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Salmonella and Campylobacter infections occur commonly in children. Some of these
infections are severe, requiring treatment with antimicrobial agents. Many classes of
antimicrobial agents that are used in humans also are used in food animals for growth
promotion, disease prevention, and therapy. The use of such antimicrobial agents in
food animails increases the likelihood that human bacterial pathogens that have food
animal reservoirs, such as Salmonella or Campylobacter, will develop cross-resis-
tance to drugs approved for use in human medicine. Resistance determinants also
may be transmitted from food animals to humans through the food supply with
bacteria that usually are commensal, such as Escherichia coli and enterococci.
Clinicians should be aware that antimicrobial resistance is increasing in food-borne
pathogens and that patients who are taking antimicrobial agents for any reason are
at increased risk for acquiring antimicrobial-resistant food-borne infections. Several
European countries have demonstrated that restricting the use of antimicrobial
agents in food animals can be followed by a decrease in antimicrobial resistance in
humans without compromising animal health or significantly increasing the cost of
production. Appropriate use of antimicrobial agents in humans and food animals is an

important factor in maintaining their effectiveness.
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S almonella and Campylobacier infections occur commeonly
in children. The Centers for Disease Control and Pre-
vention (CDC) recently estimated that 1.4 million Salmo-
nelle and 2.4 million Campwlobacter infections occur each year
in the United States,! although the number of Campyiobacier
infections has declined recently.? Approximately 40 percent
of culture-confirmed Salmonefla infections and 18 percent of
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Campylobacter infections occur in children 10 years of age
and younger; therefore, these estimates translate into
360,000 Salmonella and 432,000 Campylobacter infections in
children of these ages cach year in the United States.
Compared with other enteric inlections, Salmonelle and
Gampylobacter infections are particularly common findings in
infants, and such infections frequently may be severe, re-
sulting in bacleremia, meningitis, or death? Increasing
antimicrobial resistance among Safmonella and Campylobacter
threatens the clinical utility of some antimicrobial agents.
The agricultural use of antimicrobial agents that are used
in humans or have a human analog increases the likelihood
that human bacterial pathogens that have food animal
reservairs (ie, Campylobacter, Salmonella) will develop resis-
tance or cross-resistance to drugs approved for use in hu-
man medicine.”

Antimicrobial agents have been used in agriculture, in-
cluding livestack and poultry, since the early 1950s to treat
infections and improve growth and [leed etficiency. The
precise amount of antimicrobial agents used in agriculture
is not known; however, a substantial portion is given to food
animals in subtherapeutic doses for promotion of growth in
the absence of diseases, a practice that increasingly is com-
ing under scrutiny.® The World Health Organization, fol-
lowing consultations in 1997 and 1999, has recommended
discontinuing use of antimicrobial growth promoters that
belong to an antimicrobial class used in humans.57 In the
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United States, the Institute of Medicine made this same
recommendation in 2003.%

Several Furopean countries also have taken steps toward
this goal. Because of consumer’s concerns about antimicrobial
resistance, farmers in Denmark voluntarily stopped using all
antimicrobial agents as growth promoters in 1999 In Den-
mark, the amount of antimicrobial agents used for various
purposcs is reported annually, and this voluntary action has
reduced by 60 percent (from 206 o 81 tons) the total volumne
of antimicrohial agents used annually in food animals.'®'! In
2001, the Furopean Union banned the use of growth promo-
tion drugs related to antimicrobial agents used in human
medicine (avoparcin, tylosin, spiramycin, bacitracin, and vir-
giniamycin).” Furthermore, the Health Ministries in the Fu-
ropean Union recently agreed (o discontinue the use of all
antimicrobial growth promoters hy 2006.13

Studies to investigate the influence of the ban have
shown no negative conscquence for farmers’ profits or an-
imal health in broiler chickens.’ Similar conclusions were
reported in fattening pigs, although an increase in the
incidence of diarrhea in weaned piglets required other
interventions, such as a change in feeding and weaning
procedures.’ In Sweden, all use of antimicrobial agents as
growth promoters was banned in 1986, decreasing their
total usage by 55 percent, without long-term adverse alfects
on productivity, demonstrating the ability to achieve com-
petitive production results in the absence of antimicrobial
growth promoters,'3!% The discontinuation of antimicrobial
growth promoters in these countries has been followed by a
decrease in antimicrobial-resistant bacteria in animals,
food products, and humans 5720

Agricultural use of antimicrobial agents can impact the
treatment of human discase. Antimicrobial resistance is
increasing in the food-borne pathogens Selmenelle and
Camprplobagter in the United States,?! limiting the choice of
therapeutic agents and increasing the potential for treat-
ment lailures and adverse clinical outcomes.? In addition,
patients who are taking antimicrobial agents for any reason
are at increased risk for acquiring antimicrobial-resistant
food-horne infections. 22 Appropriate use of antimicrobial
agents in humans and food animals is necessary to maintain
their effectiveness. Although therapeutic use of antimicro-
bial agents in food animals is important for animal health,
the long-term effectiveness of antimicrobial agents used in
human medicine must be preserved. This report presents
information on the [requency of resistant food-borne infec-
tions in the United States, reviews scientific evidence link-
ing usage of antimicrobial agent in agriculture with resis-
tant lood-borne infections in humans, and makes recom-
mendations for measures to protect public health.

Antimicrobial Use in Food Animals

At least 17 classes of antimicrobial agents, including tetra-
cyelines, penicilling, macrolides, lincomycin (an analog ol
clindarycin), and virginiamyein (an analog of guinupristin/
dalfopristin, arc approved lor growth promotion (also
called improved feed efficiency) in the United States. To

understand the human health consequences of the agricul-
tural use of antimicrobial agents, evaluating the quantity of
antimicrabial agents used in food animals in the United
States is important. Unfortunately, no public health report-
ing system cxists for the quantity of antimicrobial agents
used in food animals in the United States. The Animal
Health Institute, which represents 80 percent of the com-
panics that produce antimicrobial agents for animals in the
United States, estimated that their member companies
produced 18 million pounds of antimicrebial agents for use
in food animals in the United Siates in 1998.% An alterna-
tive estimate was provided by the Union of Concerned
Scientists in 2001, which calculated that 31 million pounds
of antimicrobial agents are used annually in food animals in
the United States. According to the Union of Concerned
Scientists estimates, 93 percent (28 million pounds) of the
amount used in agriculture is used in the absence of dis-
ease.’ Alihough more precise data on the quantity and
purpose (eg, therapeutic versus. growth promotion) of an-
timicrobial agents used in food animals are needed, these
initial estimates provide some perspective on the large
quantity of antimicrobial agents used in food animals in the
United States.

As in human medicine, the use of antimicrobial agents
in agriculture creates a selective pressure for the emer-
gence and dissemination of antimicrobial-resistant bacte-
ria, including animal pathogens, human pathogens that
have {ood animal reservoirs, and commensal bacteria that
are present in food animals % These resistant bacteria
may be transferred to humans either through the food
supply or by direct contact with animals,**#! The transfer of
resistant bacteria from food-producing animals to humans
is most evident in human bacterial pathogens that have
food animal sources, such as Gampyplobacter, which has reser-
voirs in chickens and turkeys, 3 and Salmonella, which has
important reservoirs in cattle, chickens, pigs, and tur-
keys. %% To monitor antimicrobial resisiance in food-borne
enteric pathogens, the National Antimicrobial Resistance
Monitoring System (NARMS) for Enteric Bacteria was
launched in 1996.

NARMS is a collaboration among the Centers for Dis-
ease Control and Prevention (CDC), the United States
Food and Drug Administration (FDA) Center for Veteri-
nary Medicine, and state and local health departments. In
addition to NARMS, the Foodborne Discases Active Sur-
veillance Network (FoodNet) conducts population-hased
studies to estimate the burden and sources ol specific food-
borne diseases in 10 states.

Campylobacter

NARMS has monitored the prevalence of antimicrobial
resistance among Gampylobacter jejuni, the most common
Campylobacier in the United States, aned Campylobacler coli
since 1997, In 1997, surveillance included isolates from 3
sites, and 28 (13%) of 217 . jejuni and C. coli isolates were
resistant to ciprofloxacin, a fluoroquinolone.?! In 2001, sur-
veillance expanded to 9 sites, and 75 (19%) of 384 C. jejuni
and . coli isolates were resistant.? This increase is statis-
tically significant [odds ratio 2.4, 95% confidence interval




80

Angulo el al

Percent of Isolates

20

Fluoroquinolones
approved for
use in humans

15

10 A

Fluoroquinolones
approved for
use in poultry

~ ~

Figure 1. 1992 to 1996 quinolone-resistant Campylobacter in Minnesota® and 1997 to 2001 fluoroquinolone-resisiant

Campiylobacter in NARMS (unpuhlished data). 2

L4, 4.11.2" Interviews of patients with ciprofloxacin-resis-
tant Gampylobacter infections in 1998 and 1999 found that
most patients with ciprofloxacin-resistant infections had
not traveled outside the United States before the onset of
their illness.? Between 1997 and 2001, resistance to tetra-
cycline decreased from 47 to 41 percent and resistance to
erythromycin remained at 2 percent among Campylobacter
Jejuni and Campwlobacter coli 2!

The emergence of resistance to fluoroquinolone among
domestically acquired C. jejuni and C. coli infections is an

example of antimicrabial resistance resulting (rom the use -

of antimicrobial agents in [ond animals in the United States
and the subsequent transfer via the food supply of resistant
bacteria to humans, The timeline of emergence of quino-
lone resistance in human Campylobacter infections in the
United States is depicted in Iig 1. Fluoroquinolones (cg,
ciprofloxacin) were approved for human medicine in 1986.
A national prospective study of reported cases of C. jejuni
and C. coli cases conducted in sentinel counties between
1989 and 1990 found no C. jejuni or C. eoli isolates to be
resistant (o fAuoroquinolones.® The first Hluoroquinolones
approved for use in food animals in the United States were
sarafloxacin in 1995 and enrofloxacin in 1996. These fuo-
roquinolones were approved for the treatment ol respira-
tory disease in chickens and turkeys. Experiments have
demonstrated that resistance in C. jejuni 1o ciprofloxacin
evolves rapidly in chickens treated with these drugs.®
Cross-resistance among ciprofloxacin, enrofloxacin, and
other flueroquinelones also occurs; resistance to nalidixic
acid, an elemental quinolone, correlates closely with resis-
tance to fluoroquinolones. A study conducted in Minnesota
reported that resistance in human C. jejuni infections to
nalidixic acid increased Irom | percent in 1992 to 10 per-
cent in 1998. Many ol the carly resistant cases were asso-

ciated with foreign travel® Other countries began using
fluoroquinolones before the United States did.® Nalidixic
acid-resistant Campylobacter infections that were acquired
domestically increased significanty (rom 1996 through
1998 in Minnesota, a finding temporally associated with the
licensure of fuoroguinolones for nse in poultry in 1995.% A
comparison of molecular subtypes of isolates from humans
and domestic chicken products from retail stores in Min-
nesola showed a significant association between resistant G
Jejuni strains from chickens and domestically acquired in-
fections in Minnesota residents.” This finding suggests that
resistant infections in humans may be acquired through the
domestic food supply as well as [rom abroad. Testing of
1997 NARMS C. jejuni isolates found resistance to fluoro-
quinolone among 12 percent of the isolates, increasing to 18
pereent in 2001.71
In a case-control study of ciprofloxacin-resistant Camjfy-
lobacter infections conducted in the FoodNet sites in 1998
and 1999, domestically acquired ciprofloxacin-resistant
Campylobacter cases were compared with well controls; per-
sons with ciprolloxacin-resistant Campylobacter infections
were more likely to have eaten poultry cooked at a com-
mercial establishment than were controls,” Because chicken
is not imported into the United States, this finding supports
the hypothesis that poultry is an important source of do-
mestically acquired ciprofloxacin-resistant Campylobacter in-
fections in the United States. In a recent risk assessment,
the FDA concluded that the use of fluoroquinclones in
chickens in the United States has compromised the treat-
ment with fluorequinolones of almost 10,000 people a year,
meaning that each year, thousands of people with Campy-
lobacter infections scek medical care and are treated with
fluoroquinolones, but their infection already is fluoroquin-
olone-resistant.”?
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Salmonella

NARMS also has been used to monitor the prevalence of
antimicrobial resistance among non-Typhi Salmonella since
1996. In 1996, surveillance included isolates {rom 14 sites,
and 164 (11%) of 1527 Salmonella isolates were resistant to
5 or more of the 14 antimicrobial agents tested.?’ As of
2001, surveillance had expanded to 17 sites, and 336 (15%)
ol 2,237 Salmonella isolates were resistant to 5 or more
antimicrobial agents,” In that same time period, resistance
to ampicillin changed from 18 to 25 percent, and tri-
methoprim-sulfame thoxazole resistance increased from 3
to 10 percent.?

Third-generation cephalosporins, such as ceftriaxone,
are used commonly for the treatment of invasive Salmonella
infections in children because of their pharmacodynamic
properties and the low prevalence of resistance to these
agents. The poteniial emergence of ceftriaxone-resistant
Salmonella is of concern. The first reported case of domes-
tically-acquired ceftriaxanc-resistant Salmonelle in  the
United States was in a 12-year-old child in Nebraska.*® An
investigation by public hcalth officials revealed that the
child’s father was a veterinarian. Before the child’s illness,
the father was (reating scveral cattle herds for illnesses
causcd by culture-confirmed Salmonella infection, Although
no information was available regarding the use of antimi-
crobials among the infected herds, a third-generation ceplb-
alosporin, ceftiolur, is used widely in cattle. Geftriaxone-
susceptible and ceftriaxone-resistant Salmonella were iso-
lated from ill cattle veterinarian.
Ceftriaxone-resistant and cefiriaxone-susceptible isolates
from cattle and the ceftriaxone-resistant isolate from the
child were serotype Typhimurium, and all had identical

treated by the

“molccular fingerprints” as determined by pulsed-field gel
electrophoresis, which suggested that the infections in (he
cattle herd and in the child may have heen related. The use
ol celtiofur (or other antimicrobials to which the isolates
were resistant) may have sclected for celtriaxone-resistant
Salmonella serotype Typhimurium in the intestinal {lora of
the involved herds,

The Nebraska child’s ceftriaxonc-resistant infection was
not an isolated event. The percentage of non-Typhi Salmo-
nella isolates in NARMS resistant to cefiriaxone increased
from 0.1 percent in 1996 to 1.5 percent in 20012 When
patients from whom isolates were received in 1996 to 1998
were interviewed, few reported international travel, sug-
gesting that most infections were acquired domestically.’
Furthermore, resistance to ceftriaxone in most infections
acquired domestically is caused by an AmpC-type resis-
tance gene (Mlacyy.), which resides on a plasmid. The
finding of a similar molecular mechanism of resistance
among different Salmonella strains suggests that horizontal
dissemination of a resistance determinant from one bacte-
rial strain to another may be oceurring.™ A 1999 study at
the University of Iowa found multidrug-resistant, cephalos-
porin-resistant bovine, porcine, and hurnan Selmonella spe-
cies isolates from the same geographic region. All human
and animal resistant isolates cneoded a CMY-2 AmpC-like
gene. ™

The cmergence in the United States and other coun-
tries of multidrug-resistant Salmonella  serotype Typht-
murium Definitive Type 104 (DT104), which is resistant to
ampicillin, chloramphenicol, streptomycin, sulfonamides,
and tetracycline (ACSSuT), is an example of how a highly
resistant clone ol Salmonella has the ability to spread effec-
tively among animals and then to humans, Described in
1998 by Glynn and colleagues, the emergence of S. Typhi-
murium DT104 in the United States can be traced back to
as early as 1985.%6 Although national surveillance data are
lacking, available data indicate that S. Typhimurium
DT104 ACSSuT became disseminated among animals and
then humans in the early 1990s.77 The prevalence of .S,
Typhimurium isolates with the ACSSuT pattern ol resis-
tance increased among human S. Typhimurium isolates
collected in periodic surveys lvom 0.6 percent in 1979 to
1980 to 34 percent in 1996."® Among human §. Typhi-
murium isolates submitted to NARMS, the prevalence of
the ACSSuT resistance pattern was 28 percent in both 1999
ane 2000 and 30 percent in 200121

Another multidrug-resistant strain of Salmonella that is
becoming increasingly common is Salmonella Newport; it is
resistant to at least ampicillin, chloramphenicol, strepto-
mycin, sulfamethoxazole, tetracycline, amoxicillin/elavu-
lanate, cephalothin, celoxitin, and ceftiolur, and it possesses
a deereased susceptibility to ceftriaxone (MIC =16 pg/mL),
designated as MDR S. Newport Amp-C. This strain com-
bines the broad resistance spectrum seen in DT104 with an
Amp-C determinant similar to that identified in the Ne-
braska child in 1998. S. Newport now is the third most-
common scrotype of Selmonella, and ol all Salmonella New-
port isolates submitied to NARMS in 2001, a remarkable 25
pereent were multidrug-resistant Amp-C.2! Tield investiga-
tions have demonstrated an association between human
MDR §. Newport Amp-C infections and eating ground
heel,® drinking and eating unpasteuvized dairy products,®
and living on a dairy farm,3¥ suggesting that cattle are an
important reservoir for MDR S, Newport.

In addition to fluoroguinolone-resistant Campivlobacter,
domestically acquired Muoroquinolone-resistant Salmonella
also has the potential for emergence. Fluoroquinolones are
the antimicrabial most commonly used for the (rearment ol
invasive Salmonella infections in adults® In 1996, fewer
than 1 percent of non-Typhi Salmonella isolates collected by
NARMS had a decrcased susceptibility to ciprofloxacin
(MIG 20.25 pg/ml). In 2001, 3 percent of isolates had
deereased susceptibility to ciprofloxacin,®! The rising pro-
portion of Salmonclla isolates that have decreased suscepti-
hility to ciprofloxacin is of immediate concern because iso-
lates with a MIC of 0.25 pg/mL or greater typically require
only a single additional point mutation to become resistant
(MIC: =4 pg/ml) and, therefore, represent a potential
reservoir for the emergence of resistant Salmonella should
such isolates be exposed to continued selective pressure.®!
Furthermore, patients infected with Salmonella strains with
a decreased susceptibility to fluoroquinolones may respond
poorly to treatment with flueroquinelones and have been
associated with apparent treatment failures®55? For these
and other reasons, authors have suggested lowering the
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clinical breakpoint for determining a resistant infection to
this antimicrobial agent,™

In addition to having decreased susceptibility to fluoro-
quinolones, some Salmonella isolates have been resistant to
ciprofloxacin (MIC =16 ug/mL). The limited number of
fluoroquinolone-resistant Salmonelle appears to be related
to forcign travel and particularly to persons hospitalized
overseas, These patients have introduced fluoroquinolone-
resistant Salmonellu into hospital and nursing home seitings
on returning to the United States.™ Thus, the limited
number of Huoroquinolone-resistant Salmonella inlections
isolated through 2001 may have emerged in nosocomial
seltings rather than agricultural ones,

Commensal Bacteria

Pathogenic bacteria, such as Campplobacter and Salmonelia,
are not the only concern when considering antimicrobial
resistance in bacteria with food animal reservoirs. Com-
mensal bacteria, which are naturally occurring host flora,
exposed to antimicrobial agents may become resistant and
then constitute a reservoir of resistance genes that could be
transferred to pathogenic bacteria, The prevalence of anti-
microbial re

stance in the commensal bacteria of humans

and animals is an indicator of the selective pressure of

antimicrabial agent use and reflects the potential for future
resistance in future pathogens 55

Most resistant bacteria have mobile genetic clements
such as R-plasmids and transposons that carry the resis-
tance genes. As the reservoir of resistant commensal bac-
teria increases, the plasmid population becomes larger and
enables more frequent transfer of resistance to pathogenic
bacteria, including Salmonella and Shigella, Escherichia coli,
which is the predominant species in the aerobic fecal Aora
in humans and many animals, has demonstrated its ahility
to transfer resistance genes to other species, including
pathogenic bhacteria®™™ Recent studies have shown an
emerging resistance in E. eofi to third-generation cephalo-
sporins. Winokur and coworkers lound 59 (16%) of 377

clinical £. coli isolates {rom cattle and swine and 6 (1%) of

more than 1,000 clinical human E. cofi isolates collected in
Towa to be resistant to extended-spectrum cephalosporins.
This study also identified identical CMY-2 genes in resis-
tant isolates from both humans and animals, suggesting
transfer of the resistance gene hetween food animals and
humans had occurred.™

Another example of potential animal-to-human transfer
of resistant commensal bacteria is quinupristin/dalfopris-
tin-resistant Enterococcus faecium. Quinupristin/dalfopristin
(Synercid®) was approved for use in humans in 1999 for
treatment of vancomycin-resistant E. faecium infections.
However, virginiamycin, an analog of quinupristin/dalfo-
pristin, has been used as a growth promoter in food animals
in the United States since [974.5% A siudy conducted by

the CDC in 1998 to 1999, belore the approval of use of

Synercid® in humans, found quinupristin/dalfopristin-
resistant E, faecium in 58 percent of chickens purchased in
rrocery stores [rom four different states.® Additionally,
g Y }

quinupristin/dalfopristin-resistant I, faecium was tound in 1
percent of the stools from nonhospitalized people who sub-
mitted a stool specimen to clinical luboratories. These find-
ings suggest that use of virginiamyein in chickens has cre-
ated a large reservoir of quinupristin/dalfopristin-resistant
E. faecium to which humans commonly are exposed. The use
of quinupristin/dalfopristin in humans for the treatment of
vancomycin-resistant E. faecium and other serious infections
may contribute additional selective pressure, leading (o an
increased prevalence of quinupristin/dalfopristin resistance
in humans. Similar data in Europe led the Buropean Union
in 1998 to ban the subtherapeutic use of virginiamycin in
i

food animals.

Clinical Implications

One human health consequence of the increasing antimi-
crobial resistance in food-borne bacteria is an increase in
food-berne illnesses. Increased incidence of human infec-
tions of antimicrobial-resistant food-borne pathogens oc-
curs because of an interaction among antimicrobial-resis-
tant Salmonella that are ingested, the native host flora, and
antimicrobial treatment. Treatmenl may suppress normal
protective flora, giving a temporary advantage to resistant
bacteria. Taking an antimicrobial agent may lower the
infectious dose for Safmonella if the pathogen already is
resistant to that antimicrobial agent.*2%" Analyses ol out-
breaks of antimicrobial-resistant Salmonella have demon-
strated that concurrent exposure Lo antimicrobial agents
can result in a larger number of cases than would have
occurred had the outbreak been caused by a sensitive
strain.?® BohnholT and colleagues showed in the carly 1960s
that mice with an “undisturbed” normal intestinal Qora
have a Salmonella infectious dose ol approximately 109 or-
ganisms,”’ When they “disturbed” the normal flora by ad-
ministering streptomycin, the infectious dose tor strepto-
mycin-resistant Salmonella decreased to only 10 organisms.
In Salmonella outhreaks, studies have shown that anlimicro-
bial treatment that precedes and is unrelated to the Salmo-
nella infection can predispose humans to infection with
either resistant’" or susceptible Salmonella.” Similarly, in
studies of sporadic salmoncllosis, previous treatment with
an antimicrobial agent was a risk (actor for acquisition of an
antimicrobial-resistant infection, compared with suscepti-
ble infections, ™77

Physicians should be aware that as lood-borne pathogens
become increasingly resistant, (reating paticnts with anti-
microbial agents, regardless of the reason, increases the
risk for that patient to develop an infection caused by
resistant food-borne bacleria soon thereafter. The public
health impact of this potentiation elfect is more cases of
illness and larger outbreaks, depending on the frequency of
resistance and the frequency of administration of an anti-
biotic treatment.? Therefore, reducing inappropriate use
of antimicrobial agents in humans, such as effort of the
American Academy of Pediatrics to reduce inappropriate
use of antimicrobial agents in the treatment of upper re-
spiratory infections in children,™ also will yield a concur-
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rent reduction in the number of children infected with
antimicrobial-resistant Salmonella and Campylobacter agents.

In addition to causing more human illnesses, increasing
antimicrobial resistance in food-borne pathogens may re-
sult in treatment failures if the food-borne pathogen is
resistant to an antimicrobial agent used for treatment. As
previously described, resistance is emerging to antimicro-
bial agents commonly used for treatrment of serious Salmo-
nella infections, that is, fluoroquinolones in adults and ex-
tended-spectrum cephalosporins in patients of all ages. An
example of probuble treatment [ailures was described re-
cently by rescarchers in Denmark, where an outbreak of
multidrug-resistant .S. Typbimurium DT104 attributed to
contaminated pork was traced back to a swine herd.? The
Selmonella isolates from humans and pork samples had
decreased susceptibility to fluoroquinolones, and two pa-
tients who were treated with fluoroquinolones died. An
official review of these deaths concluded that decreased
susceptibility to fluoroquinolones was a contributing facior,

Conclusion

Antimicrobial resistance is posing an important public
health challenge. The prevalence of resistance is increasing
and has clinical implications. For food-borne pathogens,
intervention strategies can focus on a variety of diflerent
steps in the chain of transmission from humans to animals.
Eflorts to improve appropriate usc of antimicrobial agents
in humans and animals will require collaborative efforts by
several partners, including the farming, veterinary, medi-
cal, and public health communities. Enhanced surveillance
ol resistance and antimicrobial use is essential for evalaat-
ing and directing prevention cfforts.

In the United States, collaborative federal actions de-
signed to address antimicrobial resistance in agriculture
are outlined in the Public Health Action Plan to Gombat
Antimicrobial Resistance, released in 2001 by an inter-
agency task force.” Action items in this plan include im-
proving surveillance of antimicrobial drug use and resis-
tance, rescarch and education, and, as a top priority item,
refining and implementing the FDA’s Framework Docu-
ment. This Framework Document proposes a modified ap-
proval process for use of antimicrobials in animals.® It
intends to ensure the human safety of antimicrobials used
in animals by prioritizing these drugs according to their
importance in human medicine. The American Veterinary
Medical Association has promoted education of veterinari-
ans regarding appropriate use of antimicrobial agents, with
published guidelines for the therapeutic use of antimicro-
bial agents.®

The widespread use of antimicrobial agents in food an-
imals is associated with increasing antimicrobial resistance
in food-horne pathogens, which subsequently may be trans-
ferred to humans. The (ransfer of these resistant bacleria
or the genctic determinants for resistance causes adverse
health consequences in humans, including increasing the
potential for treatment failures. To address this public
health problem, inappropriate use of antimicrobial agents

in food animals and humans must be reduced. This reduc-
tion will he facilitated by adherence to guidelines for ap-
propriate use of antimicrobial agents in food animals. In
Denmark and Sweden, the feasibility of implementing mea-
sures has been demonstrated to reduce dramatically the use
of antimicrobial agents with human analogues as growth
promoters and were associated with reduced incidence of
antimicrobial resistance and public health risks. /%416
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