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ABSTRACT Campylobacter is the most commonly reported cause of bacterial gastroen-
teritis in humans. Although cattle are recognized as a potential reservoir for several
Campylobacter spp., most detection standards primarily target thermotolerant species,
notably Campylobacter jejuni and Campylobacter coli, possibly underestimating the
prevalence of others. This study evaluated the performance of different culture-based
methods for detecting Campylobacter spp. in fecal samples collected rectally from
dairy cows in a single commercial research herd across four time points. Six combi-
nations of analyses were tested, involving either direct culture or enrichment broths
(Preston and Bolton) paired with selective agar media (modified charcoal cefoperazone
deoxycholate agar or Preston). Incubation was performed at 37°C under microaerobic
conditions to support growth of non-thermotolerant species. Species identification
was performed using matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS). Only C. jejuni and Campylobacter hyointestinalis were
detected. While C. jejuni prevalence declined over time, C. hyointestinalis remained
consistently high throughout the study period (June-August 2024). The performance of
tested detection methods varied significantly between species. Enrichment with Bolton
broth increased the odds of detecting C. hyointestinalis by over 3,000-fold compared to
the direct culture (odds ratio [OR] = 3,075; 95% confidence interval [Cl]: 272-34,651). For
C. jejuni, enrichment with Preston broth increased the odds of detection by more than
eightfold (OR = 8.52, 95% Cl: 3.16-22.9). Detection was primarily influenced by broth;
selective agar had no independent effect. These findings emphasize the importance of
method selection in the detection of C. hyointestinalis and C. jejuni, suggesting that C.
hyointestinalis may be more prevalent in cattle than previously assumed.

IMPORTANCE Campylobacter bacteria commonly cause gastrointestinal illness in
humans and are frequently found in animals such as cattle. Detecting these bacteria in
animal samples is important for understanding their occurrence and potential relevance
to food safety. Many commonly used laboratory methods focus on Campylobacter spp.
that grow under specific conditions, which may limit the detection of other species. This
study compared several culture-based methods for the isolation of Campylobacter spp.
from fecal samples collected from dairy cattle. Species identification was subsequently
performed using MALDI-TOF MS. The findings show that detection varied, depending
on the culture method and the Campylobacter spp., highlighting the potential impact of
method choice on surveillance outcomes.

KEYWORDS animal reservoirs, culture methods, bacterial pathogens, zoonoses

Campylobacter is a microaerophilic gram-negative bacterium commonly found in
the gastrointestinal tract of several animal species (1). In humans, Campylobacter
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is one of the most common causes of gastroenteritis, most often linked to thermo-
tolerant Campylobacter jejuni and Campylobacter coli (2-4). Certain non-thermoto-
lerant Campylobacter spp., such as Campylobacter fetus, Campylobacter hyointestinalis,
Campylobacter iguaniorum, and Campylobacter lanienae, form a distinct phylogenetic
clade within the genus and are predominantly found in ruminants and other grazing
livestock (5). Although infections in humans are mostly sporadic and less frequent
compared to those caused by C. jejuni and C. coli, these species can still cause disease,
particularly in immunocompromised individuals (6-8).

Transmission of Campylobacter typically occurs through consuming contaminated
food, particularly undercooked meat and meat products, or contaminated water and
unpasteurized dairy products (9-13). Although contaminated poultry products have
been recognized as the major source of human campylobacteriosis, cattle also represent
an important reservoir for Campylobacter spp. (14-17).

Previous studies have reported a wide range of prevalence (0%-83%) of Campylo-
bacter spp. in cattle (15, 18-22). The prevalence seems to be higher in calves than in
adult cattle (15, 19). However, the results from different studies are often not directly
comparable because of the variation in laboratory methods and study designs. For
example, two French studies conducted in separate herds reported markedly different
Campylobacter spp. prevalence, depending on the method used: 69.1% with enrichment
in Preston broth and 16.5% with direct culture (15, 23). C. jejuni and C. coli are two
of the most frequently reported Campylobacter spp. in scientific literature regarding
cattle, with prevalence of 7%-98% and 0%-12.5%, respectively (15, 20, 24-26). While C.
hyointestinalis has received less attention, some studies have reported prevalences from
15.3% to 34.0% (20, 24, 25).

Reliable methods for the detection of microorganisms are essential for monitoring
and surveillance. Detection methods for Campylobacter include culture-based techni-
ques and molecular approaches such as PCR (27, 28). Standards, such as the International
Organization for Standardization (ISO) standard for Campylobacter (ISO 10272, parts 1
and 2), provide guidelines for detecting and enumerating Campylobacter in food and
animal samples. However, these standards primarily target thermotolerant species such
as C. jejuni and C. coli (28) and may fail to detect the non-thermotolerant Campylobacter
such as C. hyointestinalis and C. fetus (29, 30). In fact, protocols using lower incuba-
tion temperatures (e.g., 37°C) have succeeded in detecting several non-thermotolerant
Campylobacter spp. in meat and bovine feces (31, 32), which may be missed when using
methods with higher incubation temperatures (e.g., 41.5°C).

Although established standards for the detection of thermotolerant Campylobacter
spp. exist, methodological variations between studies may lead to underestimation of
the true prevalence and diversity of Campylobacter spp. in different sources. Improving
surveillance for non-thermotolerant species is therefore important to better understand
their prevalence in the food chain and their potential public health impact.

This study aimed to compare the performance of several culture-based methods for
detecting Campylobacter in fecal samples from dairy cattle. Additionally, by varying the
incubation temperature and combining different media, this study sought to enhance
our understanding of the diversity of Campylobacter spp. in cattle.

MATERIALS AND METHODS
Study population and design

Fecal samples were collected from 18 cows in the dairy barn of the Swedish Livestock
Research Center (Uppsala, Sweden). Each cow was sampled four times in June-August
2024 at 3- to 5-week intervals.

The cows were selected based on the breed and lactation phase (Holstein breed and
less than 100 days from calving at the first sampling date). The final selection was based
on the heterogeneous representation of the total number of calvings and the somatic
cell count before the first sampling date (Table 1). Cow 4 was removed from the herd
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after the first sampling due to a teat injury and was replaced with cow 9. Additionally,
cow 8 was removed between the third and fourth sampling occasion due to severely
reduced physical condition and blood in the feces.

Sample collection

A large handful of feces was collected rectally from cows using a clean rectal glove
(Eickemeyer KG, Tuttlingen, Germany) and less than one tablespoon of lubricant (VetGel;
Albert Kerbl GmbH, Buchbach, Germany). Each sample was transferred to a clean 3 L
plastic bag, which was emptied of excess air. The samples were transported chilled to the
Swedish University of Agricultural Sciences. The analysis of all samples was started within
24 h of sample collection.

Species detection and identification

A modified version of ISO 10272: part 1 (28), incorporating enrichment broth and
agar plates, was used to detect and identify Campylobacter spp. (Fig. 1). In short, six
culture-based method combinations were used: (i) direct culture on modified charcoal
cefoperazone deoxycholate agar (mCCDA) agar; (ii) direct culture on Preston agar;
(iii) Preston broth enrichment followed by culture on mCCDA agar; (iv) Preston broth
enrichment followed by culture on Preston agar; (v) Bolton broth enrichment followed by
culture on mCCDA agar; and (vi) Bolton broth enrichment followed by culture on Preston
agar, as detailed below.

For enrichment, two separate 10 g portions of each fecal sample were added to 90 mL
of Preston broth and 90 mL of Bolton broth (Oxoid, Basingstoke, England). Preston broth
was incubated at 37°C for 24 + 4 h, while Bolton broth was incubated at 37°C for 48 + 4 h.
These incubation times followed ISO 10272: part 1, but the temperature was reduced to
37°C + 1°C to support the growth of non-thermotolerant Campylobacter.

Following enrichment, 10 pL of the cultures obtained from enrichment was spread on
modified charcoal-cefoperazone-deoxycholate agar (nCCDA, Oxoid) and Preston agar

TABLE 1 Description of the cows selected for the study and their parameters at each sampling occasion?

Microbiology Spectrum

Sampling Sampling occasion 1 Sampling occasion 2 Sampling occasion 3 Sampling occasion 4

Cow occasions Age (mo)® Lactations DIM SCC DIM SCC DIM SCC DIM SCC
1 1-4 725 5 9 50 36 18 57 18 92 4

2 1-4 68.0 4 68 92 95 16 116 13 151 12
3 1-4 62.7 4 29 17 56 13 77 68 112 61
4 1 54.3 3 24 4,081 =< =€ =€ = = =

5 1-4 42.6 2 67 108 94 29 115 15 150 149
6 1-4 411 2 7 920 34 9 55 9 920 59
7 1-4 40.9 2 48 32 75 13 96 34 131 33
8 1-3 40.1 2 47 9 74 29 95 4 130 =

9 2-4 40.0 2 =< = 48 17 69 17 104 35
10 1-4 39.9 2 78 919 105 - 126 - 161 -4
11 1-4 38.5 2 26 950 53 _ 74 1,805 109 140
12 1-4 26.8 1 36 42 63 122 84 81 119 77
13 1-4 26.6 1 59 371 86 214 107 533 142 519
14 1-4 26.4 1 76 31 103 124 124 48 159 31
15 1-4 26.2 1 1 3,034 28 396 49 290 84 337
16 1-4 25.8 1 54 18 81 31 102 33 137 51
17 1-4 25.4 1 26 39 53 =€ 74 39 109 56
18 1-4 24.5 1 17 39 44 20 65 56 100 28
19 1-4 24.3 1 18 122 45 253 66 204 101 136

“DIM, days in milk; SCC, somatic cell count.

Age in months at the first sampling occasion.

“The cow was not sampled at the corresponding time point.

%Value missing due to an error in data transfer from the milking robot.
¢Value missing due to the cow being temporarily in the sick department.
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FIG 1 Diagram of the procedure used for detection and identification of Campylobacter spp. from cattle

feces. The flowchart is modified from International Organization for Standardization 10272: part 1, annex
A. MALDI-TOF MS, matrix-assisted laser desorption/ionization time-of-flight mass spectrometry.

(SVA, Uppsala, Sweden) and incubated at 37°C. All enrichment broths and samples were
incubated in a microaerobic atmosphere using Campygen 2.5 L (Oxoid). Additionally, a
loopful of fresh feces, about 0.2 g, was cultured directly onto mCCDA and Preston agars.
After 44 + 4 h of incubation on solid media, the agar plates were examined for bacterial
growth. All colonies with a macroscopically distinct appearance from each other (based
on differences in size, shape, color, and texture; total of zero to five colonies per plate)
were identified with matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS), using a Microflex LT MALDI-TOF MS (Bruker Daltonics,
Billerica, MA, USA). The agar plates were further incubated for an additional 72 h, and any
new bacterial growth that was observed was analyzed with MALDI-TOF MS.
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Statistical analysis

The data analysis was performed in R version 4.3.0 using the stats, car, and perform-
ance packages (33-35). McNemar’s test for paired categorical data was used to assess
whether the number of fecal samples in which C. jejuni and C. hyointestinalis could be
detected differed significantly between early and late summer (sampling occasions 1
and 4). Univariate Pearson’s x* test was used to assess whether the choice of broth or
selective media has an association with the detection of Campylobacter. The combined
relationship between broth, selective media, and the detection of the bacteria was
modeled using logistic generalized linear mixed models (GLMM), where the hierarchical
structure of repeated samples for the same animal was modeled as a random effect. Both
additive and biologically plausible interaction models were considered. These models
were defined as

logit(P(Y = 1)) = B, + f; - broth + 8, - selective media + Uypimal + Vanimal: time €))
logit(P(Y = 1)) = By + 8, - broth + (3, - selective media .
+ 5 - (broth - selective media) + Uynimal + Vanimal:time )

The model goodness of fit was evaluated using the likelihood ratio test and the
Akaike information criterion (AIC) to compare the models’ relative performance. Based
on these evaluations, the additive model was chosen for C. jejuni due to negligible
improvement in fit and non-significant interaction terms. In contrast, the interaction
model was selected for C. hyointestinalis because it showed a significantly lower AIC
and a significant likelihood ratio test for the interaction term. For model results, the
fixed-effect coefficients and their 95% confidence intervals were extracted from the
model summaries, while the P values for model terms were obtained from Type Il Wald
X* tests using the analysis of variance function from the car package. To visualize the
interaction in the C. hyointestinalis model, predicted probabilities of bacterial detection
were derived from the fitted GLMM for broth and selective media combinations and
presented in an interaction effect plot.

RESULTS

On all sampling occasions, Campylobacter jejuni and Campylobacter hyointestinalis were
the only detected Campylobacter spp. (Table 2). Four cows (cows 3, 11, 15, and 17)
remained negative for C. jejuni at all sampling occasions, whereas all cows tested
positive for C. hyointestinalis on at least one occasion. A trend was observed with higher
occurrence of C. jejuni at the beginning of the summer and higher occurrence of C.
hyointestinalis at the end of the summer. However, McNemar’s test showed that the
higher number of cows colonized with C. jejuni in sampling occasion 1 compared to
occasion 4 was not statistically significant (x> =3.2, df = 1, P = 0.07). Similarly, there was
no significant difference in the number of cows colonized with C. hyointestinalis between
the two occasions (x> =0.8, df = 1, P = 0.37). A slight change was also seen in the number
of cows simultaneously colonized with both C. jejuni and C. hyointestinalis, but this was
not statistically significant (x> =0.00, df = 1, P = 1.00).

Most Campylobacter isolates were detected after 48 h of incubation, and some
additional isolates were observed following the extended 72 h incubation. In addition to
Campylobacter spp., the most frequently identified non-Campylobacter spp. by MALDI-
TOF MS were Lactococcus lactis, Escherichia coli, and Pichia kudriavzevii. Their occurrence
was not analyzed in relation to culture method.

The number of detected C. jejuni and C. hyointestinalis varied, depending on the
methods used, and the methods showed different performances for each species. The
data showed that C. hyointestinalis prefers enrichment in Bolton broth before cultivation
on Preston agar. In contrast, C. jejuni preferred enrichment in Preston broth before
cultivation on mCCDA or Preston agar. Furthermore, direct culture on mCCDA was more
suitable for C. jejuni than for C. hyointestinalis (Fig. 2).
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FIG 2 Detection of C. jejuni (A) and C. hyointestinalis (B) using different enrichment and selective agar combinations. Boxplots summarize proportions of positive

samples across four sampling time points. Dots indicate values classified as outliers by the boxplot’s interquartile range method.

The univariate Pearson’s x* test revealed a statistically significant association between
the type of enrichment broth and bacterial growth (Table 3). This association was less
pronounced with C. jejuni (P = 0.025) compared to C. hyointestinalis (P < 0.001), which
showed a preference for enrichment in Bolton broth. No significant association between
growth on selective agar plates and bacterial species was observed.

The GLMM models showed a statistically significant association between the broth
used and the detection of C. jejuni and C. hyointestinalis (Table 4). For clarity, model
results are presented as odds ratios in the text and as log-odds coefficients in Table
4. Compared to the direct culturing, the odds ratio for detecting C. jejuni was 8.52
times higher (95% confidence interval [Cl]: 3.16-22.92) for Preston broth and 2.41 times
higher (95% Cl: 0.99-5.88) for Bolton broth. The association was more pronounced with
C. hyointestinalis, with odds 231 times higher (95% Cl: 34-1,556) for enrichment with
Preston broth and 3,075 times higher (95% Cl: 273-34,651) for enrichment with Bolton
broth. No significant association was observed between the selective agar media and
the detection of the bacteria. A significant interaction between broth and selective agar
was observed for C. hyointestinalis (P = 0.012), suggesting that the effect of direct culture
or broth enrichment on bacterial detection varied, depending on the selective medium
used. This interaction was further illustrated in an interaction effect plot (Fig. 3). The
GLMM model residuals were independent and not autocorrelated, as the P values for
the Durbin-Watson statistic for the C. jejuni and C. hyointestinalis models were 0.302 and
0.282, respectively.

DISCUSSION

This study used different culture-based methods to compare their performance in
detecting Campylobacter spp. in feces from cattle. While the overall prevalence of C.
jejuni in the study herd was on the same level as commonly reported in adult animals in

TABLE 2 Summary of the number of cows colonized with Campylobacter jejuni and/or Campylobacter hyointestinalis at each sampling occasion as determined by

any of the detection methods

Sampling occasion No. of animals C. jejuni C. hyointestinalis C. jejuni and C. hyointestinalis
Positive (n) Prevalence (%) Positive (n) Prevalence (%) Positive (n) Prevalence (%)

1 18 12 66.7 14 77.8 8 444

2 18 1 61.1 17 94.4 9 50

3 18 8 444 16 88.9 7 38.9

4 17 7 41.2 16 94.1 7 41.2
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across different broth and selective media combinations.

previous studies (20, 24), the mean proportion of cows in which C. jejuni was detected
by direct culture (24% and 35% when using mCCDA and Preston agar, respectively) was
considerably lower than in the previous study of Swedish cattle by Hansson et al. (20).
This difference could be explained by temporal and between-herd variations, as well as
differences in the concentration of bacteria in the feces. Additionally, the lubricant used
in the rectal collection of fecal samples could potentially have inhibited the growth of
the bacteria, as the exact ingredients of the lubricant were unknown.

The observed prevalence for C. hyointestinalis was substantially higher than what has
been reported in previous studies (24, 25). Interestingly, no other Campylobacter spp.
such as C. coli or C. fetus were found in this herd. However, this study was conducted
only in a single herd, whereas other Swedish studies involving multiple herds yielded
different results, isolating not only C. jejuni and C. hyointestinalis but also C. lari, C. coli,
and C. fetus subsp. fetus (20, 36). It also cannot be excluded that some cows were
carriers of other Campylobacter spp., which were not detected. While selecting colonies
based on different macroscopic morphology could overlook different species with similar

TABLE 3 Association between enrichment broth and selective agar and the C. jejuni or C. hyointestinalis result based on Pearson’s x* test’

Media C. jejuni C. hyointestinalis
Negative (N = 269) Positive (N = 157) X P value Negative (N = 235) Positive (N =191) X Pvalue
Broth® 74 0.025 180 <0.001
None 100 (37%) 42 (27%) 137 (58%) 5 (2.6%)
Preston 78 (29%) 64 (41%) 73 (31%) 69 (36%)
Bolton 91 (34%) 51 (32%) 25 (11%) 117 (61%)
Selective® 0.65 0.4 0.04 0.8
mCCDA 139 (52%) 74 (47%) 119 (51%) 94 (49%)
Preston 130 (48%) 83 (53%) 116 (49%) 97 (51%)

N, the number of individual fecal samples tested (i.e., each unique cow x sampling occasion combination).
®Broth denotes the type of enrichment broth used (none means direct culture without enrichment).
‘Selective denotes agar medium used (includes both enrichment and direct cultures).
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TABLE 4 Logistic regression analysis of enrichment broth and selective agar media effects on detection of C. jejuni (additive model) and C. hyointestinalis
(interaction model)®®

C. jejuni C. hyointestinalis
Media“ Coef 95% ClI P value Coef 95% ClI Pvalue
Broth <0.001 <0.001
Preston 2.14 (1.15-3.13) 5.44 (3.54-7.35)
Bolton 0.88 (-0.01to0 1.77) 8.03 (5.61-10.45)
Selective 0.109 0.689
Preston 0.59 (-0.13to0 1.31) -1.86 (—4.37 t0 0.66)
Broth x selective - 0.012
Preston x Preston - - 1.48 (-1.22t0 4.17)
Bolton x Preston - -4 3.81 (0.84-6.77)

“Cl, confidence interval; Coef, coefficient (log-odds).

bCoefficients and 95% Cls were obtained from model estimates, and P values were obtained from Type Il analysis of variance.
‘Reference levels: broth denotes none (direct culture); selective denotes mCCDA.

dInteraction terms were not included in the C. jejuni model.

appearance and/or lower concentrations, the variety of methods used on the same
sample should have increased the likelihood of detecting further species.

Regardless, the results imply that the prevalence of C. hyointestinalis in cattle may
have been previously underestimated, which is likely due to their non-thermotolerant
and fastidious nature (8, 29). While the association between incubation temperature and
the detection of C. hyointestinalis was not studied, the temperature was likely a major
factor impacting the detection of the bacteria. It should also be noted that the Campylo-
bacter spp. were identified using MALDI-TOF MS, which has limitations in distinguishing
C. hyointestinalis at the subspecies level. However, as C. hyointestinalis subsp. hyointesti-
nalis is more commonly associated with cattle than the subspecies lawsonii (5), it is more
likely that the isolates found in this study belonged to the subspecies hyointestinalis.

The results showed that the use and selection of enrichment broth had a statisti-
cally significant association with the detection of C. jejuni and C. hyointestinalis. This
association was more pronounced for C. hyointestinalis, which could also be visually
observed in the data (Fig. 2). These results highlighted that the best methods for
detecting Campylobacter vary between the species. For detecting C. hyointestinalis, the
direct culture performed poorly, whereas the odds for detection were significantly higher
when selective culture was used. One possible explanation is that the concentration
of C. hyointestinalis in the feces was generally low, making the amount of feces (<1 g)
used for direct culture insufficient for reliable detection. For C. jejuni, the difference in
performance between direct culture and enrichment was considerably lower than what
was observed for C. hyointestinalis, likely due to the higher concentration of C. jejuni
in the fecal samples. In general, when comparing the different method combinations,
Bolton broth was the most likely to detect C. hyointestinalis, while Preston broth was the
best method for detecting C. jejuni.

Interestingly, assessing the goodness of fit for the GLMM models suggested different
models for C. jejuni and C. hyointestinalis. Adding an interaction term between broth
and selective media significantly improved the model fit only for C. hyointestinalis. This
interaction was also statistically significant in the fitted model, indicating that the type
of selective media used had a synergistic or conditional influence that better explained
the detection variability. However, as visualized in the interaction effect plot, neither
selective media consistently yielded higher detection probabilities, suggesting that the
effectiveness of selective media was influenced by the prior broth enrichment condi-
tions.

Notably, the odds ratio for detecting C. hyointestinalis with Bolton broth enrichment
compared to direct culture was extremely high in the GLMM model (odds ratio =
3,075.28; 95% Cl: 272.93-34,650.6). This large effect size reflects the strong improvement
in detection associated with broth enrichment. However, a crude calculation based on
the raw counts from Table 3 yields an unadjusted odds ratio of approximately 128.2
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(95% Cl: 47.5-345.7). The higher model-based estimate likely reflects the adjustment for
repeated measures within animals and accounts for within-cow correlations, which the
simple calculation does not consider. In addition, the near-complete lack of C. hyointesti-
nalis detection by direct culture (only five positive samples) versus very high detection
rates after Bolton enrichment (117 positives) can amplify the estimated odds ratio in
the modeling framework. Such high odds ratios are plausible in microbiological studies
where detection sensitivity between methods differs dramatically, but they should be
interpreted cautiously given the wide confidence intervals observed both in crude and
model-based analyses.

In summary, this study demonstrated that the choice of enrichment and culture
methods substantially influenced the detection of Campylobacter spp. in dairy cattle
fecal samples. The findings highlighted that C. hyointestinalis may have been more
prevalent than previously assumed, potentially due to limitations in culturing proto-
cols. Based on the results, we conclude that enrichment in Bolton broth followed
by cultivation on Preston agar was the best method combination for detecting C.
hyointestinalis, while C. jejuni was most consistently detected using Preston broth with
either mCCDA or Preston agar. However, if only a single isolation protocol can be
used, enrichment in Bolton broth (microaerophilic, with incubation at 37°C) followed
by plating on Preston agar appears to be an effective method for recovering both
thermotolerant C. jejuni and non-thermotolerant C. hyointestinalis. While the standards
support using higher incubation temperatures for C. jejuni, in this study, Bolton broth
and Preston agar combination still yielded the majority of C. jejuni isolates in our samples
and had the advantage of detecting C. hyointestinalis, which would have been missed by
the thermotolerant-only approach. These results underscore the importance of adapting
detection methods when analyzing samples for non-thermotolerant Campylobacter spp.

ACKNOWLEDGMENTS

The authors thank Cyrielle Tessier for valuable assistance in sample collection and
analysis and the personnel at the Swedish Livestock Research Center for assisting in
the practical arrangements.

This work was supported by SLU Future One Health (grants SLU.ua.2023.1.1.1-2322
and SLU.ua.2023.1.1.1-4357 to L.-M.T. and K.T, respectively) and the Royal Swedish
Academy of Agriculture and Forestry (grant GFS2023-0155 to L.-M.T.). The funders had
no role in study design, data collection and interpretation, or the decision to submit the
work for publication.

K.T., LH., L-M.T,, R.S., and S.B. contributed to the conceptualization. K.T. contributed to
the data curation. K.T. and R.B. contributed to visualization. K.T. and L.-M.T. contributed
to the formal analysis, investigation, and funding acquisition. K.T., I.H., R.B,, and L.-M. T.
contributed to the methodology. K.T. wrote the original draft. KT, I.H., L-M.T,, R.S., R.B,,
and S.B. wrote, reviewed, and edited the manuscript. All authors read, gave input, and
approved the final manuscript.

AUTHOR AFFILIATIONS

'Department of Clinical Sciences, Swedish University of Agricultural Sciences, Uppsala,
Sweden

’Department of Animal Biosciences, Swedish University of Agricultural Sciences, Uppsala,
Sweden

*Department of Microbiology, Swedish Veterinary Agency, Uppsala, Sweden
“‘Department of Aquatic Sciences and Assessment, Swedish University of Agricultural
Sciences, Uppsala, Sweden

*Department of Energy and Technology, Swedish University of Agricultural Sciences,
Uppsala, Sweden

October 2025 Volume 13 Issue 10

Microbiology Spectrum

10.1128/spectrum.01475-25 9

Downloaded from https://journals.asm.org/journal/spectrum on 10 October 2025 by 193.10.103.173.


https://doi.org/10.1128/spectrum.01475-25

Research Article

AUTHOR ORCIDs

Krista Tuominen (2 http://orcid.org/0000-0002-2223-9376
Ingrid Hansson ) https://orcid.org/0000-0003-3764-2341
Robert Soderlund = http://orcid.org/0000-0002-1604-3393
Stefan Bertilsson { https://orcid.org/0000-0002-4265-1835
Reza Belaghi © http://orcid.org/0000-0002-6989-9267
Lena-Mari Tamminen @ http://orcid.org/0000-0001-6781-4533

FUNDING

Funder Grant(s) Author(s)

The Royal Swedish Academy of GFS2023-0155 Lena-Mari Tamminen

Agriculture and Forestry

SLU Future One Health
SLU Future One Health

SLU.ua.2023.1.1.1-2322 Lena-Mari Tamminen
SLU.ua.2023.1.1.1-4357 Krista Tuominen

DATA AVAILABILITY

The data set generated and analyzed during the study is provided in CSV format in the
Supplemental Material.

ETHICS APPROVAL

This study involving dairy cattle, including the sample collection, was approved by the
Swedish Board of Agriculture’s regional animal ethics committee in Uppsala, Sweden,
under permit number Dnr 5.8.18-05159/2024. All procedures were carried out in
accordance with the Swedish Animal Welfare Act (Djurskyddslagen 2018:1192) and the

Microbiology Spectrum

EU Directive 2010/63/EU on the protection of animals used for scientific purposes.

ADDITIONAL FILES

The following material is available online.

Supplemental Material

Supplemental Material (Spectrum01475-25-S0001.csv). Results from the sample
analysis that were used in the statistical analysis.

REFERENCES

1.

Silva J, Leite D, Fernandes M, Mena C, Gibbs PA, Teixeira P. 2011.
Campylobacter spp. as a foodborne pathogen: a review. Front Microbiol
2:200. https://doi.org/10.3389/fmicb.2011.00200

European Food Safety Authority (EFSA), European Centre for Disease
Prevention and Control (ECDC). 2024. The European Union One Health
2023 zoonoses report. EFSA J 22:€9106. https://doi.org/10.2903/j.efsa.20
24.9106

Costa D, Iraola G. 2019. Pathogenomics of emerging Campylobacter
species. Clin Microbiol Rev 32:e00072-18. https://doi.org/10.1128/CMR.0
0072-18

World Health Organization, Food and Agriculture Organization of the
United Nations, World Organisation for Animal Health. 2013. The global
view of campylobacteriosis: report of an expert consultation. World
Health Organization, Geneva. Available from: https://iris.who.int/handle/
10665/80751

Miller WG, Yee E, Lopes BS, Chapman MH, Huynh S, Bono JL, Parker CT,
Strachan NJC, Forbes KJ. 2017. Comparative genomic analysis identifies
a Campylobacter clade deficient in selenium metabolism. Genome Biol
Evol 9:1843-1858. https://doi.org/10.1093/gbe/evx093

Wilkinson DA, O'Donnell AJ, Akhter RN, Fayaz A, Mack HJ, Rogers LE,
Biggs PJ, French NP, Midwinter AC. 2018. Updating the genomic

October 2025 Volume 13 Issue 10

10.

taxonomy and epidemiology of Campylobacter hyointestinalis. Sci Rep
8:2393. https://doi.org/10.1038/s41598-018-20889-x

Wagenaar JA, van Bergen MAP, Blaser MJ, Tauxe RV, Newell DG, van
Putten JPM. 2014. Campylobacter fetus infections in humans: exposure
and disease. Clin Infect Dis 58:1579-1586. https://doi.org/10.1093/cid/ci
u085

Gorkiewicz G, Feierl G, Zechner R, Zechner EL. 2002. Transmission of
Campylobacter hyointestinalis from a pig to a human. J Clin Microbiol
40:2601-2605. https://doi.org/10.1128/JCM.40.7.2601-2605.2002
Mughini-Gras L, Pijnacker R, Coipan C, Mulder AC, Fernandes Veludo A,
de Rijk S, van Hoek AHAM, Buij R, Muskens G, Koene M, Veldman K, Duim
B, van der Graaf-van Bloois L, van der Weijden C, Kuiling S, Verbruggen
A, van der Giessen J, Opsteegh M, van der Voort M, Castelijn GAA, Schets
FM, Blaak H, Wagenaar JA, Zomer AL, Franz E. 2021. Sources and
transmission routes of campylobacteriosis: a combined analysis of
genome and exposure data. J Infect 82:216-226. https://doi.org/10.1016
/j.jinf.2020.09.039

Shrestha RD, Midwinter AC, Marshall JC, Collins-Emerson JM, Pleydell EJ,
French NP. 2019. Campylobacter jejuni strains associated with wild birds
and those causing human disease in six high-use recreational waterways
in New Zealand. Appl Environ Microbiol 85:01228-19. https://doi.org/10
.1128/AEM.01228-19

10.1128/spectrum.01475-25 10

Downloaded from https://journals.asm.org/journal/spectrum on 10 October 2025 by 193.10.103.173.


http://orcid.org/0000-0002-2223-9376
https://orcid.org/0000-0003-3764-2341
http://orcid.org/0000-0002-1604-3393
https://orcid.org/0000-0002-4265-1835
http://orcid.org/0000-0002-6989-9267
http://orcid.org/0000-0001-6781-4533
http://dx.doi.org/10.13039/501100009069
https://doi.org/10.1128/spectrum.01475-25
https://doi.org/10.3389/fmicb.2011.00200
https://doi.org/10.2903/j.efsa.2024.9106
https://doi.org/10.1128/CMR.00072-18
https://iris.who.int/handle/10665/80751
https://doi.org/10.1093/gbe/evx093
https://doi.org/10.1038/s41598-018-20889-x
https://doi.org/10.1093/cid/ciu085
https://doi.org/10.1128/JCM.40.7.2601-2605.2002
https://doi.org/10.1016/j.jinf.2020.09.039
https://doi.org/10.1128/AEM.01228-19
https://doi.org/10.1128/spectrum.01475-25

Research Article

20.

21.

22,

23.

October 2025 Volume 13

European Food Safety Authority, European Centre for Disease
Prevention Control. 2023. The European union one health 2022
zoonoses report. EFSA J 21:e8442. https://doi.org/10.2903/j.efsa.2023.84
42

European Food Safety Authority and European Centre for Disease
Prevention and Control. 2022. The European Union summary report on
antimicrobial resistance in zoonotic and indicator bacteria from humans,
animals and food in 2019-2020. EFSA J 20:e07209. https://doi.org/10.29
03/j.efsa.2022.e07209

EFSA Panel on Biological Hazards (BIOHAZ). 2015. Scientific Opinion on
the public health risks related to the consumption of raw drinking milk.
EFSA J 13:3940. https://doi.org/10.2903/j.efsa.2015.3940

Domingues AR, Pires SM, Halasa T, Hald T. 2012. Source attribution of
human campylobacteriosis using a meta-analysis of case-control studies
of sporadic infections. Epidemiol Infect 140:970-981. https://doi.org/10.
1017/50950268811002676

Thépault A, Poezevara T, Quesne S, Rose V, Chemaly M, Rivoal K. 2018.
Prevalence of thermophilic Campylobacter in cattle production at
slaughterhouse level in France and link between C. jejuni bovine strains
and campylobacteriosis. Front Microbiol 9:471. https://doi.org/10.3389/f
micb.2018.00471

Mughini Gras L, Smid JH, Wagenaar JA, de Boer AG, Havelaar AH,
Friesema IHM, French NP, Busani L, van Pelt W. 2012. Risk factors for
campylobacteriosis of chicken, ruminant, and environmental origin: a
combined case-control and source attribution analysis. PLoS One
7:€42599. https://doi.org/10.1371/journal.pone.0042599

Thépault A, Rose V, Quesne S, Poezevara T, Béven V, Hirchaud E, Touzain
F, Lucas P, Méric G, Mageiros L, Sheppard SK, Chemaly M, Rivoal K. 2018.
Ruminant and chicken: important sources of campylobacteriosis in
France despite a variation of source attribution in 2009 and 2015. Sci
Rep 8:9305. https://doi.org/10.1038/541598-018-27558-z

McAuley CM, McMillan K, Moore SC, Fegan N, Fox EM. 2014. Prevalence
and characterization of foodborne pathogens from Australian dairy farm
environments. J Dairy Sci 97:7402-7412. https://doi.org/10.3168/jds.201
4-8735

Ramonaité S, Rokaityté A, Tamulevi¢iené E, Malakauskas A, Alter T,
Malakauskas M. 2013. Prevalence, quantitative load and genetic
diversity of Campylobacter spp. in dairy cattle herds in Lithuania. Acta
Vet Scand 55:87. https://doi.org/10.1186/1751-0147-55-87

Hansson I, Olsson Engvall E, Ferrari S, Harbom B, Lahti E. 2020. Detection
of Campylobacter species in different types of samples from dairy farms.
Vet Rec 186:605-605. https://doi.org/10.1136/vr.105610

Hakkinen M, Heiska H, Hanninen ML. 2007. Prevalence of Campylobacter
spp. in cattle in Finland and antimicrobial susceptibilities of bovine
Campylobacter jejuni strains. Appl Environ Microbiol 73:3232-3238. https
://doi.org/10.1128/AEM.02579-06

Cha W, Mosci RE, Wengert SL, Venegas Vargas C, Rust SR, Bartlett PC,
Grooms DL, Manning SD. 2017. Comparing the genetic diversity and
antimicrobial resistance profiles of Campylobacter jejuni recovered from
cattle and humans. Front Microbiol 8:818. https://doi.org/10.3389/fmicb.
2017.00818

Chatre P, Haenni M, Meunier D, Botrel M-A, Calavas D, Madec J-Y. 2010.
Prevalence and antimicrobial resistance of Campylobacter jejuni and

Issue 10

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

Microbiology Spectrum

Campylobacter coli isolated from cattle between 2002 and 2006 in
France. J Food Prot 73:825-831. https://doi.org/10.4315/0362-028X-73.5.
825

Hakkinen M, Hanninen ML. 2009. Shedding of Campylobacter spp. in
finnish cattle on dairy farms . J Appl Microbiol 107:898-905. https://doi.o
rg/10.1111/j.1365-2672.2009.04269.x

Atabay HI, Corry JE. 1998. The isolation and prevalence of campylobact-
ers from dairy cattle using a variety of methods. J Appl Microbiol
84:733-740. https://doi.org/10.1046/j.1365-2672.1998.00402.x

Hoque N, Islam SKS, Uddin MN, Arif M, Haque AKMZ, Neogi SB, Hossain
MM, Yamasaki S, Kabir SML. 2021. Prevalence, risk factors, and molecular
detection of Campylobacter in farmed cattle of selected districts in
Bangladesh. Pathogens 10:313. https://doi.org/10.3390/pathogens1003
0313

Ferrari S, Astvaldsson A, Jernberg T, Stingl K, MesselhduBer U, Skarin H.
2023. Validation of PCR methods for confirmation and species
identification of thermotolerant Campylobacter as part of EN 1ISO 10272 -
Microbiology of the food chain - horizontal method for detection and
enumeration of Campylobacter spp. Int J Food Microbiol 388:110064. htt
ps://doi.org/10.1016/j.iffoodmicro.2022.110064

International Organization for Standardization. 2017. Microbiology of
the food chain—horizontal method for detection and enumeration of
Campylobacter spp. Part 1: detection method (ISO 10272-1:2017).
International Organization for Standardization, Geneva, Switzerland.
Teksoy N, llktac M, Ongen B. 2023. Investigating the significance of non-
jejuni/coli Campylobacter strains in patients with diarrhea. Healthcare
(Basel) 11:2562. https://doi.org/10.3390/healthcare11182562

Harrison LM, Balan KV, Hiett KL, Babu US. 2022. Current methodologies
and future direction of Campylobacter isolation and detection from food
matrices, clinical samples, and the agricultural environment. J Microbiol
Methods 201:106562. https://doi.org/10.1016/j.mimet.2022.106562
Lynch OA, Cagney C, McDowell DA, Duffy G. 2011. Occurrence of
fastidious Campylobacter spp. in fresh meat and poultry using an
adapted cultural protocol. Int J Food Microbiol 150:171-177. https://doi.
org/10.1016/j.ijfoodmicro.2011.07.037

Duffy G, Cagney C, Scanlon K. 2009. Public health significance of
emergent Campylobacter species in the irish food chain. Geneva,
Switzerland. Available from: https://www.teagasc.ie/media/website/pub
lications/2009/Public-health-significance-of-emergent-Campylobacter-s
pecies-in-the-Irish-food-chain_5553.pdf

R Core Team. 2023. Vienna, Austria. R: a language and environment for
statistical computing. R Foundation for Statistical Computing. Available
from: https://www.R-project.org

Fox J, Weisberg S. 2019. An R companion to applied regression. Available
from: https://www.john-fox.ca/Companion

Lidecke D, Ben-Shachar M, Patil I, Waggoner P, Makowski D. 2021
Performance: an R package for assessment, comparison and testing of
statistical models. JOSS 6:3139. https://doi.org/10.21105/joss.03139
Hansson I, Tamminen LM, Frosth S, Fernstrom LL, Emanuelson U, Boqvist
S. 2021. Occurrence of Campylobacter spp. in Swedish calves, common
sequence types and antibiotic resistance patterns. J Appl Microbiol
130:2111-2122. https://doi.org/10.1111/jam.14914

10.1128/spectrum.01475-2511

Downloaded from https://journals.asm.org/journal/spectrum on 10 October 2025 by 193.10.103.173.


https://doi.org/10.2903/j.efsa.2023.8442
https://doi.org/10.2903/j.efsa.2022.e07209
https://doi.org/10.2903/j.efsa.2015.3940
https://doi.org/10.1017/S0950268811002676
https://doi.org/10.3389/fmicb.2018.00471
https://doi.org/10.1371/journal.pone.0042599
https://doi.org/10.1038/s41598-018-27558-z
https://doi.org/10.3168/jds.2014-8735
https://doi.org/10.1186/1751-0147-55-87
https://doi.org/10.1136/vr.105610
https://doi.org/10.1128/AEM.02579-06
https://doi.org/10.3389/fmicb.2017.00818
https://doi.org/10.4315/0362-028X-73.5.825
https://doi.org/10.1111/j.1365-2672.2009.04269.x
https://doi.org/10.1046/j.1365-2672.1998.00402.x
https://doi.org/10.3390/pathogens10030313
https://doi.org/10.1016/j.ijfoodmicro.2022.110064
https://doi.org/10.3390/healthcare11182562
https://doi.org/10.1016/j.mimet.2022.106562
https://doi.org/10.1016/j.ijfoodmicro.2011.07.037
https://www.teagasc.ie/media/website/publications/2009/Public-health-significance-of-emergent-Campylobacter-species-in-the-Irish-food-chain_5553.pdf
https://www.R-project.org
https://www.john-fox.ca/Companion
https://doi.org/10.21105/joss.03139
https://doi.org/10.1111/jam.14914
https://doi.org/10.1128/spectrum.01475-25

	Comparison of culture-based methods for detecting Campylobacter jejuni and Campylobacter hyointestinalis in dairy cattle feces
	MATERIALS AND METHODS
	Study population and design
	Sample collection
	Species detection and identification
	Statistical analysis

	RESULTS
	DISCUSSION


