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SUMMARY

Introduction Campylobacter jejuni and Campylobacter coli represent one of the main causes of bacte-
rial diarrhoea in humans. Although the disease is usually mild and self-limiting, severe chronic sequelae
may occur, such as reactive arthritis, Guillain-Barré and Miller Fisher syndromes. Serotyping is used as an
epidemiological marker, while post-infective polyneuropathies are associated with several O serotypes.
Objective Strains of C. jejuni and C. coli were serotyped based on heat stable (HS) and heat labile (HL)
antigens, as well as biotypes to determine strain diversity.

Methods Campylobacter spp. was isolated using selective blood media with antibiotics. Differentiation
to the species level was done by a combination of biotyping tests and by a PCR-based RFLP test. The
isolates were characterised by Penner and Lior serotyping methods.

Results The serotypes showed diversity without predominant serotypes. 24 HS serotypes were
detected among 29 C. jejuni strains, and seven serotypes among nine C. coli strains. HL serotyping
method successfully typed 62.5% of strains. Among 16 C. jejuni strains 14 serotypes were detected, and
three among four C. coli strains. A C. jejuni strain associated with a patient with Guillain-Barré syndrome
was typed as biotype II, 0:19.

Conclusion The biotyping and serotyping results have indicated that C. jejuni and C. coli strains in the
region of Nis, Serbia are diverse and could be probably of unrelated sources of origin or reservoirs. The
strain associated with the Guillain-Barré syndrome patient was serotype 0:19, one of the most common

in this post-infective complication.
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INTRODUCTION

Campylobacter jejuni (C. jejuni) and Campylo-
bacter coli (C. coli) represent the main cause of
bacterial diarrhoea in developed countries [1],
and one of the most important causes of entero-
colitis in developing countries [2]. Clinical mani-
festations of illness are diarrhoea, fever, abdom-
inal pain, and in some patients, faecal blood.
Subsequent to C. jejuni infection, severe chronic
sequelae may occur, such as reactive arthritis and
post-infective neuropathy, Guillain-Barré and
Miller Fisher syndromes (GBS and MFS, respec-
tively) [3]. Most Campylobacter infections are
thought to be foodborne, with poultry as the
principal source [4]. In industrialized countries,
Campylobacter infections are usually sporadic
and only a small subset of infected patients is
thought to be associated with outbreaks. In char-
acterization of clinical isolates, serotyping still
remains the main scheme for the characteriza-
tion of campylobacters [5]. Some serotypes have
been reported to be commonly associated with
GBS and MFS [6]. There is a lack of evidence
of serotype distribution for some geographical
areas, among them for Serbia, as well as for GBS
associated strains.

OBJECTIVE

The purpose of this study was to provide infor-
mation on the serotype distribution of thermo-
philic Campylobacter spp. isolated from clini-
cal cases of human infections in the region of
Nis, Serbia.

METHODS

We investigated 38 strains of thermophilic
campylobacters isolated in the region of Ni§ from
January 1, 2003 to October 1, 2004, one was a
strain isolated from a patient with GBS which
was preceded by Campylobacter diarrhoea,
while 37 strains were isolated from patients with
enterocolitis.

Stool specimens were streaked on the surface
of Columbia agar base supplemented with 5%
sheep blood and antibiotics (cefoperazone, 1.5
g/L, colistin 106 U, vancomycin 1 g/L, ampho-
tericin B 0.2 g/L), (bioMérieux, Marcy I'Etoile,
France). Inoculated plates were incubated at 42°C
for 48 hours in a microaerobic atmosphere (gas
generating system “Torlak”, Belgrade, Serbia).
Colonies of Campylobacter were presumptively
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identified microscopically by stained (1% carbolfuchsin)
slides, with the observation of S- and spiral-shaped bacte-
ria with gull-wing morphology, and by oxidase and cata-
lase tests. Strains were differentiated to the species level by
a combination of biotyping tests and using a PCR-based
RFLP test.

In biotyping scheme, hippurate hydrolysis, rapid H,S
production and DNA hydrolysis tests were used [7].

In the PCR-RFLP test the primer sequences amplify
a 1004-bp fragment within the coding region of the 16S
rRNA gene in Campylobacter, Arcobacter, and Helicobacter
species. The forward and reverse primers used were CAH
16S 1a (59 AAT ACA TGC AAG TCG AAC GA 39) and
CAH 16S 1b (59 TTA ACC CAA CAT CTC ACG AC 39),
respectively. For amplicon digestion, restriction endonucle-
ases Ddel (Boehringer-Mannheim, Indianapolis, Ind.), Tagl
(Boehringer-Mannheim), or Bsrl (New England Biolabs,
Inc., Beverly, Mass.) were used. For distinguishing between
C. jejuni and C. coli an additional set of primers was designed
to amplify a portion of the hippuricase gene by using forward
and reverse primers Hip la (59 ATG ATG GCT TCT TCG
GAT AG 39) and Hip 2b (59 GCT CCT ATG CTT ACA
ACT GC 39), respectively [8].

Heat labile (HL) serotyping according to the Lior system
was performed by slide agglutination with live bacteria using
crude and absorbed antisera for the detection of heat HL
antigens. Briefly, the antisera were prepared using bacterial
suspensions containing 10" bacteria/ml. Suspension used
to inoculate rabbits were prepared from smooth colonies
of reference strains inoculated on Mueller Hintion broth
(Ox0id LTD; London, England) containing 1.0 to 1.25% agar
(Difco Laboratories, Detroit, Mitch.) and incubated for 48
hrs at 37°C in microaerophilic atmosphere. New Zealand

Table 1. Results of HL and HS serotyping of C. jejuni strains

white rabbits were injected intravenously at 4 to 5-day inter-
vals for 4 weeks with increasing doses (0.5 to 2.5 ml) of
bacterial suspension in phosphate buffered saline (PBS) pH
7.2 containing 0.5% formalin. Rabbits were exsanguinated
7-10 days after the last injection and the sera preserved with
1:10,000 Merthiolate R at 4°C [9].

Heat stabile (HS) serotyping according to the Penner
system was performed using a passive hemagglutination test
using erythrocytes sensitized with heat extracted antigens
and antisera. Briefly, the antisera were prepared from conflu-
ent bacterial growth on two blood agar plates (Columbia
agar base [Oxoid]; 7% horse blood), obtained after 48 hrs at
37°Cina CO, incubator (Forma Scientific, Marietta, Ohio)
set to maintain an atmosphere with 5% CO,. Bacteria were
transferred to 3 ml of saline (0.85% NaCl), washed twice in
saline, and resuspended to an optical density of 0.375 at 625
nm (determined with a Spectronic 20 spectrophotometer).
After a preimmune bleeding, the New Zealand white rabbits
were inoculated intravenously five times over a two-week
period. The doses were 1, 2, 2,4 and 4 ml. Blood was taken
by cardiac puncture 7 to 10 days after the last injection. Sera
were separated and stored at -20°C [10].

RESULTS

In the period from January 1, 2003 to October 1, 2004, there
were 214 strains of isolated campylobacters. The specia-
tion of randomly selected Campylobacter strains using
PCR-RFLP was successful in 100%. For C. jejuni strains, a
unique RFLP fingerprint pattern was obtained with gener-
ation of the 176-bp hippuricase amplicon. In C. coli strains
that amplicon was missing.

C. jejuni was detected in 29 isolates, and C. coli in nine
strains. The relative ratio of C. coli and C. jejuni showed
that C. coli were less common than C. jejuni. Biotyping was

Number of . . . .
u:; /He Ir_o Nl;;?abif]rSOf HS HL performed on all 38 strains. Three biotypes were identified

serotypes (total 29) SEEEfPEs SEIOLYRES in C. jejuni strains; biotype I (15 isolates), biotype II (11
1 1 0:1 ND isolates) and biotype III (three isolates). In C. coli strains,
g f g; lj‘T biotype I was represented by eight strains, and biotype II
4 . 022,66 Ut by one strain. . o
5 7 03 136;1 ND The HS system was efficient for 100% of the stains; it
6 1 0:3,50 uT typed successfully all of the 38 C. jejuni and C. coli strains.
7 1 0:4,13, 43, 65 90 Twenty-four serotypes were detected among 29 C. jejuni, and
g 1 0'4’;2' gg .65 761 seven serotypes were detected among nine C. coli strains.
10 1 026: 57 uT The results of HS serotyping are presented in Table 1 for C.
1 1 0:8 85 jejuni and in Table 2 for C. coli isolates.
12 1 0:8,17 90
13 1 0:9, 21,58 ut £ . . .
14 1 0:10 5 Table 2. Results of HL and HS serotyping on C. coli strains
15 2 Oo:11 82 Number of Number of HS HL
16 1 0:15 86 HS/HL strains serotypes serotypes
17 1 0:19 ND serotypes (total 9) i P
18 1 0:19,38 Ut 1 1 0:4,28, 32, Ut
19 1 0:33 23 2 2 0:14, 34 Ut
20 1 0:37 28 3 1 0:24 110
21 1 0:40, 41 ND 4 2 0:34 46
22 1 0:41 18 5 1 0:34 Ut
23 3 0:53 1UT,2ND 6 1 0:49 97
24 1 0:63 52 7 1 0:64, 66 Ut

ND - not detected; UT - untypable
Bold HS - serotypes that may be involved in GBS pathogenesis

ND - not detected; UT - untypable
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The HL serotyping was performed on 32 strains. Out of
23 C. jejuni and nine C. coli strains that were HL serotyped,
the HL serotyping scheme successfully typed 20 strains
(62.5%); 14 serotypes were detected among 16 C. jejuni and
three among four C. coli strains, as listed in Table 1 for C.
jejuni and in Table 2 for C. coli strains.

The strain associated with GBS was identified as C. jejuni,
biotype II, HS serotype O:19.

We detected six HS serotypes in C. jejuni strains that may
be involved in GBS pathogenesis (marked in bold in Table 1).

DISCUSSION

Consistent reports on the characterization of thermophilic
Campylobacter strains isolated from all over the world are
yet to be organized into a global surveillance system. The
characterization of thermophilic Campylobacter strains is
not necessary for routine diagnostic procedures since the
disease is often mild and self-limiting without complica-
tions. However, some properties of clinical presentation,
such as chronic post-infectious sequelae, may be related to
a certain HS serotypes.

In this study, biotype I was predominant for both C. jejuni
and C. coli. Similar results were attained in many studies in
different locations; Central African Republic [11], Portugal
[12], Poland [13] India [14] and Italy [15]. Only one report
from Austria in 1987 revealed the predominance of C. jejuni
biotype II over C. jejuni biotype I [16].

The investigation of HS serotypes in C. jejuni and in C.
coli confirmed their clonal diversity, without predominant
serotypes. In C. jejuni strains, HS serotypes O:2 and O:53
were isolated more frequently and comprised 10.34% of
investigated strains, each. However, the size of the analyzed
sample was small and results could not be entirely repre-
sentative, and without cluster analysis clones could not be
differentiated with great confidence.

Data related to HS antigen distribution among campy-
lobacters are not available for Central, South and Southeast
Europe. The HS serotypes of strains isolated in Serbia were
similar to those found in distant geographic areas, although
every area is specific according to the prevalence of sero-
types.

The dominant serotypes of C. jejuniand C. coli in Ethiopia
were 0:34; O:1; 0:3, 0:8; 0:26; 0:30; O:51 [17]. In UK, three
most common HS serotypes were O:1, O:2 and O:4 [18].
In South Africa the serotyping technique revealed that the
most common serotypes were: O:4, 0:2, 0:12, 0:23/36 and
0:19 respectively, together comprising 25% of the isolates
in C. jejuni/coli strains [19]. In Central Australia a total of
46 serotypes was identified, and the predominant serotypes
were 0:8.17; 0:22; O:1.44, and O:19 [20]. In Thailand, 10
HS serotypes were detected with HS antigens 2 and 3 being
the most frequent [21]. In Denmark, in two counties, sero-
typing divided the C. jejuni isolates into 38 HS serotypes.
The three dominant HS serotypes were serotype 2 (30% of
isolates), serotype 4 complex (21%) and serotype 1.44 (10%).

In the same study, PFGE analysis confirmed the validity of
selected clusters identified by serotyping [22]. In a clinical
isolates of C. jejuni in children in Greece, the majority of the
serotyped strains belonged to serotype HS:2 (14%) followed
by HS:(4,13,16,43,50) (9.3%), HS:(1,44) (5.4%) and HS:37
(5.4%) [23].

In this study, a variety of HL serotypes were detected in
C. jejuni (4,6,18,23,28,36,42,52,71, 82, 85, 86,90) and in
C. coli (46, 97, 110). Such a substantial number of serotypes
found in the investigated population, suggests clonal diver-
sity among the strains. Some of the detected serotypes (4,
28, 36) identified in Serbia , were identified in Tuscany, Italy
(1,2,4,11,28, 36, 53) [24], in Romania (4, 5,8,9, 11, 17, 21,
28,29, 32, 36, 44, 47, 48, 55, 57, 59) [25] and Austria (1, 2, 4,
6,11,13,21, 28,29, 36) [16]. Serotype 4 was reported from
all parts of the world and was also detected in our study. In
Bangkok, in the period from 1991 to 2000, the predominant
HL serotypes in children were 36, 2, and 4 in C. jejuni, and
8,29 and 55 in C. coli [26].

In order to increase the discriminatory power of serotyp-
ing, attempts have been made to provide a unique system by
combining both HL and HS procedures. In one study some
more frequent combinations of HL and HS serotypes were
observed; O:2/HL125; O:2/HL121; O:2/HL4; O:2/HL40;
0:2/HL100; O:41/HL27 [27]. We also noticed the associa-
tion between O:2 and HL4 and O:6 and HL6 antigens in C.
jejuni strains. Additionally, O:57 was present in O:6 isolates.

Many reports confirm that the HS O:19 serotype is asso-
ciated with GBS [28] as shown by this study as well. Our
strain was isolated from a patient with GBS and was asso-
ciated with campylobacter diarrhoea. The isolate was a C.
jejuni, biotype II, HS O:19. HS serotypes observed in other
GBS patients include O:1; O:2; O:4; O:4-complex (4, 13, 16,
43, 50); O:5; 0:10; O:16; 0:23; 0:37; O:41; O:44 [29], and
0:35 and 0:13/65 [30]. We did not find any data related
to the biotypes of C. jejuni isolated in GBS patients with
preceding diarrhoea.

In patients who suffered from diarrhoea we detected
the presence of O:1, O:2, O:4, 0:10, O:41, serotypes of C.
jejuni that were described as preceding GBS and MFS [28,
29]. Since certain serotypes occur more frequently in GBS
patients following diarrhoea caused by C. jejuni, these sero-
types may serve as markers for the risk of GBS and MFS.

CONCLUSION

The biotyping and serotyping results indicated that C. jejuni
and C. coli strains in Serbia are diverse and could be of unre-
lated sources of origin or reservoirs. The strain associated
with the Guillain-Barré syndrome patient in our study was
0:19 serotype, one of the most common in this post-infec-
tive complication. Also, among patients suffering from diar-
rhoea, the presence of serotypes of C. jejuni was detected as
proceeding GBS and MFS. However, the number of analyzed
strains was small, so that this report provides only prelim-
inary data on serotype distribution in C. jejuni and C. coli.
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OcobuHe Bpcta Campylobacter jejuni n Campylobacter coli usonosaHux y

pernoHy Huwa, y Cpbuju

BusbaHa Musbkoeuh-Cenvmosuh'?, Lai-King Ng?, Lawrence J. Price®, BpaHucnaea Kouuh'?, TaTjaHa babuh?*

"MIHCTUTYT 33 MUKpOGUonorujy u nmyHonorujy, MeguumHckn dakynteT, YHuBep3auteT y Huwy, Huw, Cp6uja;

*PedepeHTHa nabopaTopuja 3a Kamnunobaktep v xenukobaktep, Huw, Cpbuja;

*HaumoHanHa nabopatopuja 3a LpeBHe natoreHe, HaumoHanHa MrkpobronollKa nabopartopuja, KaHagcku HayuHm LieHTap 3a
3[paBJsbe Jbyau 1 XKUBOTUHA, Mporpam 6akTepuornoruje 1 LpeBHUX obosbera, Bununer, KaHaga;

*UHCTUTYT 3a jaBHO 3L paBIbe, LieHTap 3a Mukpobuonorujy, Huw, Cpbuja

KPATAK CAZIPXKAJ

YBop baktepuje Campylobacter jejunin Campylobacter coli cy Beo-
Ma BaXkHU Y3pOUHULIM Anjapeje KoA Jbyau. Maga je 0Bo 060/betbe
061yYHO 61aro 1 NPonasm CNOHTaHO, HAKOH Hera Mory Aa ce jae
TeLlKe, XPOHWYHe CeKBere, Kao LTO Cy PeakTUBHU apTpuTuc, M-
rbeH-bapeos (Guillain-Barré) n Munep-®uwepos (Miller-Fisher)
cmHapom. CepoTunusalinja ce KOPUCTY Kao envnaeMUONOLLKY Mo-
KasaTesb, a MOCTUHdEKLMjCKe NONMHeyponaTyje noBe3aHe Cy ca
Hekonmko O cepoTnnoBa.

Liwmb papa [la 61 ce yTBpAMUne ocobuHe CojeBa, N3BpLUeHa je bu-
oTunu3auuja n cepotunusauuja C. jejunin C. coli Ha OCHOBY HUXO-
BWX TEPMOCTABUNHNX 1 TEPMONAOUITHNX aHTUreHa.

MeTtope papa Campylobacter spp. je n30n10BaH Ha CENEKTUBHO]
KPBHOj MOAN03M Ca foAaTKoM aHTubKoTnKa. udepeHuujaunja
A0 HMBOA BPCTe BpLUEHa je KOMbrHaLujom bruotunusaumje n me-
Topae RFLP-PCR. CepoTtunu3auwja je BpieHa metoaom lNexepa (Pen-
ner) n Jlnopa (Lior).

MpummeH « Received: 21/09/2009

Pesyntatu Y1BpheH je Behun 6poj cepoTunosa 6e3 fomuHaumje
njegHor cepotuna. Kog 29 cojesa C. jejuni fokasaHa cy 24 Tepmo-
cTabunHa cepoTvna, AOK je ceiam CepoTHNOBa 0Ka3aHO KO fieBeT
cojesa C. coli. MeToom TepmonabuiHe cepoTunim3aLmje ycnewHo
je TMNU3npaHo 62,5% ncnutreaHux cojesa. Kog 16 cojesa C. jejuni
[OKa3aHo je 14 cepoTMnoBa, a Kof yetnpwm coja C. coli fokasaHa cy
Tpu cepotuna. Coj C. jejuni Koju je n3onoBaH ko bonecHrka ca lm-
rbeH-bapeosnm cugpomom ngeHTndKKoBaH je kao buotun I, 0:19.
3aksbyuak Pesyntaty 6uotnusaumje u cepotunmsauuje ykasyjy
Ha pasnuuutocT usmehy cojesa C. jejuni n C. coli'y pernony Huwia,
Kao 1 Aa BepoBaTHO BOAE MOPEKJIO U3 13BOPa UM pe3epBoapa
Koju mehycobHo Hucy noBe3aHu. Coj n3010BaH Kop 6onecHnKa ca
[nmbeH-bapeosum cuppomom npunapa cepotuny O:19, jegHom o
Hajuelwhux KoA oBe NOCTUHEKLMjCKe KOMMIMKaLuje.

KmbyuHe peun: Campylobacter jejuni; Campylobacter coli; cepot-
nu3aumja; bmoTnu3aumja
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