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Certain Campylobacter strains harbor a transcribed intervening sequence (IVS) in their 23S rRNA genes.
Following transcription, the IVS is excised, leading to fragmentation of the 23S rRNA. The origin and possible
functions of the IVS are unknown. Furthermore, the distribution of IVS-harboring strains within Campylo-
bacter populations is poorly understood. In this study, 104 strains of Campylobacter coli from turkeys, repre-
senting 27 different multilocus sequence typing-based sequence types (STs), were characterized in terms of IVS
content and erythromycin susceptibility. Sixty-nine strains harbored IVSs in all three 23S rRNA genes, whereas
the other 35 strains lacked IVSs from at least one of the genes. The STs of the latter strains belonged to an
unusual cluster of C. coli STs (cluster II), earlier found primarily in turkey strains and characterized by the
presence of the C. jejuni aspA103 allele. The majority (66/69) of strains harboring IVSs in all three 23S rRNA
genes were resistant to erythromycin, whereas none of the 35 strains with at least one IVS-free 23S rRNA gene
were resistant. Cluster II strains could be transformed to erythromycin resistance with genomic DNA from C.
coli that harbored IVS and the A2075G transition in the 23S rRNA gene, associated with resistance to
erythromycin in Campylobacter. Erythromycin-resistant transformants harbored both the A2075 transition and
IVS. The findings suggest that the absence of IVS in C. coli from turkeys is characteristic of a unique clonal
group of erythromycin-susceptible strains and that IVS can be acquired by these strains via natural trans-
formation to erythromycin resistance.

The thermophilic Campylobacter species Campylobacter
jejuni and Campylobacter coli are major bacterial food-borne
pathogens. In the United States alone there were 12.9 reported
cases of Campylobacter infections per 100,000 persons in 2004
(6). Even though most infections involve C. jejuni, C. coli is
also associated with significant disease burden. For instance,
recent reports indicated that C. coli accounted for 7% and
18.6% of confirmed human campylobacteriosis cases in the
United Kingdom and Germany, respectively (15, 16).

Significant attention has been directed to the emergence of
antibiotic resistance in Campylobacter. Fluoroquinolones are
no longer recommended for the treatment of Campylobacter
infection due to the increasing prevalence of fluoroquinolone
resistance among human clinical strains (11, 28). Erythromycin
has been shown to be effective in treating patients with Cam-
pylobacter enteritis (30) and is the current drug of choice when
antibiotic treatment is indicated. However, recent studies in-
dicate that the prevalence of erythromycin resistance (Emr) in
C. coli isolated from food animals is significantly higher than in
C. jejuni (1, 3, 8, 13, 23, 24). For example, Luangtongkum et al.
reported that for samples from conventional poultry farms,
89% of C. coli and 19% of C. jejuni isolates were resistant to
erythromycin (23). For Campylobacter, erythromycin resistance

has been found to be due to a base substitution in the 23S
rRNA gene (A2075G, based on the sequence of the 23S rRNA
gene of C. jejuni NCTC 11168) that alters the ribosome target
site (14, 20); erythromycin resistance can be disseminated by
natural transformation among strains from turkeys and swine
(21). Thus, erythromycin-resistant C. coli strains of animal
origin may present treatment challenges, should such strains
become implicated in human illness. Even though most
Campylobacter infections are self-limiting, antibiotic treatment
may be indicated for severe cases or for special categories of
patients.

Contamination of poultry with Campylobacter has been iden-
tified as an important risk factor in human infections obtained
through consumption of raw/undercooked poultry or through
cross-contamination (19). The human epidemiology of campylo-
bacteriosis, however, remains poorly understood and is com-
plicated especially by the existence of multiple possible hosts
for zoonotic transmission, the largely sporadic nature of hu-
man illness, and the diversity of strain subtypes colonizing
animals and potentially involved in human infection.

Understanding of the population structure of Campylobacter
from humans, poultry, and other sources has been compro-
mised by the genotypic diversity of the organisms and the
limitations of subtyping schemes, such as pulsed-field gel elec-
trophoresis, that are based on the generation of banding pat-
terns (7). A special challenge has been the difficulty in com-
paring image-based results among different laboratories. Partly
to address this challenge, multilocus sequence typing (MLST)
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schemes that generate DNA sequence-based (and hence to-
tally portable) data that can be used to subtype strains from
diverse sources have been developed (9, 10, 26). MLST ap-
pears to be especially promising in the case of C. coli isolated
from animal sources. A recent survey of C. coli from turkeys,
broilers, cattle, and swine identified several alleles and se-
quence types (STs) that appeared to be host specific (25).

An intriguing feature of Campylobacter spp. (primarily C.
jejuni, C. coli, C. upsaliensis, C. fetus, and C. sputorum) is the
presence, in certain strains, of an intervening sequence (IVS)
in at least one copy of the 23S rRNA gene (41). Following
transcription, the IVS is excised, leading to fragmentation of
the large-subunit (23S) rRNA. The presence of IVSs resulting
in such 23S rRNA fragmentation was first described for Sal-
monella enterica serovars Typhimurium and Arizonae (5), for
which it was shown that the IVS was excised posttranscription-
ally by endoribonuclease RNase III without religation (5).
IVSs have been identified in and characterized for other bac-
teria, including Yersinia enterocolitica (37), Coxiella burnetii (2),
Helicobacter (18), and Haemophilus (39), Brucella (4), Lepto-
spira (35), Proteus, and Providencia (27) spp. Horizontal gene
transfer has been postulated to underlie the dissemination of
IVSs (34, 36). However, the role or effect of IVSs on the
physiology of host cells remains unknown.

C. jejuni and C. coli harbor three rRNA operons on their
chromosomes. IVSs are absent from all three 23S rRNA gene
copies of C. jejuni NCTC 11168 (32) but were detected in other
strains of C. jejuni and C. coli (29, 33, 41) and were also
identified in all three copies of the 23S rRNA gene in the
recently sequenced genome of C. coli RM2228 (12). When
present, the IVS is located only 891 nucleotides (nt) upstream
from the site in the 23S rRNA gene where a point mutation
(A2075G) has been associated with high-level resistance to
erythromycin in Campylobacter (12, 14, 20). Surveys of C. jejuni
from broilers showed that only a minority of strains (approxi-
mately 10%) contained IVSs (29, 33). The presence of IVSs
may be associated with a randomly amplified polymorphic
DNA PCR subtype in broilers (33). However, no further data
on the prevalence of IVSs in C. jejuni from commercial poultry
(broilers and turkeys) are available, and no data have been
described for IVSs in C. coli that colonize poultry. In recent
studies, we have found that turkeys in eastern North Carolina
were frequently colonized by C. coli (22, 38), and a subset of
such turkey-derived C. coli was characterized by MLST (25).

In this study, we investigated possible correlations between
the MLST-based sequence types, the presence of IVSs, and the
erythromycin susceptibility (Ems) of C. coli derived from tur-
keys. The objectives were to determine whether the presence
or absence of IVS was specific to certain MLST-based subtypes
and whether the IVS was associated with erythromycin resis-
tance in C. coli from turkeys.

MATERIALS AND METHODS

Bacterial strains and growth conditions. The 104 turkey-derived C. coli strains
used in this study were part of the Campylobacter culture collection in our
laboratory. They had been isolated from cecal or fecal samples from turkeys
on various turkey farms in North Carolina during 2001 to 2004 by use of Cam-
pylobacter blood-free selective agar with CCDA selective supplement (Oxoid,
Basingstoke, Hampshire, England) as described previously (38). Eighty-three
of these strains were included in a recent MLST study (25). C. coli strains were
grown routinely on Mueller-Hinton agar (MHA; Mueller-Hinton broth [MHB]

with 1.2% agar) (Becton Dickinson, Sparks, MD) at 42°C for 40 h microaerobi-
cally.

Antibiotic susceptibility and erythromycin MIC determinations. Antibiotic
susceptibility profiles were determined as described previously (22, 38). Strains
that grew on media amended with 8 �g/ml of erythromycin were classified as
resistant. Resistance to nalidixic acid was determined following growth on media
amended with 20 �g/ml of nalidixic acid. C. jejuni ATCC 33560 was used as a
negative control for all antibiotic susceptibility determinations, as described
previously (22). Erythromycin MIC determinations were done in a range of
concentrations (8 �g/ml to 256 �g/ml), as described previously (21).

DNA extractions, IVS PCR, and DNA sequencing. Genomic DNA was ex-
tracted from C. coli by use of a DNeasy kit (QIAGEN Inc., Valencia, CA)
according to the manufacturer’s protocol. Primers 1162 (5�-TGC GCG GAA
AAT ATA ACG GGG CTA-3�) and CG1425 (5�-CTC ACA TTA ATT ATC
GCT ACT CAT-3�) were used to amplify a segment of the 23S rRNA gene that
has been reported to contain the IVS (41). PCR was done using Taq DNA
polymerase (Takara). PCR amplification conditions were as follows: 30 cycles of
95°C for 30 s, 54°C for 30 s, and 72°C for 1 min. The resulting amplicons were
detected by gel electrophoresis on a 1.5% agarose gel buffered with 1� Tris-
borate-EDTA. A single amplicon of approximately 160 bp indicated that all
three 23S rRNA genes were IVS free, whereas production of a single amplicon
of approximately 310 bp indicated that the IVS (approximately 147 bp) was
present in all three genes.

An internal fragment (1,475 bp) of the 23S rRNA gene was amplified using
primers 23SemF (5�-ACC AGG AGG TTG GCT TAG AA-3�) and 23SemR
(5�-TCG TCT CTG CTT GAC TTG TAT G-3�). PCR conditions were the same
as those described above. PCR amplicons were purified by use of a QIAquick gel
extraction kit (QIAGEN Inc., Valencia, CA) and sequenced (Davis Sequencing,
Davis, CA). DNA sequences were analyzed by BioEdit (17).

MLST. The alleles and procedures described before for MLST-based subtyp-
ing of 83 of the strains (25) were employed for MLST of 21 additional strains,
using total genomic DNA extracted as described above. ST identification was
done using the C. jejuni/C. coli MLST database (http://pubmlst.org/campylo-
bacter/); new sequences were entered into the database and were assigned new
allele numbers as described previously (25).

Natural transformation. Broth transformations were done according to the
method described by Kim et al. (21) with minor modifications. Genomic DNA
from C. coli strain 6818 (ST-1101), an erythromycin-resistant, nalidixic acid-
resistant, turkey-derived strain from our laboratory’s C. coli collection, was used
as the donor DNA. This strain harbored IVSs in all three of its 23S rRNA genes.
Seven nalidixic acid-susceptible C. coli strains (6017, 6667, 6979, 7080, 7474,
7755, and 8266) were recipients in natural transformation to nalidixic acid resis-
tance. C. coli 6979 (ST-1150) was the recipient in natural transformation to
erythromycin resistance. A colony of the recipient strain was transferred to 5 ml
MHB and incubated microaerobically at 42°C for 24 h. Then, 50 �l of this culture
was inoculated into 50 ml MHB preconditioned at 42°C and incubated mi-
croaerobically at 42°C for 7 h. Donor DNA (3 �g) was mixed with 1 ml of an
exponential-phase culture of the recipient strain and incubated microaerobically
at 42°C for 5 h. Finally, the DNA-culture mixture was serially diluted and plated
on MHA plates and on MHA amended with either nalidixic acid (20 �g/ml) or
erythromycin (10 �g/ml) to determine the frequency of transformation to nali-
dixic acid resistance or erythromycin resistance, respectively. The transformation
frequency was defined as the ratio of the CFU/ml on MHA plates to the CFU/ml
on MHA amended with the respective antibiotic. Negative controls consisted of
the bacterial cultures without donor DNA plated on MHA amended with nali-
dixic acid (20 �g/ml) or erythromycin (10 �g/ml).

Statistical analysis. The FREQ procedure of the SAS software (SAS Institute,
Inc., Cary, NC) was used to tabulate the data. The uncertainty coefficient (U) was
employed to estimate the association between nominal variables of this study
(erythromycin susceptibility versus ST, or erythromycin susceptibility versus IVS
content) (40). U is one of the indices of proportional reduction in error that are
applicable to nominal variables (31). By definition, it is the percent reduction in
uncertainty in predicting a variable based on the knowledge of another variable,
and its value can range from 0 (no reduction in uncertainty) to 1 (100 percent
reduction in uncertainty). In other words, two variables have no relationship
when U equals 0, and they have perfect relationship when U equals 1. Since U is
an asymmetric statistic, a calculation was done to determine the percent reduc-
tion in uncertainty in predicting erythromycin susceptibility based on the knowl-
edge of ST or on the presence/absence of IVSs. Calculation of U was done by the
FREQ procedure of the SAS software (SAS Institute, Inc.).
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RESULTS

The 104 turkey-derived C. coli strains used in this study were
categorized into 27 different STs. The prevalences of the dif-
ferent STs varied noticeably within the strain set. For example,

ST-1101, ST-1126, ST-1150, and ST-1161 were detected in 23,
15, 14, and 8 strains, respectively, of the 104 totally character-
ized. Seventeen STs were unique, i.e., found only once in this
strain set.

The majority of C. coli strains from turkeys harbored IVSs
in all three 23S rRNA genes. PCR using primers 1162 and
CG1425 indicated that the majority (69/104 [66%]) of the
strains harbored the IVS in all three 23S rRNA genes, whereas
29 strains (28%) were completely IVS free (Table 1). In the
case of six strains (6%), both amplicons were detected, even
when the strains were purified from single colonies repeatedly
and tested multiple times. Detection of both amplicons in
these six strains suggested that the IVS was present in only one
or two copies of the 23S rRNA gene and that it was absent
from at least one copy (Fig. 1A).

Strains lacking IVSs in at least one 23S rRNA gene copy
were susceptible to erythromycin. IVS content varied markedly
among strains of different STs. In the case of certain predom-
inant STs, specifically, ST-1101 (n � 23), ST-1126 (n � 15),
and ST-889 (n � 8), and for the less common STs ST-1149
(n � 7) and ST-1154 (n � 3), all strains appeared to contain
IVS in all three 23S rRNA gene copies, yielding only the
310-bp amplicon with the IVS primers. In contrast, strains with
certain other predominant STs, specifically, ST-1150 (n � 14)
and ST-1161 (n � 8), were either completely free of IVSs,
yielding only the 167-bp amplicon (19 strains), or had one or
two IVS-free 23S rRNA genes (three strains) and thus pro-
duced both amplicons (167 bp and 310 bp) with the IVS prim-
ers (Table 1).

Antibiotic susceptibility determinations showed that the ma-
jority (66/69) of strains that harbored IVSs in all three 23S
rRNA genes were resistant to erythromycin. In contrast, none
of the 35 strains that had at least one IVS-free 23S rRNA gene
were resistant to erythromycin (Table 1).

In order to estimate the relationship of erythromycin sus-
ceptibility to ST and that of erythromycin susceptibility to IVS
content, uncertainty coefficients were calculated. IVS content

TABLE 1. Erythromycin susceptibility, IVS content, and STs of
C. coli strains from turkeys

Erythromycin
susceptibility

STs with indicated IVS contenta

IVS present
(n � 69)

IVS absent
(n � 29)

IVS hybrid
(n � 6)

Susceptible ST-1175 (1) ST-1150† (11) ST-1192† (3)
ST-1017 (2) ST-1155† (1) ST-1150† (3)

ST-1161† (8)
ST-1188† (2)
ST-1192† (1)
ST-1194† (2)
ST-1199† (1)
ST-1487† (1)
ST-1835† (1)
ST-1242† (1)

Resistant ST-889 (8)
ST-1092 (1)
ST-1101 (23)
ST-1110 (1)
ST-1119 (1)
ST-1149 (7)
ST-1126 (15)
ST-1154 (3)
ST-1160 (1)
ST-1163 (1)
ST-1170 (1)
ST-1171 (1)
ST-1184 (1)
ST-1193 (1)
ST-1198 (1)

a Numbers inside parentheses indicate the number of strains in each category.
IVS present, IVS present in all three 23S rRNA genes; IVS absent, IVS absent
from all three 23S rRNA genes; IVS hybrid, IVS present in at least one, but not all
three, 23S rRNA genes. †, MLST cluster II isolate with the C. jejuni aspA103 allele.

FIG. 1. Detection of IVS in C. coli strains from turkeys. Primers 1162 and CG1425 were used, as described in Materials and Methods.
(A) Agarose gel showing sizes of PCR products from genomic DNA of C. coli strains 6818 (lane 1; ST-1101), 7080 (lane 2; ST-1175), 6667 (lane
3; ST-1161), 7755 (lane 4; ST-1150), and 6017 (lane 5; ST-1150). Lane M is a 100-bp ladder molecular weight marker (exACTGene cloning DNA
ladder; Fisher); the location of the 500-bp marker band is indicated by the arrow. Lane 5 shows an example of a strain yielding both 310-bp and
167-bp amplicons. (B) Agarose gel showing PCR products from genomic DNA of C. coli strain 6979 (lane 1; ST-1150) and from genomic DNA
of individual colonies of erythromycin-resistant strain 6979 transformants (lanes 2 to 5). Lane M is a 100-bp ladder molecular weight marker, as
described above.
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(presence/absence) was a very good predictor of erythromycin
resistance/susceptibility (U � 0.82, or 82% reduction in uncer-
tainty). Uncertainty coefficients also indicated that ST was a
strong predictor of resistance/susceptibility to erythromycin
(U � 1.00, or 100% reduction in uncertainty).

Transformation frequency is variable among IVS-free,
erythromycin-susceptible strains. To determine whether the
absence of IVSs and erythromycin susceptibility reflects a re-
duced ability of the bacteria to acquire exogenous DNA (in-
cluding the IVS) through natural transformation, transforma-
tion efficiency to nalidixic acid resistance was determined for a
panel of seven C. coli strains. These include three with ST-1150
and two with ST-1161 (Table 2). Certain strains of ST-1150 and
ST-1161 (e.g., 7755 and 6667) indeed were among the lowest in
transformation frequency (Table 2). On the other hand, C. coli

6017, 6979, and 7474 (also of ST-1150 or ST-1161) had rela-
tively high transformation frequencies, which were similar
to those obtained with the positive control, C. coli 8266. C.
coli 7080, which had ST-1175 and was susceptible to eryth-
romycin, had relatively low transformation frequency (Table
2). These findings suggested that transformation frequency
was a strain-specific attribute, variable among different
strains of cluster II STs.

IVS and erythromycin resistance determinant can be ac-
quired simultaneously by natural transformation. Emr trans-
formants were examined in terms of their simultaneous acqui-
sition of IVS. The mean frequency of the transformation of
C. coli 6979, which was Ems and IVS free (IVS�), to eryth-
romycin resistance was 6.84 � 10�6. The erythromycin MIC
of the transformants was �256 �g/ml, similar to that of the
donor C. coli 6818. PCR with IVS primers, using total
genomic DNA extracted from Emr transformants as a tem-
plate, indicated the presence of IVS in at least one of the
23S rRNA genes of these Emr transformants. Of four ran-
domly chosen Emr transformants, three appeared to harbor
both the IVS-free and IVS-plus 23S rRNA genes, and one
appeared to harbor IVS in all three copies of the 23S rRNA
gene (Fig. 1B). DNA sequencing revealed that IVSs in C.
coli 6818 and the Emr transformant of C. coli 6979 were
identical (Fig. 2). In contrast, a spontaneous Emr mutant of
C. coli 6979, obtained from one of the negative control
plates in the transformation experiments, lacked the IVS
(Fig. 2). The expected A2075G base substitution responsible
for erythromycin resistance was found in DNA sequences of
the 23S rRNA gene of C. coli 6818 as well as the Emr

transformant of C. coli 6979 but not in the sequence of C.
coli 6979 or of the spontaneous Emr mutant of this strain
(Fig. 3). The A2075G transition was also identified in the
23S rRNA gene of the recently sequenced C. coli RM2228

TABLE 2. Frequency of transformation of C. coli strains to
nalidixic acid resistance

Recipient
straina STb IVSc

Susceptibility to
erythromycin

(10 �g/ml)

Mean
transformation

frequencyd

8266 1101 Present Resistant 1.82 � 10�4

6017 1150† Hybrid Susceptible 2.30 � 10�5

6979 1150† Absent Susceptible 4.88 � 10�4

7755 1150† Absent Susceptible 3.02 � 10�6

6667 1161† Absent Susceptible 8.73 � 10�6

7474 1161† Absent Susceptible 1.98 � 10�4

7080 1175 Present Susceptible 7.19 � 10�6

a Recipient strains were all susceptible to nalidixic acid. The donor strain was
6818 (ST-1101; IVS present, resistant to both erythromycin and nalidixic acid).

b †, MLST cluster II isolate with the C. jejuni aspA103 allele.
c Present, IVS present in all three 23S rRNA genes; absent, IVS absent from

all three 23S rRNA genes; hybrid, IVS present in at least one, but not all three,
23S rRNA genes.

d Mean transformation frequencies were calculated from values derived from
at least two independent experiments.

FIG. 2. 23S rRNA gene sequences in the IVS region. The locations and sequences of IVS are shown for C. jejuni NCTC 11168 (11168), C. coli
RM2228 (RM2228), C. coli 6818 (6818), C. coli 6979 (6979), C. coli strain 6979 Emr transformant (6979T), and C. coli strain 6979 Emr spontaneous
mutant (6979mut). Coordinates correspond to nt 1180 to nt 1195 of the 23S rRNA gene of C. jejuni NCTC 11168.
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(Fig. 3), in agreement with the erythromycin resistance ex-
hibited by this strain. Interestingly, C. coli RM2228 also
harbored IVSs identical in sequence and location within the
23S rRNA gene to the IVSs of C. coli 6818 and the Emr

transformant of C. coli 6979 (Fig. 2).

DISCUSSION

In this study, we have shown that the majority of the inves-
tigated C. coli strains from turkeys harbored IVSs. Of the 104
strains, 6 harbored IVSs in one or two (but not all three) copies
of the 23S rRNA gene. Heterogeneity of 23S rRNA genes is not
uncommon and has been shown previously for C. coli (20). It
would be interesting to investigate whether homogenization of rrn
operons would maintain the IVS or eliminate it from the genome.

The absence of IVSs was detected only in strains of certain
STs previously designated as cluster II and found primarily for
C. coli from turkeys (25). It is noteworthy that each of the two
major cluster II IVS-free STs found in this study (ST-1150 and
ST-1161) contained alleles that were mostly turkey/poultry as-
sociated (25), suggesting that C. coli strains with these STs
were adapted to these hosts. The signature of cluster II is the
presence of the aspA103 allele, which is closely related to a C.
jejuni aspA allele. Miller et al. suggested that the aspA103 allele
was acquired by C. coli from C. jejuni (25). In the region of the
country from which the strains originated, turkeys can be col-
onized frequently with C. coli (22, 38). However, C. coli and C.
jejuni can both be present in certain flocks, and both species
have been isolated from gastrointestinal tract samples from the
same bird (42). Thus, turkeys may represent an avian host that
lends itself to the production of C. coli-C. jejuni interspecies
hybrids. In contrast, thermophilic campylobacters from swine
from the same region have been almost exclusively C. coli
strains, and cluster II strains have not been detected among
any of these C. coli strains from swine (25).

All strains that harbored at least one IVS-free 23S rRNA
gene were susceptible to erythromycin. Conversely, among the
38 strains that were susceptible to erythromycin, all but 3 (a
single strain with ST-1175 and 2 strains with ST-1017) be-
longed to cluster II STs. Moreover, cluster II STs were not
found for any of the erythromycin-resistant strains. IVS con-
tent and ST were shown to be a good predictor of erythromycin
susceptibility of C. coli isolated from turkeys. In other words, if
the MLST-based ST or IVS content of a C. coli turkey strain is
known, we can predict with confidence whether that particular
C. coli strain is susceptible to erythromycin. For instance, clus-

ter II STs could be predicted to lack IVSs (in at least one copy
of the 23S rRNA gene) and to be susceptible to erythromycin.

An intriguing finding was that none of the cluster II strains
were erythromycin resistant, in contrast to strains of other STs,
the majority of which were resistant to this antibiotic. As men-
tioned above, the MLST data suggested that cluster II C. coli
strains acquired DNA in the aspA locus from C. jejuni. It is
possible that additional genes in the vicinity of aspA, or in
other genomic regions, are of C. jejuni origin and that some of
these genes may be related to the extensively documented
scarcity of erythromycin resistance in C. jejuni from meat an-
imals (1, 3, 8, 13). C. jejuni can be transformed to erythromycin
resistance in the laboratory, using as donor DNA the 23S
rRNA fragment from a resistant C. coli strain that harbors the
A2075G erythromycin resistance determinant (14). However,
it is possible that other C. jejuni genetic determinants nega-
tively impact the competitive fitness of these erythromycin-
resistant organisms in natural environments or in the animal
host. One may speculate that such putative determinants, if
acquired by selected C. coli strains, would also result in a
reduced prevalence of erythromycin resistance among these
organisms, as observed for cluster II strains. Further charac-
terization of the genomic content of cluster II strains will be
necessary to determine the genomic contribution of C. jejuni in
these strains.

Considering the proximity of the IVS insertion site (position
1184) and the A:G transition (position 2075), one may argue
that an IVS� Ems C. coli strain would be readily transformed
by donor DNA from an IVS� Emr C. coli strain to being both
IVS� and Emr if that particular C. coli recipient were naturally
competent. Our results showed that IVS� Ems C. coli strains
could be indeed transformed to erythromycin resistance and
that those transformants also acquired at least one copy of the
IVS. Thus, if the majority of Emr strains in a population harbor
IVSs, dissemination of erythromycin resistance by transforma-
tion is also likely to lead to dissemination of IVSs. Cluster II
strains that lack IVS and are susceptible to erythromycin may
represent a special subset of C. coli strains that have remained
free of the A2075G mutation and the IVSs.

Although the observed limited transformation potential of
certain cluster II strains may contribute to their IVS-free,
erythromycin-susceptible status, other cluster II strains ap-
peared to have normal competence for transformation, sug-
gesting that reduced competence is not a universal factor lim-
iting the acquisition of IVS and erythromycin resistance by
these strains. Instead, the limiting factor may be that the trans-

FIG. 3. Detection of the A2075G transition in the 23S rRNA gene of Campylobacter. Sequences are from C. jejuni NCTC 11168 (11168), C.
coli RM2228 (RM2228), C. coli 6818 (6818), C. coli 6979 (6979), C. coli strain 6979 Emr transformant (6979T), and C. coli strain 6979 Emr

spontaneous mutant (6979mut). The A3G transition is indicated by the arrow.
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formants do not compete well with their IVS-free (and eryth-
romycin-sensitive) cluster II counterparts. Although erythro-
mycin-resistant, IVS-harboring transformants of cluster II
strains grew normally in the laboratory, it is possible that under
other conditions the acquisition of these determinants may
negatively impact fitness, possibly in association with C. jejuni
components in the genome, as discussed above.

In conclusion, our data have shown that, among C. coli
strains from turkeys, only certain strains are free of the IVS in
their 23S rRNA genes. These strains constitute a cluster of
MLST-based strain types (cluster II STs) characterized by the
presence of the C. jejuni aspA103 allele and exhibit suscepti-
bility to erythromycin. Further studies are needed to geneti-
cally characterize these C. coli strains and to elucidate the
possible impact of IVSs in their antibiotic susceptibility profiles
and other adaptations.
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