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Pulsed-field gel electrophoresis (PFGE) analysis demonstrated that while 76% of patients had only one genotype of campylobac-
ter, 10% carried two different but related genotypes (Dice coefficients > 0.78), and 14% carried at least two unrelated genotypes
(Dice coefficients < 0.65). This supports the clustering of Campylobacter isolates with similar PFGE patterns, highlights the need
to analyze multiple isolates from both sources and patients, and confirms that caution should be exercised before epidemiologi-
cal links between patients or sources are dismissed.

Campylobacteriosis is the most frequently reported disease in
New Zealand, with an annual rate of 180 cases per 100,000 in

2010 (1). Genotyping of Campylobacter isolates using methods
such as pulsed-field gel electrophoresis (PFGE) and multilocus
sequence typing (MLST) has proven useful in better understand-
ing this disease (7, 11). This paper describes the analysis by PFGE
of more than one isolate of Campylobacter from each of 49 human
cases of campylobacteriosis. Between April 2009 and February
2010, 673 clinical isolates of Campylobacter were obtained from
clinical laboratories in Christchurch, New Zealand, as previously
described (6). Isolates were identified as Campylobacter jejuni, C.
coli, or C. lari using PCR assays (2, 16), and PFGE analysis was
performed as previously described (6), using the restriction en-
zymes SmaI and KpnI. PFGE patterns which were indistinguish-
able (no discernible difference in pattern) were assigned the same
PFGE pattern name. A small number of isolates produced only a
single band as the result of unrestricted genomic DNA migrating
into the agarose gel, when the restriction sites were masked by
DNA modifications. These were reported as NO CUT. Pattern
similarity was determined by calculation of Dice coefficients (4)
based on the total number of bands present in the SmaI and KpnI
patterns. SmaI patterns had between 1 and 11 bands (average, 7),
while KpnI patterns had between 6 and 14 bands (average, 10),
which results in a greater weighting for the KpnI pattern in Dice
calculations. Patterns yielding pairwise Dice coefficients greater
than 0.75 were classified as related patterns, while PFGE patterns
with Dice coefficients less than 0.65 were classified as different.

The 673 isolates analyzed came from 603 different patients.
There were 49 patients who had between two and five Campylo-
bacter isolates obtained separately, yielding a total of 119 isolates.
Some of these patients were food preparation workers who were
requested not to return to work until Campylobacter could no
longer be isolated from their feces. While they were requested to
provide samples a week apart, some people actually provided mul-
tiple samples on 1 day, or subsequent days, while others provided
samples up to 2 months apart. In other cases, samples were tested
by a community laboratory, and then following hospitalization of
the patients, another sample was tested by the hospital laboratory.

In all cases, only one species of Campylobacter was identified
from each patient, with 45 of the patients being infected with C.
jejuni, three with C. coli, and one with C. lari. For 76% (95%

confidence interval, 61 to 87%) of patients, only one PFGE type
was recovered when between two and four isolates were geno-
typed from each patient. These 37 patients had 34 different PFGE
genotypes, with isolates provided up to a month apart. For the
other 12 patients (24%), more than one PFGE genotype was re-
covered (Fig. 1). For five of these patients, two different but related
PFGE patterns were identified. These patterns clearly differed but
often with only one enzyme and then with four or fewer different
bands, suggesting that the PFGE patterns were potentially related
(Dice coefficients between 0.79 and 0.88 for isolates from the same
patient).

Another seven patients also had at least two PFGE patterns, but
in these cases the PFGE patterns had a greater number of differ-
ences and would not normally be considered related (Dice coeffi-
cients of 0.22 to 0.63). Six of these patients had two different PFGE
patterns, while for one patient, five isolates were analyzed with
three different PFGE patterns (Fig. 1). This patient was a 1-year-
old child living in a rural area who was reported to have eaten
chicken feces. The same genotype (Sm0418:Kp0540) was recov-
ered from this patient from the initial sample and from a sample
provided 6 days later. Then, 3 weeks after the first sample, addi-
tional samples were tested, two of which were of the same geno-
type and one of which was of a different genotype. It is likely that
this child was exposed to multiple sources of Campylobacter, and
the reported consumption of chicken feces may not have been an
isolated event.

The observation of multiple genotypes of Campylobacter from
the same patient may have a number of explanations. A patient
may have been infected with a single genotype of Campylobacter,
but mutation in the course of infection may result in more than
one genotype. Closely related genotypes would be expected in this
situation, and this has been observed following the passage of C.
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jejuni through chickens (9, 10). Alternatively, the source of infec-
tion may contain more than one genotype of Campylobacter,
which may be closely related or quite different. Multiple genotypes
of Campylobacter have been reported from the same animal in
chicken, bovine, and other animal sources (3, 8, 14, 15). An out-
break in Scotland linked to undercooked chicken pâté found at
least four genotypes of Campylobacter, with three patients being
coinfected with two different strains of Campylobacter (5). Anal-
ysis of Campylobacter isolates from the waterborne Walkerton
outbreak in Canada found at least 12 genotypes of Campylobacter
among human patients in the outbreak (3). Multiple genotypes
may also be the consequence of different infection events. Ongo-
ing water contamination, repeated contact with multiple animals,
or consumption of multiple contaminated foods may all result in
infection with different types of Campylobacter.

The isolation of multiple strains of Campylobacter from pa-
tients adds a further layer of complexity to the epidemiology of
campylobacteriosis. This study provides support for grouping re-
lated PFGE patterns, and this grouping is necessary if clusters of
cases with a common source are to be identified. The matching of
PFGE types with sources on the basis of similar patterns is also
therefore justified. In both these situations, the use of two en-

zymes, as in this study, reduces the chances of similar patterns
occurring by chance in isolates with no genetic similarity. Some
SmaI patterns in particular are very common, with relatively few
bands. The Sm0001 pattern, for example, has just five bands, and
among 673 isolates, 12% exhibited this pattern. KpnI analysis,
however, discriminated these isolates into 19 different KpnI pat-
terns, some of which are quite divergent.

In the case of different PFGE patterns, isolating and genotyping
more than one isolate from each patient or source may be neces-
sary for clusters of cases to be identified. It is, however, an expen-
sive exercise, and based on this small study, it may not add value in
three quarters of cases. One use of genotyping data is in attribu-
tion studies, comparing genotypes from different sources (12). In
this study, where different isolates were recovered from the same
patient and these isolates had previously been isolated from an
animal source, they were in all cases from the same source (either
poultry or ruminant). Therefore, even if only one isolate was re-
covered from each patient, the same conclusion might be made as
to source attribution.

A previous study in the United Kingdom found that four of 53
patients had two genotypes of C. jejuni (13). While PFGE analysis
of these strains was performed only with SmaI, using our Dice

FIG 1 Pulsed-field gel electrophoresis (PFGE) patterns of campylobacter isolates from patients with more than one genotype of campylobacter. All isolates were
Campylobacter jejuni except for those from patient B, all three of which were Campylobacter coli.
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coefficient criteria, some patients had related strains, while others
had different strains. While the number of patients in our study
with either related PFGE types (10% with Dice similarities � 0.79)
or different PFGE types (14% with Dice similarities � 0.64) was
greater than the United Kingdom study, we would suggest this as
a minimum level of diversity among human cases of campylobac-
teriosis in our study area. In this study, a maximum of just five
isolates were tested from each patient, and for 31 of the 49 cases
just two isolates were typed. Genotyping of more isolates from
each patient would undoubtedly have recovered more genotypes.
The true level of diversity undoubtedly changes with different
sources of infection. It is also likely that the diversity of genotypes
causing campylobacteriosis will be underestimated, due to the se-
lective nature of media used to recover isolates.

This report does not purport to definitively identify the car-
riage rate of multiple genotypes of Campylobacter. It does, how-
ever, provide support for the clustering of similar isolates and
confirm that in cases where isolates from the suspected source and
the patients have different genotypes, caution should be exercised
before a putative link between the isolates is dismissed. Where
epidemiological evidence connects cases, clustering two or more
different genotypes together may be valid. Furthermore, where a
suspected source is identified, analysis of multiple isolates from
both source and patient may be warranted.
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