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Introduction

Campylobacter-associated enteritis is one of the most com-
mon bacterial gastrointestinal diseases in humans, and the 
organisms are frequently detected in many animals, food, 
and the environment.10 Campylobacteriosis is predominantly 
foodborne, especially from poultry meat, but is also signifi-
cantly associated with travel, and contact with environmental 
water and animals, including pets.20 C. jejuni and C. coli are 
the most common species associated with disease, but many 
other species have been implicated as pathogens (frequently 
referred to as “emerging” pathogens), and are generally con-
sidered underrepresented.39,44 The underestimation of emerg-
ing Campylobacter spp. is mostly attributed to the bias of 
culture methods that are optimized for the recovery of 
C. jejuni and C. coli.33 The narrow selection of available cul-
ture methods is related to the fastidious nature of these taxa 
and the vast diversity of growth requirements among them, 
such as incubation temperatures, atmospheric conditions, 
length of incubation, nutrient requirements, and differing 
susceptibilities to antimicrobial agents.14 ELISA and PCR 
have enhanced sensitivity for the detection of Campylo-
bacter spp. compared with culture methods5,15,64 as well as 

the ability to detect a wider range of species, many of which 
are challenging to isolate.9,38

Dogs were first associated with campylobacteriosis in 
humans in 1960,66 and the first species isolated from dogs 
was C. jejuni in 1977.58 Since then, many studies worldwide 
have reported the frequent isolation of C. jejuni from sick 
and healthy dogs, with pathogenic involvement more likely 
to occur in young animals or precipitated by contributing 
factors such as stress, crowding, and concurrent diseases.40 
In New Zealand, an increased risk for campylobacteriosis in 
humans has been reported, with factors associated with farm-
ing and the rural environment.8,59 Also in New Zealand, 
screening of client-owned dogs and retail raw meat for 
Campylobacter spp. has been reported.6 Similar to humans, 
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the distribution of species from dogs observed is signifi-
cantly dependent on the methods of detection, but of all of 
the species isolated from the feces of dogs, C. upsaliensis is 
by far the most common, with C. jejuni and C. helveticus 
recovered relatively frequently; C. coli, C. lari, C. hyointes-
tinalis, and C. concisus are rare.1,25,31,55 The distribution of 
species detected by culture is in sharp contrast to those 
detected by PCR methods. A molecular study reported 14 
different Campylobacter spp. in dogs.12 For 7 of these Cam-
pylobacter species, there are no reports of isolation from 
dogs in the literature (C. rectus, C. mucosalis, C. showae, C. 
gracilis, C. fetus, C. sputorum, C. curvus), beyond identifica-
tion of C. rectus and C. showae in saliva or dental plaques by 
molecular methods.30,54

A culture method described for the recovery of Campylo-
bacter spp. from meat for human consumption enabled isola-
tion of 17 Campylobacter spp.,36 including all of the above 
species not previously recovered by culture in dogs. We 
applied this culture method (CB_H2_AB described below) 
and a combination of other culture methods to isolate a wide 
range of Campylobacter spp. from working farm dogs and 
their raw meat home-killed food; compared the performance 
of the methods; and determined the prevalences of Campylo-
bacter spp. in the samples collected. We chose working farm 
dogs and their home-kill meat diet for study, because preva-
lences in these dog and meat types have not been evaluated 
previously, to our knowledge, and both could pose an infec-
tion risk to farmers. For comparison with previous studies in 
the region, C. jejuni isolates were subjected to multi-locus 
sequence typing (MLST) and were added to the mEpiLab 
Campylobacter Manawatu Sentinel Surveillance site study 
database that holds the results of recent studies.23,46–48

Materials and methods

Study design

Our study was a prospective cross-sectional study using con-
venience sampling. Participants were recruited from previ-
ous studies in which farmers agreed to be contacted for future 
investigations, and by telephone survey using data available 
on the New Zealand electoral roll in which the registrants’ 
occupation was recorded as “farmer.” The eligibility criteria 
for sampled premises were 1) location within the Manawatu 
region; 2) having a minimum of 3 working farm-herding 
dogs; and 3) feeding dogs home-killed raw meat at least once 
fortnightly. Sampling was performed July–August 2012 and 
March–May 2013. Fifty farms were visited in the morning 
and the dogs observed for defecation to allow sampling of 
freshly voided feces. If a dog did not defecate, feces were 
obtained by rectal digital recovery. Raw home-killed meat 
for feeding of working dogs was sampled either frozen from 
the freezer or from meat thawed that morning in order to feed 
the dogs. Dogs and meat were arbitrarily selected for sam-
pling, and one sample from each was taken per farm. All 

samples were refrigerated and cultured within 4 h from sam-
pling. The study was independently reviewed and approved 
by the Massey University Animal Ethics Committee under 
protocol MUAEC 12/23.

Campylobacter isolation

Culture methods consisted of anaerobe basal (AB) agar 
(Oxoid, Basingstoke, UK) prepared and supplemented in-
house with 5% lysed horse blood (Venous supplies, Taukau, 
New Zealand); cefoperazone–amphotericin–teicoplanin 
(CAT) agar and modified charcoal–cefoperazone–deoxycho-
late agar (mCCDA; Fort Richard, Auckland, New Zealand); 
filtration using 0.6-μm pore size, mixed ester filter mem-
branes (Whatman, Maidstone, UK) performed in biosafety 
cabinets; no or prior enrichment in Bolton broth (BB) or 
Campylobacter enrichment broth (CB; Lab M, Bury, UK), 
H

2
-enriched microaerobic atmosphere (H

2
-MA; 82% N

2
, 

10% CO
2
, 5% H

2
, 3% O

2
) and a conventional MA (85% N

2
, 

10% CO
2
, 5% O

2
) in gas cabinets (MACS VA500 worksta-

tion, Don Whitley Scientific, Shipley, UK); and gas-jars 
using envelope-generated MA (CampyGen sachets, Oxoid) 
in a temperature-controlled room. Plates were checked daily 
for growth from day 2 (direct plating) or day 3 (if enriched) 
to day 6 of incubation. Control plates were used in all culture 
protocols. Colonies exhibiting morphologic features of Cam-
pylobacter spp. were checked for size and motility by dark-
field microscopy and Gram-reaction using potassium 
hydroxide.27 For presumptive Campylobacter spp., up to 2 
individual colonies (as available), each of a different mor-
phology, were subcultured using Columbia horse blood agar 
(Fort Richard). If, after an additional 2 or more days of cul-
ture, new colonies were detected that shared the same mor-
phologic features with previously observed colonies from 
that agar plate, these colonies were also subcultured. Whole 
plates of pure colonies were harvested for storage in nutrient 
broth (Difco Laboratories, Bergen, NJ) containing 15% 
weight/volume (w/v) glycerol at −80°C. Plates were consid-
ered unreadable if over three-fourths of the streaked area was 
overgrown by non-target organisms.

Estimates of selectivity of culture methods for isolation of 
Campylobacter spp. were used to describe the workload with 
the different culture methods. The rationale was that culture 
methods are expected to grow only target organisms. Hence, 
suspect Campylobacter colonies that were negative by Cam-
pylobacter genus PCR were subcultured, stored, and re-
tested for no benefit for the time and resources invested. 
Variation in colony morphology of Campylobacter spp. 
between agar plates has been reported.49 However, this 
should not have influenced our estimates of selectivity, given 
that we defined selectivity to denote the ratio of PCR-con-
firmed Campylobacter colonies over presumptive Campylo-
bacter colonies of all morphology types. A low selectivity 
result for a method suggests that the presumptive Campylo-
bacter colonies should not be considered Campylobacter 
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spp. and should be confirmed by further identification tests 
because the true probability of an isolate being a Campylo-
bacter is low. Conversely, high selectivity raises the confi-
dence in the presumptive Campylobacter isolate being later 
confirmed by PCR. In this sense, selectivity was also used as 
a measure of confidence in laboratory practices that the colo-
nies exhibiting morphologic features of Campylobacter spp. 
grown by selective media in an appropriate atmosphere may 
reliably be reported as Campylobacter species.49

Culture of fecal samples from dogs

Seven culture methods were performed. Cotton swabs were 
applied to fresh fecal samples and cultured as follows: 1) 4 
swabs placed in CB for 48 h followed by passive filtration of 
0.2 mL for 20 min to AB agar, with the inoculum distributed 
over the agar surface using sterile disposable hockey-stick 
spreaders, and grown in H

2
-MA at 37°C (overall method 

termed CB_H2_AB); 2) same as method 1, but following 
enrichment, a swab was plated onto CAT agar (CB_H2_
CAT); 3) a direct swab onto CAT agar at 37°C in envelope-
generated MA (CAT_MA), 4) a swab placed in BB for 48 h 
followed by a swab onto mCCDA at 37°C in H

2
-MA (BB_

H2_mCCDA); 5) a swab placed in BB for 48 h followed by a 
swab onto mCCDA at 42°C in MA (BB_MA_mCCDA); 6) a 
direct swab onto CAT agar at 37°C in H

2
-MA (CAT_H2); 

and 7) a swab suspended in 10 mL of phosphate-buffered 
saline (PBS, pH 7.3; Difco Laboratories) directly followed 
by passive filtration as in method 1 onto AB agar at 37°C in 
H

2
-MA (AB_H2). Method CB_H2_CAT was performed on 

38 samples and method AB_H2 on 21 samples.

Culture of meat samples

Six culture methods were performed. A 25-g sample of meat 
was initially stomached (Colworth stomacher 400, Seward, 
Worthing, UK) for 30 s with 225 mL of CB, and then divided 
into 5 aliquots of ~ 45 mL of meat suspensions in screw-top 
bottles. Three of the 5 meat suspensions had BB selective 
supplement added (SR0183 selective supplement, Oxoid). 
All meat suspensions were then given an initial enrichment 
of 48 h in the environmental conditions and processed as fol-
lows: 1) 0.2 mL of CB suspension passively filtered (proce-
dure performed as for feces) onto AB agar at 37°C in H

2
-MA 

(overall method termed mCB_H2_AB), 2) a swab of CB sus-
pension onto CAT agar at 37°C in MA (mCB_H2_CAT), 3) 
a swab of CB suspension onto CAT agar at 37°C in MA 
(mCB_MA_CAT), 4) a swab of BB suspension onto mCCDA 
at 37°C in H

2
-MA (mBB_H2_mCCDA), 5) a swab of BB 

suspension onto mCCDA at 42°C in MA (mBB_MA_
mCCDA), and 6) a swab of BB suspension onto CAT agar at 
37°C in MA (mBB_MA_CAT).

Given that the overgrowth of contaminants in our study 
could not be explained by the procedures in production, stor-
age, and usage of the in-house prepared AB agar isolation 

media (all media were evaluated by quality control proce-
dures), the mCB_H2_CAT methods were added during the 
study. Increasing the agar content of AB agar to 4% to limit 
the swarming growth of Proteus spp. was attempted in 12 
samples, but was unsuccessful. To investigate if the over-
growth of contaminants was associated with the CB rather 
than the filtration technique in CB_H2_AB as compared 
with the swab to CAT agar in CB_H2_CAT, the AB_H2 
method was added during the study.

As a check for fecal contamination, meat samples were 
also cultured for Escherichia coli by placing 25 g of meat in 
225 mL of buffered peptone water (Difco Laboratories), with 
aerobic cultivation overnight at 37°C, from which 3 replicate 
100-fold dilutions in 0.9% PBS (Difco Laboratories) were 
spiral-plated (aCOLyte spiral plater, Don Whitley Scientific) 
onto MacConkey agar (Fort Richard) with incubation at 
37°C for an additional 24 h. Lactose-fermenting colonies, up 
to 4 as available, were subcultured onto blood agar for a spot 
indole test and, if positive, reported as E. coli.

Campylobacter identification and typing

Crude DNA extraction was performed by boiling a small 
loopful of fresh cultures for 10 min in a 2% w/v Chelex solu-
tion (Bio-Rad Laboratories, Hercules, CA) followed by cen-
trifugation and decantation of the supernatant into a sterile 
tube with storage at −20°C until PCR was performed. Each 
fecal isolate was initially tested by the C. upsaliensis and C. 
helveticus components of a previously described multiplex 
PCR35; each food isolate was tested by a duplex PCR that 
consisted of the C. jejuni component of a previously 
described PCR65 and the C. coli component of a previously 
described PCR.18 If an isolate was negative in these initial 
assays, the Campylobacter genus–specific component of a 
previously described multiplex PCR35 was performed. Sub-
sequent to a positive genus PCR, fecal and food isolates were 
sequentially tested by the above species-specific PCRs as 
needed for the type of sample and thereafter, by species-spe-
cific PCRs for C. lari, C. fetus, and C. hyointestinalis (all 
based on a previously described multiplex PCR35) and Arco-
bacter butzleri.28 Some of the assay parameters (annealing 
temperature and concentrations of dNTP, primers, and mag-
nesium chloride) have been modified from the original pub-
lications as a result of in-house optimization procedures that 
involved validation with one target and one non-target strain 
(Supplementary Table 1). A subset of isolates negative by the 
species-specific PCRs was selected for 16S ribosomal RNA 
(rRNA) gene amplification and sequencing.60 PCR assays 
were performed (Labcycler thermal cyclers, SensoQuest, 
Göttingen, Germany; Supplementary Table 1). The amplified 
products and a marker ladder (1 Kb Plus ladder, Invitrogen, 
Carlsbad, CA) were identified by electrophoresis in 1% w/v 
agarose gel in 0.5% w/v Tris–Borate–EDTA buffer (Duchefa 
Biochemie, Haarlem, The Netherlands), subsequently 
stained with 0.5 μg/mL of ethidium bromide, and exposed to 
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ultraviolet light using a gel documentation system (Gel Doc 
+XR, Bio-Rad Laboratories).

The dog isolates confirmed as C. jejuni by PCR were gen-
otyped using MLST of 7 housekeeping genes specific for C. 
jejuni and C. coli.19 Amplifications were performed in a 
25-μL volume reaction using a commercial master mix 
(AmpliTaq Gold master mix, Applied Biosystems, Foster 
City, CA) and 5 pmol of each primer; the products were 
sequenced (3130xl DNA sequencer, Applied Biosystems) 
following the manufacturer’s instructions. Sequence data 
were collated; alleles and sequence types (ST) assigned 
using the Campylobacter PubMLST database (http://
pubmlst.org/campylobacter/); and occurrence compared 
with other sources in the mEpiLab Campylobacter Manawatu 
Sentinel Surveillance site study data.23,46–48 The Manawatu 
Sentinel Surveillance site study data contain over 3,500 sam-
ples (at the time of writing), a 10 plus year project for source 
attribution of campylobacteriosis using concurrent sampling 
of human cases, animals, food, and the environment.23,46–48

Statistical analysis

The results of the culture methods were compared using the 
McNemar test of symmetry for paired samples. Comparison 
of prevalence rates with those reported by others was per-
formed using Fisher exact test of independence. Statistical 
and exploratory data analyses were performed using R (R 
software v.3.2.2, http://www.R-project.org/).

Results

An overall Campylobacter spp. prevalence of 62% (31 of 50) 
was confirmed in the dogs based on genus-specific PCR fol-
lowing bacterial isolation. Twenty-one dogs (42%) were 

positive for C. upsaliensis and 9 (18%) for C. jejuni. From 50 
dog fecal samples, there were 408 presumptive Campylo-
bacter isolates, with 356 positive by Campylobacter genus 
PCR, and identified by species-specific PCRs as C. upsalien-
sis (232 isolates), C. jejuni (81 isolates), C. coli (14 isolates), 
and C. lari (1 isolate; Table 1). Five isolates were PCR posi-
tive for A. butzleri. Fifteen isolates with negative species-
specific PCRs from various dogs and from every culture 
method, as available, were identified as Helicobacter wing-
hamensis (5 isolates), C. upsaliensis (4 isolates), C. rectus (2 
isolates), C. volucris (2 isolates), C. lari subsp. concheus (1 
isolate), and A. cryaerophilus (1 isolate) by 16S rRNA gene 
sequencing (identification accepted as the closest matching 
species). The remaining 8 isolates could not be identified. 
Culture methods CAT_MA, CAT_H2, and BB_H2_mCCDA 
confirmed the highest number of positive Campylobacter 
genus PCR dogs, with CAT_MA and CAT_H2 the highest 
number of confirmed C. upsaliensis, and BB_H2_mCCDA 
the highest number of dogs positive for C. jejuni (Table 1). 
Overall, 2, 5, and 24 dogs were positive for 3, 2, and 1 Cam-
pylobacter spp., respectively. Three dogs were positive for 
Campylobacter spp. by 1 method only, 6 by 2 methods, 9 by 
3 methods, 10 by 4 methods, and 3 dogs by 5 methods.  
Combining all of the methods, 24 dogs were Campylobacter 
spp. positive on day 2, 4 were positive on day 3, 2 were positive 
on day 4, and 1 was positive on day 5 (C. lari) of incubation.

Species uncommonly isolated from dogs were as fol-
lows: C. volucris by the methods CB_H2_CAT and CAT_
MA (on the fourth and second day of incubation, 
respectively), C. lari subsp. concheus by BB_H2_mCCDA 
(on the fourth day of incubation), C. rectus by CB_H2_AB 
(on the fourth day of incubation), and H. winghamensis by 
CB_H2_CAT, BB_H2_mCCDA, and CAT_H2 (on the third 
and fourth day of incubation). The proportion of readable 

Table 1. Number of Campylobacter-positive working farm dogs (n = 50) from Manawatu, New Zealand using 7 culture methods and 
isolates identified by PCR.

Method
Campylobacter 

genus PCR

Confirmed Campylobacter spp.–specific PCRs

C. upsaliensis C. jejuni C. coli Other

CB_H2_AB 2a 0a 0a 1 1
CB_H2_CAT 8b 7b,c 0a 0 2
CAT_MA 25c 21d 5a,b 0 2
CAT_H2 24c 18d 5a,b 1 2
BB_H2_mCCDA 21c 8b 8b 3 5
BB_MA_mCCDA 6a,b 3a,b 2a 1 0
AB_H2 11c 8c,d 3a,b 0 0
Overall 31 21 9 3 8

Shared superscript letters within each column denote no significance by McNemar test of paired data (α < 0.05). Numbers of positive dogs in confirmed Campylobacter 
spp.–specific PCR columns (in rows for each method) do not necessarily add up to the number in Campylobacter genus PCR column because some of the dogs tested positive for 
multiple Campylobacter species. AB = nonselective anaerobe basal agar (Oxoid); BB = selective Bolton broth (Lab M); CAT = cefoperazone–amphotericin–teicoplanin agar (Fort 
Richard); CB = nonselective Campylobacter enrichment broth (Lab M); H2 = H

2
-enriched microaerobic atmosphere (82% N

2
, 10% CO

2
, 5% H

2
, 3% O

2
); MA = microaerobic 

atmosphere (85% N
2
, 10% CO

2
, 5% O

2
); mCCDA = modified charcoal–cefoperazone–deoxycholate agar (Fort Richard). All methods were performed at 37°C except BB_MA_

mCCDA at 42°C. All methods were used on 50 dogs except CB_H2_CAT and AB_H2, which were used on 38 and 21 dogs, respectively.
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plates, and selectivity estimate results for isolation of Cam-
pylobacter spp. were superior for culture methods CAT_
MA, CAT_H2, BB_H2_mCCDA, BB_MA_mCCDA, and 
AB_H2 in fecal samples (Table 2).

Forty C. jejuni isolates from 8 dogs (2–9 isolates per dog) 
were subjected to MLST typing, and 33 (83%) returned full 
allelic profiles. Eight different STs, belonging to 5 different 
clonal complexes, were observed, and 2 dogs carried STs of 
different clonal complexes. Four of the 8 detected STs from 
the dogs were uncommonly detected compared to C. jejuni 
STs from human, poultry, ruminants, water, and other sources 
in the Manawatu Sentinel Surveillance site study data-
base23,46–48 (Table 3).

From 50 home-killed meat samples, 3 samples tested posi-
tive for Campylobacter spp. by genus-specific PCR (6%) fol-
lowing isolation, and 17 of 52 presumptive Campylobacter 
isolates from these 3 samples were positive by the Campylo-
bacter genus PCR. Of the 17 isolates, 4 were positive by the 

C. jejuni PCR, and all were grown using method mBB_MA_
mCCDA from 1 meat sample; 11 isolates grew from 1 other 
sample using mCB_H2_CAT, mCB_MA_CAT, mBB_H2_
mCCDA, and mBB_MA_CAT, and all were positive for A. 
butzleri by PCR. Sequencing of the 16S rRNA gene for the 2 
remaining isolates returned C. rectus as the most similar spe-
cies. Both C. rectus isolates were obtained using mCB_MA_
CAT in the third meat sample. Readability of the plates was 
over 90% for methods mCB_MA_CAT, mBB_MA_CAT, 
mBB_H2_mCCDA, and mBB_MA_mCCDA (Table 2). The 
selectivity of culture methods in meat samples was not calcu-
lated, given the low number of isolations. E. coli was detected 
in 24 meat samples.

Implementing the mCB_H2_CAT method resulted in 
increased readability of the plates: 79% for fecal samples and 
89% for meat samples. Addition of the AB_H2 method dur-
ing the study to 21 fecal samples resulted in increased read-
ability of 100% (Table 2).

Table 2. Readability of culture plates and selectivity estimates of the culture methods for isolation of Campylobacter spp. used in 50 
fecal samples of working farm dogs and 50 samples of their frozen home-killed raw meat diets in Manawatu, New Zealand.

Method

Feces

Method

Home-killed meat

Readability of plates* Selectivity of method† Readability of plates*

CB_H2_AB 13 (26) 6/11 (55) mCB_H2_AB 38 (76)
CB_H2_CAT 30 (79) 16/20 (80) mCB_H2_CAT 34 (89)
CAT_MA 49 (98) 97/104 (93) mCB_MA_CAT 47 (94)
CAT_H2 49 (98) 104/112 (93) mBB_MA_CAT 49 (98)
BB_H2_mCCDA 48 (96) 72/77 (94) mBB_H2_mCCDA 50 (100)
BB_MA_mCCDA 50 (100) 20/20 (100) mBB_MA_mCCDA 50 (100)
AB_H2 21 (100) 41/65 (63)  

For explanation of abbreviations, see Table 1. All methods were performed at 37°C except mBB_MA_mCCDA at 42°C. All methods were used on 50 samples except mCB_H2_
CAT and AB_H2, which were used on 38 and 21 samples, respectively. AB_H2 was only used on dog fecal samples. Numbers in parentheses are percentages.
* Plates were considered unreadable if more than three-fourths of the streaked area was overgrown by non-target organisms, and readability is given as the number of readable 
plates, with the % proportion of readable plates from the total number of plates given in brackets.
† Selectivity is given as the number of PCR-confirmed Campylobacter colonies/the number of presumptive Campylobacter colonies based on morphologic features on agar 
plates, size, and motility by dark-field microscopy and Gram-reaction using potassium hydroxide (% proportion of PCR-confirmed colonies from the presumptive Campylobacter 
colonies). Selectivity is presented only for culture methods used on fecal samples because very few isolates were obtained from meat.

Table 3. Occurrence of Campylobacter jejuni MLST types isolated in working farm dogs from Manawatu, New Zealand, across all 
sources from the mEpiLab Campylobacter Manawatu Sentinel Surveillance site study data.

C. jejuni MLST Human Poultry Ruminants Water Other

ST-42 54 7 53 10 2
ST-45 141 154 10 21 74
ST-50 102 68 74 8 1
ST-61 64 7 55 2 1
ST-137 6 1 0 1 5
ST-3232 2 0 6 0 0
ST-3610 3 0 3 1 0
ST-3676 11 1 1 1 0

Alleles and sequence types (STs) assigned using the Campylobacter PubMLST (multi-locus sequence typing) database (http://pubmlst.org/campylobacter/). Data contain over 
3,500 samples in total (at the time of writing) from the Manawatu Surveillance Sentinel Site, a 10 plus year project for source attribution of campylobacteriosis using concurrent 
sampling of human cases, animals, food, and the environment,23,46–48 of which 950 samples are of the 8 STs observed in our study.
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Discussion

Our main findings are the significant differences in isolation 
of Campylobacter spp. among the culture methods, and the 
isolation of 4 species rarely detected in dogs. All Campylo-
bacter spp. identified in the dogs and their food are impli-
cated as potential pathogens in people.39 Of the emerging 
species, C. volucris was first described in black-headed 
gulls,16 and since then has been reported in an immunocom-
promised human patient with bacteremia.32 C. lari subsp. 
concheus was initially isolated from shellfish and subse-
quently in humans, seagulls, and river water.17,61 C. rectus 
has been detected using molecular methods in dog feces12 
and oral swabs,30 but the clinical significance in dogs is 
uncertain. In people, C. rectus is associated with periodonti-
tis and gingivitis, various gastrointestinal diseases, and extra-
intestinal infections; apart from dogs, no other potential 
sources have been identified.39 H. winghamensis was 
described in people with clinical signs of gastroenteritis41 
and so far only one study, using molecular methods, has 
reported the organism from non-humans (rodents).24

All of the above species have been reported rarely, and it 
is not clear if the animals tested are the true reservoirs for the 
organism or if they are just transient carriers. With regard to 
fecal carriage of C. jejuni and C. upsaliensis, a longitudinal 
study in dogs reported short-term carriage of C. jejuni with 
genotypically diverse isolates (using pulsed-field gel electro-
phoresis), whereas the carriage of C. upsaliensis was of long 
duration and involved clonal strains.25 A previous study in 
New Zealand reported a high diversity of C. jejuni STs in 
healthy dogs attending a veterinary clinic for elective proce-
dures.6 Four of 8 C. jejuni STs isolated in our study are very 
rarely observed in the Manawatu Sentinel Surveillance site 
study,23,46–48 and the other 4 STs are common in several 
sources, which also supports the heterogeneous exposure of 
farm dogs. In addition, compared to 6 STs reported in the 
study of dogs attending the clinic,6 only 2 STs (ST-45 and 
ST-61) were also isolated in working farm dogs in our study. 
Similarly, only ST-45 and ST-50 from 4 STs reported in 
another local study of environmentally deposited feces along 
dog walkways43 were also isolated in working farm dogs in 
our study. These results suggest potential exposure of work-
ing farm dogs to additional sources compared to the urban 
dog population. Other studies using MLST also reported a 
high diversity of STs in dogs, including strains frequently 
seen in humans and food.45,53

In contrast to our study, a lower prevalence of Campylo-
bacter spp. (13%) and C. jejuni (5%) was reported in 498 dog 
fecal samples in the Palmerston North area, mostly collected 
from the environment in dog walking areas.42 Another study 
in the same region as our study also reported lower preva-
lences of Campylobacter spp. (36%), C. jejuni (13%), and C. 
upsaliensis (23%) in rectal swabs from 90 client-owned pet 
dogs attending a veterinary clinic.6 Both studies employed a 
culture method similar to the BB_MA_mCCDA method used 

in our study, and the latter study6 additionally used a method 
similar to CAT_MA. The comparison of prevalences between 
the 2 previous studies and our study using the Fisher exact 
test returns a significantly higher prevalence of Campylo-
bacter spp. in dogs attending the clinic (p < 0.001)6 and in 
working farm dogs in our study (p < 0.001), as well as of C. 
jejuni (p < 0.01), than the respective prevalences reported in 
environmental dog feces.42 These differences between the 
studies are likely the result of the use of environmental dog 
feces42 rather than differences in culture methods or the 
method of obtaining the fecal material (rectal vs. fecal swab). 
On the other hand, working farm dogs in our study had a sig-
nificantly higher prevalence of Campylobacter spp. (p < 0.01) 
and of C. upsaliensis (p = 0.03) than dogs attending the 
clinic.6 This difference does not apply for C. jejuni (p = 0.47). 
The variation in culture methods between the clinic-based 
study6 and our study could explain the differences in preva-
lences of emerging Campylobacter spp. given that all emerg-
ing species except C. volucris in our study were isolated using 
methods not employed in the study of dogs attending the 
clinic.6 On the other hand, the results of methods used by both 
our study and the study of dogs attending the clinic6 indicate 
a similar prevalence of C. jejuni between working farm dogs 
and pet dogs attending the clinic, and a higher prevalence of 
C. upsaliensis in the former. In addition to exposure to farm 
environment, working farm dogs may have a higher preva-
lence of Campylobacter spp., including C. upsaliensis, given 
their communal lifestyle, given that intensive housing has 
been reported to be a risk factor.4 Also, given that these fac-
tors would be expected to influence the prevalence of C. 
jejuni, it is not clear why there were similar prevalences of C. 
jejuni between our study and dogs attending the clinic. Pos-
sibly, it may be a spurious finding because of sampling varia-
tion from a relatively small sample size, or a random 
observation of similar prevalences because of variable fecal 
carriage dynamics in dogs between the 2 species. A longitudi-
nal study25 showed transient variations in short-term fecal 
carriage of C. jejuni compared to persistent fecal carriage of 
C. upsaliensis, hence there is a possibility for cross-sectional 
studies to give similar point prevalence estimates at a given 
time as a result of chance alone.

The benefit of applying multiple culture protocols is evi-
dent from the significant differences observed in pairwise 
comparison of methods, both in the overall isolation rate and 
for C. upsaliensis and C. jejuni in particular. For the less 
common species (A. cryaerophilus, C. lari subsp. concheus, 
H. winghamensis, and C. rectus) isolation in H

2
-MA appeared 

to be the important factor. For C. volucris and Arcobacter 
spp., the use of CAT agar and BB_H2_mCCDA, respec-
tively, appeared to be the most suitable. The requirement of 
hydrogen for isolation of many emerging Campylobacter 
spp. as well as the enhanced recovery of C. jejuni in a hydro-
gen-enriched atmosphere has been recognized previously.33,52 
Interestingly, C. rectus isolated from meat samples in our 
study grew in pure MA, although C. rectus is considered to 
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have a requirement for hydrogen.63 In our study, too few of 
the emerging species were isolated for statistical compari-
sons. However, with regard to C. jejuni and C. upsaliensis, 
CAT_MA and CAT_H2 only differed in the presence of 
hydrogen and no significant differences in isolation were 
observed. A surprising finding was the rather large difference 
in isolation rate of C. jejuni between BB_H2_mCCDA and 
BB_MA_mCCDA. A difference in the isolation of C. upsa-
liensis for these 2 media also existed but it was smaller than 
that for C. jejuni. These 2 methods differed by both tempera-
ture and the presence of hydrogen; allocating the causative 
role of these 2 factors is not possible. Also, a synergistic or 
cumulative effect of both may have occurred as well. The 
improved recovery of C. jejuni with added hydrogen33,52 and 
incubation at 37°C rather than at 42°C (with mCCDA) has 
been reported previously.7 C. upsaliensis had the largest dif-
ference in isolation rate between methods in our study.

Comparisons of CAT agar and mCCDA for isolation of C. 
upsaliensis in veterinary studies have reported conflicting 
results. Although a higher isolation rate with CAT agar com-
pared to mCCDA has been reported,1,2 both an equivalent 
rate31 and a lower rate26 with CAT, for both C. upsaliensis 
and C. jejuni, have been reported. Similar to our study, 
mCCDA was outperformed by both CAT3 and by the filtra-
tion method7 for the isolation of C. upsaliensis from humans. 
Although filtration was reported as superior to CAT agar for 
isolation of C. upsaliensis,34 we found that the methods were 
comparable. CAT agar was originally developed according 
to the antimicrobial-resistance profiles of several thermo-
philic Campylobacter spp.,3 but was also shown to result in 
better growth and isolation of a greater diversity of C. upsa-
liensis strains than mCCDA13 and enhanced detection of 
lower bacterial concentrations compared to mCCDA.11 
However, the latter study could not explain the difference in 
sensitivity between these agars, either by the absolute growth 
index for any length of incubation time, or the antimicrobial 
composition of the media.11 Hence, the investigators specu-
lated that the growth of C. upsaliensis is indirectly affected 
by the interaction of fecal microflora and culture agars.11 In 
our study, mCCDA was always used in conjunction with BB, 
and a comparable rate of isolation of C. upsaliensis in CB_
H2_CAT with both BB and mCCDA methods was observed, 
whereas direct plating on CAT agar outperformed all 3 of 
them. Improved recovery and motility of C. upsaliensis in 
CB compared to BB has been reported,36 and our relatively 
small sample size may have had insufficient power to detect 
the difference between the 2 broths. The poor performance of 
CB_H2_AB is likely the result of overgrowth of contami-
nants, given that the modification to CB_H2_CAT both 
improved the readability of plates and the isolation of Cam-
pylobacter, although the isolation success was still signifi-
cantly less than that of most other methods. This suggests 
that contaminating organisms may inhibit Campylobacter 
cells in CB given that the highest isolation rates were 
obtained using direct plating methods. We identified only 

one dog as positive after 4 d of incubation, but the relatively 
small number of samples is likely to preclude weighting of 
this observation, and incubation up to 6 d has been advised 
for higher isolation success.33

A major study objective was to isolate a diverse set of 
Campylobacter spp. using the culture method CB_H2_AB, 
which, with the exception of C. rectus isolated from one dog, 
failed in both fecal and meat samples. The failure was pri-
marily ascribable to frequent overgrowth by contaminants 
(mostly Proteus spp. and less frequently Pseudomonas spp., 
both tentatively identified by morphologic features and the 
smell of the colonies). CB_H2_AB was developed using 
fresh beef samples only, with no report of overgrowth by 
contaminants.36 Perhaps the home-killed meat (48% of which 
showed fecal contamination) and the dogs’ feces used in our 
study contained too many non-target bacteria, making the 
antimicrobial-free method unsuitable. Overgrowth by con-
taminants on plates using the filtration method (without 
enrichment) and using selective plates has been reported at 
levels of usually <10% of plates,2,11 similar to our results for 
methods using antimicrobial agents. CB_H2_AB with an 
enrichment duration reduced to 24 h was also successfully 
applied previously in many types of fresh meat products37 
and porcine samples including cecal contents.56 Adding the 
(m)CB_H2_CAT methods to fecal and meat samples, and the 
AB_H2 method to fecal samples, resulted in increased read-
ability of the plates. The marked increase in readability from 
26% for CB_H2_AB, and 79% for CB_H2_CAT, to 100% in 
AB_H2, suggests that enrichment in CB resulted in a growth 
of contaminants to a level too high for the filtration method 
and partially too high for the CAT agar to allow detection of 
Campylobacter in the fecal samples.

A modification that could be useful in the isolation of 
Campylobacter spp. from food samples is the inclusion of a 
pre-enrichment step (usually up to 4 h) with delayed addition 
of antimicrobials to broth, a lower incubating temperature, or 
both. This step is suggested when a low number and/or 
injured Campylobacter cells are expected, such as in frozen 
products.14,57 The absence of a pre-enrichment step in our 
study could explain the low prevalence of Campylobacter 
spp. observed in frozen home-killed meat by all methods 
used. The prevalence of C. jejuni was reported to be 8% in 
retail raw non-poultry meat pet food products in New Zea-
land6 using a similar method to that of mBB_MA_mCCDA 
used in our study. In that previous study,6 fecal contamina-
tion of meat was not reported, and it could be expected that 
home-killed meat has a greater contamination level than 
commercially available meat given a lack of hygienic mea-
sures in farming environments with regard to preparation, 
handling, and storage practices. However, the sample sizes 
of both studies were relatively small and limit the confidence 
that can be placed in comparisons of the 2 studies.

Selectivity estimates <90% in our study were observed 
with methods employing filtration and/or the nonselective 
CB enrichment (CB_H2_AB, CB_H2_CAT, and AB_H2), 
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whereas all methods employing antimicrobial agents had 
selectivity estimates >90%. It is possible that antimicrobials 
suppressed a wider range of species than the filtration 
method, thus providing less diversity of bacteria on the agar, 
of which even fewer were Campylobacter-like. In contrast, 
a greater diversity of bacteria passed through the filters, 
many of which grew on nonselective agar and more of 
which were Campylobacter-like. However, given that our 
aim was to isolate a variety of Campylobacter spp., a more 
flexible definition of “campylobacter-like” was used. Nota-
bly, C. showae resembles straight rods,22 C. mucosalis has 
yellow colonies,63 and C. gracilis is non-motile62; all are 
examples of isolates that would not be included if the focus 
was strictly on the phenotypic characteristics of the com-
mon Campylobacter species. Additional biochemical or 
phenotypic tests50 could have been applied for presumptive 
isolates in our study, which could change the selectivity esti-
mates by reducing the number of isolates passed to PCR 
testing. However, the addition of more screening tests for 
isolates increases both the workload and cost. The only 
method with 100% selectivity in our study was BB_MA_
mCCDA, which could be in part because of the use of the 
42°C incubating temperature compared to 37°C used with 
all other culture methods.

Cross-reaction of the PCR used in our study for Campylo-
bacter spp. with Arcobacter spp. has been reported,29 but 
cross-reaction with H. winghamensis is newly observed. 
Arcobacter, Campylobacter, and Helicobacter are closely 
related genera within Campylobacteraceae that can be iso-
lated using similar culture methods.21 The taxa have rela-
tively high similarity both phenotypically and genotypically,51 
which makes their cross-reaction less surprising.
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