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Abstract — Campylobactehas become the leading cause of zoonotic enteric infections in devel-
oped and developing countries world-wide. Antimicrobial resistance has emerged Gamopg-
lobactermainly as a consequence of the use of antimicrobial agents in food animal production.
Resistance to drugs of choice for the treatment of infections, macrolides and fluoroquinolones has
emerged as a clinical problem and interventions to reduce this are recommended. Resistance to flu-
oroquinolones and macrolides is mediated by chromosomal mutations. Resistance to other relevant
antimicrobial agents, mediated by acquired resistance genes, has not become widespread so far.
However, resistance genes originating from both Gram-positive and Gram-negative bacterial species
have been found, showing the potential for acquired resistance to em€ayapylobacter
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Résumé — Résistance aux antimicrobiens ch€ampylobactethermophile. Campylobacteest

devenu la cause principale de zoonoses entériques infectieuses dans les pays développés et en voie
de développement a travers le monde. La résistance aux antibiotiques a éme@ghghdabac-

ter, principalement a cause de I'utilisation d’antibiotiques chez les animaux entrant dans la chaine ali-
mentaire. La résistance aux antibiotiques principalement utilisés dans le traitement des infections, les
macrolides et les fluoroquinolones, a émergé en tant que probleme clinique, et les interventions
visant a réduire cette résistance sont recommandées. La résistance aux fluoroquinolones et aux
macrolides est due a des mutations chromosomiques. La résistance aux autres antibiotiques utilisables,
qui est due a I'acquisition de géenes de résistance, ne s’est jusqu’a maintenant pas propagée. Cepen-
dant, le fait qu'il ait été trouvé des genes de résistance ayant pour origine des especes bactériennes a
Gram-positif et a Gram-négatif, montre la possibilité d’émergence de résistance acquznunez

lobacter.
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1. INTRODUCTION countries [13, 16, 24, 45, 46, 52, 55, 57]. In
these cases other antimicrobial agents may

Campylobacter jejurandCampylobac- be used for treatment.

ter coliare among the most common causes AS food animals are considered one of
of bacterial diarrhoea in man world-widethe most important sources Gampy-
[35]. Among theseC. jejuniaccounts for lobactercausing infections in man, the
the vast majority of infections. Infection development of antimicrobial resistance in
with thermophilicCampylobactespp. usu- Campylobactespp., due to the use of
ally leads to an episode of acute gastroant|m|crob|al agents in food anlm_als, is a
enteritis, which resolves within a few daysmatter of concern. Several studies have
to a few weeks. Most cases 6ampy- 'eported a frequent and, in many cases,
lobacterenteritis do not require antimicro- increasing occurrence of resistance to
bial treatment, as they are of short duratiodacrolides, fluoroquinolones and other
clinically mild and self-limiting. However, antimicrobial agents amor@ampylobac-
antimicrobial treatment is necessary for syster from food animals [11, 13, 23, 28, 50,
temic Campylobacteinfections and for

severe or long-lasting cases @ampy- This review provides a description of the
lobacterenteritis. Macrolides are normally occurrence and trends of antimicrobial resis-
considered the drug of choice fGampy- tance amon@ampylobactefrom food ani-
lobacterenteritis, but fluoroquinolones are mals and of the mechanisms of resistance
also recommended [7, 21, 41, 51, 56]. Inn Campylobacter

many cases fluoroquinolones are preferred

if an infection withShigellais suspected.

Intravenous aminoglycosides is the treat2. SUSCEPTIBILITY TESTING

ment of choice for seriouSampylobacter OF CAMPYLOBACTER

bacteraemia and other systemic infections.

However, increases in the occurrence of In general there are two different methods
Campylobactercausing infections in man, for testing the susceptibility of different bac-
that are resistant to macrolides and fluoroterial species to antimicrobial agents, dilu-
quinolones, have been reported in severaion and diffusion methods. Several



Antimicrobial resistance of thermophilZampylobacter 313

variations of both methods are used world- Macrolides and fluoroquinolones are nor-
wide. Standardised procedures are availableally regarded as the drugs of choice for
for susceptibility testing of a wide range ofthe treatment of infections witGampy-
organisms and in general the guidelines prdebacter, and resistance to these two classes
vided by NCCLS are the most widely useds among the most commonly reported for
[36]. Campylobacterequire microaerobic Campylobacter

conditions for growth and standardised pro- geyeral studies have documented an
cedures for susceptibility testing are not Curincrease in the occurrence of resistance to
rently available. Consequently, a number ofj,oroquinolones amongampylobacter
different diffusion (disk, tablets and E-test)fom food animals following the introduc-
and dilution methods (macro- and micro+jon of fluoroquinolones for the treatment
broth dilution and agar dilution) have been infections in animals [15, 58].

used [14, 35]. Owing to the lack of interna- . .
tional standards for susceptibility testing, 1 he first study that documented a link
the procedures have to be managed locallp€tWeen the veterinary use of fluoro-
Currently, we recommend susceptibility testdtinolones and the occurrence of quinolone-
ing using agar dilution o diffusion on matesres_lsta}ntCacrjnﬁylobacteamfong lf’l%th Loc;ﬂ
supplemented with 5% blood and cultivate"'M&'s and humans was irom The Nether-
under microaerobic conditions [35]. In order@nds [13]. The fluoroquinolone enrofloxacin
to monitor the antimicrobial susceptibility W&$ introduced for veterinary use in The

patterns of thermophili€ampylobactespp. Netherlands in 1987. No fluoroquinolone-
isolated from food animals, food of animal'€SistanCampylobacteisolates were found

igi in di i Itry products from 1982 to 1983 or in
origin, and humans in different laboratories!" POUlY
standardised methods should be app”e(]pumans from 1982 to 1983 or 1985. The

and comparative studies on the performandi€'centage of fluoroquinolone-resistant iso-
of testing procedures are required [14, 35]'ates in poultry products increased to 8.4%

in 1987/1988 and 14% in 1989 [13]. In 1992
and 1993 the percentage of resistant isolates
3. RESISTANCE OCCURRENCE from broilers was 29% [26]. This emergence
AND TRENDS and increase of resistance among poultry
products and broilers has been closely fol-
Campylobactecan be isolated from a lowed by an emergence and subsequent
wide variety of wild and domestic animalsincrease in resistance among isolates caus-
[71]. Among food producing animal€§,. ing infections in humans. The percentage
jejuni predominates among cattle and broil-of resistance was 8% in 1988, 11% in 1989
ers, wherea€. coliis the most commonly and 29% in 1997 [13, 63]. Similar trends of
found species among pigs [2, 11, 34]. Theuinolone resistance in humans have been
occurrence of resistance is in general highesbserved in Austria, Denmark, Finland,
amongC. colicompared t&. jejuni[2, 11, France, Italy, Spain, Thailand, the United
50]. This is especially the case for macrolid&Kingdom, and the United States [15, 58].
resistance an@. colifrom pigs [2, 11, 50]. Thus there is compelling evidence today
Resistance to macrolides and fluorothat quinolone resistance emerged and
quinolones has been high in several studncreased among food animals as a conse-
ies, while resistance to other antimicrobialgjuence of the use of fluoroquinolones in
agents including tetracycline, aminoglyco-animal production and then spread to and
side and chloramphenicol is generally low.caused infections in man [15, 58]. There is
Resistance to beta-lactam antimicrobials islmost no evidence for changes in the occur-
in general high and most isolates are resigence of fluoroquinolone resistance follow-
tant to trimethoprim and sulphonamides [35ing a more limited usage of fluoroquinolones
67]. for food animals. However, preliminary data
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from the Danish monitoring of antimicro- mediate [53]. The enzymes are aminogly-
bial resistance indicate that the occurrence afoside phosphotransferases (APH), amino-
resistance is decreasing following more lim-glycoside adenyltransferases (AAD or ANT)

ited usage since 1998 [4]. and aminoglycoside acetyltransferases

High frequencies of macrolide resistanc AAC) [53]. A large number of enzymes

have been reported amoBgcolifrom pigs ave been found to mediate aminoglyco-

in several studies [2, 9, 11, 50, 72]. Sever ide resistance and the nomenclature for
studies have also shown an increase in tiﬁmh the genes and the enzymes are com-

occurrence of macrolide resistance among ex[53]. In 'ghe fqlloyvir]g, the names of the

Campylobactecausing infections in man J€N€S are given in italics and the names of

[24, 46, 52]. The reason for the high 1‘re-enz3|/(meS in capital letters. drI]ampbyloba}c- d
L . - : ter, kanamycin resistance has been foun

guency of macrolide resistance amdng ; ;

coli from pigs has not been finally deter-© be encoded bgph(3)lila (APH (3) 1)

mined. It could be related to a higher fre—"’md"’“:)h(?")lv""(APH (3) 1V) [47, 64, 66].

guency of mutations to resistance am@ng These genes are also found among Gram-

; ; ; - itive bacterial species [53]. A number
coli or a higher selective pressure induced b: oSl X
the use of antimicrobial agents. Howevergf differentaph(3’)Igenes have been found

the macrolide tylosin has for several year§O encode the enzyme APH(3')I. This

been used in large amounts for growth prot_anzyme mediates kanamycin resistance, is

motion and therapy in the pig industrybelieved to have its origin iBnterobacte-
world-wide and it is likely that the occur- {'fciae%gd k_'rarf aIsE[) gleeln fo%ncﬂtagnply-
rence of resistance @. coliis related to its 0Pacter[39]. Theant(3)-laandant(6)-la
usage [1]. In 1998, farmers in Denmar genes encodle streptomycin r'e5|s_tance [42,
decided voluntarily to stop the use of antimi->2- Theant(3)-lagene (ANT(3)-1) is com-
crobial agents for growth promotion inmonly found in Gram-negative bacterial
slaughter pigs above 35 kg from June 199 Klslﬁ'le(is’ leereas _tTanbt(G)—l? gegg
and in all pigs from the end of 1999. This t h(l )-) 'aZSmZIZn %'3 eﬁgﬁ&”” n
has had a major impact, especially on th§:@Phylococci [25, 42, 53]. gene
consumption of the macrolide growth pro-enCOdIng resistance to st_reptothnc_ms has
moter tylosin in Denmark. Tylosin is still begn l(_)b_segved 3. cqlloédlfferent gném?llh
used for the treatment of infections in pigs&Nd clinical sources in Germany [6, 8]. The
but in much lower quantities. Preliminaryd'fferem aminoglycoside resistance genes

data from the Danish monitoring of antimi-have also been found in other bacterial

crobial resistance indicate that the frequencyPECies: mainly Gram-positive. This could
of macrolide resistance amo@g colifrom dicate thaCampylobactemainly acquire

pigs has decreased since the more IimiteIaorizontally transferred genes from Gram-

usage of tylosin for growth promotion ([4], positive bacteria. However, the presence of

Aarestrup et al., unpublished results). ant(3'_)—|aindicates that genes may aIso_be
' acquired from Gram-negative bacterial

species.

4. MECHANISMS OF RESISTANCE

(Tab. 1) )
4.2. Beta-lactam resistance

4.1. Aminoglycoside resistance
With the exception of imipenem, the
Resistance to aminoglycosides is normajority of C. jejuni/colistrains are resis-
mally mediated by enzymes that modify thetant to3-lactam agents, i.e. principally peni-
drugs. These enzymes are divided into thregllins and cephalosporins. However, they
different groups based on the reaction thegre moderately susceptible to cefotaxime,



315

‘Adelayl 1o} pasn Ajluowwod 1sow ayl AjUQ «

anN 6P awAzus mau e Aq 19be]
. [6T ‘2T] oe82RUBIORgOISIUT an TAPPARISUSS BY} JO Juswade|day wudoylawi |
m [08 ‘1€ ‘o1l 122092 aAnIsod-wels + (e) 186.e) 8y) JO UONI8l0Id saulpAoena]
S 196.1e] aAnIsuas
m [8T1] - - auab gioguonein|y -Bnup ay1 ul suoneiny saplweuoyd|ins
2 auab YNQaJl SEZ ay ul 106.1e]1 aAnISUaS
£ [2922] - - 0gge uomsod e 9 0} ¥ -Bnip ay) ur suoeINy SapljoJoe
8 DJedur uj9 0} 6eT-Biy
= VIABUI elY 01 06-dsY
5 vJAR 9)| 01 98-1yL 196181 8ANISUSS
S [T8 ‘sz ‘0zl - - vuffiyl o1 02V -Bnup ayy ur suoneIN sauojouinboion|4
2 uolreanipow [eaiwayd Aq
b [v2] an an e Bnip ays jo uoneandeu] |ootuayduwresolyd
w Ajgeswuad moj o
o log ‘62] an an AaN s8sewejoe|-elaq JO UoIoNPoId wejoe|-eleg
S g€ ‘2Tl 12009 aANISod-welo + fres supuyioidans
2 [eg ‘zv] eusaloeq annebau-wels + el-(,£ue unAwounoads ‘unAwoldans
@ [eg ‘g ‘2Tl 12909 aANISod-wel + el-(9)ue unAwoidans
= [es ‘ov] 12009 aAnIsod-wels + Al-(,g)yde uIAwoau ‘uAweuey)
w [es ‘2Tl 12009 aAnIsod-wels + n-(.g)yde g upiweluab ‘upAwosu ‘upAweuey
5 19009 aAnIsod-wel9
= [eg ‘zv ‘6e] oradeULIORgOIEIUT + el-(,g)yde uonedipow [ealwayd g upiweluab ‘upAwosu ‘upAweuey
.m Aq Bnip ays Jo uoneAnoeu| +«S9pIS0aA|Boulwy

suoneinw Io

ERIIETETEN| abuel-1soH a|qissiwsuel ] sauab aouelsisay swisiueydaw aguelsisay [elgoJoiwnuy

*1910egojAdWwEpsWSIURYISW S0UR]SISal [RIGOIDIWNUY °| 9|08



316 F.M. Aarestrup, J. Engberg

ceftazidime and cefpirone [70]. Resistancésolates is a mutation at position threonine-
to beta-lactam antibiotics is, in most bacte76. This mutation (€T - ATT) causes
rial species, caused by the production odn amino acid change to isoleucine [20, 49,
beta-lactamases that break the beta-lactaib, 81]. Ruiz et al. [49] found a Thr-86-to-
ring of the antibiotics. However, in someLys substitution in a single clinical isolate of
bacteria, changes in the penicillin-binding-C. jejuni The substitutions at position Asp-
proteins or lack of penetration of the drug90 to Asn and Ala-70 to Thr have only been
into the bacteria are the main mechanisms dbund in laboratory mutants and did not con-
resistance. A large proportion©f coliand fer the same level of resistance as the sub-
C. jejuniproduce beta-lactamases [29, 30stitution at Thr-86 [75]. Gibreel et al. [20]
50, 62]. However, th@-lactamase o€. reported that high-level fluoroquinolone
jejuni/coliseems to play a role only in resis-resistance was also caused by simultaneous
tance to amoxicillin, ampicillin and ticar- substitutions at position Thr-86 to lle in
cillin. With penicillin G, piperacillin and gyrA and at Arg-139 to Gin in thgarC
cephalosporins, the mechanism of resistanggene (topoisomerase V).

in C. jejuni/coliis primarily considered to be

dependent on their limited ability to bind to

penicillin-binding proteins and their low 4.5 Macrolide resistance

permeability [29, 62, 68].

Resistance to macrolides can be based
on different mechanisms: target modification
4.3. Chloramphenicol resistance by point mutation or methylation of 23S
rRNA, thereby inhibiting the binding of
Chloramphenicol resistance is mainlymacrolides [76], hydrolysis of the lactone
due to the production of enzymes that acetyring in the macrolide [5], and efflux pumps
late chloramphenicol and thereby preventemoving the macrolide from the bacteria
the binding to the ribosome, referred to a$60]. In Campylobacteit has been shown
the chloramphenicol acetyltransferase (cathat resistance is not consistent with the
genes [54]. IrC. colia singlecatgene has presence of rRNA methylase, with modifi-
been identified [74]. Resistance to chlo-cation of the antibiotic or with efflux [79]. In
ramphenicol has not become widespread closely related bacteriurhielicobacter
amongCampylobacter. pylori, resistance to clarithromycin has been
shown to be due to the alteration of one of
two adenine residues in the 23 rRNA at the
4.4. Fluoroquinolone resistance erythromycin-binding site [65]. The
sequencing of 23S rRNA genes from ery-
Fluoroguinolones inhibit the activity of thromycin-resistant and susceptilecoli
DNA gyrase and in most bacterial specie&NdC. jejunihas identified mutations at
resistance is due to mutations in the gyrast/®S€ same sites, indicating that this is the
or topoisomorase genes. Moreover, ifn€chanism of resistance [27, 67]. Thus,
Campylobactefluoroquinolone, resistance resistance to macrolides @Gampylobacter
appears to be due mainly to mutations ifVill Spread with the bacteria and not be
the gyrA gene encoding part of the A sub-transferable to other bacteria.
units of DNA gyrase. Cloning and sequenc-
ing of theC. jejuni gy”A gene has demon-
strated that mutations gyrA at positions 4.6. Sulphonamide resistance
Thr-86, Asp-90 and Ala-70 can be respon-
sible for resistance [75]. The most common Sulphonamides are structural analogues
mechanism of resistance among wild typef p-aminobenzoic acid (PABA) and
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compete with PABA for the enzyme dihy- (dfrl anddfr9) have been found to mediate
dropteroate synthetase (DHPS), thereby preesistance [17, 19]. The genes have been
venting PABA from becoming incorporated found on the chromosome in transposons
into folic acid. Resistance to sulphonamide®r integrons [17, 19]. These two dihydro-
in Gram-negative bacteria is normally due tdolate reductases are also found in Gram
the acquisition of horizontally transferablenegative bacterial species, maiinter-
drug-resistant variants of DHPS [44]. Inobacteriaceagindicating thatCampy-
Gram-positive bacteria the most commonobactermay also acquire genes from this
mechanisms are mutations in the gengroup [17, 19].

encoding DHPS [22, 32, 61]. Gibreel and

Skaold [18] found that sulphonamide resis-

tance inC. jejuniwas associated with the 5 piscussiON

mutational substitution of four amino acid
residues in DHPS resulting in a reduced . . .
affinity for sulphonamides. Other mecha-, Modern food animal production provides

nisms of sulphonamide resistance have ndgvourable conditions for the emergence
been found so far iEampylobacter. and spread of zoonotic bacteria such as

CampylobacterFurthermore, large amounts
of antimicrobial agents are used in these
production systems to control infections.
This usage will select for resistance in the

_ . . zoonotic bacteria and thereby pose a risk
Tetracycline resistance can be mediategh, human health. In the case @ampy-

by four different mechanisms: efflux, mod-|5pacter the drugs of choice for the treat-
ification of tetracycline, protection of the ant of infections in man are macrolides
ribosomal binding site of tetracycline andgng flyoroquinolones. Unfortunately, the
mutations in 16S rDNA [48]. I&. coliand  o¢cyrrence of resistance to these antimi-
C. jejuni tetracycline resistance has beenyqpials has become widespread and seems
found to be located on self-transmissiblgq pe increasing [15, 58]. Studying the trans-
plasmids. The genes encoding resistanGgission of antimicrobial resistance from
have been identified as a ribosomal protecanimals to man is difficult, especially from
tion gene and designatéel(O) [31]. The oy jry to man, because the chain of trans-
te(O) gene is widespread @ampylobacter mission is often complex. However, several
and has since been found in different Gramgy,gies have shown that food animals can
positive bacterial species including enterogerye as an important source of infection in
cocci and streptococci [3, 48, 59, 80], SUGhymans and that the same sero- and geno-
gesting the Gram-positive origin of this yyes can be isolated from humans and food
gene. A high frequency of resistance to tetraspimals [37, 38, 40]. Since human-to-human
cycline (72%) has recently been reF’OrteEansmiss;ion of. jejunicoliis rare, patients
amongC. jejuniin Spain [43]. infected with resistan€ampylobacteare
not an important source of resist&@ampy-
_ _ _ lobacterfor other humans. The most likely
4.8. Trimethoprim resistance reason for the increased resistance is the use
of antimicrobial agents in food animal pro-
Trimethoprim acts by binding to and duction. Interventions reducing the reser-
inhibiting the activity of the enzyme dihy- voir of resistanCampylobacteamong food
drofolate reductaselfr). Resistance is due animals may prolong the lifetime of
to the acquisition of horizontally transferredmacrolides and fluoroquinolones for human
dfr-genes that are not inhibited by trimetho-use. For these reasons, international public
prim. InCampylobactetwo different genes health organisations such as the World

4.7. Tetracycline resistance
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