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Review article

Resistance to antibiotics in the normal flora of animals

Henning $rRumM*, Marianne $INDE

Norwegian School of Veterinary Science, Post Box 8146 Dep., 0033 Oslo, Norway

(Received 18 December 2000; accepted 8 March 2001)

Summary —The normal bacterial flora contains antibiotic resistance genes to various degrees, even
in individuals with no history of exposure to commercially prepared antibiotics. Several factors
seem to increase the number of antibiotic-resistant bacteria in feces. One important factor is the
exposure of the intestinal flora to antibacterial drugs. Antibiotics used as feed additives seem to play
an important role in the development of antibiotic resistance in normal flora bacteria. The use of
avoparcin as a feed additive has demonstrated that an antibiotic considered “safe” is responsible for
increased levels of antibiotic resistance in the normal flora enterococci of animals fed with avoparcin
and possibly in humans consuming products from these animals. However, other factors like stress
from temperature, crowding, and management also seem to contribute to the occurrence of antibiotic
resistance in normal flora bacteria. The normal flora of animals has been studied with respect to the
development of antibiotic resistance over four decades, but there are few studies with the intestinal
flora as the main focus. The results of earlier studies are valuable when focused against the recent under-
standing of mobile genetics responsible for bacterial antibiotic resistance. New studies should be
undertaken to assess whether the development of antibiotic resistance in the normal flora is directly
linked to the dramatic increase in antibiotic resistance of bacterial pathogens. Bacteria of the normal
flora, often disregarded scientifically, should be studied with the intention of using them as active pro-
tection against infectious diseases and thereby contributing to the overall reduction of use of antibi-
otics in both animals and humans.

normal bacterial flora / antibiotic resistance / feed additives / genetic exchange / preventive
management

Résumé — Résistance aux antibiotiques dans la flore normale des animaux flore bactérienne

normale contient des genes de résistance aux antibiotiques, a des niveaux divers, méme chez des
individus n’ayant jamais été exposés a des préparations commerciales d'antibiotiques. Plusieurs fac-
teurs semblent augmenter le nombre de bactéries résistantes aux antibiotiques dans les selles. Un
facteur important est I'exposition de la flore intestinale aux antibiotiques. Les antibiotiques utilisés
comme additif alimentaire semblent avoir un réle important dans le développement de la résistance
aux antibiotiques dans la flore bactérienne normale. L'utilisation de I'avoparcine comme additif ali-
mentaire a montré qu’un antibiotique considéré sans danger est responsable de I'augmentation des taux
de résistance aux antibiotiques chez les entérocoques de la flore normale d’animaux ayant recu de
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I'avoparcine, et peut-étre chez des humains consommant des produits dérivés de ces animaux. Cepen-

dant, d'autres facteurs tels que le stress di a la température, a une forte densité d’animaux, et au
type d’exploitation semblent également contribuer a I'apparition de résistance aux antibiotiques

dans la flore bactérienne normale. Parmi les études portant sur le développement de la résistance
aux antibiotiques dans la flore normale des animaux ces 40 derniéres années, peu d’'études ont été foca-

lisées sur la flore intestinale. L'apport des résultats d'études anciennes est précieux dans la com-

préhension récente du role des éléments génétiques mobiles dans la résistance aux antibiotiques. De
nouvelles études devraient étre entreprises afin de montrer si le développement de la résistance aux

antibiotiques dans la flore normale est directement lié a 'augmentation spectaculaire de la résis-

tance aux antibiotiques chez les bactéries pathogenes. Les bactéries de la flore normale, souvent

négligées scientifiquement, devraient étre étudiées dans le but de les utiliser comme protection active
contre les maladies infectieuses, contribuant par [a méme a la diminution de I'utilisation d’antibio-
tiques chez I'animal et chez ’lhomme.

flore bactérienne normale / résistance aux antibiotiques / additif alimentaire / échange génétique /
prévention
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1. INTRODUCTION conditions that favour the survival and

growth of many microorganisms are those

Bacteria are present in all natural envi-under which higher organisms normally live,
ronments where eucaryotic cells live and it is obvious that mammals live among a
many habitats considered to be too extremeultitude of microbes [45, 55].
for occupation by eucaryotic cells. The
widespread occurrence of bacteria extends to Mammalian bodies provide favorable
regions ranging from the upper atmospherenvironments for the growth of microor-
to sediments on the ocean bed. Animals ajanisms, and microorganisms enter into var-
every kind are in continual contact withious degrees of symbiotic relationships with
microorganisms. Bacteria occur most abunthe host. The microflora present at any site
dantly in habitats where they find food, in a healthy animal is collectively referred to
moisture and a temperature appropriate faas thenormal flora.Many of these microor-
their growth and multiplication. Since the ganisms are anaerobes. Paradoxically, they
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enjoy a commensal existence with a host Genetic elements involved in antibiotic

dependent upon oxygen for its survival. resistance have usually been characterized

The definition of the normal animal bac- fr om human pathogens. Resistance elemer)ts
like integrons and transposons, detected in

t¢”a' flora may vary. In general,. the ba?Cte'commensals, seem to be identical to those
ria of the normal flora can be divided into

symbionts- which benefit both themselves [C50 1T W?Ayn:glrj: dkn%Tv(I)g (?gg“cr)]rllctar: (;Sn(:loabtﬁ:
and the host, inommensals which do not .

seem to be of any benefit to the host, angenetlc systems in bacteria, more emphasis

; tunistsvhich h the host hould be placed on antibiotic resistance of
In opportunistavhich may harm the NOSt o 54 flora in the future.

and produce disease under certain circum-

stances. Wray [63] defines opportunistic

pathogens that can be isolated from an anj;

mal without signs of infection as part of theé' ;II;IHAEN’\IISEII_\ASAL FLORA

normal flora.

The animal body cannot be considered Various skin surfaces and mucosal mem-
as one uniform microbial habitat. Eachbranes in animals including the contents of
region differs from the others thus creatinghe digestive tract have a normal bacterial
a selective environment where certairflora with a characteristic composition.
microorganisms are favoured more than othifhere seems to be tissue tropism related to
ers. The skin, the oral cavity, the gastrointhe bacteria in the normal flora. In general
testinal tract, the respiratory tract, and thehere are more Gram-positive bacteria like
genito-urinary tract are environments wheretaphylococci and corynebacteria on the skin
conditions favour certain types of microor-compared to the flora of the intestines which
ganisms. The organ systems of mammalsontains various groups of bacteria among
which contain the most diverse and comwhich enterobacteria, as for instance
plex bacterial flora are the skin and theEscherichia coliand various anaerobes are
digestive system. Gram-negative. A large part of the intestinal

Antibiotics have mainly been used to cure‘gora Is not cultivable and knowledge of
i

infections caused by pathogenic bacteria t}?rs]g ngrﬁ;rl'%?amr;gm\?;' chti:‘thc?hn;%ﬁmgr
humans and animals. Knowledge about th y vary

mobile genetic background of antibiotic’ pecies, feed, and housing conditions includ-

resistance has successively resulted in 'h9 population density.

larger focus on bacterial ecology. For

pathogens, the normal commensal bacteri?jJ

flora of the various parts of the animal is of* g';%_”g BII\AGAI\ELS?I_\(/);?R ACT
interest as potential genetic partners in the
“trading” of antibiotic resistance genes. L .
Treating an animal with an antibiotic will Most of the digestive tract is densely pop-
automatically kill a larger portion of the nor- Ulated by bacteria. The digestive tract can
mal flora. The various known and unknownP€ divided into distinct units, each providing
variants of bacteria of the normal flora will, conditions for the growth of a specific

if possible, defend themselves on the basflicroflora.

of resistance features. Studies on resistance The oral cavity is one of the most com-
of bacteria from animals often includeplex and heterogeneous microbiological
pathogenic bacteria isolated from sites ohabitats of the body. The bacterial flora pre-
infection while resistance in normal flora sent here includes both strict anaerobes and
bacteria not associated with infections aréacultative anaerobic bacteria. Several
seldom studied. antimicrobial substances have been
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identified in saliva, of which the most impor- ~ The anterior part of the small intestine is
tant are enzymes such as lysozyme and laa€idic and resembles the stomach in terms of
toperoxidase [32]. Despite the activity ofits microbial content — a microflora mainly
these substances, the presence of food pamnsisting of Gram-positive species. The
ticles and epithelial debris makes the oratlistal section of the small intestine has a
cavity a favorable habitat for microbial less acidic pH value. This creates changes in
growth. Bacterial diversity in the microflora the bacterial flora resulting in a richer and
of the oral cavity is considerable andmore complex microflora. In the lower
includes species likBorynebacteriunspp., ileum there are 3-10/ bacteria per gram.
Haemophilusspp., Bacteroidesspp., The present microflora includes species
Fusobacteriunspp.,Actinomycespp.,Acti-  within the familyEnterobacteriaceaand
nobacillusspp., Treponemaspp.,Micro-  Bacteroidespp., in addition to lactobacilli
coccusspp.,Moraxellaspp. and\Neisseria and enterococci.

spp. [29, 32, 55]. . . .
The large intestine contains an enormous

The stomach contains relatively fewmicrobial population. Four hundred species
microorganisms due to its acidic environ-or more can be detected in the microflora.
ment. Hydrochloric acid produced in theThe bacterial population of the large intes-
stomach generates a pH value of nearly 2.6ine comprises mainly strict anaerobic bac-
The acidic environment functions as ateria such a8acteroidesspp.,Fusobac-
microbiological barrier against the entry ofterium spp., Clostridium spp., and
foreign bacteria into the intestinal tract. EverPeptostreptococcuspp. Facultative anaer-
if the bacterial content of the stomach iobes such aBscherichia coliKlebsiella
generally low, some acid-tolerant speciespp.,Enterobacterspp., andEnterococcus
are capable of colonizing this organ. Suclspp. are also present in considerable num-
bacteria include species of lactobacilli anders. Major differences exist between the
streptococci [29, 32]. The gastric pathogerintestinal microflora of each animal species
Helicobacter pyloriis able to colonize the as shown in Table I. From Table 1 it is clear
stomach of humansl. pylori has also been that the concentration of the various bacte-
isolated from the stomach of pigs and catgja in the intestines varies with species.
and several other speciestdlicobacter E. coliand enterococci are the two most
occur in the stomach of various animals [15]widespread groups among pets and farm

Table I. Normal fecal flora of some animal species (Log viable cells per g feces)

Animal Escherichia Clostridium  Enterococci Bacteroides Lactobacilli
coli perfringens spp.

Cattle 4.3 2.3 5.3 0 2.4
Sheep 6.5 4.3 6.1 0 3.9
Horses 4.1 0 6.8 0 7.0
Pigs 6.5 3.6 6.4 5.7 8.4
Chickens 6.6 2.4 7.5 0 8.5
Rabbits 2.7 0 4.3 8.6 0
Dogs 7.5 8.4 7.6 8.7 4.6
Cats 7.6 7.4 8.3 8.9 8.8
Mice 6.8 0 7.9 8.9 9.1
Humans 6.7 3.2 5.2 9.7 8.8

@Median values from 10 individuals.
Adapted from [46] and [54].
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animals. The delicate relation and ecologicompounds. It is suggested that exposure to
cal balance between the bacterial species ahtibacterial agents in any form will increase
the normal flora of the intestines are so fathe prevalence of resistance to antibacterials
poorly understood. among fecal bacteria [14, 28, 57, 63]. In the

A molecular study oBacteroides thetaio- €211y 1950s it was discovered that small
e Sk e o Gt o b s e ool o
tem mediated by FucR regulates the ne ; _ !
of this commensal for nutrients and energ ;‘Jsv‘ggé r?zlgsdtgir;e?a c‘j’fgé%%\gscg?rggﬁ'gs
in a way that does not stimulate other com*’ | - ! ! ;
petitors in the competitive ecosystem of th%ﬁs?ar;nmsaels grg:gtehr g’r(')r:‘nf(’)r%‘g ft‘wilngreO\ng])
intestines. : ' ) X )

. . . stances like antibacterials, anabolics, non-

The intestinal flora of mammals is gpecific chemicals (copper, arsenicals,
responsible for a wide variety of metabolic.qpait etc), and rumen fermentation modi-
reactions and assists in the enzymatic brealge s [10]. The side effects following the use
down of food. The production of useful vita- o¢ antinacterials as feed additives has been
mins I'ke. niacin, vitamins B1, B.2’ BG.’ and 5 subject of controversy for several decades.
B12, folic aC|d,_b_|ot|n, a_nd vitamin K pg early as 1969 the “Swann-report” rec-
involves the activity of microorganisms ommended that the use of antibacterials as
[12, 55]. The enterobacterial flora playsoa?rowth promoters should follow clear guide-

i

considerable role as one of the majofines in order to prevent development of
defence mechanisms that protects the anjzsjstant bacteria [4]. The most striking

mal body against colonization by invadingeyample of an unwanted side effect follow-
pathogens. The commensals and symbionfsg the use of growth promoters was the
prevent this colonization by competing foryeyelopment of vancomycin resistance in

nutrients and for attachment sites [53]. Theyian enterococci as a response to avoparcin
normal flora plays an essential role in St'm'exposure through feed. Avoparcin was

ulating the production of cross-reactive anti)3nned as a feed additive for domestic ani-
bodies. Components of the normal flora arg,,5is in the European Union in 1997.

important in preparing the immune system

in the defence against pathogens thereby SeVveral studies have investigated the col-
preventing infection or invasion [7]. nization resistance [59] caused by normal

) flora bacteria against various potential
The normal flora stimulates the deve"pathogens [16, 61]. There seems to be a
opment of certain tissues, like lymphatic tisygqyced protection of the host against
sue in the gastro-intestinal tract [12]. Theyahogenic bacteria when the normal flora is
mlcroflora of ruminants plays a cru0|e_1l role redquced by antimicrobial agents [60]. How-
in the development of the rumen in theger there is a disagreement as to which
young ruminant. part of the microflora of the intestines is

The intestinal microflora is strongly influ- most important in colonization resistance.
enced by diet. The _add|t_|on of organic acids  The use of amoxicillin in a primate model
to the feed of fattgnlng pigs contributes to aResited in the increased spread=ofoli
alteration (reduction) in the total number oft.om the rectum to the vagina [62]. Colo-
bacteria, and to changes in the compositiof;;ation resistance in this primate model
of the gut bacterial flora. Addition of organic - |q only partly be explained by the exis-
acids to pig fodder results in increaseqence of Jactobacilli in the vagina. However,
growth, estimated at approximately 10-15%pe accumulation c. coliaround the ure-
[44]. thral orifice increased the risk of urinary

The equilibrium of the normal flora can tract infection because the normal flora at
be disturbed by the effect of antibacteriathe site was removed by amoxycillin.
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In general, the impression is that the nor5. THE NORMAL FLORA
mal flora predominantly consists of sym- OF THE RESPIRATORY SYSTEM
bionts and commensals rather than oppor-
tunists. However, studies on growth and In healthy animals, the lower respiratory
utilization of feed in animals fed with growth tract is normally free of bacterial flora.
promoters like antibiotics and organic aciddHealthy animals usually have no bacterial
have indicated that an improved utilizationflora in the sinuses (in the upper respiratory
of nutrients in the feed is caused by aract). The nasopharynx is usually populated
reduced number of bacteria in the normaby a large number of bacterial species
flora. The bacteria of the normal flora com-including staphylococci-hemolytic strep-
pete with the host to a certain degree fotococci and species within thiRasteurel-
nutrients in the feed [39]. laceaefamily.

4. THE NORMAL FLORA

OF THE SKIN 6. ANTIBIOTIC RESISTANCE

IN THE BACTERIAL FLORA

. N . OF ANIMALS
The majority of skin microorganisms are

found in the most superficial layers of the
epidermis and the upper parts of the hai5f
follicles. The microflora is especially rich

{ahnd i_bur_]r(:}anftl In War_ml and hyrtnld fpa_rts 0 f single isolates of bacterial pathogens from
€ Skin. The Tlora mainly CONSISIS Of MICTO- 0 +tinns. During an active infection a spe-
cocci, coagulase-negative staphylococc

) Lific pathogen will often dominate the area
(CNS), and coryneba}cterla. These areé g€k infection normally populated by a diverse
erally non-pathogenic and are considere ora of commensals. The antibiotic resis-
to be commensal. However, CNS are ofte

. ! . A Pance pattern found in one colony of the
related to infections in hospitalized humam§nonoculture of a pathogen normally repre-

and ?tr_e r;;iortled to be _re;ppdnsulnle f]?r boViNge i< the causative pathogen of the particu-
mastitis [21]. In some individuals of @ pop- |41 infection. Studies on the antibiotic resis-

ulation, potentially pathogenic bacteria SUCI}ance of the normal flora should take into
aE'StﬁphyI%cocqus al.JtLeLE:ﬁ pg;\tl SOf the consideration that several species of bacte-
SKin Tora. Species within the “9rOUPyi4 with various levels of antibiotic resis-
are often associated with multiple drug resiSiace exist at the same site Many normal

tance. In addition to being normal flora bacTIora species cannot be cultivated and many

teria, multiresistant coagulase-negative . sias occur in low numbers resulting in
Staphylococcuspp. could possibly serve . :

X problems with isolation.
as gene donors to the more virulBnaureus

andStaphylococcus intermedi(associated LIS €asier to detect a resistance gene in
with the canine species). The discovery ofh€ flora as a bacterial community with
closely related plasmids and resistance el@nolecular methods like polymerase chain
ments among bacteria within the staphylof€action (PCR) and to possibly quantify the
coccal group [27, 49] suggests that horigéne dosage with for instance quantitative
zontal gene transfer takes place. Such dCR. than to map the existence of resistance
exchange has been demonstrated both in t§€nes o certain species of bacteria.
laboratory and on human skin [20]. Cycling An approach that seems to be common
of resistance determinants with commensas to study resistance in a specific group of
CNS is probably important for maintenancebacteria after primary isolation of these bac-
and spread of resistance in coagulaseeria from the normal flor&scherichia coli
positive staphylococci. or coliform bacteria are frequently used as

Testing the “normal flora” for occurrence
antibiotic resistance is not straightfor-
ard compared to testing the susceptibility
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representatives of the enterobacteria in thihe antibiotic resistance level of the fecal
intestinal flora often obtained from fecal normal flora. So far, there is no explanation
samples. for the difference between various bacterial

Frequently, a certain number of primarySPecies of the normal fecal flora in obtaining
colonies of the same species of bacteria @ntibiotic resistance factors and further
selected for further studies of antibiotic resisf€search on this topic will be valuable.
tance. The way of selecting normal flora

isolates for further study is crucial to the L i . )
results obtained [41, 52]. 6.2. Antibiotic resistance inE. coli

of the normal fecal flora

6.1. Escherichia coliin the normal fecal Normal fecal floreE. coli(1200 isolates)
flora of healthy fattening pigs in ten different

herds with a different history of antibiotic

E. colican be both a commensal and &/S€ Was studied with respect to antibiotic
potential pathogen, depending of the typéesstance featgres and the genetic mecha-
of strain. Serotyping is commonly used to/"'SMS responsible [51, 52]. The ten herds
separate pathogenic from non-pathogeniEad different histories of exposure to antimi-
variants ofE. coli. It is documented that crobial agents for therapeutic purposes.
transfer of R plasmids occurs betweerResistance against streptomycin, predomi-
strains ofE. coliin the intestinal flora of Nantly caused by thetrA-strBgene pair,
animals, for instance in chickens [17].WaS found to be most common, followed
Knowledge of the mechanisms of transfePY resistance against sulphor)amldes caused
of antibiotic resistance features betwee®y Sull andsulll and tetracycline, predom-
bacteria is better fdE. colicompared to the inantly caused by the class B and C deter-
other bacterial species studied and it is spefinants. The highest number of antibiotic-
ulated that the antibiotic resistance level of€SistanE. coliwas found in herds where
normal flora coliforms may have an impactthe use of antimicrobial agents was consid-
on pathogeni&. colior other pathogenic €red high.
enterobacteria like th®almonellaspecies. A higher proportion of the antibiotic-
In fecal samples from different groups ofresistant isolates from herds with a history of
hospitalized patients Osterblad et al. [43high antibiotic use contained integrons com-
found thatE. coliisolates were far more pared to the resistant isolates from herds
resistant than other enterobacteria in theith a low use of antibiotics. Thant(3"")-
fecal samples. They also found that the resida gene responsible for resistance to strep-
tance level oE. coliwas proportional to tomycin/spectinomycin was detected as the
the level of exposure of the intestinal flora tasole gene cassette in E5coliisolates har-
antibiotics. Gellin et al. [14], however, found bouring class 1 integrons from 14 healthy
that the non-lactose-fermenting fecal iso-animals on seven different farms. The study
lates were more antibiotic-resistant than theoncludes that non-pathoge#iccolifrom
lactose-fermenting isolates in three pig herdswine may represent a considerable reser-
with three different histories of exposure tovoir of antibiotic resistance genes that might
antibiotics. be transferable to pathogens.

Rapidly developing resistance against In the study by Gellin et al. [14], the
dihydrostreptomycin irkE. coli of calves antibiotic resistance patterns of the Gram-
occurred in an experiment testing the effechegative fecal bacteria from pigs in three
of dihydrostreptomycin and neomycin onherds with different histories of antibiotic
the normal flora [40]. This indicates thatexposure were compared. The proportions of
E. coliis a good candidate for studies orantibiotic-resistant and multi-resistant strains
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were greater among isolates from pigs in ather than antibiotics in the environment
herd where antibiotics had been used theranay contribute to the distribution and main-
peutically compared to a herd where ndenance of antibiotic resistance in normal
antimicrobial agents had been used foflora bacteria.

154 months. The results suggested that any

form of antimicrobial exposure will increase

the prevalence of antimicrobial resistances.3. Environmental stress

of bacteria. and antibiotic-resistant bacteria

Langlois et al. [25] found that 26% of In swine
the fecal coliform bacteria from pigs were
resistant to tetracycline in a herd that was Stress under transport, overcrowding in
not exposed to antimicrobial agents. In &olding pens, and rough handling before
pig herd where antimicrobials were usedslaughter result in increased shedding of
only for therapeutic purposes, 76% of theantibiotic-resistant enteric bacteria in the
fecal coliform isolates were resistant to tetra€nvironment according to a study by
cycline. In contrast, in a pig herd where théVlolitoris et al. [36]. When pigs were
animals were continuously exposed t&xposed to excessively cold conditions, the
antibiotics, both as feed additives and thercombined resistance towards ampicillin and
apeutic agents, almost 100% of the fecdetracycline inE. coli of the fecal flora
coliform bacteria were tetracycline- increased significantly from 6 to 27%, in a
resistant. study by Moro et al. [37].

In using antibacterial drugs to control  The same authors studied the effect of
infection in animals, bacteria which areheat stress on the occurrence of antibiotic
resistant to the drugs used will normally beesistance in the. coliof fecal flora of fin-
selected and their establishment in the badshing slaughter hogs [38]. They discovered
terial flora of the animal will be eased. How-an increased level of antibiotic-resistant
ever, in spite of the absence of selectivéecalE. coliin pigs kept at +34 °C for 24 h.
pressure, antibiotic-resistaBt coliand other  The farm where these animals were kept
resistant enterobacteria settle in the intesthad not used antimicrobial drugs in the feed

nal flora of chickens [11, 18]. for ten years. There was a significantly
. higher level of resistance against amikacin,

Gardner et al. [13] studied a human popz miciliin, cephalothin, neomycin and tetra-
ulation on the Solomon Islands in 1968cycline from fecal samples when compared
which had not been exposed to Commergiy, e siress levels fde. coli The high
cially produced antibiotics. They detecteq

- . . evel of resistance persisted for ten days
R factors which mediated resistance to streRitter heat stress up until slaughter, for most

tomycin af?d tetracycl.lne In one uncIa§S|-of the antimicrobials mentioned. Following
fied .b%Cte”“m from soil and fr om & coli this, samples of different sections of the gas-
strain in a human stool specimen. trointestinal tract were collected from
The factors underlying the distribution another group of pigs after heat stress and
of R plasmids with several resistance faceompared with non-stressed animals. Results
tors are probably important in this phe-indicated that th&. coliwhich colonized
nomenon. Resistance to drugs like heavthe ileum and caecum had a higher level of
metals, for instance mercury (Ztrelated resistance to ampicillin and tetracycline than
transposons and staphylococcal plasmidghe E. coli which colonized the colon and
and cadmium compounds (staphylococcaectum. When animals were exposed to heat
plasmids) [31] are shown to be locatedstress, resistance against ampicillin and tetra-
together with antibiotic resistance determicycline ofE. coliin the lower digestive tract
nants on the same genetic structures. Drugscreased to a level similar to that observed
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in the ileum and caecum. Finally in anof bacteria with a wide spectrum of resis-

experiment in which they artificially tance could still be isolated from the feces of
increased intestinal motility, Moro et al. [38] the dog up to one year later. This case may
found that the result was an increased occube similar to the stress-induced detection of
rence of resistarf. coliin the colon and resistant bacteria from pigs, discussed above.
rectum. The reduced passage time for intestinal con-

It was verified that a higher level of ampi_tents during acute enteritis may have allowed
cillin- and tetracycline-resistar. coli more resistant bacteria to pass from the

existed in the caecum than in other segmentPPer part of the intestine into the rectum
of the intestinal tract. In animals with than is usual in a healthy situation.
increased intestinal motility, the level of  Langlois and Dawson [24] found that
resistance increased f&r colifrom the loading and transporting pigs for 30 min
colon and rectum. Using chromium-EDTA significantly increased the portion of antimi-
as a marker, the authors found that heatrobial-resistant Gram-negative enteric bac-
stressed animals had a reduced intestingdria in feces. The mean number of antimi-
transit time. These results support therobial agents in the resistance patterns of
hypothesis that there is an increased outhe bacteria increased during loading and
flow of resistant organisms from the uppetransportation. These changes in the resis-
tract (ileum and caecum) to the lower tractance level of the bacterial flora lasted only
(colon and rectum) under increased motilityone day.

in the intestinal tract. _ Langlois et al. [26] found that age and
The results of Moro et al. [37, 38] point housing location had an effect on antibiotic
at an interesting aspect of the normal intestesistance of the fecal coliform flora from
nal flora of pigs. The colon, a voluminouspigs in a herd that was not exposed to antibi-
part of the intestinal tract, may contributeptics. Pigs less than seven months of age
to a reduction in the level of antibiotic resis-had a higher level of antibiotic resistance
tance in the normdt. coliflora descend- than older pigs. Similarly, pigs in the fin-
ing from the upper exposed parts of thgshing unit had a higher level of antibiotic

intestine. A normal intestinal bacterial ﬂoraresistance than those in the farrowing house
of pigs which is functional may play an and on pasture.

important role in reducing the spread of L .
antibiotic-resistant bacteria from the feces 1hese studies indicate that other factors in

into the environment. Meat products foraddi'gion to exposure to antibiotigs_a(e imppr—
human consumption may be vectors ofant in deciding the level of antibiotic resis-
antibiotic-resistant bacteria from resistant@nce in the fecal coliform flora of pigs.
porcine fecal flora. This field requires more

research in the future to verify various

hypotheses and investigate the situation if. TRANSFER OF ANTIBIOTIC-

other animal species. Minton et al. [35] stud- RESISTANT BACTERIA

ied the occurrence of antibiotic-resistant FROM ANIMALS TO MAN

fecal coliforms from a domestic dog with

an acute enteric infection. The 10-month- Antibiotic resistance was transferred from
old dog had no prior contact with antibiotic cultures ofE. coliof animal and human ori-
agents. They found that fecal coliform iso-gin taken by mouth in large doses to the res-
lates from the acute phase of enteritis werilent E. coli of the alimentary tract of a
in general resistant to a wide variety ofhuman being [50]. However, large doses of
antibiotics while after restoration such col-donor bacteria had to be ingested to obtain
iform isolates had lost their resistance t@a measurable transfer and the resistant recip-
several antibiotics. However, low numberdent strains did not persist for more than a
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few days in the feces. The anintalcoli mals before they are slaughtered to make
strains colonized the intestines less effisure that as few resistant bacteria as possible
ciently than the human donor strains. are exposed to the meat consumer.

Linton et al. [30] studied whether resis-
tantE. colistrains from commercially pur- P .
chased chicken carcasses were transferre7d1 - Antibiotics as feed additives
and established as a part of the coliform

Who had not received antbiotios for at leas] %61 I Poulty and pig feed in Europe has
ed to the occurrence of vancomycin-resis-

one year handled, prepared and ate during[gn . .
! ; ; t enterococci (VRE) in the normal gut
period of three months, in their homes, 3:ora of these animals [22]. In the USA there

total of 15 frozen chickens purchase .
locally. The chickens were sampled for iso- as beten_no use Ioff avc_)parcw(nj ?ﬁ’ a gtrowth
lation and characterization & coli The ~Promoter In animal farming and the entero-

. ; . cocci of the farm animals are not resistant to
isolates were characterized by resistan

C\%ncomycin. However, carriage rates of

patterns, serotyping, and plasmid conteny e in hospital patients are higher in the
Similarly, the predominari. coliserotypes USA than in Europe [6]. The use of gly-
in the fecal flora of each of the volunteers '

were determined over a three-month perio%J peptides in US hospitals is higher than in

The use of avoparcin as a growth pro-

One of the five volunteers became colonizegf- ohea hospitals. This probably explains
i . . . e difference in carriage of VRE among
by five of the 14 resistari. coli strains

found in one chicken after thawing. Thehumans in these areas. Poultry farmers and

strains were transferred during the handlin@fr,ﬁﬁtzgg elrct)avlvgutr)#;r? tglo?)itlz(t:; c?r? I;_Eﬁfcr)t_

of the raw meat before heating and eatin . ; ) .
and they stayed in the fecal flora for te%)eeci{l' ftl:(c))ruantrles carries VRE in their normal

days. This study illustrates that a resistant”

fecal normal flora in meat-producing ani-  Since 1997 there has been a ban on the

mals may have an impact on the resistandése of avoparcin in feed for farm animals

of the normal flora of human consumers. Idn Ell_Jroge_ and ':he occurrgncerJ VFE has
Manie et al. [34] studied meat from cat- eclined in poultry meat [23]. ecine in

. o the number of VRE carriers among the
tle which had been administered subthera}-]uman population from 12% in 1994 t?) 6%

peutic doses of antibiotics in the feed. The){n 1996 and 3% in 1997 was detected in the

found a higher incidence of antibiotic-resis- ) L
tant bacteria from freshly slaughtered mea?axony Anhalt region in Germany [23].

in the abattoirs than in the retail samples, N Enterococcus faeciumsolates from
Some of the resistant strains could be isghe normal fecal flora of broilers and pigs
lated both in the meat at the abattoir and ifit Denmark, Finland, and Norway a clear
the meat from the retail store. They indicat€orrelation was found between resistance
that a lack of selective pressure leads to lo48 Various antibiotics used as feed additives
of resistance in bacteria and that additiongtnd the amount of the various drugs used
susceptible bacterial flora contaminates th& the different countries [3].

meat on the way to the retailers and therefore Normal fecal floré&Enterococcus faecalis
dilutes the more resistant abattoir floraandfaeciumisolates from broilers, pigs, and
before the meat is sold at the retail storehealthy humans in the community, in Den-
Similar results were found when the samenark, were compared with regard to resis-
research group studied the bacterial flora abince phenotypes and genes [2]. Widespread
newly slaughtered and retail chicken [33]resistance to chloramphenicol, kanamycin,
These results underline the importance ofnacrolides, streptomycin, and tetracycline
having a low antibiotic exposure of the ani-was detected among isolates from all three
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sources. Resistance to avilamycin used gsom 1986 to 1995 and 74 unexposed farms
a feed additive for poultry was commonwere investigated for the occurrence of VRE
(35%) among the poultry isolates whereas ithree years after the use of avoparcin was
was not detected among the isolates froratopped [8]. VRE were isolated from 99%
pigs and humans. Similarly, 10 and 17% ofind 11% of the fecal poultry samples from
the isolates from poultry and pigs, respecexposed and unexposed farms, respectively.
tively, were resistant to vancomycin wherea® RE were also isolated from 13 out of 73
none of the human isolates were resistar{t8%) and one out of 74 (< 1%) fecal sam-
to vancomycin. Avoparcin was used as gles from farmers on exposed and unex-
feed additive in Denmark for poultry and posed farms, respectively.

pigs until this practice was banned in 1995, Tyansfer ofvanAbetween broilers and
which probably explains the continuousy,ymans at avoparcin-exposed farms can
occurrence of VRE in these species. EVeRecyr directly by transfer of VRE strains as

though the proportion of resistant strains ifyg|| as through horizontal spread ofTE46
the normal fecal flora of these three hostgenyeen bacteria [48].

varied, the authors conclude that similar Th Its of the studies di d
resistance patterns and resistance genes ip elre.Slé. S ? the stu |ets |scufstsr,1e
many of the isolates indicate that transmis> " 0119y Indicate the importance ot the

sion of resistant enterococci or resistanc@ntiPiotic selective pressure exerted by
ntibiotic drugs used as growth promoters

g(rasn(;sngakgs place between humans, bro@)r the presence of antibiotic-resistant bac-
, pigs. L . .
teria in the normal flora of animals and in the

Bager et al. [5] found that the decreaseneat products from commercial animal hus-
in VRE in the normal fecal flora of broilers bandry. Additionally, the results underline
was statistically significant in the two-and-the role of animal products for the spread
a-half-year period after the ban of avoparcirof resistant bacteria and transferable resis-
as a feed additive while there was no suctance genes to humans in the community.
decline in the normal fecal flora of pigs. In
pigs, the use of macrolides as therapeutic
agents and as growth promoters probably.2. Source of antibiotic resistance
co-selected the VRE since it has been genes in the normal bacterial flora
demonstrated that thenAgene and the
ermBgene are located on the same trans- The normal bacterial flora establishes
ferable genetic element [1]. itself in the various parts of the newborn

Four years after the ban of avoparcin use nimal shortly after birth and the source is
in broiler feed, environmental samples from '€ €l0Se environment, normally the bacte-
Norwegian broiler farms were found to con-1al flora of the mother. Later, the normal
tain VRE. The environmental samples WeréIora of the animal digestive tract will be

taken from empty clean broiler houses afte‘nﬂuenced by the intake of fodderPlants

depopulation and clean-up. Within threed® important ingredients in the feed of most

broilers tested positive for VRE indicating

the strong relation between the environPlant environment transfer antibiotic resis-

mental bacterial flora and the normal flora Oitance factors to the normal flora bacteria of

the chicken. However, the VRE were notn€ animals. However, Osterblad et al. [42]
studied the antimicrobial susceptibility of

isolated from the hatchery serving thebacteria withirEnterobacteriaceatsolated
farms [9].
from vegetables prepared for human con-
Seventy-three broiler farms exposed tasumption. They concluded that bacteria from
avoparcin as a feed additive in the periodegetables could not be responsible for the
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high prevalence of resistant bacteria of the According to van den Bogaard and
Enterobacteriaceam the human fecal flora Stobberingh [56], diminishing the need for
in Finland. antibiotics is the only possible way of con-
trolling the development of antibiotic resis-
tance in large groups of animals. Improve-

7.3. Consequences of antibiotic ment of animal husbandry systems, feed
resistance in the normal flora composition, vaccination, eradication pro-
of animals grams for specific pathogens, and stopping

the use of feed additives for growth promo-
Several studies indicate that there is somon will be very important elements in

degree of communication between normateaching this goal. Van den Bogaard and
flora bacteria and pathogens. This commuStobberingh [56] state that abolishing the
nication has so far been considered as onlyse of antibiotics as feed additives alone
negative, in particular because a resistantill reduce the use of antibiotics in animals
normal flora population will probably con- by nearly 50% on a worldwide basis.
tribute to the general increase in antibiotic
resistance in bacterial pathogens.

It may be speculated that a normal bac8- RESEARCH NEEDS

terial flora without antibiotic resistance fac- _ )

tors and little capacity to acquire resistance ' he possible link between the use of
genes could have a dramatically negativa&ntibiotics in food-producing animals and
effect for the host animal. Large parts ofthe development of antibiotic-resistant bac-
such a bacterial flora could be wiped ouf€'@ among humans has been discussed in
under a regular therapeutic treatment wittgeveral studies. Shryock [47] states that stud-
generally administered antibiotic drugs. As'€S often try to establish a “cause and effect

a consequence, antibiotics would not be ablgglationship between the use of antibiotics in
to be used in curing infections in animalsf©0d animals and treatment failures in

like horses, rodents, ruminants, pigs, anluman disease on the basis of data on antibi-

probably birds because the vital normal flortic Use, in vitro determinations of antibi-
of important parts of the digestive systenfPtiC susceptibility of animal and human iso-
would be destroyed for short or long period¢@tes, results from controlled animal
of time. As a result, secondary infections®XPerimentsor epidemiological data. Shry-
would occur more often, requiring a greate2cK [47] suggests that the impact of the use
use of antibiotics. This vicious circle mayOf antibiotics in animals on antibiotic resis-
be avoided by a normal bacterial flora that i¢€2nCce problems in bacterial pathogens of
able to react with development of antibiotichumans can only be assessed by compre-

resistance in response to exposure to antigiénsively organizing the mentioned
otics. approaches via a concerted and coordinated

. . effort through a multinational programme.
According to these speculations, the 9 prog

potential transfer of resistance genes !N such a coordinated effort it is impor-
between normal flora bacteria and bacterig@nt to include studies on the development
pathogens may only be considered as a sigef {intlb|ot|c resistance in the normal bac-
effect of the use of antibiotics. Consideringt€fial flora of production animals.

this field of research from such a viewpoint The normal bacterial flora of the
further underlines the need to restrict thentestines may have an antibiotic-destroy-
use of antibiotics in animals for only stricting activity in addition to being in the pos-
therapeutic purposes in settings where thgsession of antibiotic resistance genes accord-
risks of developing infectious diseases areng to van der Waaij et al. [58]. This
reduced to a minimum. phenomenon might be one of the factors
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