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Thirty-five Finnish Campylobacter jejuni strains with five Smal/Sacll pulsed-field gel electrophoresis (PFGE)
genotypes selected among human and chicken isolates from 1997 and 1998 were used for comparison of their
PFGE patterns, amplified fragment length polymorphism (AFLP) patterns, Haelll ribotypes, and heat-stable
(HS) serotypes. The discriminatory power of PFGE, AFLP, and ribotyping with Haelll were shown to be at the
same level for this selected set of strains, and these methods assigned the strains into the same groups. The
PFGE and AFLP patterns within a genotype were highly similar, indicating genetic relatedness. The same HS
serotypes were distributed among different genotypes, and different serotypes were identified within one
genotype. HS serotype 12 was only associated with the combined genotype G1 (PFGE-AFLP-ribotype). These
studies using polyphasic genotyping methods suggested that common Finnish C. jejuni genotypes form genetic

lineages which colonize both humans and chickens.

Campylobacter jejuni is the leading cause of human bacterial
gastroenteritis in developed countries (22, 29). Serious conse-
quence of campylobacteriosis can be the development of the
Guillain-Barré and Miller-Fisher syndromes (33). Most human
infections are apparently sporadic, and the distribution of cases
shows a seasonal variation. In the Northern hemisphere the
human cases occur mostly from June to September (19, 29). C.
jejuni is commonly found in the intestinal contents of many
domestic and wild animals (27), and there may also be a sea-
sonal variation in the infection rate of poultry (3, 18) and the
fecal excretion of C. jejuni in cattle and calves. (28). Although
in a few cases, the transmission routes from animal hosts and
environmental sources to humans have not been determined,
epidemiological studies and data from outbreaks indicate that
contaminated drinking water, unpasteurized milk, and eating
or handling contaminated poultry products are important risk
factors associated with human infections (19, 29).

Subtyping of C. jejuni strains supports epidemiological stud-
ies for tracing sources and transmission routes of infections.
Serotyping, phage typing, and molecular typing of Campy-
lobacter isolates from human and animal sources have revealed
that C. jejuni is a highly heterogeneous organism (7, 11, 23).
For example, approximately 70 heat-stable and more than 100
heat-labile serotypes have been identified for C. jejuni and C.
coli (22). Application of several typing techniques for compar-
ison of strains obtained from humans and animals have re-
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vealed that there is an overlap of serotypes and phage types
indicating either common infection sources or transmission of
the organism from animal reservoirs to humans through food
chains, drinking water, or direct animal contact (11, 21).

Genotyping techniques have shown distinct levels of discrim-
inatory power when applied for studies on C. jejuni. One of the
most discriminating techniques has been shown to be pulsed-
field gel electrophoresis (PFGE), which uses rare-cutting re-
striction enzymes and shows sequence variation in restriction
sites located over the whole genome (4, 20). However, with
Smal, an enzyme commonly used for PFGE of C. jejuni, only
a limited number of fragments is generated, which limits the
discriminatory power of this technique (9, 11). To increase the
discrimatory power, Kpnl (10) or Sacll analysis (11) can be
used in combination with Smal. Ribotyping, based on restric-
tion fragment length polymorphism (RFLP) analysis of ribo-
somal loci, is a less discriminatory method than PFGE for C.
jejuni (4, 9) since C. jejuni only has three copies of ribosomal
genes, which decreases the number of fragments obtained for
a pattern (6). Amplified fragment length polymorphism
(AFLP) is a rather new technique used for Campylobacter
typing which, by combination of DNA restriction with one or
more restriction enzymes and the use of a selective PCR,
amplifies a subset of chromosomal fragments. AFLP has been
recently applied to studies on C. jejuni strains from different
sources and was shown to be a highly discriminatory technique
for analysis of both C. jejuni and C. coli strains (5).

In the present study three genotyping methods—PFGE,
AFLP, and ribotyping and serotyping—were applied to a set of
selected C. jejuni strains. The selected strains represented five
combined Smal/Sacll PFGE genotype groups that were com-
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TABLE 1. C. jejuni strains, their sources, PFGE patterns, ribotypes, AFLP types, and HS serotypes

Strain Source data® PFGE pattern Ribotype AFLP Combined Serotype
(n = 35) (Smal/Sacll) (HaellI) type genotype (HS)”
5423F Patient, Pori, 98-07 I/K A AF1 Gl 12
4593 Chicken, retail shop, Helsinki, producent A, 98-08 I/K A AF1 G1 12
4772 Chicken, retail shop, Helsinki, producent B, 98-08 I/K A AF1 Gl 12
FB3886 Patient, Helsinki, 98-07 /K A AF1 Gl1 1,44
FB4287 Patient, Helsinki, 98-07 I/K A AF1 Gl 1,44
25A Chicken fecal sample, 98-07 I/Kc B AF1 G2 57
5768 Chicken, retail shop, Helsinki, producent C, 98-09 I/K A AF1 Gl 12
5483 Chicken, retail shop, Helsinki, producent A, 98-09 I/Ka Aa AF2 G3 15
40A Chicken, fecal sample, 98-11 I/K A AF3 G4 6,7
35A Chicken, fecal sample, 98-11 v C AF4 G5 1,44
37A Chicken, fecal sample, 98-11 I/Ke B AF4 Go6 57
28A Chicken, fecal sample, 98-08 I/Ka Aa AF5 G7 27
BK116 Chicken, retail shop, Helsinki, producent C, 97-08 I/K A AF5 G8 27
5862 Chicken, retail shop, Helsinki, 98-09 VII E AF6 G9 NS
FB5241 Patient, Helsinki, 98-08 Via D AF7 G10 1,44
FB5519 Patient, Helsinki, 98-08 Vic D AF7 G10 1,44
FB4619 Patient, Helsinki, 98-07 Via D AF7 G10 1,44
4859 Chicken, retail shop, Helsinki, 98-08 VIb D AF7 G10 NS
FB4700 Patient, Helsinki, 98-07 Via D AF7 G10 1,44
23004 Patient, Pori, 98-07 Via D AF7 G10 NS
88055 Patient, Pori, 98-07 Via D AF7 G10 NS
FB4877 Patient, Helsinki, 98-07 Vic D AF7 G10 NS
BK292 Chicken, retail shop, Helsinki, 98-08 Via D AF7 G10 4
4854 Patient, Helsinki, 98-07 Vic D AF7 G10 NS
81209 Patient, Pori, 98-07 Vic D AF7 G10 4
BR170 Chicken, retail shop, Helsinki, producent A, 98-08 VIb D AF7 G10 NS
5259 Chicken, retail shop, 98-08, Helsinki, producent B Vic D AF7 G10 NS
FB6271 Patient, Helsinki, 97-07 T101a F AF8 Gl11 1,44
456 Patient, Helsinki, 97-07 T101a F AF8 Gl1 4
BR77 Chicken, retail shop, Helsinki, 97-07 T101a F AF8 Gl11 4
4180 Chicken, retail shop, Helsinki, 98-07 T101b Fa AF9 G12 4
BR100 Chicken, retail shop, Helsinki, 97-07 v C AF10 G13 1,44
2475 Chicken, retail shop, Helsinki, 98-05 v C AF10 G13 1,44
FB287 Patient, Helsinki, 98-06 v C AF10 G13 1,44
FB8164 Patient, Helsinki, 97-08 v Ca AF10 G13 1,44

@ C. jejuni strains were obtained from chicken and human (patient) sources in the cities of Helsinki and Pori, as indicated, on the specified dates (year-month).

b HS, heat stable; NS, nonserotypeable.

monly found in Finnish patients and chicken isolates in 1997
and 1998 (14). The interstrain relatedness within selected
PFGE genotype groups was further studied with the use of
other molecular typing methods and heat-stable serotyping.

MATERIALS AND METHODS

Bacterial strains. Thirty-five C. jejuni strains were selected from a large col-
lection of strains with known epidemiological backgrounds and whose Smal/
SacIl PFGE genotypes had been determined (14). The strains were collected
from human infections that were domestically acquired and from chicken fecal
and meat samples in the summers of 1997 and 1998. The origins of the strains are
presented in Table 1.

Typing C. jejuni isolates by PFGE. For PFGE analysis, the isolates were grown
on brucella blood agar (Oxoid, Ltd., Basingstoke, Hampshire, England) for 2
days at 37°C in a microaerobic atmosphere. The bacterial cells were harvested
and treated with formaldehyde to inactivate endogeneous nucleases (8). Other-
wise, DNA was prepared as described by Maslow et al. (20). The DNA fragments
were separated with GeneNavigator (Pharmacia LKB Biotechnology AB, Upp-
sala, Sweden) in 1% agarose gel in 0.5X TBE (45 mmol Tris, 45 mmol boric acid,
1 mmol EDTA) at 200 V. Smal and SacIl fragments were separated with ramped
pulses of 1 to 30 s for 20 h and of 1 to 20 s for 18 h, respectively. A combined
Smal/Sacll pattern was designated as a PFGE genotype. If strains had one to five
differing fragments in their Smal and SacII patterns, they were designated as
subtypes and marked with a letter (for example, genotypes VIa, VIb, VI, etc.).

AFLP analysis. The AFLP analysis was performed by using a protocol adapted
from the AFLP microbial fingerprinting protocol of PE Applied Biosystems
(Perkin-Elmer, Norwalk, Conn.). A more detailed description of the used pro-

cedure has been published earlier (5). AFLP data were analyzed using GelCom-
par (Applied Maths, Kortrijk, Belgium), and a similarity matrix was created with
the use of the Pearson product-moment correlation coefficient (). The un-
weighted pair group method using average linkage was used to cluster the
patterns (30).

Ribotyping. Purified chromosomal DNA in agar plugs prepared for PFGE was
used for ribotyping. In brief, a 2-mm slide was cut from an agar plug, washed two
times with the restriction buffer, and transferred into a tube with restriction
buffer. DNA was digested with Haelll (6) according to the instructions of the
manufacturer (Boehringer Mannheim, Mannheim, Germany). The digests were
electrophoresed in 1.2% agarose gels (SeaKem ME Agarose; FMC BioProducts,
Rockland, Maine) with TBE (45 mM Tris, 1 mM EDTA [pH adjusted to 8.0 with
boric acid]) as running buffer. DNA transfer and probing were performed as
described earlier (13).

Serotyping. A commercially available serotyping kit (Campylobacter Antisera
Seiken Set; Denka, Seiken, Japan) based on Penner’s heat-stable serogroups was
used as described earlier (26).

RESULTS

PFGE patterns. A total of 35 strains that belonged to five
different PFGE genotype groups were selected on the basis of
their Smal and Sacll patterns. The distribution of the strains
within PFGE types is shown in Table 1.

PFGE genotype I/K included eight strains, isolated from
patients and chickens in the summer of 1998 (Table 1), which
showed identical PFGE patterns (Fig. 1 and 2, lanes 1 and 4;
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FIG 1. Smal PFGE patterns of C. jejuni strains. Lanes 1 to 5, Smal
pattern I, strains 4772 (lane 1), 25A (lane 2), 5483 (lane 3), 40A (lane
4), and 28A (lane 5); lanes 6 to 9, pattern VII, strains 5862 (lane 6),
FB5241 (lane 7), 4859 (lane 8), and FB5519 (lane 9); lanes 10 and 11,
pattern T101, strain FB6271 (lane 10) and 4180 (lane 11); lanes 12 and
13, pattern IV, strains FB287 (lane 12) and strain 35A (lane 13); mw,
molecular size marker.

partial digestion seen in Fig. 2, lane 1). In addition, two strains
with the highly related PFGE patterns I/Ka and I/Kb differed
from pattern I/K by four fragments in only their Sacll profiles
(Fig. 1 and 2, lanes 3 and 5, respectively). Two more strains
were of the related PFGE type I/Kc and had a Sacll pattern
which differed from the pattern K by five fragments (Fig. 1 and
2, lane 2).

Thirteen strains represented the genotype VI with three
closely related groups designated VIa, VIb, and VIc (Table 1).
Their Smal and Sacll patterns differed from each other by two
to five fragments (Fig. 1 and 2, lanes 7, 8, and 9). Strain 5862
was assigned to type VIIL. It showed a closely related Smal
pattern (Fig. 1, lane 6) with the group VI strains, but the Sacll
pattern differed by more than 10 fragments from the other
patterns of this group (Fig. 2, lane 6).

PFGE genotype IV included five strains (Table 1; Fig. 1 and
2, lanes 12 and 13), and PFGE genotype T101 had two sub-
types, a and b (Fig. 1 and 2, lanes 10 and 11; Table 1), that
differed by one fragment in their Smal profiles (double band
on T101b) and by one fragment in their Sacll profiles.

AFLP. AFLP analysis subdivided the 35 C. jejuni strains into
10 AFLP types (AF1 to AF10). AFLP fingerprints were iden-
tified as distinct types when the banding patterns shared less
than 90% homology, as has been shown by Duim et al. (5).
Cluster analysis of AFLP patterns clearly separated distinct
PFGE types and thus produced in most cases congruent results
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between the PFGE and AFLP analyses. The only exception
was strain 35A (PFGE IV), which clustered into the AF4 type
(Table 1; Fig. 1 and 2, lane 13, and Fig. 3).

AFLP patterns of six strains with the the PFGE genotype I/K
were clustered at a >90% similarity level (AF1), but patterns
of two strains of this PFGE group were clustered only with an
82% similarity level with other strains of the I/K group (AF3
and AFS; Fig. 3). Strains 25A and 37A, with PFGE types I/Kc
(Fig. 1, lane 2), were clustered in the AFLP analysis into two
clusters, AF1 and AF4, respectively (Fig. 3). In the AFLP
pattern analysis, all PFGE genotype VI strains were clustered
into the same group AF7 with highly similar profiles (Fig. 3).
The pattern of strain 5862 (AF6) clustered between AF7 and
AF1 to AFS5, being only distantly related to the AF7 strains,
thus further confirming that this strain does not belong to the
same lineage as the other strains in this group. Three T101a
genotype strains from humans and chickens had similar AFLP
patterns (AF8), and the AFLP pattern of PFGE genotype
T101b was related with a similarity level of 82% with the
genotype T101a (Fig. 3, AF9).

Ribotyping. Haelll ribotypes of the strains are shown in Fig.
4 and Table 1. Ribotypes of eight strains of PFGE/AFLP
genotypes I/K/AF1, I/K/AF3, and I/K/AFS5 were identical (ri-
botype A; Fig. 4, lanes 1 and 2), whereas two strains (5483 and
28A) had a slightly different ribotype (ribotype Aa, Fig. 4, lane
4). Also, the PFGE types (I/Ka and IKb) of these two strains
were slightly different from the pattern I/K (Fig. 1 and 2, lanes
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FIG. 2. Sacll patterns of same strains as in Fig. 1. Lanes 1 and 4,
pattern K; lane 2, pattern Kc; lane 3, pattern Ka; lane 5, pattern Kb;
lane 6, pattern VII; lane 7, pattern VIa; lane 8, pattern VIb; lane 9,
pattern VlIc; lane 10, pattern T101a; lane 11, pattern T101b; lanes 12
and 13, pattern IV. mw, molecular size marker.
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FIG. 3. AFLP patterns of 35 C. jejuni strains selected for the study.

1, 3, and 5). Two strains with PFGE genotypes I/Kc and AFLP
genotypes AF1 and AF4 were of ribotype B (Fig. 4, lane 3). All
strains of PFGE type VI and AFLP type AF7 had the identical
ribotype D (Fig. 4, lanes 7, 8, 10, and 11; Table 1). The ribotype
of the strain 5862 (PFGE/AFLP genotype VII/AF6) was E
(Fig. 4, lane 9; Table 1). All three strains of PFGE/AFLP
genotype IV/AF10 had highly similar ribotypes C and Ca (Fig.
4, lanes 5 and 6). Three strains of PFGE/AFLP genotypes
T101a/AF8 and T101b/AF9 had highly similar ribotypes F and
Fa, respectively (Fig. 4, lanes 12, 13 and 14; Table 1).

Combined genotypes. Data from PFGE, AFLP, and ri-
botypes were combined and designated as combined geno-
types, G1, G2, etc. (Table 1). A total of 13 combined genotypes
were identified.

Serotypes. Seven serotypes were identified among the strains
studied, and eight strains remained untypeable (Table 1, NS).
Heat-stable serotype 1,44 was identified among five different
combined genotypes: G1, G5, G10, G11, and G13. Serotype 4
was identified among the combined genotypes G10, G11, and
G12. Serotype 12 was associated with the G1 genotype, and
two PFGE genotype I/Kc strains were of serotype 57. The
strains with related patterns of combined genotype of G7 and
G8 had the same serotype 27.

DISCUSSION

The results of comparative analysis of PFGE and AFLP
patterns of C. jejuni showed that both methods produced con-
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FIG. 4. Haelll ribopattern types of C. jejuni strains selected for
studies. Lane 1, strain 4593, type A; lane 2, strain 4772, type A; lane 3,
strain 25A, type B; lane 4, strain 5483, type Aa; lane 5, strain BR100,
type C; lane 6, strain FB8164, type Ca; lane 7, strain FB5241, type D;
lane 8, strain BR170, type D; lane 9, strain 5862, type E; lane 10, strain
FB4877, type D; lane 11, strain 5259, type D; lane 12, FB6271, type F;
lane 13, strain FB456, type F; lane 14, strain FB4180, type Fa; lane 15,
molecular size marker (2.0, 2.3, 4.3, 6.5, 9.4, and 23 kb).

gruent results in most cases, thus having similar levels of sen-
sitivity. In one group, AFLP subdivided PFGE type I/K strains
into three subclusters (AF1, AF3, and AFS5). In the group
PFGE VI, however, PFGE analysis was more discriminatory
than AFLP because PFGE subdivided the strains into three
subtypes and AFLP analysis showed a high relatedness of the
patterns. An explanation for the high discriminatory power of
AFLP is the large number of fragments used in the analysis.
Ribotype analysis was shown to have a level of discriminatory
power similar to that of the other genetic methods used. Other
ribotyping studies have revealed that ribotyping was less dis-
criminatory than PFGE (4, 9) or AFLP (4). In these studies a
highly diverse collection of C. jejuni strains was used, whereas
in the present study the strains represented a restricted set of
PFGE genotypes, which may explain the difference in discrim-
ination by ribotyping.

The C. jejuni strains were systematically collected after hu-
man infections that were domestically acquired in two geo-
graphic areas and from chicken samples between 1995 to 1998
in Finland (14). We determined the genotype diversity among
these C. jejuni strains, which PFGE genotypes were commonly
found each year, and how persistent the genotypes were during
the study period. On the basis of these data, representatives of
five common PFGE genotypes found in 1997 and 1998 were
chosen for AFLP analysis, ribotyping, and serotyping. The
present extensive genetic analysis revealed that the five chosen
genotypes differed from each other by all of the genotyping
methods used, and in most cases the majority of strains within
one PFGE genotype shared fragments in the AFLP and Haelll
ribotype patterns. This indicated that PFGE genotype groups
I/K, IV, VI, and T101 represent genetic lineages among highly
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diverse genotypes of C. jejuni isolated during a period of 1 year
and that these genotypes seemed to persist from 1 year to
another. The strain 5862 of PFGE genotype VII was related to
PFGE genotype VI but was shown by polyphasic genotype
analysis to be only distantly related to genotype VI. Polyphasic
genetic analysis of predominant genotypes is recommended
because this approach gives information on the relatedness of
assigned genotypes and on the homogeneity within a genotype
and helps to choose the most applicable genotyping method(s)
for future monitoring studies.

Heat-stable serotyping revealed that identical serotypes
were distributed among different genotypes and on the oppo-
site several serotypes were identified within one genotype, as
has been noted earlier (23, 26). Extensive serotyping data on
Finnish strains is not available, but heat-stable serotypes 1, 4,
and 6 complexes have been predominant in England (7, 23),
Denmark (21), and the United States (25). In the present study
serotypes 1,44 and 4 were distributed among most of the se-
lected common Finnish genotypes. Penner serotype 12 con-
sisted only of combined genotype G1, which suggests that this
serotype belongs to a stable genotype, similar to that seen for
the heat-labile serotypes 4 and 7 (17) and the heat-stable
serotype 55 (12). When a more extensive international data-
base for C. jejuni genotypes and serotypes becomes available,
the comparison of typing data from different countries will be
possible and information on common genotypes and serotypes
occurring in different countries will be provided.

Population genetic analysis using multilocus enzyme electro-
phoresis has suggested a heterogenic stucture for C. jejuni (2).
Certain strains with shared genotypes and phenotypes, how-
ever, may become locally predominant and form temporary
clonal groupings, probably due to specific characteristics that
are advantageous for their colonization in animals or for their
environmental transmission and pathogenicity for humans. C.
jejuni has been shown to be naturally transformable (31). For
the flagellin locus recombination by intra- and interstrain
transfer of DNA has been described (15). Recent analysis of
the whole genome sequence of the C. jejuni strain NCTC 11168
has revealed that the strain has 23 hypervariable homopoly-
meric tracts within the chromosomal DNA. These sequences
can be sensitive to slipped-strand mispairing during genome
replication of C. jejuni (24). Slipped-strand mispairing, as well
as recombination or large-scale genomic rearrangements (plas-
ticity), may be useful in the adaptation of the organism for
colonization and survival in the gut of a variety of hosts.
Slightly changed fragment patterns in the PFGE and AFLP
genotypes with otherwise highly related patterns may result
from single nucleotide changes in the restriction site or from
large-scale genome rearrangements. These mechanisms may
contribute to the observed small variation in the number and
size of fragments, as was noted in all selected genotypes with
otherwise-similar PFGE or AFLP patterns. This minor
genomic variability, however, may lead to overestimation of
genetic diversity, as recently shown for Helicobacter pylori with
in silico comparison of PFGE patterns of two H. pylori strains
with known whole genome sequences. Minor sequence varia-
tion was mainly caused by silent nucleotide variation in genes
which accounted for the most verified differences in the PFGE
patterns of two H. pylori strains J199 and 26995 (1). We have
shown earlier that at least certain C. jejuni strains may change
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their genotypes after experimental infections in chickens (12)
and Wassenaar et al. (32) noted genomic changes in a set of
highly related strains from a batch of meat. The present selec-
tion of strains may represent natural variation occurring in a
genetic lineage after isolation from various hosts.

In conclusion, our study on selected C. jejuni strains isolated
during the same time period from humans and chickens indi-
cates that five predominant Finnish genotypes shared PFGE,
AFLP, and ribotypes and formed genetic lineages which
seemed to persist for 1 year. PFGE and AFLP analyses were
shown to have a high level of discriminatory power, although in
some cases AFLP was able to further distinguish strains with
identical PFGE patterns. In one case AFLP patterns of the
strains were highly similar, but PFGE patterns showed differ-
ences. Ribotyping allotted the strains into the same genotyping
groups as PFGE and AFLP. Identical serotypes were distrib-
uted among different genotypes, suggesting that serotyping
alone cannot be used for strain identification. In epidemiolog-
ical studies combined serotyping and genotyping could provide
the most relevant data for the identification of strains.
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