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The presence of Campylobacter species and enteric RNA viruses in stools from diarrheic (n � 442) and
healthy (n � 58) humans living in southwestern Alberta was examined (May to October 2005). A large number
of diarrheic individuals who were culture negative for C. jejuni (n � 54) or C. coli (n � 19) were PCR positive
for these taxa. Overall detection rates for C. jejuni and C. coli in diarrheic stools were 29% and 5%, respectively.
In contrast, 3% and 0% of stools from healthy humans were positive for these taxa, respectively. Infection with
C. jejuni was endemic over the study period. However, there was no difference in infection rates between
individuals living in urban or rural locations. Stools from a large number of diarrheic (74%) and healthy (88%)
individuals were positive for Campylobacter DNA. The prevalence rates of C. concisus, C. curvus, C. fetus, C.
gracilis, C. helveticus, C. hominis, C. hyointestinalis, C. mucosalis, C. showae, C. sputorum, and C. upsaliensis DNA
were either not significantly different or were significantly lower in stools from diarrheic than from healthy
individuals. No C. lanienae or C. lari DNA was detected. Stools from 4% and 0% of diarrheic and healthy
humans, respectively, were positive for rotavirus, sapovirus, or norovirus (GI/GII). Our results showed a high
prevalence of diarrheic individuals living in southwestern Alberta who were infected by C. jejuni and, to a lesser
extent, by C. coli. However, other Campylobacter species, norovirus, rotavirus, sapovirus, and bovine enteric
calicivirus were either inconsequential pathogens during the study period or are not pathogens at all.

The former Chinook Health Region (CHR) of southwestern
Alberta, Canada, is a large geographical area that possesses a
high prevalence of enteritis among its human inhabitants (30).
For example, the prevalence of campylobacteriosis incited by
Campylobacter coli and/or Campylobacter jejuni within the
CHR is substantially higher than both the provincial and na-
tional averages of �50 cases per 100,000 individuals. Reasons
for the relatively high rates of campylobacteriosis in the CHR
are currently uncertain. The CHR possesses one of the highest
densities of livestock in North America (2), and an epidemio-
logical examination indicated that one-quarter of individuals
infected with C. jejuni or C. coli had been in close contact with
livestock, primarily cattle (30). As in other jurisdictions (50),
the majority of cases of enteritis in the CHR are not diagnosed.
At the central diagnostic facility within the CHR located at the
Chinook Regional Hospital (CRH) in Lethbridge, stools from
humans exhibiting clinical evidence of enteritis are processed
for prominent bacterial pathogens. A single method is used to
isolate Campylobacter species.

While C. jejuni and to a lesser extent C. coli are thought to
be the primary causes of campylobacterosis, there are 25 rec-
ognized species of Campylobacter (i.e., campylobacteria).
Many Campylobacter species are fastidious and are not readily
isolated using conventional media containing selective agents

such as cefoperazone (39), including the medium used at the
CRH; these species are commonly referred to as “cryptic”
campylobacteria. The use of specialized isolation and non-
culture-based methods have demonstrated that a number of
cryptic taxa of Campylobacter are shed in human feces (19, 37,
41, 42, 43, 47), but the impact of these taxa on humans, in-
cluding those living in the CHR, remains enigmatic. Further-
more, infection by enteric viruses is not routinely examined
within the CHR, although stool samples from patients sus-
pected to be infected by enteric viruses, primarily during out-
breaks in the fall and winter, are forwarded to the Alberta
Provincial Laboratory for testing (�6% of total samples).

Considering the high rates of enteritis within the CHR, we
erected the following hypotheses: a significant number of di-
arrheic individuals infected by C. jejuni and C. coli are not
diagnosed using culture-based methods, and direct PCR de-
tection would provide a more accurate measure of infection
rates by these bacteria; conventional isolation methods are
ineffective in detecting cryptic campylobacteria which infect a
significant number of humans living within the CHR, thereby
contributing to the high rates of enteritis in this region; enteric
RNA viruses are underreported and infect a substantial num-
ber of human inhabitants of the CHR during the summer and
early fall; and individuals living in rural areas within the CHR
are disproportionately affected. To test these hypotheses, the
following objectives were established: (i) develop and validate
nested primers for C. concisus and C. upsaliensis; (ii) deter-
mine the prevalence of Campylobacter species in stools by
using a direct taxon-specific PCR; (iii) contrast direct PCR
detection with conventional and specialized culturing methods
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for campylobacteria; (iv) determine the prevalence of norovi-
rus (NoV), sapovirus (SaV), and rotavirus (RV) in stools; (v)
contrast the detection frequency of enteric campylobacteria
and viruses in stool samples from diarrheic and healthy hu-
mans over a 5-month period (summer and early fall); and (vi)
compare detection frequencies in diarrheic humans living in
rural and urban areas within the CHR.

MATERIALS AND METHODS

Nested primers for direct detection of C. concisus and C. upsaliensis. New
nested primers for direct detection of C. concisus and C. upsaliensis DNA in
stools were designed using the OLIGO primer analysis software (Molecular
Biology Insights, Inc., Cascade, CO) (Table 1).

(i) Primer specificity and comprehensiveness. Type strains of Campylobacter
(17 species), Arcobacter butleri and Helicobacter pylori, and 38 and 49 clinical
isolates of C. upsaliensis and C. concisus, respectively, were used to evaluate the
comprehensiveness of the primers. To obtain biomass, all isolates were grown on
Karmali agar (Oxoid Inc.) at 37°C for 48 to 72 h in a microaerobic environment
(10% CO2, 30% H2, 5% O2, 55% N2). DNA was extracted using a DNeasy blood
and tissue kit (Qiagen Inc.) according to the manufacturer’s protocol. The PCR
conditions were as follows: 1 initial denaturation cycle at 95°C for 15 min; 30
cycles of 30 s at 94°C for denaturation, 90 s at the appropriate annealing tem-
perature (Table 1), and 60 s at 72°C for extension; and a final extension cycle of
10 min at 72°C. Reaction mixtures consisted of a total volume of 20 �l containing
1� reaction buffer, 0.2 mM deoxynucleoside triphosphates, 2 mM MgCl2, 0.05
�M each primer (Sigma-Genosys, Oakville, ON, Canada), 0.2 �g BSA (Pro-
mega, Madison, WI), and 1 U HotStar Taq polymerase (Qiagen Inc., Missis-
sauga, ON, Canada). Each PCR was performed with a total of 2 �l of a 10�1

dilution of genomic DNA at �50 ng/�l. When primary and secondary primers
were used together, PCR conditions remained the same except that 25 and 30
cycles were used in the primary and secondary reactions, respectively. Further-
more, the primer concentration in the secondary reaction was increased 10-fold,
1 �l of the reaction mixture from the primary amplification step was used as
template, and BSA was not included. For all PCR tests, positive controls con-
sisted of genomic DNA from reference strains and negative controls consisted of
water alone. The estimated amplicon sizes are shown in Table 1.

(ii) Primer sensitivity. To determine the sensitivity of detection, genomic
DNA extracted from C. concisus (L288T) and C. upsaliensis (L270T) was quan-

tified using a NanoDrop spectrophotometer (ND-1000; NanoDrop Technolo-
gies, Inc., Wilmington, DE), and genomic DNA was diluted in a 10-fold dilution
series from 10�1 to 10�12. Primary and secondary PCRs as described above were
performed.

(iii) Detection in seeded feces. For C. concisus and C. upsaliensis primers,
swine feces determined to be negative for Campylobacter DNA by Campylobacter
genus-specific PCR (46) was used. Campylobacter concisus (L288T) and C. up-
saliensis (L270T) cells were grown microaerobically on Karmali agar for 48 h at
37°C. To obtain biomass, cells were scraped from the medium and suspended in
sterile Columbia broth (Oxoid Inc. Nepean, ON, Canada). The turbidity (A600)
of the suspension was adjusted to 0.5 (target cell density of 9.30 log10 cells/ml).
Cell densities were enumerated using a Petroff-Hausser counting chamber
(Hausser Scientific, Blueball, PA), and mean cell densities for C. concisus and C.
upsaliensis were 9.52 (standard error of the mean [SEM], 0.032) and 9.54 (SEM,
0.014) log10 cells/ml, respectively. However, on Columbia blood agar, densities
averaged 8.05 (SEM, 0.010) and 8.10 (SEM, 0.019) log10 CFU/ml, respectively.
Six 10-fold serial dilutions were prepared in Columbia broth representing a range
in cell densities of �2 � 103 to 2 � 109 cells/ml (i.e., based on Petroff-Hausser
densities). Twofold dilutions also were established at the higher dilutions to yield
cell densities of �1 � 103 and 1 � 104 cells/ml. Feces samples were infested with
each cell density in duplicate at the rate of 1 ml to 9 g (wet weight) of feces.
Sterile Columbia broth was used as the control treatment. Immediately after
addition of the inoculum treatments, fecal samples were thoroughly mixed with
a sterile wooden splint.

DNA was extracted from two separate aliquots of each inoculated and control
fecal sample by using the QIAamp DNA stool minikit (Qiagen Inc.) according to
the manufacturer’s protocol; an internal amplification control (IAC) was added
to each sample at the rate of 10 �l per 200 mg of feces (32). Nested PCR was
conducted as described above, except that 2 �l of undiluted template was used.
The experiment was conducted three to four times on separate occasions.

(iv) Comparative evaluation of primers. We examined the specificity and
sensitivity of the nested primers developed in the current study relative to
primers published by Samie et al. (56) and Chaban et al. (12) for direct detection
of C. concisus in feces and those published by Chaban et al. (12), Eyers et al. (20),
Linton et al. (46), and Wang et al. (68) for the detection of C. upsaliensis. None
of these primers was nested.

Human subject information and stool collection. Scientific and ethics approval
for the study was obtained from the Regional Ethics Committee of the former
CHR and from the University of Lethbridge Human Subject Research Commit-
tee. Information released with the samples included stool collection date and

TABLE 1. New primers to detect C. concisus and C. upsaliensis DNA in stools

PCR target and gene Primer Ta (oC)a Primer sequence (5�–3�) Amplicon size
(bases) Reference

C. concisus 1 outside
23S rRNA Ccon55U 58 AACGGGGCTAAAATGAGTAC 729 New primer
23S rRNA Ccon784L 58 GCTTCGCAGAGCTAACG 729 New primer

C. concisus 1 inside
23S rRNA Muc1 60 ATGAGTAGCGATAATTGGG 306 Bastyns et al. (9)
23S rRNA Con1 60 CAGTATCGGCAATTCGCT 306 Bastyns et al. (9)
23S rRNA Con2 60 GACAGTATCAAGGATTTACG 306 Bastyns et al. (9)

C. concisus 2 outside
cpn60 Ccon_cpn_66f 53 TATCGAAGTGAAACGTGGCA 357 New primer
cpn60 Ccon_cpn_423r 53 GCTCAAGCACTGGCAATAAG 357 New primer

C. concisus 2 inside
cpn60 Ccon_cpn_72f 53 AGTGAAACGTGGCATGGATA 270 New primer
cpn60 Ccon_cpn_342r 53 GCATCTTTTCAGGGTTTGTG 270 New primer

C. upsaliensis outside
glyA Cu63F 60 AATTGAAACTCTTGCTATCCAAAG 482 New primer
glyA Cu545r 60 TACACATAATAATTCCACCTCTAG 482 New primer

C. upsaliensis inside
glyA Cu146F 60 CAAATCAAGGCGTTTATGCTG 101 New primer
glyA Cu247R 60 CTTTCATACATTTTACCCGAGCT 101 New primer

a Ta, annealing temperature.
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time and patient age, sex, and place of habitation (i.e., based on postal code).
Stool samples from humans exhibiting signs of enteritis (i.e., diarrhea) from 31
May to 31 October 2005 were examined, along with stool samples from a cohort
of healthy humans (processed in mid-October). The majority of stool samples
from diarrheic humans were suspended in an enteric pathogen transport medium
(EPT) at the time of collection and transported to the diagnostic facility at the
CRH within 1 to 2 days of sample collection; the EPT used was Cary-Blair
medium (11). Stool samples were processed immediately upon arrival at the
CRH, and samples were placed at 4°C in ambient atmosphere until they could be
transferred to the Agriculture & Agri-Food Canada (AAFC) Research Centre at
Lethbridge for further processing. Samples determined to be positive for Campy-
lobacter at the CRH by culture were not disclosed to AAFC personnel until the
data collection phase of the study was completed. Stool samples from healthy
humans were not placed in EPT, and samples were transferred to AAFC Leth-
bridge within �6 h of collection in the majority of instances; samples collected
�1 h before submission were kept on ice.

Detection of campylobacteria. (i) Isolation and isolate identification. At the
CRH, a standard protocol for isolating C. jejuni and C. coli was utilized (i.e.,
referred to as conventional isolation here). Samples were streaked onto Campy
CVA agar (Becton Dickinson, Oakville, ON, Canada), cultures were incubated
at 42°C in an atmosphere consisting of 10% CO2, 10% H2, and 80% N2, and
colonies exhibiting characteristic Campylobacter morphology were isolated and
tested for their ability to hydrolyze hippurate by using a disc method (Dalynn
Biologicals, Calgary, AB, Canada). Hippurate-positive strains were presump-
tively deemed to be C. jejuni, whereas hippurate-negative strains were presump-
tively identified as C. coli. In addition, all samples were processed for Aeromonas
spp. (i.e., A. caviae, A. hydrophila, A. salmonicida, A. sobria, and A. veronii),
Edwardsiella spp. (E. hoshinae and E. tarda), Escherichia coli O157:H7, Plesi-
omonas shigelloides, Salmonella enterica subsp. enterica (serovars Paratyphi A,
Paratyphi B, Typhi, and Typhimurium), Shigella sonnei, Vibrio spp. (V. algino-
lyticus, V. cholerae, V. fluvialis, V. metschnikovii, V. mimicus, V. parahemolyticus,
and V. vulnificus), and Yersinia spp. (Y. enterocolitica, Y. pestis, Y. pseudotuber-
culosis, and Y. ruckeri) using standard protocols (52). All Campylobacter isolates
were frozen in 30% glycerol at �70°C at the CRH until transferred to AAFC
Lethbridge for identification.

Campylobacteria were isolated from stool samples at AAFC Lethbridge by
direct plating, membrane filtration, and enrichment (here referred to as special-
ized isolation). An incubation temperature of 37°C and a microaerobic atmo-
sphere consisting of 5% O2, 3% H2, 10% CO2, and 82% N2 were used for all
specialized isolations. For direct plating, a fecal suspension (1:10) was prepared
in Columbia broth (Oxoid Inc.), and 25 �l of the suspension was spread onto
Karmali agar (Oxoid Inc.) containing selective supplement SR167 (Oxoid Inc.).
For each sample, 100 �l of the Columbia broth suspension also was placed on top
of a hydrophobic Iso-Grid membrane (0.45 �m; Neogen Corp., Lansing, MI)
situated on Mueller-Hinton agar (BD Diagnostics, Sparks, MD) containing 5%
sheep blood. The suspension was allowed to filter passively for 24 h in a mi-
croaerobic environment at 37°C, after which point the membrane was removed.
For enrichment, a fecal suspension (1:20) was prepared in Arcobacter enrichment
broth (16). Tubes were incubated for 24 h, after which point 25 �l of the broth
was spread onto Karmali agar containing selective supplement SR167 or Arco-
bacter agar (CM965; Oxoid Inc.) containing selective supplement SR174. In
addition, the enrichment broth (100 �l) was placed centrally onto a semisolid
Arcobacter selective medium (ASM) (16). All solid media were incubated for
72 h, with the exception of the membrane filtration medium, which was incubated
for 96 h. Cells from colonies were examined for size, shape, and characteristic
motility by using phase-contrast microscopy. Campylobacter-like isolates were
then transferred onto Mueller-Hinton agar containing 5% sheep blood and
incubated for 48 to 72 h. Biomass was then suspended in Columbia broth
containing 30% glycerol and frozen at �80°C.

All presumptive Campylobacter isolates were tested for their ability to hydro-
lyze hippurate using the method described by Chapin and Lauderdale (13) with
the exception that volumes were adjusted to microtiter plate volumes. Genomic
DNA of isolates was extracted using an AutoGen 740 robot (Holliston, MA)
according to the manufacturer’s protocol. All hippurate-positive isolates were
identified by PCR using a C. jejuni-specific primer set (17). Hippurate-positive
but C. jejuni-negative isolates determined by PCR and all hippurate-negative
isolates were tested using Campylobacter, Arcobacter, and Helicobacter genus-
specific primer sets (28, 29, 46). Hippurate-negative Campylobacter isolates were
tested using C. coli-specific and C. jejuni-specific primers (17, 23) followed by
taxon-specific primers for C. concisus (9) and C. fetus (32).

To identify isolates of Campylobacter and Helicobacter that could not be iden-
tified by taxon-specific PCR, the near-complete 16S rRNA gene was amplified
and sequenced.

(ii) Direct PCR detection. DNA was extracted from thawed stool samples
(200 � 5 mg) to which the IAC had been added (32). All samples were subjected
to nonnested PCR for the Campylobacter genus (46). Only samples in which the
IAC was visualized in the absence of an amplicon for Campylobacter were
deemed negatives. Samples for which the IAC and/or genus amplicon was not
detected were reextracted. All Campylobacter genus-positive samples were sub-
jected to nonnested, seminested, or nested PCR for C. coli (32), C. concisus 1
(Table 1), C. concisus 2 (Table 1), C. curvus (12), C. fetus (32), C. gracilis (12), C.
helveticus (12), C. hominis (44), C. hyointestinalis (32), C. jejuni (32), C. lanienae
(32), C. lari (12), C. mucosalis (12), C. showae (12), C. sputorum 1 (8), C.
sputorum 2 (12), and C. upsaliensis (Table 1). PCR for each taxon was conducted
a minimum of two times. The Campylobacter genus amplicon was sequenced for
samples that were positive for genus but were species negative by taxon-specific
PCR and/or culture. Forward primer 412F (46) and reverse primer 1111R (5�-
ACGTCGTCCACACCTTCCT-3�; new primer) were used to amplify the
Campylobacter genus amplicon. The 412F and 1111R primers were then used to
sequence the amplicon.

(iii) Data analysis. Comparisons of detection rates between diarrheic and
healthy humans and between PCR and culture-based methods (i.e., conventional
and specialized) for C. jejuni and C. coli were analyzed using the FREQ proce-
dure of SAS and Fisher’s exact test (58). If the exact test was significant, then
0-frequency values were adjusted to 0.5 and the Mantel-Haenszel and logit
estimates of the odds ratios and relative risks were estimated. Temporal infection
rates of humans by campylobacteria collectively, C. jejuni, and C. concisus were
analyzed using the GENMOD procedure of SAS with a log-linear model, and
zero-frequency values were removed from the analyses.

Detection of enteric RNA viruses. Samples were processed and RNA was
extracted using the QIAamp viral RNA minikit (Qiagen Inc.) as described
previously (31). Reverse transcription-PCR (RT-PCR) was used to detect human
NoV genogroups I and II (GI and GII), SaV, bovine enteric calicivirus (BEC),
and RV (4, 21, 25, 36, 49, 61). TaqMan quantitative PCR (qPCR) assays (for
NoV GI and GII) were carried out in a 25-�l reaction volume consisting of 1 �l
of RNA template and 24 �l of a master mix made with the 1-step Brilliant
QRT-PCR core reagent kit (Stratagene, La Jolla, CA) and 5.0 mM MgCl2 (31).
qPCR amplifications were performed in duplicate with a Stratagene Mx4000
system under the following conditions: 30 min at 45°C for reverse transcription;
10 min at 95°C for initial denaturation; 45 cycles of 15 s at 95°C and 1 min at 60°C
annealing and extension. Conventional RT-PCR (for SaV, BEC, and RV) was
performed with 1 �l of extracted RNA in a volume of 20 �l using the Qiagen
One-Step RT-PCR kit according to the manufacturer’s recommendations.
Amplicons were sequenced and compared with sequences within the NCBI
GenBank.

RESULTS

Nested primers for direct detection of C. concisus and C.
upsaliensis. (i) Primer specificity. The nested primer sets that
we developed targeted the 23S rRNA gene of C. concisus, the
cpn60 gene of C. concisus, and the glyA gene of C. upsaliensis
(Table 1). The cpn60 and glyA nested primers were found to be
specific for genomic DNA of the target species, whereas the
primer sets targeting the C. concisus 23S rRNA gene also
amplified C. showae. All 49 isolates of C. concisus evaluated
provided an amplicon for the nested primers targeting the 23S
rRNA and cpn60 genes. However, a weak cpn60 amplicon was
observed for two strains (CHRB-3152 and CHRB-3235); nei-
ther of these two C. concisus strains belonged to genomospe-
cies A or B (unpublished data). All 38 clinical isolates of C.
upsalienesis evaluated provided an amplicon for the nested
primers targeting the glyA gene. The C. concisus primer set
published by Samie et al. (56) was found to be nonspecific,
amplifying the gyrB gene of a variety of Campylobacter species.
Furthermore, these primers were not very sensitive and only
provided a weak amplicon for C. concisus that was of the wrong
size. In contrast, the C. concisus primer set published by Cha-
ban et al. (12) was specific for C. concisus. The primer sets
from Eyers et al. (20) amplified C. upsaliensis but also provided
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an amplicon for C. hyointestinalis, C. lanienae, and C. concisus.
The primers published by Linton et al. (46) and Wang et al.
(68) were specific for C. upsaliensis.

(ii) Primer sensitivity. The minimum detection limits of
genomic DNA by the nested primers for C. concisus (23S
rRNA gene), C. concisus (cpn60 gene), and C. upsaliensis (glyA
gene) were 0.075, 0.008, and 0.016 pg, respectively.

(iii) Detection in seeded feces. For both C. concisus and C.
upsaliensis, the nested primer sets developed in the current
study resulted in positive amplicons only in feces seeded with
the corresponding bacterium (Fig. 1). Some minor nonspecific
amplification was observed for the C. upsaliensis primers as a
function of template concentration, but this did not obscure
detection. For all three nested primer sets developed, the
threshold of detection was 100 cells/g, but detection at cell
densities lower than 2 � 104 cells/g was not absolute (Fig. 2).
Nesting primers was necessary to increase sensitivity. The C.
concisus outside primers targeting the 23S rRNA gene used
alone exhibited a minimum detection threshold of 1 � 103

cells/g, whereas the inside primer set used alone did not pro-
duce a visible amplicon from seeded feces. For the C. concisus
cpn60 primers, the minimum detection thresholds for the out-
side and inside primers used alone were 2 � 104 cells/g and 2 �
105 cells/g, respectively. The minimum detection limit for the
C. upsaliensis inside primers used alone was 2 � 103 cells/g, and
the outside primers alone did not produce an amplicon from
seeded feces.

The nested primer sets developed in the current study were
more sensitive than previously published nonnested primers
used to detect C. concisus (12) and C. upsaliensis (12, 46, 68) in
feces (Fig. 2). Furthermore, we observed that the C. concisus
cpn60 primers described by Chaban et al. (12) resulted in
nonspecific amplification from fecal samples containing low
cell densities of C. concisus and from uninoculated feces. The
Samie et al. (56) primer set for C. concisus produced amplicons
of the wrong size in seeded and nonseeded feces.

Human subject information. A total of 532 samples were
obtained from humans with clinical signs of enteritis from 31
May to 31 October 2005. The majority of people submitted a
single sample. However, 55 individuals submitted multiple
samples. Eighteen individuals did not live within the CHR and
were excluded from the study. Of the 442 individuals who lived
in the CHR, 274 (62.0%) lived in an urban center and 168
(38.0%) lived in a small rural community or on a farm. A total
of 271 of the diarrheic individuals submitting samples were
female (61.3%) and 171 were male (38.7%). Adjusted for
differential submissions, a similar proportion of females and
males living in urban centers (59.8% and 65.5%, respectively)
and rural areas (40.2% and 35.1%, respectively) submitted
samples. The mean age of participating diarrheic individuals
was 34.8 years (standard deviation [SD], 13.5). Although the
majority of samples were from individuals older than 16 years
of age (96%), individuals ranged in age from less than 1 year to
86 years.

An additional 58 stool samples were obtained from immu-
nocompetent individuals living in the CHR who were free of
clinical evidence of enteritis and were not taking antibiotics
within 1 month before or at the time of sample submission (i.e.,
“healthy” human controls). Samples were collected from 16 to
24 October. Fifty (86.2%) healthy individuals lived in an urban

center, and 8 (13.8%) lived in a small rural community or on a
farm. Twenty-five (43.1%) of the individuals were female, and
33 (56.9%) were male. The mean age of participating healthy
individuals was 47.9 years (SD, 10.3), with an age range from
28 to 76 years.

FIG. 1. Detection of campylobacteria in seeded feces by using
nested primers. (A) Campylobacter concisus 23S rRNA gene primers;
(B) C. concisus cpn60 primers; (C) C. upsaliensis glyA primers. Campy-
lobacter species were inoculated into swine feces. Lane assignments:
M, 100-bp marker; 1, feces seeded at 2 � 105 cells/g; 2, feces seeded at
2 � 104 cells/g; 3, feces seeded at 2 � 103 cells/g; 4, feces seeded at 1 �
103 cells/g; 5, feces seeded at 2 � 102 cells/g; 6, feces seeded at 1 � 102

cells/g; 7, uninoculated feces. Genomic DNA of C. concisus or C.
upsaliensis and water alone (instead of template) were run in all gels
(data not shown). In all instances, amplicon size from seeded feces
corresponded to that of the corresponding taxon, and PCR controls
were always negative.
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Detection of campylobacteria. (i) Isolation and isolate iden-
tification. A total of 376 Campylobacter isolates were recovered
and characterized. Campylobacter jejuni was isolated from 72
people (16.3% of samples) at the CRH (i.e., conventional
isolation), and C. coli was isolated from an additional individ-
ual (0.2% of samples) (Table 2). No other campylobacteria
were isolated at the CRH. The CRH policy is to retain stool
samples for 7 days, and the mean time from sample collection
to isolation at AAFC was 7.8 days (SD, 2.3). Despite the delay
in processing of the samples at AAFC, comparable detection
results were observed for C. jejuni at the CRH (i.e., using
conventional isolation) and AAFC (i.e., using specialized iso-
lation) (Table 2). However, an additional eight individuals
were found to be culture positive for C. jejuni (n � 5) and C.
coli (n � 3) at AAFC, but two C. jejuni culture-positive sam-
ples at the CRH were not detected at AAFC. No cryptic taxa
of campylobacteria were isolated at the CRH using conven-
tional isolation. However, isolates of C. concisus, C. curvus, C.
fetus, C. showae, and Helicobacter canadensis were isolated
from diarrheic patients by using specialized isolation methods,
albeit at low frequencies (0.2% of samples). Other enteric
bacterial pathogens were isolated relatively infrequently during
the study period (Table 2). Four diarrheic individuals were
infected with Aeromonas spp. (0.5%) or P. shigelloides (0.5%),

and 3 and 12 individuals were infected by E. coli O157:H7
(0.7%) or S. enterica (2.7%), respectively. Samples from
healthy humans were typically processed within 6 h of stool
collection, but no campylobacteria were isolated using the spe-
cialized isolation methods.

(ii) Direct PCR detection. In excess of 22,000 PCRs were
conducted on 590 stool samples. A large number of stool
samples from diarrheic (73.5%; n � 325) and healthy (87.9%;
n � 51) individuals were positive for Campylobacter DNA
(Table 2). The prevalence of Campylobacter DNA in stools was
slightly higher for healthy humans than for diarrheic humans
(P � 0.015).

Using direct PCR, C. jejuni and C. coli DNA was detected in
29.2% (n � 128) and 5.2% (n � 23) of stool samples from
diarrheic individuals, respectively (Table 2). An increase (P �
0.002) in the number of individuals infected by C. jejuni and C.
coli was detected using PCR relative to culture detection. A
total of 54 and 19 individuals that were culture negative for C.
jejuni and C. coli were PCR positive for these two taxa, respec-
tively. PCR provided a negative result for only three individ-
uals deemed to be infected with C. jejuni by culture (2.3% of
individuals positive for the bacterium) and for no individuals
that were culture positive for C. coli. Significantly more diar-
rheic than healthy humans were positive for C. jejuni (P �
0.001), and individuals in the diarrheic relative to the control
group were at an eight-times-higher risk of infection with C.
jejuni. Infection with C. jejuni during the course of the study
(i.e., by PCR) was 11 times more common than infection by S.
enterica and 44 times more common than infection by E. coli
O157:H7. Two healthy individuals (3.4%) were positive for C.
jejuni DNA. One of these individuals had been confirmed
infected by C. jejuni �6 months previous to the sample sub-
mission; the infection occurred during travel outside Canada.
The second positive control individual had never been diag-
nosed with campylobacteriosis. Although none of the samples
provided by healthy volunteers was positive for C. coli DNA,
there was no difference (P � 0.094) in infection rates between
the two groups. Five diarrheic individuals (1.1%) were deter-
mined by PCR to be infected with both C. jejuni and C. coli. Of
the 19 individuals that submitted multiple stool samples (i.e., in
which at least one of the samples was positive for C. jejuni by
culture or PCR), C. jejuni was not detected in all submitted
samples for a majority of these individuals (n � 14).

Direct sequencing of Campylobacter genus amplicons (i.e.,
that were negative for taxon-specific PCR) indicated that an
additional 33 individuals may have been infected with C. jejuni,
resulting in an overall infection rate of 36.9% (n � 163) (Table
2). However, it was not possible to definitely distinguish these
amplicons from C. insulaenigrae.

DNA of C. concisus, C. curvus, C. fetus, C. gracilis, C. helveticus,
C. hominis, C. hyointestinalis, C. insulaenigrae, C. mucosalis, C.
showae, C. sputorum, C. upsaliensis, and C. ureolyticus was de-
tected at various frequencies in stools from diarrheic and healthy
individuals (Table 2). For both C. concisus primer sets, a higher
number (P � 0.001) of healthy than diarrheic humans were pos-
itive for DNA of this bacterium. The prevalence of C. curvus, C.
fetus, C. gracilis, C. helveticus, C. hominis, C. hyointestinalis, C.
mucosalis, C. showae, C. sputorum, and C. upsaliensis was either
not significantly different (P 	 0.05) or it was significantly lower
(P � 0.05) for diarrheic compared to healthy individuals. No C.

FIG. 2. Sensitivity of published and new primers for detection of
Campylobacter cells in seeded swine feces. (A) Campylobacter concisus;
(B) C. upsaliensis.
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lanienae or C. lari DNA was detected in stools of either group. A
relatively high prevalence of samples from diarrheic individuals
(25.6%; n � 113) were Campylobacter genus positive but species
negative by taxon-specific PCR. DNA sequencing of these genus
amplicons presumptively identified them as C. concisus (n � 17),
C. curvus (n � 3), C. gracilis (n � 31), C. helveticus (n � 2), C.
hominis (n � 12), C. insulaenigrae (n � 32), C. showae (n � 4), C.
sputorum (n � 1), and C. ureolyticus (n � 13) (Table 2).

(iii) Spatial and temporal prevalence of campylobacteriosis.
The majority of individuals infected with C. jejuni lived in the
three urban centers within the CHR (63.4%; n � 83), primarily
Lethbridge (51.9%; n � 68). Although the majority of samples
submitted to the CRH during the study period came from
urbanites, C. jejuni infection rates adjusted by sample submis-
sions were nearly identical for individuals living in urban
(30.4%) versus rural (28.6%) locations. Infection with C. jejuni
was endemic over the study period, but infection rates varied
over time (P � 0.005). A larger number of infections with C.
jejuni occurred during weeks 3 and 4 (Fig. 3). In contrast to C.
jejuni, detection rates for campylobacteria collectively (P �
0.99) or C. concisus (P � 0.56) did not vary over time. The

prevalence of C. concisus/C. showae in stools was similar for
people living in urban (32.0%) versus rural (29.1%) locations.

Detection of enteric RNA viruses. None of the healthy hu-
mans was positive for enteric RNA viruses (Table 3). Stools from
0.2 to 2.3% of diarrheic humans were confirmed positive for RV,
SaV/NoV, and GI and GII NoV during the study period. All of
the GI or GII NoV TaqMan RT-qPCR positive samples were
confirmed positive. In contrast, conventional RT-PCR rendered a
substantive number of false-negative results (i.e., 7 to 23 individ-
uals). The single confirmed RV infection occurred in early June,
and the confirmed NoV infections occurred from 20 July to 17
October. No diarrheic humans were positive for bovine enteric
calicivirus (BEC). None of the individuals that were culture pos-
itive for bacterial pathogens was positive for viral RNA. However,
two samples that were positive for NoV GII were also PCR
positive for C. jejuni.

DISCUSSION

Primer development and validation. Direct detection of nu-
cleic acids of specific taxa in feces by PCR is not subject to the

TABLE 2. Prevalence of campylobacteria and other bacteria in humans living in the CHR (May to October 2005)

Group and species

% prevalencea (no. of positive individuals) among diarrheic and healthy groups, based on indicated test

Diarrheic (n � 442)b Healthy (n � 58)c

Conventional Specialized PCR Sequenced,e Total PCR Sequenced,f Total

Campylobacteria
Campylobacter genus 16.5 (73) 18.1 (80) 73.5 (325) —g 74.2 (328) 87.9 (51)* — 87.9 (51)
Campylobacter coli 0.2 (1) 0.9 (4) 5.2 (23) 0.2 (1) 5.4 (24) 0.0 (0) 0.0 (0) 0.0 (0)
Campylobacter concisus 1 0.0 (0) 0.2 (1) 30.5 (135) 2.5 (17) 34.3 (152) 56.9 (33)** 1.7 (1) 56.9 (33)
Campylobacter concisus 2 0.0 (0) 0.2 (1) 4.3 (19) 2.5 (17) 8.1 (36) 19.0 (11)** 1.7 (1) 20.7 (12)
Campylobacter curvus 0.0 (0) 0.2 (1) 0.9 (4) 0.7 (3) 1.8 (8) 0.0 (0) 0.0 (0) 0.0 (0)
Campylobacter fetus 0.0 (0) 0.2 (1) 0.0 (0) 0.0 (0) 0.2 (1) 3.4 (2)* 0.0 (0) 3.4 (2)
Campylobacter gracilis 0.0 (0) 0.0 (0) 3.4 (15) 7.0 (31) 9.7 (43) 12.1 (7) 5.2 (3) 17.2 (10)
Campylobacter helveticus 0.0 (0) 0.0 (0) 0.0 (0) 0.5 (2) 0.5 (2) 0.0 (0) 0.0 (0) 0.0 (0)
Campylobacter hominis 0.0 (0) 0.0 (0) 7.2 (32) 2.7 (12) 9.7 (43) 17.2 (10)* 15.5 (9) 31.0 (18)
Campylobacter hyointestinalis 0.0 (0) 0.0 (0) 1.8 (8) 0.0 (0) 1.8 (8) 0.0 (0) 0.0 (0) 0.0 (0)
Campylobacter insulaenigrae 0.0 (0) 0.0 (0) — 7.2 (32) 7.2 (32) — 0.0 (0) 0.0 (0)
Campylobacter jejuni 16.3 (72) 17.0 (75) 29.2 (128)** 7.4 (33) 36.9 (163) 3.4 (2) 0.0 (0) 3.4 (2)
Campylobacter lanienae 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0)
Campylobacter lari 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0)
Campylobacter mucosalis 0.0 (0) 0.0 (0) 0.2 (1) 0.0 (0) 0.2 (1) 0.0 (0) 0.0 (0) 0.0 (0)
Campylobacter showae 0.0 (0) 0.2 (1) 5.4 (24) 0.9 (4) 6.6 (29) 6.9 (4) 3.4 (2) 8.6 (5)
Campylobacter sputorum 1 0.0 (0) 0.0 (0) 3.2 (14) 0.2 (1) 3.4 (15) 12.1 (7)** 0.0 (0) 12.7 (7)
Campylobacter sputorum 2 0.0 (0) 0.0 (0) 0.0 (0) 0.2 (1) 0.2 (1) 0.0 (0) 0.0 (0) 0.0 (0)
Campylobacter upsalienesis 0.0 (0) 0.0 (0) 0.7 (3) 0.0 (0) 0.7 (3) 0.0 (0) 0.0 (0) 0.0 (0)
Campylobacter ureolyticus 0.0 (0) 0.0 (0) — 2.9 (13) 2.9 (13) — 1.7 (1) 1.7 (1)

Other bacteria
Aeromonas spp. 0.5 (2) — — — 0.5 (2) — — —
Escherichia coli O157:H7 0.7 (3) — — — 0.7 (3) — — —
Helicobacter canadensis 0.0 (0) 0.2 (1) — — 0.2 (1) — — —
Plesiomonas shigelloides 0.5 (2) — — — 0.5 (2) — — —
Salmonella enterica 2.7 (12) — — — 2.7 (12) — — —

a �, detection rate was significantly higher (P � 0.05 but 	0.01) relative to the corresponding diarrheic or healthy human control treatment; ��, detection rate was
significantly higher (P � 0.01) relative to the corresponding diarrheic or healthy human control treatment.

b Bacteria in stools from diarrheic individuals were detected by direct PCR or specialized and/or conventional isolation (see text for additional information).
c No campylobacteria were isolated from the stools of healthy individuals.
d Based on sequencing of Campylobacter genus amplicons (i.e., those that were PCR negative for species).
e Sequence-based identification was definite for 0/1 C. coli, 15/17 C. concisus, 1/3 C. curvus, 29/31 C. gracilis, 0/2 C. helveticus, 12/12 C. hominis, 0/32 C. insulaenigrae,

0/33 C. jejuni, 0/4 C. showae, 0/1 C. sputorum, and 13/13 C. ureolyticus isolates.
f Sequence-based identification was definite for 1/1 C. concisus, 2/3 C. gracilis, 0/2 C. showae, and 1/1 C. ureolyticus isolates.
g —, not determined.
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inherent limitations of culture-based diagnostic methods, and
for this reason the use of PCR detection methods is a very
attractive alternative to culture-based methods to detect
campylobacteria. While PCR possesses a number of conspic-
uous advantages to culture-based diagnosis, the Achilles heel
of PCR-based diagnostics is the occurrence of both false-pos-
itive and false-negative results. Regarding the latter, the inclu-
sion of an IAC is imperative to ensure PCR inhibitors have
been adequately removed (7), and we used a qualitative IAC in

concert with primers targeting the 16S rRNA gene to detect
Campylobacter genus DNA (32, 46). The specificity and sensi-
tivity of PCR are essential components of diagnostic PCR. We
chose to use nested PCR to address both specificity and sen-
sitivity. Nested PCR has been used with various degrees of
success to increase the sensitivity of detection, particularly for
genes with one or a small number of copies (32, 34, 57, 66). All
PCR possesses a detection threshold, and we observed that the
nested primers that we developed for C. concisus and C. up-
saliensis were very sensitive (i.e., a detection threshold of 102

CFU/g, or �20 cells in a 200-mg subsample of stool) and were
substantially more sensitive (�10 to 100 times) than the non-
nested PCR primers described by others (12, 46, 68). The
initial primer set that we developed for C. concisus targeted the
23S rRNA gene, and although these primers were very sensi-
tive, they did not distinguish C. concisus from C. showae. The
subsequent nested primer set that we developed targeted the
cpn60 gene, which is present as a single copy in most organisms
(18), as opposed to the multicopy 23S rRNA gene. Consistent
with increased sensitivity based on gene copy, the cpn60 primer
sets were found to be somewhat less sensitive than the nested
primers that targeted the multicopy 23S rRNA gene. It is thus
likely that detection rates of both C. concisus and C. showae
were underestimated by targeting the cpn60 gene, and we ob-
served that C. concisus and C. showae were detected at rates of
4.3% and 5.4%, respectively (�10%, collectively), which was
approximately three times less than carriage rates indicated by
the nested primers targeting the 23S rRNA gene. High sensi-
tivity is particularly important, given that DNA must be ex-
tracted from relatively small subsamples from stools (e.g., due
to the presence of PCR inhibitors), that Campylobacter cells
are not uniformly distributed throughout the stool and sub-
samples may thus contain a low density of cells, and that cells
may be shed periodically. Consistent with the two latter points,
we observed inconsistent detection of C. jejuni in stool samples

TABLE 3. Prevalence of enteric RNA viruses in humans living in
the CHR (May to October 2005)

Virus

% prevalence (no. of individuals) with indicated
result among diarrheic and healthy groups

Diarrheic (n � 442) Healthy (n � 58)

Positive Confirmeda Positive Confirmeda

Sapovirus/norovirusb 4.5 (20)c 1.6 (7)e 0.0 (0) —i

Norovirus GId 0.2 (1) 0.2 (1)f 0.0 (0) —
Norovirus GIId 2.3 (10) 2.3 (10)g 0.0 (0) —
Rotavirusb 1.8 (8) 0.2 (1)h 0.0 (0) —
Bovine enteric

calicivirus (CBECU)b
4.5 (20) 0.0 (0) 0.0 (0) —

Bovine enteric
calicivirus (NBU)b

5.2 (23) 0.0 (0) 0.0 (0) —

a DNA sequence was confirmed.
b Viruses were detected using conventional RT-PCR with the CBECU or

NBU primers.
c Virus was detected using TaqMan RT-qPCR.
d Sequence was confirmed as NoV GII (four individuals) or NoV GII.4 (three

individuals).
f Sequence was confirmed as NoV GI.
g Sequence was confirmed as NoV GII (six individuals) or NoV GII.4 (four

individuals).
h Sequence was confirmed as RV group A.
i —, not applicable.

FIG. 3. Temporal Campylobacter detection rates in humans living
in the former Chinook Health Region from 31 May to 31 October 2005
(n � 442). (A) Campylobacter genus; (B) C. jejuni; (C) C. concisus
and/or C. showae. In panel B, black bars indicate culture-positive
detection of C. jejuni, hatched bars indicate PCR-positive but culture-
negative results for C. jejuni, and open bars indicate negative individ-
uals. In panel C, black bars indicate positive PCR detection of C.
concisus based on the nested cpn60 primers, hatched bars indicate
positive PCR detection of C. concisus/C. showae using the 23S rRNA
primers, and open bars indicate negative individuals.
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submitted by the same individual on separate occasions. Col-
lectively, our findings disagree with those of Chaban et al. (12),
who concluded that low primer sensitivity would be compen-
sated for by the large numbers of Campylobacter cells that are
shed from infected animals. While the high sensitivity of PCR
is beneficial, it is also important to emphasize that elevated
sensitivity can be a concern. For example, the introduction of
spurious template DNA from the primary into the secondary
reaction mixture will result in false positives. Thus, the inclu-
sion of negative template controls is mandatory, and extreme
care must always be exercised in handling the template from
the primary reaction. Primer comprehensiveness is also an
important issue to be considered for diagnostic PCR to guard
against false negatives. This is particularly important, given
that we currently possess an incomplete understanding of the
phylogenetics of most Campylobacter species. For example, C.
concisus is a genetically complex taxon (1), and we found that
the nested primers targeting the C. concisus cpn60 gene only
provided weak amplicons for strains not belonging to genomo-
species A or B. Although it is unlikely that nested PCR will
ever be used in diagnostic facilities as a routine detection tool
(for logistical reasons), our study demonstrates that nested
PCR is an effective research tool due to its sensitivity and
specificity.

Infections with C. jejuni and C. coli in the Chinook Health
Region. Campylobacter jejuni is recognized as the most com-
mon cause of bacterial enteritis in Canada (55). The majority
of cases of campylobacteriosis (�95%) in the CHR are attrib-
uted to C. jejuni, with the remainder attributed to C. coli
(based on conventional isolation). We hypothesized that a
significant number of diarrheic individuals infected by C. jejuni
and C. coli are not diagnosed using culture-based methods, and
direct PCR detection would provide a more accurate measure
of infection rates by these bacteria. In the current study, we
contrasted conventional and specialized isolation methods with
PCR to detect C. jejuni and C. coli in stools. Our findings
indicated that there was no advantage to utilizing specialized
isolation methods to detect C. jejuni and C. coli relative to the
culture-based method currently used in the CHR. However,
PCR-based detection revealed that a substantive number of
infections by C. jejuni (n � 54; 12.2%) and C. coli (n � 19;
4.3%) were missed by culture, with overall infection rates of
29.6% and 5.2%, respectively. Others have also demonstrated
that PCR detects a significant number of infections with C.
jejuni and C. coli that are missed by culture (3, 59), albeit at
much lower rates than we observed in the CHR. In contrast,
Kulkarni et al. (37) and Lawson et al. (43) observed no signif-
icant difference between PCR-based and culture-based meth-
ods for detection of C. jejuni and C. coli. Different PCR meth-
ods were used in the above studies, confounding direct
comparisons. However, it is possible that our use of nested
PCR, which is typically much more sensitive than nonnested
PCR methods, contributed to the very high number of cases of
infection that were missed by culture-based detection. Some
evidence indicated that the nested PCR that we used to detect
C. jejuni and C. coli was not absolute. Sequence-based identi-
fication of Campylobacter genus amplicons (i.e., for samples in
which no species were identified by PCR or culture) indicated
that at least an additional 34 individuals may have been in-
fected with C. jejuni or C. coli. Our findings using PCR indi-

cated that a significant number of infections with C. jejuni and
C. coli are missed by culture, and they affirm the importance of
C. jejuni and to a lesser extent C. coli as enteric pathogens of
humans in the CHR. Although the current study was con-
ducted during a time of the year when campylobacteriosis
typically peaks in temperate climates (51, 54), the exceptionally
high rates of C. jejuni and C. coli infection of humans living
within the CHR during this period (�40% of diarrheic indi-
viduals submitting stools for diagnosis) are cause for concern.

Direct detection of C. jejuni and C. coli in stools by PCR
revealed unique information on coinfections and carriage by
healthy humans. Using PCR, we detected five culture-negative
individuals (1.1%) who were infected by both C. jejuni and C.
coli. Although Lawson et al. (43) did not observe a significant
difference between PCR-based and culture-based detection,
they did conclude that PCR provided unique information on
mixed infections, consistent with our findings. We also ob-
served that two healthy control individuals (3.4%) were posi-
tive for C. jejuni by PCR but not by culture; one individual had
been confirmed infected with C. jejuni approximately 6 months
previous to the sample submission date. Although the majority
of cases of C. jejuni are considered self-limiting, evidence sug-
gests that a relatively small percentage of asymptomatic indi-
viduals living in the Western world are positive for the bacte-
rium. For example, Amar et al. (3) observed that �1% of 2,205
healthy individuals examined in England were positive for C.
jejuni. In developing countries, infection in asymptomatic in-
dividuals can be much higher (15). Furthermore, recrudescent
infection by C. jejuni has been documented in immunocompe-
tent individuals (6). These observations raise questions regard-
ing the importance of asymptomatic and/or recrudescently in-
fected humans in the epidemiology of campylobacteriosis, as
well as to the complexity of host responses to C. jejuni and C.
coli taxa, and in particular host responses to specific genotypes.

Epidemiology of campylobacteriosis in the Chinook Health
Region. The epidemiology of campylobacteriosis is poorly un-
derstood at present. As indicated previously, the CHR consis-
tently possesses a relatively high rate of campylobacteriosis
among its human inhabitants. For example, culture-based in-
fection rates for C. jejuni and C. coli in the CHR from 1988 to
2005 ranged from 60 to 100 cases per 100,000 individuals and
averaged 215 cases per 100,000 individuals from 2004 to 2006
(26). These rates are comparable to culture-based infection
rates observed in Australia (64), but they are substantially
lower than the rate of campylobacteriosis observed in New
Zealand (5). In addition to the high rate of infection by C.
jejuni that we observed in the current study (�29%), infections
by this bacterium were found to be endemic during the re-
search period. Reasons for the high rates and endemicity of
campylobacteriosis within the CHR are currently unknown.
Food-borne infection alone does not explain this occurrence,
as food habits among people living in the northern portion of
Alberta (e.g., in the Capital Health Region, �500 km north of
the CHR), where campylobacteriosis rates are much lower
(26), are similar to people living in the southern portion of the
province. The CHR covers a large area (�26,000 km2) and
contains a population of �150,000 humans living in a blend of
rural (54%) and urban (46%) areas (14). A unique character-
istic of the CHR is the large population of livestock, in partic-
ular, beef cattle. There are �1.28 million cattle in the CHR at
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any given time, with �700,000 cattle in confined feeding op-
erations (2). We estimate that this number of cattle produces
�40 million kg (fresh weight) of manure per day, and this
amount constitutes �96% of the manure produced in the
CHR relative to swine, poultry, and humans (data not pre-
sented). Beef cattle readily shed C. jejuni cells in their feces
(33), and an epidemiological study indicated that direct contact
with cattle was a significant risk factor for campylobacteriosis
in the CHR (30). This led us to hypothesize that individuals
living in rural areas would be infected with C. jejuni at a higher
rate than those living in urban centers. Although the majority
of infections occurred in people living in urban centers, con-
trary to our hypothesis, we observed that campylobacteriosis
rates (adjusted by differential sample size) were the same
among individuals living in rural (28.6%) or urban (30.4%)
locations. A limitation of our study design was our inability to
follow up with diarrheic individuals and, thus, we had no way
of ascertaining the degree of animal contact. Nonetheless, our
findings raise questions with regard to the epidemiology of
campylobacteriosis within the CHR and other health regions.
In particular, what role do beef cattle play in disease and what
are the mechanisms by which C. jejuni is transmitted to hu-
mans?

Prevalence of cryptic campylobacteria in stools. While C.
jejuni and to a lesser extent C. coli are recognized as the
primary causes of campylobacteriosis, the clinical relevance of
other Campylobacter species, including cryptic campylobacte-
ria, is currently uncertain. We hypothesized that conventional
isolation methods are ineffective in detecting cryptic campy-
lobacteria, which infect a significant number of humans living
within the CHR, thereby contributing to the high rates of
enteritis in this region. The application of specialized isolation
strategies has demonstrated that a variety of Campylobacter
species are common in stools from diarrheic patients (19, 41,
42, 47). For example, the use of a membrane filtration method
to isolate campylobacteria from stools of pediatric patients
with enteritis demonstrated that C. concisus and C. upsaliensis
were isolated at similar frequencies to C. jejuni (39). However,
the pathogenicity of cryptic campylobacteria is poorly under-
stood, confounded by both the lack of efficient isolation media
and the lack of controlled clinical studies. Although the merits
of membrane filtration for isolating fastidious campylobacteria
are recognized, it must be realized that this method is not a
panacea, as the cells must be highly motile and the method is
still subject to many of the inherent limitations of culture-
based detection. This was demonstrated by the comparatively
low frequency at which we isolated campylobacteria using
membrane filtration in the current study. It is possible that the
delay in processing diarrheic samples, the low hydrogen isola-
tion atmosphere (3%), the type of membrane that we used,
and the slow growth of cryptic campylobacteria all contributed
to our poor success in isolating these fastidious bacteria (A. J.
Lastovica, personal communication). Other factors may also
have contributed to our poor culturing success. For example,
the vast majority of stools were maintained in Cary-Blair trans-
port medium at low temperatures before processing. Our find-
ings emphasize that no one medium or method will provide an
accurate measure of cryptic campylobacteria in stools.

Very limited information is available on the pathogenicity of
cryptic taxa of campylobacteria. In the current study, we used

direct PCR to contrast the prevalence of C. concisus, C. curvus,
C. fetus, C. gracilis, C. helveticus, C. hominis, C. hyointestinalis,
C. lanienae, C. lari, C. mucosalis, C. showae, C. sputorum,
and C. upsaliensis in stools from diarrheic and healthy adults
living in the CHR. We observed that a majority of individuals
examined were positive for Campylobacter DNA (�73.5%)
and that a higher prevalence of healthy versus diarrheic hu-
mans was positive for Campylobacter DNA in their stools.
These observations are inconsistent with a pathogenic role for
campylobacteria collectively. Campylobacter concisus has been
suggested to incite enteritis in children (40), and recent evi-
dence has suggested that C. concisus may be involved in the
etiology of Crohn’s disease in Australian children (48, 69). We
observed no differences in carriage of C. concisus between
diarrheic and healthy humans, and consistent with our findings,
Engberg et al. (19) and Van Etterijck et al. (65) concluded that
C. concisus is a commensal in the human intestine. However,
given that C. concisus is a genetically heterogenous taxon (1),
our findings do not preclude the possibility that pathogenic
genotypes exist within this heterogenous species. In this regard,
we recently observed that C. concisus genomospecies differed
in their pathogenic potential (unpublished data). Further stud-
ies are needed to examine the molecular genetics and patho-
genicity (e.g., in vivo assessments) of C. concisus. Campy-
lobacter upsaliensis has been commonly isolated from children
in Sweden (45) and South Africa (39), and this bacterium is
considered to be an emerging cause of enteritis, albeit cur-
rently of unknown significance (24, 35, 38, 42). While no C.
upsaliensis was detected in the stools of healthy individuals in
the current study, only three diarrheic individuals (0.7%) were
positive for the bacterium. Campylobacter lanienae and C. lari
were not detected in either group, and the prevalence of C.
curvus, C. fetus, C. gracilis, C. helveticus, C. hominis, C. hyoin-
testinalis, C. mucosalis, C. showae, and C. sputorum in stools
was either not significantly different between the diarrheic and
healthy groups or detection rates were significantly higher in
the healthy group. Thus, our data indicate that C. concisus, C.
curvus, C. fetus, C. gracilis, C. helveticus, C. hominis, C. hyoin-
testinalis, C. lanienae, C. lari, C. mucosalis, C. showae, C. spu-
torum, and C. upsaliensis were not enteric pathogens of signif-
icance from a community perspective among adults living in
the CHR during the study period.

Infections by enteric viruses in the Chinook Health Region.
We hypothesized that enteric RNA viruses are underreported
and infect a substantial number of human inhabitants of the
CHR during the summer and early fall. Over the study period,
we detected relatively low rates of infection by enteric viruses.
However, 19 undiagnosed individuals were determined to be
infected by RNA enteric viruses. The majority of NoV and RV
infections occur in fall and winter months (i.e., October
through March) (62, 63). The relatively low prevalence of NoV
GI and GII and of RV infections (2.7%) that we detected in
diarrheic stool samples during the study period are consistent
with low rates of infection observed in the summer and early
fall in temperate climates. However, summer peaks of NoV
infection (June to September) have been observed in children
in Brazil, Peru, Spain, and Tunisia (10, 53, 60, 67). NoV and
RV are highly infectious (with �10 to 1,000 virus particles) and
are readily transmitted via person-to-person contact (22, 27).
The current study showed that infected individuals exist within
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the community during the summer and early fall, and given the
highly infectious nature of these viruses it is uncertain why
NoV and RV outbreaks do not occur during the spring and
summer within the CHR and elsewhere. As indicated previ-
ously, the CHR contains a very high beef cattle density (2), yet
we did not detect any BEC in diarrheic or healthy individuals
in the current study. Whether this indicates that zoonotic
transmission of BEC strains to humans does not occur, or
occurs at very low frequencies, is uncertain and warrants in-
vestigation.

Conclusions. We examined the presence of Campylobacter
species and enteric RNA viruses in stools of diarrheic and
healthy humans living in southwestern Alberta over a 5-month
period (May to October 2005). Specialized isolation and direct
nested PCR were employed to detect campylobacteria, and in
excess of 22,000 PCRs were conducted. We observed a very
high rate of infection with C. jejuni (29% of diarrheic individ-
uals) and to a lesser extent by C. coli (5%), and we found that
a high number of infections by these bacteria (�68 individuals)
were not detected using a conventional culture-based method.
Infection by C. jejuni was endemic during the study period, and
further research is needed to elucidate the epidemiology of
campylobacteriosis in the CHR, including the identification of
important reservoirs of infectious cells and the mechanisms
of their transmission to humans. In contrast to C. jejuni, evi-
dence indicated that C. concisus, C. curvus, C. fetus, C. gracilis,
C. helveticus, C. hominis, C. hyointestinalis, C. lanienae, C. lari,
C. mucosalis, C. showae, C. sputorum, C. upsaliensis, rotavirus,
sapovirus, bovine enteric calicivirus, and norovirus (GI and
GII) were not significant pathogens of adults within the CHR
during the study period. However, further research is needed
to examine infection rates over a protracted period and to
empirically examine the pathogenicity of cryptic Campylobacter
species.
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