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Pulsed-field gel electrophoresis fingerprints of 98 Campylobacter jejuni isolates from patients (85) and
chicken carcasses (13) in Hong Kong in 2002 demonstrated high genetic diversity. The prevalence of quinolone
resistance among the isolates was 85.9%, and replacement of the threonine-86 residue in the gyrase subunit A
was the major resistance mechanism.

Campylobacter spp. are major diarrhea-causing bacterial
pathogens in the industrialized world, with Campylobacter je-
juni being the most frequently identified species. In Hong
Kong, a recent study by the Emergency Department in a major
hospital, Prince of Wales Hospital, ranked it behind Vibrio
parahaemolyticus and Salmonella spp. as the most frequently
identified etiological agent of acute bacterial gastroenteritis
and found that it caused significantly higher morbidity than the
other two did (2). Although patients often recover without
chemotherapy, in the case of severe or persistent illness, eryth-
romycin or fluoroquinolones are the drugs of choice (3).

In an attempt to investigate if there is any predominant
strain in Hong Kong, we employed pulsed-field gel electro-
phoresis (PFGE) to determine the genetic relatedness of 85 C.
jejuni strains isolated from human stools or rectal swabs col-
lected from government outpatient clinics throughout the 12
months of 2002, together with 13 strains obtained by an en-
richment culture method (12) from refrigerated chicken car-
casses sampled at point of sale before cooking in December
2002. Susceptibilities to nalidixic acid (NAL) and ciprofloxacin
(CIP) were determined together with the sequence of the quin-
olone resistance-determining region (QRDR) of the gyrase
subunit A gene (gyrA) in order to assess the prevalence and the
major mechanism of resistance.

PFGE fingerprints of the 98 isolates were generated accord-
ing to a protocol described previously (10). A dendrogram with
1.0% band position tolerance was constructed with BioNumer-
ics software (Applied Maths, Ghent, Belgium) with the un-
weighted pair group method with averages from a Dice coef-
ficient matrix (Fig. 1). Eighty-four different fingerprints were
obtained from the 98 isolates. With 80% similarity as the cut-
off, the majority of the fingerprints (55 of 98) were separated
into 22 clusters and no distinct predominant cluster was ob-
served, suggesting that the greater part of the isolates were
genetically diverse. This is also supported by visual examina-
tion of the fingerprints. Nonetheless, 12 fingerprints (clusters
A to L) were shared by more than one isolate. All of the 25
strains with shared fingerprints were epidemiologically un-

linked except for one pair which came from the same patient,
who appeared still to shed the same organism 22 days after the
first isolation (cluster J, Fig. 1). The time between collections
among these 25 strains within their own clusters varied be-
tween 12 and 240 days. Three clusters (B, D, and K) each have
one isolate from chicken carcasses, suggesting that the sources
of infection and contamination may be common. However, the
considerable temporal difference between the isolates within
each cluster and the significant genetic diversity of the finger-
prints suggested the presence of multiple reservoirs rather than
single inoculation or contamination.

Disk diffusion assays for testing susceptibilities to NAL (30
�g/disk) and CIP (5 �g/disk) were performed according to
NCCLS guidelines (6). Mueller-Hinton agar used was supple-
mented with 5% horse blood. Escherichia coli ATCC 25922
and Pseudomonas aeruginosa ATCC 27853 were controls.
Zone diameters (ZDs) were recorded after incubation (42°C,
24 h) and interpreted according to NCCLS guidelines (7).
Seventy-three of the 85 human isolates (85.9%) were found to
be resistant to NAL (ZD, �13 mm). While 72 of these resistant
strains were also resistant to CIP (ZD, �15 mm), one was
sensitive (ZD, �21 mm). This level of quinolone resistance was
higher than that in Australia (0%), Taiwan (52%), Germany
(45.1%), and Spain (75%) (5, 11, 13, 15). Eleven of the 13
chicken isolates (84.6%) were resistant to both antibiotics.

PCR sequencing of the gyrA QRDR was performed as de-
scribed by Piddock et al. (9). Seventy-seven strains (69 human
and 8 chicken carcass isolates) had their gyrA QRDR success-
fully characterized. The remaining 21 isolates failed to produce
PCR amplicons capable of being sequenced. Replacement of
the threonine-86 residue of the gyrase subunit A with isoleu-
cine (56 human and 6 chicken carcass isolates) or lysine (one
chicken carcass isolate) correlated perfectly with resistance to
NAL and CIP, suggesting that this is the major mechanism of
resistance. The stool isolate resistant to only NAL had an
alanine as residue 86 of the gyrase subunit A, and this amino
acid change was previously reported to be associated with an
increased MIC of NAL but not of CIP (1).

Poultry farms are attractive candidates for possible environ-
mental perpetuating sources because C. jejuni may persist
there and the use of fluoroquinolones such as enrofloxacin as
growth promoters may help to explain the high level of resis-
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FIG. 1. Dendrogram constructed by unweighted pair group method with averages from a Dice coefficient matrix showing the relatedness of the
PFGE SmaI fingerprints of 98 C. jejuni strains isolated in 2002 in Hong Kong. The band patterns were digitally represented, and the band position
tolerance was 1.0%. The first column is cluster designation, the second is isolation date, the third is specimen type, the fourth is resistance
phenotype, and the fifth is the amino acid at residue 86 of the gyrase subunit A. nd, not determined.
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tance in both clinical and chicken carcass isolates (4). Indeed,
previous studies have shown that C. jejuni can persist in a
confined geographical area and that broiler houses may be
repeatedly infected with a few clones during the life cycles of
successive broiler flocks (16). However, measures successfully
used to stop Salmonella colonization of broiler flocks are com-
pletely ineffective against Campylobacter, suggesting that the
mode of transmission and perhaps the ecology of these poul-
try-borne pathogens are very different (8). Interestingly, iso-
lates in two clusters (A and G, Fig. 1) have different resistance
patterns, indicating that PFGE-indistinguishable strains can
have different resistance phenotypes. If these strains did come
from the same source, their paths to acquisition of the resis-
tance mutations may still be different. Recent laboratory ex-
periments have demonstrated that the rapid emergence of
resistance to quinolones in C. jejuni does not necessarily result
from horizontal transmission of resistant strains among chick-
ens but could be solely the result of de novo selection of
resistance in individual chickens (14). Moreover, this rapid
selection of quinolone resistance in C. jejuni is not mirrored in
E. coli under the same conditions, reinforcing the idea that
Campylobacter has a different ecology from that of other or-
ganisms occupying the same niche.

In conclusion, the quinolone resistance rate among clinical
isolates in Hong Kong appeared high at 85.9% and was mir-
rored also in the limited number of chicken carcass isolates.
Replacement of the Thr-86 residue of the gyrase subunit A was
the major resistance mechanism involved. Although no pre-
dominant strain of C. jejuni was detected in 2002 in Hong
Kong, the significant genetic diversity and considerable tem-
poral difference between the isolates with indistinguishable
PFGE fingerprints suggested the presence of multiple perpet-
uating environmental sources, and poultry farms are possible
candidates. However, the actual route for transmission and
quinolone resistance selection is likely to be complex, as ex-
emplified by the PFGE-indistinguishable strains with different
resistance phenotypes in this study.

Nucleotide sequence accession number. The nucleotide se-
quence of the gyrA QRDR with the alanine substitution at
amino acid residue 86 was deposited in GenBank under acces-
sion no. AY383720.
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