterial populations as wel l , including others 
that may have been remote in time and place . 

This growing understanding of the interrelatedness of 
the resistance observed in the world ' s  interconnecting 
bacterial populations intensifies earl ier concerns about 
antimicrobial agents as animal feed additives . Animals get 
nearly hal f  of the antimicrobials used in the United States , 
and the pool of res istance genes and genomes in their flora 
may be much greater than that in humans . Bacteria of animal 
origin are not a remote and separate population , moreover ,  
but enter most households continual ly on slaughtered animal 
carcasses . I f  use of antimicrobials in one bacterial 
population affects prevalence of resistance in other 
bacterial populations more than sl ightly , then antimicrobial 
additives in animal feeds would contribute s ignificantly to 
resistance in human flora . 

Epidemiologic observations in the last few years has 
added to these examples of specific res istance plasmids that 
are found in isolates of bacteria from both animals and 
humans in the United states , and has in some cases 
reconstructed a path of spread from animal to human . These 
examples have thus far been observed in isolates of 
Salmonel la spp . , thus their elaborate serotyping by a network 
of medical and veterinary laboratories made them pecul iarly 
traceable and particularly suited at this stage to risk 
assessment model ing . It should be emphasized , however ,  that 
salmonel lae are a small part of the aerobic flora in the 
gastrointestinal tract of animals , and an even smal ler part 
of that of humans ; and these salmonellae represent less than 
1% of the bacteria against which therapy in humans is 
directed and in which res istance may be a problem . The 
concerns outl ined above , although now best exempl i fied by 
salmonel lae , apply to all bacteria that infect humans . 

PAUCITY OF DIBECT EVIDENCE 

There is l ittle evidence directly l inking subtherapeutic 
use of penicil l in and tetracycl ines in animal feeds to human 
infections with pathogenic bacteria . As summari zed in 
Chapter V ,  there is good evidence from only two studies that 
non-salmonella enteric organisms in which antimicrobial 
resistance was induced by the subtherapeutic administration 
of antimicrobial agents might be spread from animals to 
humans . 5 , 6 Two other studies4 , 10 failed to show that 
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multiple-drug-resistant strains of animal origin cause 
infection in humans exposed to these strains , but it is 
possible that the power of these studies to detect such 
infections was too low to make a negative result meaningful . 

A number of studies have attempted to demonstrate that 
outbreaks of drug-resistant salmonel losis in humans may be 
attributed to the administration of antimicrobial agents in 
subtherapeutic dosages to farm animals : however , in all but 
one instance there has been some defect in the proof of the 
chain of transmission ( see Chapter V) . A convincing case was 
an outbreak of infection due to chloramphenicol-resistant � 
newport in which infections in humans were attributed to the 
ingestion of ground beef from animals medicated with 
chloramphenicol ( a  drug not approved by regulation for use in 
beef animal s ) : 15  evidence for identity of the strains 
through the chain of transmission was based both on the 
unusual pattern of antimicrobial resistance and on plasmid 
analysis . 

In summary , whereas the theoretical basis for concern 
that the subtherapeutic administration of antimicrobial 
agents to animals may foster infections by drug-resistant 
pathogens in humans is immense , the direct evidence of such 
an effect is sparse and generally indirect . There are many 
possible reasons why such an effect might be difficult to 
detect : 

o The degree to which antimicrobial agents are 
administered for subtherapeutic purposes is generally 
unknown , varies from farm to farm and from time to time , and 
is not generally monitored : l ikewise , the proportion of drugs 
given for subtherapeutic , as opposed to therapeutic , purposes 
is not well  defined . 

o The relative influence of subtherapeutic use ( growth
promotional and prophylactic administration)  and therapeutic 
use on the prevalence of drug-resistant strains is not known 
with certainty and may differ among drugs . 

o The prevalence of salmonel lae , both susceptible and 
resistant , in various food products is not routinely 
monitored , except in special circumstances , such as 
outbreaks : even in special circumstances ,  it is generally 
assessed only retrospectively , when the s ituation may be 
quite different from that at the start of the outbreak (when 
samples of suspect food products are not ava ilable ) .  

o Most cases of salmonellosis are unidentified , and in 
only rare outbreaks is an effort made to identify the source 
of the infecting organism : no effort to identi fy a source is 
made in sporadic cases . 
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o There are many sporadic cases of salmonel los is which 
create considerable "background noise" for the investigator 
attempting to define the chain of transmission of a specific 
salmonella strain ; precise , rapid , and efficient molecular 
techniques for the identification of unique isolates ( i . e . , 
to prove the clonal identity of isolates ) have only recently 
become available . 

There is no direct evidence that establ ishes the 
proportion of human multiple-drug-resistant salmonellae that 
is of animal origin or the proportion due to person-to-person 
transmission . Only a small proportion of multiple-drug
res istant salmonellae in humans occurs as part of a 
recognized outbreak or epidemic . When such outbreaks have 
been detected and investigated , CDC surveillance data have 
indicated that foods of animal origin are impl icated in 
almost 7 0% . 3 

It is reasonable to speculate that sporadic cases of 
human salmonellosis caused by multiple drug-resistant 
salmonellae may occur as part of undetected outbreaks , and 
still others are undoubtedly of indirect animal origin , 
resulting from person-to-person spread . There is not an 
extensive body of data bearing on this issue . Some 
investigators bel ieve that the number of cases of person-to
person spread of salmonellosis has been underestimated , and 
that contamination of food products by human carriers , as 
well as animal sources , of multiple-drug-res istant 
salmonellae must be considered in the estimates of cases . 
Some multiple-drug-resistant salmonel lae , notably Salmonella 
wein , ( uncommon in the u . s . ) have no apparent animal source . 

Nevertheless , there is a general paral lel ism between the 
prevalence of multiple-drug-resistant salmonellae in animals 
and in humans , and numerous investigators in the United 
states bel ieve , therefore , that the maj ority of human 
multiple-drug-resistant salmonel lae are , directly or 
indirectly , ultimately of animal origin . 

It must be emphas ized again , however ,  that food 
processing techniques are des igned to prevent contamination 
and transmission of animal pathogens to humans via the food 
chain . In the maj ority of outbreaks of multiple-drug
res istant salmonellae in humans ,  it has been possible to 
demonstrate flaws or defects in food processing techniques 
that allowed the contamination with salmonel lae . Such 
defects have nothing to do with whether the salmonellae are 
ful ly susceptible to antibiotics or are multiple-drug
res istant . Ultimately , therefore , the farm animal-to-human 
cha in of transmission , of all salmonel lae will be interrupted 
more rel iably by careful attention to accepted techniques of 
food processing and preparation than by any other publ ic 
measure that could be contemplated . 
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EFFECT OF DRUG BESISTAHCE ON HUMANS 

The committee has been asked whether drug resistance of 
salmonellae caused by subtherapeutic administration of 
antibiotics in feed causes an increase in the number of cases 
of salmonellosis in humans or compl icates treatment of these 
cases . These questions are di fficult to answer , although 
they are obviously fundamental to the assessment of risk . 
Drug-resistant Salmonella spp . infectious to both humans and 
animals could cause an increase in morbidity in humans in 
four ways : 

o By increasing the overal l  prevalence of these 
pathogens ( both resistant and susceptible strains ) in animals 
or their food products , could increase the potential for 
exposure of humans to salmonel losis . Whether or not this 
increase occurs is unknown . The prevalence of resistant 
strains in animals might be increased by the subtherapeutic 
administration of antimicrobial agents and the subsequent 
suppression of the normal gut flora of the animals ; that 
would be analogous to the "etiologic fraction" in humans . 
However ,  the prevalence of susceptible strains might be 
reduced concomitantly , with an overall effect that is 
difficult to predict . 

o By increasing the virulence of drug-resistant 
pathogens ( see Chapter II I ) . It is unclear whether virulence 
is increased ; some evidence suggests that virulence may be 
increased , other evidence , possibly less convincing , suggests 
that the opposite result may occur . To the extent that the 
epidemiologic behavior of other resistant species is a guide 
to the effect of the widespread use of antimicrobial agents 
on the prevalence of pathogens in the environment , it cannot 
be determined that such resistance will  decrease the 
prevalence or virulence of the resistant species . overall , 
the incidence of reported cases of salmonellosis in the 
United States has continued to rise , slowly but steadily , 
over recent decades concomitantly with evidence of  increasing 
prevalence of drug resistance in the isolates . Whether or 
not the increase in reported cases of salmonel losis is 
related to the subtherapeutic use of antibiotics in animal 
feed is not clear , of course ; but certainly it cannot be said 
that the incidence of this infection in humans has been 
decreasing while the subtherapeutic administration of 
antimicrobials to animals has been steadily increas ing . 
However , many other confounding factors make it difficult to 
determine the cause-and-effect relation between the 
subtherapeutic administration of antimicrobials to animals 
and the increasing number of cases of salmonel losis caused by 
both susceptible and res istant isolates . Among these 
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confounding factors is the increasing prevalence of " fast 
food" in the American diet : these foods are prepared often in 
large batches wherein a small amount of contaminating 
bacteria may have a magnified impact . 

o By evoking the effect of the " etiologic fraction . "  
Evidence clearly indicates that in some individual s  infected 
with drug-resistant strains of salmonel lae the infection is 
sustained because , prior to infection , they were ingesting 
antimicrobial agents to which the bacterial strains were 
res istant . It is bel ieved that these individuals would not 
have been infected had the strains been susceptible . 

o By interfering with the efficacy of antimicrobial 
treatment . There are some patients infected by drug
resistant strains of nontyphoidal salmonel lae for whom 
antimicrobial treatment is ineffective because the pathogens 
are resistant . The committee bel ieves that such instances 
are rare at the present time . 

SUBTBEBAPEQTIC VS .  THERAPEUTIC POSES 

The presence of antimicrobial agents in the environment 
obviously causes the selection of microorganisms that are 
resistant to those agents . The clearest example of this 
phenomenon is seen in the in vitro determinations of 
antimicrobial resistance of isolates of bacteria , which are 
performed daily in cl inical microbiology laboratories . With 
the rare exception of chromosomally mediated drug resistance , 
most such resistance is due to transferable resistance 
factors , or R plasmids . By definition , the minimal 
inhibitory concentration (MIC) of an antimicrobial agent for 
a given bacterium is the lowest concentration that inhibits 
completely the growth of the organism .  At sub-MIC 
concentrations there can still be measurable , dose-dependent 
growth inhibition that is not complete . 

In determining the relative effects on drug resistance 
of subtherapeutic vs . therapeutic concentrations of 
antimicrobial agents , several considerations must be 
evaluated : ( 1 )  how often and for how long does the 
concentration of the drug reach or exceed the MIC? ( 2 )  how 
quickly do the resistant organisms grow during this period? 
(That is related to evaluating the relative growth advantage 
of the resistant vs . the susceptible organisms . )  ( 3 )  at 
concentrations of drugs below the MIC , is there a dose
related effect on the efficiency of R-plasmid transfer? 

Virtually all work to date on drug resistance involves 
the study of clonally pure single strains of bacteria . Thus , 
the important issue of spread of drug resistance via R 
plasmids from resistant to susceptible strains , particularly 
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of different species , has not been fully explored at a range 
of drug concentrations that would shed l ight on the 
differential efficiency of drug-resistance selection . 

It is nevertheless possible to speculate on the effects . 
Assume the simple case of two strains in the environment at 
equal inocula ; one strain possesses a transferable R plasmid 
and is drug-resistant , the other strain lacks an R plasmid 
and is drug-susceptible , but can acquire drug resistance on 
acquisition of the R-plasmid by conj ugative transfer . 
Consider the effects on the environment of several different 
concentrations of drugs . At high , super-MIC , drug levels ,  
only the resistant strain survives . There is a net increase 
in drug resistance , as a consequence of continued growth of 
the resistant strain ,  but there is no spread of resistance . 
Al l resistance increase is from clonal expansion . At low 
enough drug levels ( i . e . , sub-MIC)  there is no selective 
effect of the antibiotic . At MIC (bacteriostatic , but not 
bactericidal ) ,  there is selection and expans ion not only of 
the original R-plasmid-containing strain , but also of the 
relatively rare R-plasmid conj ugative recipient . Under this 
condition , the diversity of drug-resistant bacteria ( i . e . , 
two different strains ) , as wel l  as the extent of res istance , 
is increasing . 

Although these conditions have been neither adequately 
modeled for potential analysis nor appropriately tested in an 
in vitro s ituation that would reflect actual forces in vivo , 
the theoretical considerations raise concern that 
subtherapeutic concentrations of drugs may be doing as much 
harm as therapeutic concentrations , if  not more , particularly 
in view of their more cont inuous use . Veterinary studies 
discussed above lend credence to this concern . 

A complete chain of direct evidence l inking human 
disease caused by multiple-drug-resistant organisms to 
subtherapeutic use of penici l l in and the tetracycl ines in 
animal feeds does not exist . Such evidence as does exist is 
l imited to outbreaks of multiple-drug-resistant 
salmonellosis . Conclus ive direct evidence of such a l inkage 
would include full  characterization of the infecting 
salmonellae based on available techniques of plasmid 
analys is ; epidemiologic evidence impl icating a particular 
food ; isolation of the infecting organism from the impl icated 
food and proof of its clonal identity ; epidemiologic evidence 
l inking the contaminated food with a particular farm service ;  
isolation of the infecting organism from the impl icated 
animals or poultry with proof of its clonal identity ; and 
documentation of the subtherapeut ic use of penicill ins or 
tetracycl ines in feeds consumed by the impl icated animals or 
poultry . It might still be argued that multiple-drug
res istant salmonel lae were present before subtherapeutic use 
of penicill ins or tetracycl ines was initiated , but most 
scientists would accept the outl ined chain of epidemiologic 
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and microbiologic evidence as providing direct and conclusive 
proof of  a cause-and-effect association . 

In only one outbreak , reported by Spika et al . , l5 was 
this chain of transmission fully documented ; the antibiotic 
used in this instance was not penicillin or tetracycl ine , but 
rather chloramphenicol . The use of chloramphenicol as a feed 
additive has never been approved by FDA in the United States , 
although in this instance it was used therapeutically . All 
other reported outbreaks that impl icated multiple-drug
resistant salmonellae from an animal or farm source fall  
short in their provision of evidence that conclusively l inks 
the source of the drug-resistant organism with subtherapeutic 
use of antibiotics in animal feeds . Those reports did not 
document ful ly the chain of transmission , prove identity of 
the infectious salmonellae with those from the impl icated 
farm source , and document the type or amount of antibiotic 
used in the animal feeds . The last has been particularly 
difficult to ascertain in most of the disease outbreaks , 
i . e . , to establish retrospectively the precise antibiotics or 
the amount used in feed . 

Thus , the studies of outbreaks of multiple-drug
resistant salmonellosis in humans , although they are the best 
evidence available , have not provided direct evidence of the 
human health risks due to subtherapeutic use of penicil l in or 
the tetracycl ines in animal feeds . 

LQSS OF DRUG BESISTAHCE 

Upon cessation of drug use , there should be a measurable 
and continuous decl ine in the concentration of drug in the 
environment . At a point at which this concentration is 
significantly below the MIC of the susceptible strains , those 
stra ins should manifest a growth advantage over otherwise 
identical bacteria that in addition possess R plasmids . This 
advantage should be in direct relationship to the amount of 
diverted energy and raw materials the cel l  needs to keep the 
R plasmid on board ( i . e . , new DNA , RNA , and protein 
synthesis ) and may be subtle . In sharp contrast to the drug
loaded environment , where the effect of the drug on the 
population of susceptible bacteria is seen within hours or 
days ( because of the enormous growth advantage of the 
resistant bacteria ) ,  the effect of antimicrobial removal may 
take months or even years to be mani fested ful ly . The more 
subtle the growth advantage of susceptible bacteria in the 
drug-free environment , the longer the period before the 
outgrowth of susceptible ( i . e . , R-plasmid-free) bacteria can 
be seen . For these reasons any analysis of the effects of 
drug removal from the environment must be extended past the 
immediate postwithdrawal period . 
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The prospective C DC  studies of salmonellosis in  selected 
urban and rural counties showed that the overal l  frequency of 
resistance to one or more antimicrobials had increased from 
16%  to 2 4 %  between 1979 and 1984 . 3 , 9  However ,  in one 
serotype , � heidelberg , the frequency of resistance decl ined 
from 67%  to 3 5% during the 5-year period . Poultry was a 
common reservoir of � heidelberg ; from 1979 to 1983 , CDC 
reported 69% of the nonhuman isolates of � heidelberg from 
this source . By the late 1970s , most poultry producers had 
stopped using penicillin and tetracylines as growth
enhancers ; for 1979-19 8 2 , only 4 %  of .broiler-chicken 
producers were reported as using low doses of the 
tetracyl ines in feed . The decl ine of resistance in this 
salmonel la serotype associated temporally with the decrease 
in use of penici l l in and the tetracyl ines as growth-enhancers 
suggests that decreased antimicrobial resistance might fol low 
reduced use of these drugs in subtherapeutic dosages . 
However ,  whether the use of penicil l in and the tetracyl ines 
for disease prevention also decreased during 1979-1982 is 
unclear . The number of isolates of � heidelberg studied was 
small ; a much larger group of isolates should be examined to 
establ ish the val idity of this interesting prel iminary 
observation . 

In practice , the indications for the subtherapeutic use 
of antimicrobials for disease prevention appears to the 
committee to be interpreted broadly .  The goal o f  such use 
might be to halt the spread of overt disease that has 
appeared in a few members of a herd . It appears to be used 
at certa in periods in the rearing of farm animals when they 
are cons idered to be particularly vulnerable to various 
infections ( e . g . , shipping-fever complex when cattle are 
moved into feedlots , and respiratory diseases in pigs ) . 
Often , subtherapeutic dosages are employed in feed for long 
periods without clear indications . In the case of swine , 
they are used regularly at speci fic stages of production : 
starter , grower , lactation , breeding , and gestation . Some 
farmers may be using antimicrobial-containing feeds without 
being aware of it . Mixing procedures may be such that the 
concentrations achieved may exceed those targeted . 

Although distinctions have been made between use of 
subtherapeutic doses of antimicrobials in feed for growth 
promotion and for disease prevention the value of 
distinguishing between these two uses is rendered uncertain 
by many aspects of current practice . It seems most 
reasonable , therefore , to continue to categorize both uses as 
subtherapeut ic , as they are currently viewed by the FDA . 
Better defined guidel ines for use of subtherapeutic 
concentrations of antimicrobials for disease prevention would 
be of benefit . 
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FOREIGN EXPERIENCE IN BANHING ANtiBIQTICS 

AS FEED APDITIYES 

The Swann committee report of 1969 in England addressed 
the issue of feed antibiotics ( subtherapeutic use ) and their 
effects on the selection of strains of bacteria resistant to 
antimicrobial drugs . 13 It recommended that all 
antimicrobials used in humans be prohibited from use for 
growth promotion in animals .  It also stated that 
antimicrobial drugs used for humans could be used in treating 
animals for disease or prophylactic indications when 
prescribed by a veterinarian . 

In subsequent years , the central veterinary laboratory 
regularly conducted antibiotic-susceptibil ity testing on 
strains of salmonellae submitted to it . Its intention was to 
determine i f  the Swann committee mandates influenced the 
antimicrobial susceptibil ity patterns . It collected data on 
trends of drug-resistance patterns over the years 197 2 , 1974 , 
197 6 ,  1977 , 1984 , 198 5 ,  and 198 6 . Two maj or observations 
were based on these data . First , resistance patterns 
persisted throughout the period : rarely was there any 
decrease . Second , one group of related phage types of � 
typhimurium ( 2 04C was the predominant type ) appeared in 
calves in 1979 . These strains are multiple-drug-resistant 
and are responsible for the increase in resistance patterns 
detected during this period . In 198 5 , 2 04C constituted 6 2 %  
o f  salmonella strains isolated from cattle . Almost all 
strains (more than 8 9 % )  were resistant to tetracycl ines , 
ampicil l in ( and related penicill ins ) , trimethoprim , and 
chloramphenicol . Resistance to gentamicin has gradual ly 
increased . � dublin strains during these surveys were the 
second most common isolates after � typhimurium . Most � 
dublin were isolated from cattle . 

In 198 5 , less than 1% were resistant to tetracycline ,  
ampici l l in ,  trimethoprim-sul fonamide , and chloramphenicol . 
Streptomycin and sul fonamide resistance was more common--
66 . 7 % and 2 8 . 6% ,  respectively . Most other salmonella 
serotypes isolated from cattle were susceptible to these 
antibiotics . 

In poultry , selected antimicrobial drugs demonstrated 
failure to inhibit growth of salmonellae : 2 4 %  of strains were 
resistant to streptomycin , 8 %  to tetracycl ine , 7 2 . 8 % to 
sul fonamide at s o  �g , and 11% at 500  �g sul fonamide , and 0 . 8% 
to chloramphenicol . 

It is clear that the phage type 2 04C of � typhimurium 
is an example of an unusual strain that can periodically 
cause epizootics . In 1964-19 65 , an outbreak of � 
typhimurium phage type 29  occurred in cattle . By 1969 , this 
epidemic was largely over . That strain may have been 
selected through antibiotic pressure . The persistence of it 
and phage type 2 04C appears to be related to biologic 
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properties that permit intestinal colonization and abil ity to 
induce disease . Strain 2 04C has the propensity to acquire 
plasmids . It probably became a problem in calves because of 
multiple exposures associated with the many times when these 
animals were transported from broker to broker . The qreat 
mobil ity of calves amonq brokers was di fferent from the 
situation in the years before the Swann committee 
recommendations . 

The use of antibiotics in animal husbandry in Enqland 
has not decreased , but rather has continued to increase . 
This increase is due to prophylactic and therapeutic uses . 
Penici l l in and the tetracycl ines continue to be the most 
widely used druqs . This fact suqqests that they have not 
lost their effectiveness for treatinq animal diseases . 
Althouqh nonprescription uses of antimicrobials have been 
documented by the British Veterinary Association , the hiqher 
concentrations of antimicrobials in prescription-authorized 
therapeutic and prophylactic uses are blamed for selectinq 
res istant strains of salmonel lae and other bacteria in 
animals . The short l i fe span of the food animals and the 
apparent rapid decl ine in the number of resistant strains 
once the antimicrobial druqs are withdrawn are thouqht to be 
relatively effective barriers to a more widespread 
dissemination of these potential pathoqens . 

The incidence of salmonellosis in humans in Enqland has 
shown a persistent yearly increase from 197 0  to 198 0 . In the 
subsequent four years , the incidence appeared to increase 
rapidly presumably because of increased numbers of � 
typhimurium cases . Durinq these years other serotypes 
appeared , increased to a peak , and then usually subsided to 
low numbers . Reasons for these variations are unknown . The 
isolates of � typhimurium phaqe type 2 04C from humans have 
not had the same hiqh incidence of resistance to 
antimicrobial druqs as those from animals . In 1985 , 2 07 
human isolates were tested and more than 9 2 %  were 
susceptible ; in the same laboratory , of 1 , 050 bovine 
isolates , only about 2 0% were susceptible . The 2 07 human 
isolates represented 4 %  of all  � typhimurium isolated in 
1985 , while 50% of the bovine strains were of  phaqe type 
2 04C . Strain 2 04C may be in the food chain , but it has not 
evolved in the same fashion as have the bovine strains ; it is  
less common and has not developed the same hiqh incidence of 
resistance to antimicrobial druqs . 

The data indicate that the Swann committee 
recommendations have not had a siqnificant effect on the 
number of resistant strains of salmonel lae . This may be an 
unfair assessment , because there is no orqanized data base 
from before the recommendations with which to compare data 
col lected later . Furthermore , some chanqes in aqricultural 
practices have occurred which have enhanced the spread of 
salmonel lae . 
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Althouqh annual mortal ity rates in humans associated 
with salmonel losis in Enqland were not available to the 
committee , there were reports of deaths in various outbreaks , 
but details were not obtained . However ,  there is no evidence 
of an increasinq mortal ity rate , as miqht be anticipated with 
an increasinq incidence of infections . 

THE RISK MODEL 

The committee learned that a similar risk model had been 
used by the National Resources Defense Council (NRDC) in its 
petition dated 2 0  November 1984 to the Secretary of Health 
and Human Services askinq for suspension of  the approval of  
the new animal druq applications for subtherapeutic use of 
penicillin and the tetracyclines in animal feeds . l6 The NRDC 
alleqed that the use of these druqs presented an imminent 
hazard to the public health . The committee ' s  risk model and 
the parameter estimates used in it are summarized in Table 
VII I-1 . The NRDC used "best estimates , "  while the committee 
used three estimates : low ,  mid-ranqe , and hiqh and appl ied 
these to five distinct parameters in the risk model . In 
comparison , the NRDC estimate of the number of deaths per 
year due to salmonel losis associated with subtherapeutic use 
of penicillin and the tetracycl ines was 116 deaths , that 
corresponds to this committee ' s  mid-ranqe estimates in Table 
IX-1 of 3 0  deaths--a rather similar result in the face of so 
much uncertainty . The second NRDC estimate , 2 64 deaths per 
year , is based on a different method that starts from an 
estimated 1 , 000  deaths per year due to salmonellosis , a 
fiqure we bel ieve to be too hiqh . 

The Food and Druq Administration ( FDA) , a constituent 
aqency of the Department of Health and Human Services ( DHHS ) , 
carefully analyzed the NRDC petition and recommended that the 
Secretary of DHHS deny the petition on the qrounds that an 
" imminent hazard" had not been demonstrated . 17 The petition 
was in fact denied . The FDA ' s  analysis concluded that the 
NRDC had not shown in its petition that antibiotic res istance 
caused by the subtherapeutic use of penicillin or the 
tetracycl ines in animal feed had a siqni ficant impact on the 
outcome of a siqnificant number of cases of salmonel losis and 
thus , that no " imminent hazard" had been demonstrated . 

The FDA ' s analysis first discussed the difficulty of 
treatinq infections by resistant salmonellae . It did not 
accept arquments about increased difficulty in treatment , 
because most infections with salmonellae are uncompl icated 
and resolve without treatment ( so " antibiotic treatment is 
not recommended in patients with the uncomplicated diarrheal 
type of salmonellosis , "  and for those cases occurrinq outs ide 
the intestine the druq of choice is chloramphenicol , to which 
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only about 0 . 7% of salmonellae are resistant and for which 
alternative drug therapies exist ) . 

The FDA also concluded that the data then available did 
not demonstrate any alteration in virulence and contended 
that some salmonella deaths ( such as from heart attacks 
caused by dehydration and stress due to salmonellosis)  are 
unrelated to antibiotic therapy . 

The FDA then considered what we cal l  the "etiologic 
fraction , "  as well as inappropriate therapy for infections 
not at first recognized as salmonel losis , and concluded that 
neither had been shown to present a maj or problem . 

Finally , the FDA commented on the NRDC parameters ( see 
Table IX- 1 )  and took special issue with the estimated death 
rate of 4 . 2 % ,  on the grounds that it was subj ect to a number 
of potential biases and l imitations , including lack of 
documentation that salmonel losis was the primary cause of the 
reported deaths . (The largest difference between our mid
range estimate and the NRDC estimates is in the death rate . 
We queried the CDC , as noted above , and found that some 
deaths were indeed not due to salmonellosis and that others 
were questionable : we reduced our mid-range estimate 
accordingly) .  The FDA also concluded that the NRDC ' s  
estimate of 69% of resistant salmonel lae traceable to animal 
sources was based on a very l imited sample and that such 
deaths caused by subtherapeutic use of penicillin or the 
tetracycl ines ( estimated by NRDC as 50% ) could not be 
estimated accurately from the available data . The committee 
has considered these obj ections careful ly , in l ight of 
advances in scienti fic understanding since 1984 and the whole 
body of data available at the time that it worked on this 
matter ( the first hal f  of 1988 ) . The committee has not tried 
to j udge the merits of either the NRDC ' s  petition or the 
FDA ' s  response . The committee bel ieves , however , that some 
estimates can be made , as shown in Figures VII I - 1  through 
VII I - 1 2 . These estimates are still highly uncertain , as 
indicated in the figures themselves . 

EVIDENCE SUGGESTING THE PRESENCE OF HAZARD 

The estimates presented here have wide margins of  
poss ible error , as  reflected in the ranges from the 5th to 
9 5th percentiles (percentile is the scriptor for fraction of 
estimates fall ing below it and are not confidence l imits ) in 
Figures VI II-1  through VIII-12 . This is a direct reflection 
of the compounding of estimates of component factors that 
themselves have substantial ranges from the lowest plausible 
to the highest plausible estimate . I f  our model is to be 
adopted for future use , we urge that the responsible 
authorities promote the appropriate research to produce the 
data needed to narrow each of the ranges of estimates shown 
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TABLE IX- 1 

COMPARISON OF PARAMETERS IN THE PRESENT REPORT WITH THOSE OF 
THE NRDC REPORT : HUMAN SALMONELLOSIS DEATHS ATTRIBUTABLE TO 

ANY LOW-LEVEL FARM USE OF PENICILLIN OR THE TETRACYCLINES 

Reported cases per year 
in the u . s .  

Resistance to penicill in 
and/or tetracycl ines 

Death rate for salmonellosis 
from res istant strains 

Fraction associated with 
strains of farm origin 

Fraction caused by 
subtherapeutic use of  
penici l l in and/or the 
tetracycl ines 

Product of these estimates : 
Deaths per year in the u . s .  
from salmonellae resistant 
to penici l l in and/or the 
tetracycl ines because of 
subtherapeutic use of these 
drugs on the farm . 

Present Report 
(Mid-Range 
Estimates>  

50 , 000  

0 . 15 

0 . 008 

0 . 7 0 

0 . 5 0 

3 0 * *  

NRDC Report 
( First 
Model l 

4 0 , 000  

0 . 2 0 

0 . 04 2  

0 . 69 *  

0 . 7 2 

1 1 6  

Source : Prepared by the committee using data from Table VI I I - 1  
and from the Natural Resources Defense Council . 1 6  

* "Traceable t o  animal sources . "  

* *  Di f fers sl ightly from Table VI II-2 , because the product of 
the mid-range estimates is not necessarily the median of 
the 243 products . 
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in  Table VII I - 1 , and thereby substantially reduce composite 
ranges of estimates shown in Figures VI I I - 1  through VI I I - 12 . 

The presently available data are an incomplete 
"patchwork" from a variety of sources ; they are not col lected 
systematically for the nation , they are complex , they are 
frequently of poor qual ity and require extrapolation for use 
in risk assessment , and they are not focused on the speci fic 
points of  direct interest . These characteristics of  the 
available data are inherent in the problem of col lecting data 
and are not the fault of any one government agency or 
researchers who have studied this problem over the past 
several years . For example , none of the sources summarized in 
Table VII-8 was focused on estimation of the "etiologic 
fraction , "  none presented an estimate of that fraction , each 
had very small samples for this use , and each was subj ect to 
substantial bias in the identi fication and recruitment of 
subj ects . similarly , there have been few opportunities for 
the accurate and unbiased estimation of population-wide death 
rates , though countless reports of salmonellae deaths and 
death rates have been publ ished for use in other contexts . 

We regard the model itsel f as neutral--this is , 
unbiased with respect to errors or uncertainties in the 
estimates it produces--though of course it reflects all the 
errors or uncertainties that are inherent in the parameters 
it uses ( Table VII I - 1 ) . Although the model itsel f is 
neutral , it can perhaps be improved , especially with respect 
to the path impl ied by the column headings of Table IX- 1 , the 
number of steps (which we took to be five) , and 
modifications to make better use of available data . We 
invite and urge others to prepare alternative models , and we 
hope that funding agencies and sponsors of research in this 
field will  increase their support of  efforts to develop 
improved models . 
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X 

CONCLUSIONS 

The committee has reviewed the extensive and sometimes 
confl icting l iterature pertaining to possible human health 
risks associated with the use of subtherapeutic 
concentrations of penicil l in and the tetracycl ines ( and other 
antimicrobials)  in animal feed . It evaluated investigations 
of the mol ecular nature of plasmids , transposons , and other 
bacterial antimicrobial-resistance determinants and their 
trans fer 1 data on the extent of antimicrobial resistance in 
Salmonel la species ( and in other enteric pathogens ) isolated 
from humans and farm animals 1 epidemiologic studies in humans 
and farm animals ; data on reported cases of human il lness and 
deaths due to Salmonel la transmitted to humans from farm 
animals via meat and poultry products ; information on the 
extent of  subtherapeutic use of penicillin ,  the 
tetracycl ines , and other antimicrobials in animal feed ; and 
data from Great Britain on the effects of the restrictions 
placed some years ago on the use of antimicrobials in animal 
feeds in those countries . 

The committee also reviewed the available publ ished 
reports deal ing with four subj ects recommended for further 
study in the 1 9 8 0  report of the National Research Council 
Committee to Study the Human Health Effects of Subtherapeutic 
Antibiotic Use in Animal Feeds : the effects of subtherapeutic 
and therapeutic doses of antimicrobials on the prevalence of 
antimicrobial-resistent enteric bacteria ( including 
salmonellae) in farm animals ; the extent of carriage of  
resistance- factor-containing bacteria in vegetarians and 
nonvegetarians ( to ascertain the extent to which such 
carriage is associated with meat consumption) ;  the extent of 
carriage of resistance- factor-conta ining Enterobacteriaceae 
in abattoir workers , their famil ies , and neighborhood 
controls  ( to assess the association with occupational 
exposure to bacteria from animal sources ) ; and the prevalence 
of urinary tract infections ( and urinary tract infections due 
to resistance-plasmid-containing Enterobacteriaceae ) in 
female workers in poultry-process ing plants and a control 
group of women without contact with farm animals or their 
unprocessed meat products . 

We consulted with and heard testimony from the 
epidemiology staff of the Centers for Disease control , other 
medical epidemiologists , veterinarians , representatives of 

193  

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 .

H u m a n  H e a l t h  R i s k s  W i t h  t h e  S u b t h e r a p e u t i c  U s e  o f  P e n i c i l l i n  o r  T e t r a c y c l i n e s  i n  A n i m a l  F e e d
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 0 3 0

http://www.nap.edu/catalog.php?record_id=19030


194 

the Animal Health Institute , microbiologists , and 
representatives of the pharmaceutical industry . 

Using all the resources noted above , we were unable to 
find a substantial body of direct evidence that establ ished 
the existence of a definite human health hazard in the use of 
subtherapeutic concentrations of penicillin and the 
tetracycl ines in animal feeds . However , we bel ieve that 
important--but as yet scant--data indicate the flow of 
distinct salmonella strains from farm animals , through the 
food processing chain , to humans in whom they cause cl inical 
salmonellosis . In the one compel l ing instance of such a 
clear l ink , the multiple-antibiotic-resistant � newport 
originated in farm animals exposed to chloramphenicol , a drug 
not approved by the Food and Drug Administration for use in 
feed . The committee bel ieves that the molecular 
fingerprinting techniques used in this study can provide 
(when unique markers are present ) the direct evidence needed 
to trace the source of antibacterial-resistant bacteria to 
human infection . I f  records of amounts of antibiotic use are 
ma intained on farms producing food for human consumption , 
better evidence can be established for incriminating 
subtherapeuticjtherapeutic doses in disease outbreaks . 

The committee bel ieves that there is indirect evidence 
impl icating subtherapeutic use of antimicrobials in producing 
resistance in infectious bacteria that causes a potential 
human health hazard . The evidence is of several kinds : 

o There are extens ive experimental data on the 
properties of R plasmids and their capacity for transfer of 
antimicrobial-resistance determinants , both in the test tube 
and in the intestinal tract , particularly in the presence of 
antimicrobial selective pressure . 

o There is evidence of widespread use of subtherapeutic 
concentrations of penicil l in and the tetracycl ines ( and other 
antimicrobials)  on farms and feedlots . 

o There is ample evidence of high levels of 
antimicrobial resistance among animal isolates of 
salmonellae . 

o Animal and poultry carcasses in meat-process ing 
plants are often contaminated with Escherichia coli and other 
enteric pathogens . Few data are ava ilable on the frequency 
of antimicrobial res istance among such isolates . I f  the 
prevalence of antimicrobial resistance among reported 
isolates from diagnostic laboratories is a true 
representation of antimicrobial resistance in farm animals 
going to slaughter , the frequency of resistance among enteric 
pathogens in animal and poultry carcasses would be expected 
to be high . However ,  if the salmonella isolates reported 
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from diagnostic laboratories are principal ly from animals 
that are i l l  and have received antimicrobials , the figures 
would clearly overestimate the frequency of resistant 
i solates from meat and poultry carcasses . 

o Handl ing and ingestion of improperly cooked , packaged 
frozen or refrigerated meat and poultry contaminated with 
bacterial pathogens provides exposure to an infecting 
i noculum . 

o Experience with antimicrobial drugs in humans over 
the last 4 5  years has revealed the emergence of resistant 
strains associated with extensive drug use and the need to 
avoid unnecessary and prolonged use , particularly 
"prophylactic" use without clear and proven indications . 

In addition , the committee has used the results provided 
by the risk assessment model presented to estimate 
quantitatively the possible risk of mortal ity associated with 
ant ibiotic-resistant salmonellae due to the subtherapeutic 
use of penicil l in or the tetracycl ines in animals . In the 
1980  NRC report , the committee to study the Human Health 
Effects of  Subtherapeutic Antibiotic use in Animal Feeds 
concluded that "the postulated hazards to human health from a 
subtherapeutic use of antimicrobials in animal feeds were 
neither proven nor disproven . "  In other words , the risk of 
human health as a result of subtherapeutic use of 
antimicrobials in feed was not estimated . 

We found the available data base on some aspects of the 
problem to be l imited in qual ity and quantity : indeed , the 
data had not been gathered prospectively for the purpose of 
this type of analysis . The committee has used what it 
considers the best available information , indicating , where 
appropriate , the inherent weaknesses in the data . 
Admittedly ,  in some instances , we used only the best 
estimates available in the risk assessment . The assessment 
does indicate the presence of risk . Although it does not 
provide a distinct numerical "answer" to the question of the 
magnitude of the human health risk involved , it does provide 
some indication of  the probable size of the risk in terms of 
numerical estimates or ranges . These are presented below as 
numbers of deaths per year attributable to the subtherapeutic 
use of antimicrobials ( or penicil l in and tetracycl ines) in 
the listing of specific conclusions : 

BIOLQGIC IMPACTS 

o Use of each new antimicrobial agent over the last 
hal f-century has eventually mobil i zed genes that encode 
resistance to the agent and disseminated them widely through 
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the world ' s  interconnectinq bacterial populations . Use of  
the antimicrobial aqent disseminates the resistance qenes in 
staqes , each of which beqins with a rare molecular event that 
facil itates further dissemination . Althouqh use o f  
antimicrobials i n  a patient or the patient ' s  neiqhbors miqht 
have triqqered overqrowth and cl inical mani festation of the 
resistant strain , the evolution and del ivery of  its 
resistance qenome was the result of prior use in many , 
probably distant , bacterial populations . 

o Results of surveys of isolates of salmonel lae from 
animals and humans in the United States and restriction
endonuclease fraqment patterns of resistance plasmids from 
selected isolates suqqest that clones of resistant 
salmonellae are endemic in animals and sporadic or 
occasional ly epidemic in humans . 

o Herds of farm animals qiven subtherapeutic amounts of 
antimicrobial aqents have more antimicrobial-resistant 
intestinal bacteria than herds qiven no antimicrobial s . 

o The most important determinant in the selection o f  
antimicrobial-resistant strains i n  a bacterial population i s  
exposure of that population to antimicrobials . Total 
duration and concentration of antimicrobial use are important 
in selection for res istance . Any measure that fails to 
reduce total use appreciably is unl ikely to affect the 
prevalence of antimicrobial-resistant strains . 

o Resistance to antimicrobial druqs amonq salmonella 
strains can interfere with the efficacy of antimicrobial 
therapy of human salmonel losis . ( Such resistance is usual ly 
R-plasmid-mediated , so it can involve other druqs , such as 
trimethoprim-sul famethoxazole , chloramphenicol , and 
ampicil l in . ) Althouqh such interference with the efficacy of 
therapy almost certa inly occurs ( i . e . , patients are treated 
with an antimicrobial that is ineffective because of druq 
resistance ) , it is probably quite uncommon in nontyphoidal 
salmonel losis . 

o The available data are inadequate to conclude that 
either subtherapeutic or therapeutic concentrations of 
antimicrobials are more selective of druq-resistant bacteria . 
On theoretical qrounds , it is l ikely that therapeutic and 
subtherapeutic dosaqes exert equal selective pressure for 
clonal expans ion of resistance , but subtherapeutic dosaqes 
exert more pressure for conj uqative transfer of druq 
resistance , because of the dosaqes and the durations of 
administration . 
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o Animal and poultry products ( includinq veal , beef , 
pork , chicken , eqqs , and milk) are the principal sources of 
human nontyphoidal salmonel losis . Also , some � QQli 
serotypes can also be found in the intestinal flora both of 
humans and of farm animals . Thus , there could be an 
interconnectinq l ink between these two larqe pools of enteric 
microorqanisms , facil itated by the hiqh frequency of 
contamination of animal and poultry carcasses in 
slauqhterhouses . Such a potential l ink would provide a means 
of movement of R plasmids of farm oriqin to the human 
al imentary tract . The interconnection , because of its 
nature , would constitute an almost exclusively one-way 
passaqe . 

o The overall prevalence of resistance to any of five 
commonly used antimicrobials is about 4 times as qreat in 
col lections of salmonella isolates from farm animal and 
poultry ( 65% ) as those in col lections of isolates from humans 
( 15 . 5% ) . This difference suqqests that the predominant pool 
of resistant salmonel lae is in farm animals . Because 
ultimately almost all human infections with nontyphoidal 
salmonel lae result from strains oriqinatinq in farm animals ,  
the antimicrobial resistance observed in human isolates most 
l ikely is derived from the animal pool of resistance qenes , 
rather than from selection due to antimicrobial use in 
humans . 

EPIDEMIOLOGIC FINDINGS 

o Evidence is sparse that directly l inks the use of 
penici l l in and tetracycl ine in subtherapeutic concentrations 
in animal feeds to human infections . several studies have 
yielded rel iable evidence of spread , from farm animals and 
poultry to humans , of � col i  strains in which antimicrobial 
res istance had been induced by administration of 
subtherapeutic concentrations of antimicrobials as feed 
additives . There is evidence from only one study of the 
direct spread of multiple-antimicrobial-resistant salmonellae 
from farm animals to humans via meat products . However , the 
antimicrobial used on the farm was chloramphenicol , a druq 
not approved by FDA as a feed additive in animals used for 
food production . It miqht be difficult , or impossible , to 
provide a total chain of evidence directly relatinq the 
maj ority of cases of human infection with antimicrobial
resistant salmonellae to a source on the farm or feedlot or 
to relate the presence of the res istance to the use of 
specific antimicrobials in subtherapeutic concentrations in 
feed . By the time a deta iled investiqation of an outbreak of 
human salmonel losis occurs , evidence of prior antimicrobial 
use patterns miqht not be available . 
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o It has not been possible to determine whether 
antimicrobial resistance of salmonellae caused by the 
administration of subtherapeutic concentrations of 
antimicrobials in animal feed increases the number of cases 
of human salmonel losis . 

o Whether the presence of antimicrobial resistance in 
salmonellae increases virulence is uncertain ; the available 
data are l imited and confl icting . In special circumstances , 
as when R plasmids are l inked with virulence genes ( e . g . , 
those for enterotoxin or hemolysin in � �) , selection by 
antimicrobial agents might promote spread of virulent 
strains ; however ,  such an occurrence has only rarely been 
reported . It is not clear whether the overall prevalence of  
salmonellae in food products is increased by virtue of  
antimicrobial resistance . However , the incidence of human 
salmonellosis in the United States is increasing , and the 
increase is unl ikely to be an arti fact of better reporting . 
As long as most strains of Salmonella are susceptible to the 
antimicrobials to which they are exposed , subtherapeutic 
administration of antimicrobials might reduce the prevalence 
of salmonellae in meat and poultry products that humans 
ingest . However ,  as the prevalence of resistant strains 
increases because of repeated and prolonged exposure to 
antimicrobials , subtherapeutic administration might actual ly 
favor the increase by suppressing the normal competing flora 
and promoting R-plasmid spread . Direct proof of this pattern 
in salmonellae in farm animals is lacking . 

o The current frequency of R-plasmid-mediated 
antimicrobial resistance among isolates of � QQli and 
salmonellae in the intestinal contents of farm animals and 
poultry is high--much higher than in human isolates . It 
would be difficult to predict the period required , after 
curta ilment of the use of subtherapeutic concentrations of 
penicil l in and the tetracycl ines in animal feed , for R
plasmid-mediated antimicrobial resistance to decrease in any 
extent in salmonel lae and � � strains . Maj or decreases 
might occur only after the passage of years , in view of 
( 1 )  the current degree of resistance , ( 2 )  the extensive 
environmental contamination on farms and feedlots with 
res istant organisms , ( 3 )  the prolonged prior subtherapeutic 
use of antimicrobials , which has allowed extens ive permeation 
of res istance genes ( transposons ) throughout the highly 
colonization-adapted col i form flora of farm animals , and 
( 4 )  the need to introduce competing , antimicrobial
susceptible col iform bacteria . Results of studies in 
confined populations of swine indicate that it could take 
many years for maj or decreases in levels of resistance to 
occur . 
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o Althouqh the extent of antimicrobial resistance amonq 
salmonella strains isolated from humans is probably qrowinq , 
it is still  low enouqh for suitable intervention to forestall 
possible further increases and eventual ly to lower the 
overall extent of antimicrobial resistance . 

ANtiBIOTIC USE PATTEBNS 

o The use of subtherapeutic dosaqes of penicil l in and 
the tetracycl ines in animal feeds is extensive in the United 
states . Such use is for the purpose of either qrowth 
promotion or disease prevention and often continues for a 
substantial portion of the qrowth cycle of farm animals .  The 
speci fic rationale for use in a qiven herd at a qiven time is 
not always clear . Of over 3 1 mill ion pounds of 
antimicrobials produced each year in the United States , about 
4 2 -4 8 %  is desiqnated for addition to animal feeds or other 
unspeci fied (minor) uses . The best estimates ( they are only 
estimates ) indicate that penicill in and the tetracycl ines 
account for almost 60% of the antimicrobial s sold to the feed 
trade ( and presumably ultimately used on farms and in 
feedlots ) .  Of the total amount of tetracycl ines produced in 
this country , for use in both humans and animals , 
approximately 7 0 %  is sold for use in l ivestock and poultry 
feeds . An estimated 8 8 %  of all antimicrobial use in 
l ivestock and poultry is in subtherapeutic concentrations . 
Thus , subtherapeutic use of penicil l in ,  the tetracycl ines , 
and other antimicrobials in animal feeds--which accounts for 
some 4 0% of antimicrobial production in the United States-
constitutes a sizable seqment of the total antimicrobial 
selective pressure ( for resistant enteric microorqanisms ) 
exerted on the combined human and farm-animal intestinal 
bacterial populations . 

o Interpretation of the results in Great Brita in after 
banninq the subtherapeutic use of penicil l in and the 
tetracycl ines in animal feed is difficult , in part because 
total farm use of these antimicrobials miqht not have 
decreased because use could have taken the form of 
therapeutic or prophylactic doses in feed for disease 
treatment or prevention as prescribed by a veterinarian . The 
appearance of new epidemic strains of antimicrobial-resistant 
salmonella serotypes durinq the period of interdiction of 
subtherapeutic use further confounds interpretation . It 
miqht take years for dilution of antimicrobial -resistant 
strains of Salmonella and � � in the farm animal 
population before any substantial chanqes miqht be 
observable . 
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RISK ANALYSIS 

o The committee has been unable to find substantial 
direct evidence that bacterial resistance resulting from the 
use of subtherapeutic concentrations of penici l l in or the 
tetracycl ines in animal feed causes an excess risk to human 
health as a result of consumption of food products derived 
from the treated animals , as a result of contact with such 
animals , or as a result of exposure to an environment 
contaminated by resistant enteric bacteria from such animals . 
Lacking this direct evidence , the committee turned to the 
tools of risk assessment to develop some quantitative 
estimate of the probable risk to human health associated with 
this form of the subtherapeutic use of these antimicrobials . 

o Use of penicil l in and the tetracycl ines in 
subtherapeutic concentrations in animal feed has led to 
increased antimicrobial res istance in foodborne commensals 
and pathogens . The risk analysis in this report focused only 
on human infection with salmonel la serotypes , because 
available data on other species were insufficient . The 
committee has not assessed the potential risk to human health 
associated with drug res istance in other gram-negative 
bacil lary species (Campylobacter jeiuni , Yersinia 
enterocolitica ,  and enterohemorrhagic � £Qli )  of animal 
origin , because the data on human cases are too l imited and 
because antimicrobial susceptibil ity data on those bacteria 
are not routinely obtained . 

o Because the committee ' s  risk assessments are based on 
estimates using sparse data , these estimates should be 
interpreted and used with caution . Such estimates are best 
seen as scienti fic hypotheses about the possible extent of a 
problem . This does not mean that they are "hypothetica l "  in 
the weak sense of being speculative . Rather , they are 
hypotheses that are cons istent with all  available information 
and scientific understanding , but they have not been tested 
by traditional scienti fic methods . Al l the estimates 
presented in this report should be viewed in that 
perspective . 

o Annual numbers of deaths from salmonellosis 
attributable to subtherapeutic uses of any antimicrobials for 
prophylaxis and growth promotion have been estimated . The 
l ikel iest estimate is 7 0  deaths per year . 

· 

o The l ikel iest estimate of mortal ity from 
salmonel los is attributable to subtherapeutic uses of 
penici l l in/ampicil l in andjor tetracycl ine for prophylaxis and 
growth promotion is 4 0  deaths per year . Caveat--these are 
not necessarily " excess deaths , "  but rather estimates of the 
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yearly mortal ity attributable to salmonellosis of the 
indicated origin . The deaths might to some extent replace 
deaths ( in the same patients or others ) that occur from 
infections due to salmonellae susceptible to penicil l in/ 
ampicil l in and tetracycl ine if  subtherapeutic dosages of 
these antimicrobials had not been used in animal feed . 
Estimation of such " replacement" of deaths is not possible 
with the evidence at hand . 

o The l ikel iest estimate of mortal ity from 
salmonellosis attributable to subtherapeutic uses of any 
antimicrobial for growth promotion only is 2 0  deaths per 
year . As in the preceding ( and following) estimates , the 
caveat regarding "excess deaths" appl ies . 

o The l ikel iest estimate of mortal ity from 
salmonellosis attributable to subtherapeutic uses of 
penicil l in/ampicil l in andjor tetracycl ine only for growth 
promotion is 15  deaths per year . 

o The l ikel iest estimate of mortal ity from 
salmonellosis in the "etiologic fraction" attributable to 
subtherapeutic uses of any antimicrobial for prophylaxis and 
growth promotion is 6 deaths per year . The " etiologic 
fraction" is the proportion of persons exposed to an 
antimicrobial-resistant salmonel la strain who are at 
increased risk of il lness by virtue of recent use of 
antimicrobial drugs for whatever reason . Therefore , such 
deaths can be considered as " excess deaths " ;  i . e . , they would 
not occur if the infecting salmonella strain were not 
antimicrobial-resistant and if  its multipl ication were not 
promoted , presumably , by suppression of growth of the 
competing normal antimicrobial-susceptible normal flora . In 
the same way , the number of foodborne pathogens ( inoculum 
size)  needed to precipitate disease might have been 
decreased . Whether a similar effect can be produced by prior 
antimicrobial use in persons infected with antimicrobial
susceptible salmonel lae (due to possible differential 
antimicrobial susceptibil ity between susceptible salmonellae 
and normal components of the intestinal flora ) is unknown , 
and the committee has not been able to find data bearing on 
this question . 

o The l ikel iest estimate of mortal ity from 
salmonel losis in the "etiologic fraction" attributable to 
subtherapeutic uses of penicill in/ampici l l in andjor 
tetracycl ine for prophylaxis and growth promotion is 6 deaths 
per year . 

o The l ikel iest estimate of mortal ity from 
salmonel losis in the "etiologic faction" attributable to 
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subtherapeutic uses of any antimicrobial only for growth 
promotion is 2 deaths per year . 

o The l ikel iest estimate of mortal ity from 
salmonellosis in the "etiologic fraction" attributable to 
subtherapeutic uses of penicill in/ampicill in and/or 
tetracycl ine only for growth promotion is 2 deaths per year . 

o Infections with antimicrobial-resistant strains o f  
Salmonella are more often fatal than infections with 
susceptible Salmonella . Therefore , the increased difficulty 
of providing effective therapy for human disease can be 
estimated . The increased difficulty in providing effective 
treatment may be due to increased virulence of antimicrobial
resistant strains , to the presence of resistance to one of 
the antimicrobials ordinarily used to treat such infections 
when they are severe or when they occur in particularly 
vulnerable persons , or to some other factor . The l ikel iest 
estimate of mortal ity from salmonellosis arising because of 
increased difficulty of treatment attributable to 
subtherapeutic uses of any antimicrobial for prophylaxis and 
growth promotion is 4 0  deaths per year . 

o The likel iest estimate of mortal ity from 
salmonel losis arising because of increased difficulty of  
treatment attributable to subtherapeutic uses of  
penicill in/ampici l l in and/or tetracycl ine for prophylaxis and 
growth promotion is 2 0  deaths per year . 

o The l ikel iest estimate of mortal ity from 
salmonel losis arising because of increased difficulty of 
treatment attributable to subtherapeutic uses of any 
antimicrobial only for growth promotion is 8 deaths per year . 

o The l ikel iest estimate of mortal ity form 
salmonellosis aris ing because of increased difficulty of 
treatment attributable to subtherapeutic uses of 
penicill in/ampici l l in and/or the tetracycl ines only for 
growth promotion is 8 deaths per year . 

o Evaluation of the foregoing estimates of mortal ity 
from salmonel losis attributable to subtherapeutic uses of 
antimicrobials in animal feed requires cons ideration in a 
broader context . What possible benefits accrue from such 
subtherapeutic use of antimicrobials in food production? 
Would human deaths from salmonellosis be reduced by the 
discontinuation of subtherapeutic use of penicil l in/ 
ampicil l in andjor the tetracycl ines? The committee ' s  thesis 
is that , although some deaths due to antimicrobial-resistant 
strains might be " replaced" by deaths due to susceptible 
strains , the total number of deaths would decrease , however , 

Copyright © National Academy of Sciences. All rights reserved.

Human Health Risks With the Subtherapeutic Use of Penicillin or Tetracyclines in Animal Feed
http://www.nap.edu/catalog.php?record_id=19030

http://www.nap.edu/catalog.php?record_id=19030


2 0 3  

this cannot now be proved . The committee offers no 
recommendations regarding pol icy-making because that was not 
part of its mandate . 
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RECOMMENDATIONS FOR FUTURE RESEARCH 

The committee offers no recommendations of possible 
solutions to risk manaqement of the overal l  problem under 
consideration . It has directed its attention mostly to its 
charqe to review the human health consequences and the risk 
associated with the use of penicillin and the tetracycl ines 
at subtherapeutic concentrations in animal feed . 
Recommendation of any action would be appropriate only after 
requlatory aqency review and weiqhinq of both the benefits 
and risks of use of these antibiotics in subtherapeutic 
dosaqes . 

The committee does , however , offer recommendations 
concerninq further investiqations that would be helpful in 
resolvinq the issue , which has been intensely debated for 
some 15-2 0 years . Many of the recommendations for study 
would remain appropriate whether current pol icies reqardinq 
subtherapeutic antimicrobial use remain in effect or are 
chanqed by a requlatory aqency . In the former instance , the 
data obtained would serve to strenqthen the informational 
underpinninq of risk estimation . In the latter instance , 
they would make it possible to compare data on the prevalence 
of antimicrobial resistance amonq enteric pathoqens and human 
health risks before and after institution of any chanqe in 
approved antimicrobial use . 

STQDIES TO SUPPLEMJNT THE QATA 8ASE FOR RISK ANALYSIS 

The risk assessment performed by this committee used the 
best available data related to the six essential elements in 
its risk estimates : resistance of human salmonella isolates 
to antimicrobials , annual reports of cases of salmonellosis , 
death rates associated with antimicrobial-susceptible and 
antimicrobial-resistant strains , fraction of human 
salmonel losis deaths associated with strains of farm oriqin , 
fraction of antibiotic res istance in strains of  farm oriqin 
caused by subtherapeutic use of antimicrobials in animal 
feed , and "etioloqic fraction . "  In compil inq its risk 
estimates the committee was l imited by the paucity of some 
types of data and the consequent need to extrapolate from the 
results of small studies to the qlobal problem , by the fact 
that in some subj ects rel iable data were almost total ly 
lackinq and had to be substituted for with "best estimates , "  
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and by the nature of the available relevant data which often 
had been col lected for other purposes . The risk assessment 
was confined to infections caused by Salmonella species , only 
a portion of the problem ,  because basic surveillance data on 
infections due to other gastrointestinal pathogens of animal 
origin--such as Campyl9bacter iejuni , Yersinia 
enterocolitica , and enterohemorrhagic � QQ!i--were not 
available .  

The committee hopes that FDA will find the risk 
assessment performed by this committee to be useful in its 
decision-making . The committee acknowledges the qual itative 
and quantitative deficiencies of the primary data and the 
broad range of estimates used in the assessments of risk . 
Narrowing the range of these estimates would necessitate 
refining and enlarging the data base used in the risk 
analysis . In the committee ' s  view ,  such an effort appears 
reasonable . 

AHTIMICBOBIAL-BESISTANT SALMONELLA STBAINS AHD THEIR SOQRCES 

Improved surveillance of salmonella isolates in the 
United States is essential for better understanding and 
control both of bacterial resistance to antimicrobial agents 
and of disease due to salmonel lae in humans and animals . 
Improved surveillance would be easy to put into place , 
because it would build on , and actually require only a small 
increment to , a large existing system . 

Tbe Existing System 

Each year , hundreds of thousands of physicians , 
analyz ing il lnesses of mill ions of patients , send hundreds of 
thousands of stool specimens to more than 5 , ooo microbiology 
laboratories . This is a time-consuming process by which 
skilled technologists isolate 4 0 , 000  or more salmonella 
strains and conduct tests for resistance to antibacterials . 
Most of the salmonella isolates are then forwarded to state 
reference laboratories , where technologists with special 
training , skills , and reagents laboriously type them into 
more than 1 , 000  possible serotypes . Serotype reports are 
returned to the referring laboratories , where they only 
rarely contribute to the management of patients . 

Epidemiologists in the separate states use the reports 
of isolated salmonella serotypes to del ineate recognized 
outbreaks and detect others . The accumulated reports of all 
the state reference laboratories are col lected , tabulated , 
and publ ished by the Centers for Disease Control ( CDC ) . 

In a similar system , state veterinary laboratories , the 
National Veterinary Reference Laboratory , the Food Safety and 
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Inspection Service ( FSIS ) of the u . s .  Department of 
Agriculture , and various university diagnostic laboratories 
isolate and serotype salmonellae from specimens taken from 
animals ; however , these data are unpubl ished and have not 
been included in the data base used by this committee . 

Additions to the System 

The antimicrobial susceptibil ities of each salmonella 
isolate need to be recorded with its serotype . 

Reference laboratories need to enter their results each 
day into a networked computer system that analyzes all data 
automatically and comprehensively . 

Resistant isolates classified by a computer as 
epidemiological ly important should be forwarded to a 
laboratory that will  catalog their plasmids . 

Addition of Susceptibility Test Besults 

One good reason for adding results of susceptibil ity 
tests is to obtain accurate and complete measurements of 
prevalence of resistance , regional variations , trends over 
time , etc . All those would have been valuable to this 
committee , but could only be pieced together crudely from 
fragmentary reports of l imited comparabil ity ( see Chapter V) . 

A second , and probably better , reason is to improve 
epidemiologic information , which is the only j usti fication 
for the present elaborate system . Essential ly , outbreaks are 
confirmed or recognized now by virtue of an excess of 
isolates of one serotype over the expected incidence . The 
outbreak clone boosts the serotype isolation rate above the 
threshold of random appearances .  However , for the more 
commonly isolated serotypes (which account for most of the 
isolates ) , the threshold for detecting excess is high . 
Generally , only large outbreaks are investigated , except for 
outbreaks caused by rare serotypes ; in fact , most outbreaks 
are overlooked . Coupl ing antibiotype to serotype permits 
detection of small outbreaks that are due to resistant 
subclones that belong to common serotypes .  Two isolates of a 
subclone can be recognized to constitute an outbreak : without 
the antibiotype , dozens might be needed . Recognition of more 
small outbreaks or of large outbreaks sooner improves the 
understanding and control of salmonella disease and of the 
flow of res istance genes in animals and humans .  Recognition 
of more outbreaks also provides more opportunities to trace 
cha ins of transmission . 

A third reason for recording antibiotypes is that it is 
the key to the use of plasmid cataloging , as described below , 
which adds another level of subclone discrimination . 
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Determining the resistance of all salmonel la isolates in 
the United States would be easy and inexpensive . Four-fifths 
of the human isolates exhibit no antimicrobial res istance . 
The ones that do nearly always have resistance at least to 
either tetracycl ine , streptomycin , sul fonamide , or 
ampicil l in :  dropping four disks on a small plate or part of a 
plate would screen out the susceptible ( nonresistant ) four
fifths , leaving 8 , 000  resistant isolates--an average of less 
than one per day per state reference laboratory . Each would 
need a routine disk-susceptibil ity test plate , which entails 
several minutes of work and a dollar ' s  worth of suppl ies . 
Some 4 , 000-5 , 00 0  animal isolates of salmonellae would need 
susceptibil ity testing each year . 

An Integrated Computer System 

Salmonella outbreaks often appear as a smal l number of 
isolates scattered across several states . Accordingly , 
continuing analysis of all u . s .  data in an integrated system 
is needed to detect these outbreaks early or at all . such a 
system would become more important as antibiotyping and 
plasmid cataloging began to discriminate more salmonella 
subclones . It would also be helpful in developing or 
adapting shared software , such as automatic notification 
whenever any clone or subclone in any state or combination of 
states exceeded its outbreak threshold . Integration should 
be considered soon , before individual reference laboratories 
acquire various incompatible systems . 

Plasmid cataloging 

Plasmid cataloging would be a useful diagnostic tool and 
should begin with a survey of the restriction endonuclease 
digestion patterns of resistance plasmids from animal and 
human salmonella isolates representing prevalent antibiotypes 
for a number of serotypes ( see Table V-2 ) . Experience has 
shown each set of plasmids from isolates of one antibiotype
serotype combination would be expected to have one or more 
restriction patterns . Whol ly di fferent restriction patterns 
in any set would discriminate subclones presumed to be 
unrelated . Patterns with small differences undoubtedly 
represent evolutionary variants of one clone and may be 
distinguished with microepidemiologic studies . For example ,  
plasmids from six human isolates from different parts of one 
state over a two month period had identical restriction 
patterns , whereas those from humans or animals in other 
states all differed sl ightly from those six and from one 
another . 
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As the catalog of u . s .  salmonella plasmids might build , 
in parallel with a computerized isolate data base , the 
epidemiology of salmonellae in animals and humans could begin 
to emerge at a new level of detail and quantitation . The 
distribution of speci fic clones and subclones among animal 
populations could be del ineated , and rates of appearance in 
humans could be established . That would provide better 
understanding of the epidemiology of salmonel lae in animal 
and human outbreaks , give a basis for each of them at the 
outset to known plasmid famil ies with known prior 
distributions , and hence provide early clues to possible 
chains of spread . 

One laboratory could catalog the salmonella plasmids and 
explore technology for improved cataloging of plasmids ; 
restriction endonuclease profil ing , although workable now , is 
l ikely to be supplemented ( i f not replaced) by newer methods 
that would be faster and provide more critical molecular 
detail . In particular , as more is learned about the stages 
of spread of resistance through bacterial populations and the 
molecular changes that accompany those stages , it wil l  be of 
great value to find correlates in the data on salmonel lae . 

Implications of Change in Use of Animal Feed A4ditiyes 

It can be questioned whether a different program of 
salmonella surveillance would be needed if  use of  animal feed 
additives changed . The program recommended above would 
probably be a sensitive monitor of such change , as wel l as 
providing improved observation of the present s ituation . 

HUMAN MQRBIDITY AND MORTALITY DUE TO ENTERIC PATHOGENS OF 
FARM ANIMAL ORIGIN 

"Salmonella deaths" might be construed as deaths due 
primarily to salmonellosis (with bacteremia and shock , 
endarteritis , metastatic abscesses , and severe 
gastroenteritis with dehydration , usually in infants or 
elderly) ; those in patients with underlying diseases in whom 
salmonella gastroenteritis contributed to the death , but was 
not the primary cause of it ; and those in patients from whom 
salmonellae were isolated , but in whose deaths had other 
causes . In cases with other causes , hospital ization might 
have been initiated by salmonella infection that had subsided 
and their deaths have had unrelated causes . S imilarly , 
salmonella gastroenteritis and asymptomatic carriage can 
occur as almost incidental matters in patients with other 
maj or medical problems to which they succumb . 

Often , the above distinctions have not been made in 
published series of cases and reports of outbreaks , and 
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information on death certificates is not of sufficient 
qual ity to allow such distinctions to be drawn . Such data 
can probably be developed only with expanded studies of 
selected counties of the type performed by coc . 7 However , it 
wil l  l ikely require more detailed analysis of hospital 
records and information (based on chart-directed recall )  
from attending physicians to categori ze " salmonella deaths" 
more definitively . In addition , definitive class i fication of 
those deaths as to contribution of salmonella infection 
(primary cause , contributing cause , of unknown relevance , or 
unrelated) should be stratified according to antimicrobial . 
susceptibil ity pattern of the strain involved ( susceptible , 
resistant to penici l l in or tetracycline , resistant to 
multiple antimicrobials , etc . ) .  In the characterization of 
strains , primary attention should be on resistances to 
antimicrobials known to be R-plasmid-mediated . 

The selected-counties study of the Salmonella 
Surveillance System is the only current system of 
survei l lance of infection with Salmonella of which the 
committee is aware . Additional useful information could be 
obtained through the system i f  the fol lowing modifications 
were introduced : 

o Expansion of the number of communities to yield a 
larger data base . 

o Continuation of the selected-counties study in the 
form of annual surveillance , rather than monitoring every 4 -5 
years . 

o Determination of morbidity ( days of diarrhea , 
hospitalization rates , etc . ) associated with infection caused 
by antimicrobial-susceptible and antimicrobial-resistant 
strains . 

o Inclusion of infections with Campylobacter iejuni 
based on the same kinds of epidemiologic questionnaires 
(given the increasingly evident impact of campylobacter 
infection) . 

OQANTITIES OF AHTIMICRQBIAL QRQGS USED IN SUBTHEBAPEQTIC 
CONCENTRATION IN ANIMAL FEEDS 

Amounts of antimicrobials in the aggregate ( and of 
individual antibiotics , such as penicil l in and the 
tetracycl ines ) used in animal feed are not known . The best 
available information comes from the Animal Health Institute 
and from industrial sources as estimates that are admittedly 
rough . Valuable data could be provided by monitoring and 
surveillance to determine actual subtherapeutic use of 
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antimicrobials in animal and poultry feeds , perhaps through 
sampl ing of farms and feedlots . Sampling should reflect 
characteristics of a cross section of users of antimicrobial 
feed additives . 

0 Cbaracteristics of facilities to be monitored . 
Sampl ing should include large and small farms , appropriate 
geographic areas , the maj or animal sources of meat products 
(beef cattle , veal cattle , pigs , and poultry) , and ( in the 
case of cattle) widely different methods of animal rearing 
( confined , high-density herds , and open-range grazing) . It 
should include the spectrum from small local facil ities to 
huge industrial operations and existing data bases , such as 
APHIS-USDA . 

o Bationales for Subtherapeutic use of antimicrobials 
giyen by user at each Administration . Was it for growth 
promotion , disease prevention , or some other purpose? Did 
the farmer know , in fact , whether feeds contained an 
antimicrobial additive and , if so , what it was? For what 
fraction of the total growth cycle is the regular use of 
penicillin and tetracycl ines ( and other antimicrobial s )  in 
subtherapeutic concentrations in feed a regular practice? 

o Concentrations of penicillin and tetracyclines Cand 
other antimicrobials > achieved in feed on farms and in feed 
!Qt§ .  Are the prescribed subtherapeutic concentrations being 
achieved after mixing on farm and feedlot? Are they being 
exceeded unwittingly? 

o Would routine record-keeping of antimicrobial use on 
farms and feedlots be feasible? such records would be of 
value , after antimicrobial-resistant strains involved in 
outbreaks of human salmonellosis were traced to the farm 
source (by plasmid fingerprinting techniques ) ,  in determining 
relationship to prior use of subtherapeutic concentrations of 
antimicrobials in feed given to the farm animals involved . 

ROLE OF PRIOR EXPQSQRE TO AHTIMICRQBIALS IN INFECTION BY 
AHTIMICRQBIAL-BESISTAHT StRAINS OF SALKONEIJAE C "ETIOLQGIC 
fRACTION" > 

Studies of the role of the "etiologic fraction" in 
humans should be expanded to provide a larger statistical 
basis for the estimates of risk to human health . Further 
data might be gleaned both from outbreaks , as has already 
been done , and from the Salmonella Surveillance System for 
selected counties . It would also be of interest to develop 
data on the morbidity and mortal ity rate in patients who 
constitute the etiologic fraction . Do these patients exhibit 
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more o r  less severe illness than other patients overall? The 
selection of matched controls must be carried out with qreat 
care , because the patients in the etioloqic fraction are 
l ikely to differ from the qeneral population at risk of 
salmonel losis by virtue of their recent intake of 
antimicrobial druqs , their qreater aqe , their underlyinq 
illnesses , and by their receipt of a smaller inoculum . 

As far as we are aware , the term "etioloqic fraction" 
has been appl ied only to infections in humans , but there 
miqht also be an etioloqic fraction in animals--i . e . , 
decreased colonization and infection of animals by 
susceptible strains , an effect that miqht be termed a 
"neqative etioloqic fraction . "  Indeed , evidence supports the 
latter hypothesis . 3 A neqative etioloqic fraction for 
infections caused by susceptible strains wil l  increase the 
proportion of infections caused by resistant strains . 

A more crucial question concerns the net effect of the 
subtherapeutic administration of antibiotics on the overal l  
prevalence of carriaqe of salmonel lae ( res istant or 
susceptible)  in animals . Studies to evaluate that question 
could be carried out by passive observation of naturally 
occurrinq infection durinq the administration of antibiotics 
or by del iberate feedinq of salmonella strains under 
controlled conditions . The results would probably be hiqhly 
influenced by the choice of antibiotics for administration , 
as wel l as by the dosaqe and frequency of administration , the 
deqree of resistance ( or susceptibil ity)  of the infectinq 
strains , and the deqree of resistance of the normal flora 
(possibly includinq both aerobes and anaerobes ) .  Small  
differences in any those variables would influence the subtle 
interaction between the suppressive effect of a druq on a 
bacterial pathoqen and on the normal bacterial flora and the 
interaction between these bacteria . 

A neqative etioloqic fraction miqht also be hypothesized 
in humans . Indeed , some have suqqested that the 
inappropriate use of antibiotics for such illnesses as viral 
pharynqitis , althouqh attended by potential adverse effects , 
miqht have a beneficial effect in preventinq secondary 
infection or compl ications of infection caused by susceptible 
pathoqens . This committee ' s  charqe does not deal with the 
administration of antibiotics to humans , so that subj ect has 
not been pursued in this report . 

MORBIDITY AND MORTALITY ASSOCIATED WITH UNREPORTED CA5ES OF 
SALMONELLQSIS 

There is rel iable evidence that only about 1-10% of 
cases of salmonellosis are identi fied in outbreaks : a 
comparably small fraction is thouqht to be reported in 
sporadic cases . Perhaps more important , it is often commonly 
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assumed .that the unrecognized or unreported cases are 
general ly less severe than the recognized or reported ones . 
The committee , in estimating risk , had no data on 
salmonel losis morbidity and of course could use data on 
salmonellosis deaths only i f  such deaths were reported . 

It might be possible for CDC to conduct telephone 
surveys during outbreaks of salmonellosis to detect not only 
the unreported proportion of cases , but also to obtain data 
on morbidity in those cases : the results for both mortal ity 
and morbidity could be compared with data on reported cases . 
I f  morbidity were similar in the reported and unreported 
cases--i . e . , chance , rather than severity of illness , would 
be determining whether an infection is reported--this would 
suggest that the impact of salmonellosis in our risk 
assessment , which is based on 4 0 , 000-65 , 00 0  cases per year , 
should be scaled sharply upward to take account of unreported 
cases . 

STQDIES TO DETERMINE EXISTENCE OF DIRECT 
EYIDENCE OF HUMAN HEALTH HAZARD ASSOCIATED 
WITH SUBTUEBAPEUTIC USE OF PENICILLIN AND 

TETRACYCLINES IN ANIMAL FEEDS 

Only CDC is in a position to perform such studies . The 
use of molecular techniques to characterize salmonella 
isolates clonally and to identify antimicrobial -resistant 
strains through the food chain from farm animal to human 
consumer has proved successful . Do the one or two examples 
reported constitute clear evidence of a common phenomenon , or 
are they exceptions? The weak point in the argument is the 
lack of a direct demonstration of the role of subtherapeutic 
use of approved antibiotics , such as penicil l in or 
tetracycl ines , as the farm origin of the infecting salmonella 
clone . More salmonella outbreaks should be studied with 
molecular fingerprinting techniques and with conventional 
epidemiologic methods , including documentation of the 
qual itative and quantitative aspects of antimicrobial use on 
the implicated farms or feedlots . 

OTHER STUDIES 

AHTIMICRQBIAL BESISTAHCE AMQNG . AND FBEOUENCY OF DISEASE 
DUE TO . OTHER FQODBOBNE ANIMAL PATHOGENS THAT AFFECT HQMANS 

Recognition over the last decade that other bacterial 
enteric pathogens , such as Campylobacter j eiuni and � £Qli 
0 157 : H7 ,  can spread from animals to humans and that 
Campylobacter might infect humans more often than any other 
intestinal pathogen , raises the question of whether 
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monitoring the frequency with which they cause human and 
animal infections might illuminate the issues faced by this 
committee . 

Information on those pathogens seems sparse , compared 
with information on salmonellae . Serotyping does not yet 
subdivide them as elaborately as it does salmonel lae and is 
in any case not yet routinely practiced by a national network 
of laboratories . Resistance does not seem to impede therapy 
often or to be as varied as in salmonel lae . Further work on 
these pathogens needs to be supported , but surveillance data 
on them are not l ikely to influence antimicrobial use greatly 
in the near future . 

SELECTIVE EFFECTS OF THEBAPEQTIC AND SU8THEBAPEQTIC DQSAGES 
OF ANTIMICROBIAL AGENT 

Given the paucity of in vitro data of the kinds required 
to predict the effects of different dosages of drugs on 
selection of antibiotic-resistant strains , much more work is 
recommended . In particular , in a mixed bacterial population , 
what are the effects of di fferent dosages of antimicrobials 
on the growth characteristics of resistant and susceptible 
bacteria , and on the genetic spread of R plasmids , 
particularly between species? Such studies require careful 
determination of growth rates and conj ugative transfer rates 
under wel l-control led conditions . The resulting information 
should make it possible to develop appropriate computer 
models to allow prediction of dosage effects on the emergence 
of drug-resistant organisms . 

EFFECT OF ANtiBIOTIC BESISTAHCE ON VIRULENCE OF FOODBQBNE 
PATHOGENS OR SEYERITY OF DISEASE PRODUCED 

Recently , some plasmids in salmonellae have been 
identified as being involved in the expression of 
virulence . 1 , 2 , 8  Plasmids in � typbimurium ( 9 0  kilobases ) ,  
in � dublin ( 7 5  kb ) ,  and in � enteritidis ( 54 kb )  are 
necessary for these three serotypes to express virulence in 
mice . Plasmid-free "cured" strains lose virulence in mice , 
and reintroduction of the plasmids into the "cured" strain , 
or into a naturally occurring plasmid-free isolate , restores 
virulence . 

Studies defining the prevalence of virulence plasmids in 
the common Salmonella serotypes ( antimicrobial-susceptible 
strains ) isolated from farm animals ( and humans ) not exposed 
to antibiotics wil l  be helpful in providing basel ine 
information concerning possible effects of subtherapeutic 
administration of antimicrobials in feed . Virulence plasmids 
might not be present in most strains of antimicrobial-
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susceptible salmonel lae in farm animals ; in that case the 
possible effect of antimicrobial selection or persistence and 
expansion of the population of virulence plasmids in farm 
animals receiving subtherapeutic concentrations of 
antibiotics warrants investigation . S imilarly , direct 
comparison of human ( and animal ) isolates of antibiotic
susceptible and -resistant salmonella isolates of specific 
serotypes in mouse-virulence assays bears directly on the 
question of whether antibiotic resistance in such a foodborne 
pathogen can affect its virulence . 

BACTERIOLQGIC CONTAMINATION OF ANIMAL FOODSTQFFS WITH ENTERIC 
PATHOGENS 

FSIS has the responsibil ity for ensuring the safety of 
meat and poultry products . FSIS has an overal l  goal of 
ensuring that meat , poultry , and their products are 
wholesome , unadulterated , and properly labeled and do not 
constitute a health hazard to the consumer . In 1 9 8 3 , FSIS 
asked NRC to evaluate the scienti fic basis of the current 
system for inspecting meat4 poultry , and meat and poultry 
products . The 1985  report that resulted from that request 
offered numerous recommendations , not all of which are 
directly relevant to the present study . However ,  one of the 
maj or conclusions of the report states that Salmonella and 
Campylobacter species are maj or causes of diseases 
transmissible to humans through the consumption of meat and 
poultry products and that current postmortem inspection 
methods are not adequate to detect these organisms . The 
report recommended that efforts to control and el iminate 
contamination with microorganisms include evaluation of rapid 
diagnostic procedures for detecting Salmonella and 
Campylobacter especially . Postmortem inspection methods have 
been relatively effective for the detection of unwholesome 
meats ; before these methods are abandoned , FSIS should 
determine the effectiveness of the methods that would replace 
them . 

At the request of FS IS , another study was doneS to 
evaluate the current FS IS poultry inspection programs in the 
framework of a risk-assessment model incorporating 
statistical procedures . The report of that study drew 
several conclusions and offered recommendations that are 
relevant to the current study . "There is conclusive evidence 
that microorganisms pathogenic to humans ( such as Salmonel la 
and Campylobacter) are present on poultry at the time of 
slaughter and at retail . "  The report stated that "the 
critical control points at which known pathogenic 
microorganisms such as Salmonella and Campylobacter may be 
introduced into the poultry system should be identi fied and 
monitored , preferably as a part of an HACCP ( Hazard Analysis 
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Critical Control Point ) proqram" and that FSIS begin to lay 
the groundwork for a more comprehensive program with 
statistical ly based sampl ing that modifies the traditional 
bird-by-bird inspection . 

In 1969 , the NRC Committee on Salmonel la6 recognized 
that there was no way to be absolutely certain that a 
particular lot of nonsterile food is free of salmonellae . 
It recommended the development of a sampl ing plan to provide 
adequate assurance that the number of salmonellae present , if  
any , is below a statistically defined l imit that reflects 
minimal hazard to the consumer .  A subcommittee of that 
committee supported the HACCP concept as an effective and 
rational approach to the assurance of safety . 

FSIS is now evaluating the effectiveness of the HACCP 
procedure for analyz ing the slaughter of poultry and the 
procedures for handl ing finished products . FSIS plans to 
determine where the critical control points are and what 
procedures would be best for controll ing bacterial 
contamination from the time when the animal reaches the 
processing plant to the time when the finished product goes 
to market . Today there is no routine microbiologic sampl ing 
of meat or poultry . To help in evaluating the critical 
control points in processing of poultry , an agency pilot 
plant in Puerto Rico is gathering basel ine data at each 
critical control point in processing . Investigators wil l 
look at microbiologic contamination before animals reach the 
processing plant and during processing . 

The present committee recommends that , with respect to 
microbiologic sampl ing of meats , consideration be given not 
only to the identification of pathogenic organisms , but also 
to their testing for antimicrobial susceptibil ities . The 
resulting microbiologic data should be available to 
researchers for use in studying the relationship of 
antibiotic use to drug resistance in pathogens isolated from 
foodborne outbreaks of human disease . 
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