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Abstract

The consumption of raw milk from dairy cows has caused multiple food-borne outbreaks of
campylobacteriosis in the European Union (EU) since 2011. Cross-contamination of raw
milk through faeces is an important vehicle for transmission of Campylobacterto consum-
ers. This systematic review and meta-analysis, aimed to summarize data on the prevalence
and concentration of Campylobacterin faeces of dairy cows. Suitable scientific articles pub-
lished up to July 2021 were identified through a systematic literature search and subjected
to screening and quality assessment. Fifty-three out of 1338 identified studies were eligible
for data extraction and 44 were further eligible for meta-analysis. The pooled prevalence
was calculated in two different meta-analytic models: a simple model based on one average
prevalence estimate per study and a multilevel meta-analytic model that included all preva-
lence outcomes reported in each study (including different subgroups of e.g. health status
and age of dairy cows). The results of the two models were significantly different with a
pooled prevalence estimate of 29%, 95% CI [23-36%)] and 51%, 95% CI [44—57%)], respec-
tively. The effect of sub-groups on prevalence were analyzed with a multilevel mixed-effect
model which showed a significant effect of the faecal collection methods and Campylobacter
species on the prevalence. A meta-analysis on concentration data could not be performed
due to the limited availability of data. This systematic review highlights important data gaps
and limitations in current studies and variation of prevalence outcomes between available
studies. The included studies used a variety of methods for sampling, data collection and
analysis of Campylobacterthat added uncertainty to the pooled prevalence estimates. Nev-
ertheless, the performed meta-analysis improved our understanding of Campylobacter
prevalence in faeces of dairy cows and is considered a valuable basis for the further devel-
opment of quantitative microbiological risk assessment models for Campylobacterin (raw)
milk and food products thereof.
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Introduction

Since 2005 campylobacteriosis, caused by bacteria of the genus Campylobacter, is the most
commonly reported foodborne gastrointestinal infection in humans in the EU [1]. The EU
Member States reported an overall incidence of 120,946 confirmed cases of human campylo-
bacteriosis, corresponding to an EU notification rate of 40.3 per 100,000 population in 2020.
Although a decrease in cases was observed in 2020, the overall campylobacteriosis trend in the
last four years was stable [1]. Campylobacteriosis symptoms include fever, vomiting, abdomi-
nal cramps and watery or bloody diarrhea. Associated chronic complications involve Guillain-
Barré syndrome, irritable bowel syndrome and reactive arthritis [2].

Important animal reservoirs for Campylobacter spp. are poultry, in particular chicken, and
cattle [3, 4]. However, the bacterium is mainly transmitted through contaminated food, direct
contact with animals or untreated water [4-6]. In addition to uncooked poultry meat or poor
kitchen hygiene in connection with the handling of raw meat, Campylobacter infections are fre-
quently reported in connection with the consumption of raw milk and products thereof [1, 7-
10]. From 2011 to 2020 raw milk was one of the food vehicles causing most strong-evidence
foodborne campylobacteriosis outbreaks in the EU [1]. This is critical in light of the increasing
consumer demand for raw milk [11], the intensification of local sales via raw milk vending
machines [12] and the common neglect to boil raw milk before consumption. Surveys in Italy
demonstrated that 13.9 to 43% of consumers did not boil raw milk before consumption [13, 14].

It is generally assumed that contamination of raw milk with pathogens is mainly of faecal
origin [9, 15-17]. However, it is unclear which mechanisms underlie this contamination and
how likely raw milk is to be contaminated during milking [14, 15, 18, 19]. In addition, it is also
unclear whether there are seasonal differences in the occurrence and concentrations of Cam-
pylobacter spp. in faeces of dairy cows, which could potentially help to explain the seasonal
trend in campylobacteriosis cases [1]. Different mitigation options along the raw milk supply
chain need to be assessed in order to understand the role of faecal contamination and a poten-
tial seasonality in the public health risk associated with the consumption of Campylobacter-
contaminated raw milk. Prevalence and concentration data for Campylobacter spp. in faeces
form a basis for such a risk assessment.

In microbiology, a risk assessment is the qualitative and/or quantitative evaluation of the
adverse effects linked to biological agents that may be present in foods [20]. During a quantita-
tive microbial risk assessment (QMRA) the risk is estimated in terms of numerical outcomes,
typically the probability of illness or death [21]. Quantitative data, like the concentration in
contamination sources (e.g. faeces) or the food matrix, is needed during exposure assessment
for the relation between the dose ingested and the frequency of a given effect. To reduce the
risk of human exposure to Campylobacter spp. it is essential to assess the prevalence and con-
centration of Campylobacter in faeces of dairy cows’. In this sense, a systematic review is neces-
sary to identify all literature on this particular topic. Further a meta-analysis is a highly
valuable statistical tool whose objective is to combine the results of all studies on a particular
research question to determine the size and direction of the effect.

This systematic review and meta-analysis aimed to provide and estimate the prevalence and
concentration of Campylobacter in dairy cow faeces. Moreover, potential data gaps for risk
assessments were identified in order to highlight where further research is needed. The knowl-
edge and data generated from this study is ought to contribute to the development of QMRAs
and the evaluation of different contamination or exposure scenarios along the raw milk supply
chain, thereby helping risk managers to identify mitigation strategies to control Campylobacter
spp. and to reduce the public health risk associated with the consumption of Campylobacter-
contaminated raw milk.
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Material and methods
Literature search and inclusion criteria

A systematic review was performed according to the Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols (PRISMA-P) 2015 statement [22] (S1 Checklist). A pre-
specified study protocol was published on the International Prospective Register of Systematic
Reviews (PROSPERO) database (CRD42021261914, https://www.crd.york.ac.uk/prospero/
display_record.php?RecordID=261914), in order to avoid duplication and to minimize bias.
Literature searches were carried out using PubMed, Scopus and Web of Science databases for
papers published to July 19th 2021. A detailed overview of search terms per database is pro-
vided in Table 1. Synonyms for relevant search terms were identified using the Medical Subject
Headings (MeSH) thesaurus by the US National Library of Medicine [23] (https://www.nlm.
nih.gov/mesh/meshhome.html).

A title and abstract screening was performed, followed by a full-text screening for eligibility
for inclusion and exclusion criteria already defined in the PROSPERO protocol and for the
removal of duplicate publications of the same results or study. If the answer to the a priori
defined exclusion criteria remained unclear during the initial screening the study was for-
warded to the full-text screening. All relevant articles were uploaded to the Rayyan Systems
Inc. [24] web tool for efficient organization of inclusion and exclusion and to document the
reasons for exclusion. Two researchers (ADK, TC) performed both screenings independently
in Rayyan. Discrepancies were resolved by a third researcher (NG). Studies were excluded if
they met the pre-defined exclusion criteria.

Data extraction

Full text articles were examined and relevant data was extracted from text and tables into pur-
pose-built tables using Microsoft Excel 2016 (Microsoft Corp., Redmond, WA, USA). Metadata
on the general study design and metadata related to each reported outcomes was extracted sepa-
rately. The following general metadata was extracted from each study: year of publication, coun-
try of study, faecal collection method, method for Campylobacter detection/ enumeration and
species identification, number of dairy cow farms sampled, age class of cows, health status of
cows, whether repeated samplings for individual cows or cow farms were performed, whether
the repeated outcomes for individual cows or for cow farms were reported, and whether the
available repeated outcome were reported by season (i.e. summer, fall, winter, spring).

Each study may comprise more than one prevalence outcome e.g. derived from different
sub-groups or sampling conditions (i.e. Campylobacter species, age class, health status,

Table 1. Overview of search strategy and number of articles found specific to the respective datatbase.

Date Search
performed

19. July 2021
19. July 2021

19. July 2021

Database

PubMed

Scopus

Web of
Science

Number of articles | Search string/terms and limits

retrived
453
485

400

Where:
Search #1
Search #2

Search #3

https://doi.org/10.1371/journal.pone.0276018.t001

All = (Search #1) AND All = (Search #2) AND All = (Search #3)

Abstract, Title, Keyword = (Search #1) AND Abstract, Title, Keyword = (Search #2) AND Abstract, Title,
Keyword = (Search #3)

TOPIC = (Search #1) AND TOPIC = (Search #2) AND TOPIC = (Search #3)

(Campylobacter*)

(cow) OR (cattle) OR (bovine) OR (ruminant) OR (dairy) OR (heifer) OR (calf) OR (bos indicus) OR
(zebu) OR (bos grunniens) OR (yak) OR (bos taurus)

(feces) OR (faeces) OR (excrement) OR (fecal) OR (faecal) OR (dung)
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seasons) and outcomes may be reported repeatedly within one study based on different sub-
grouping or data aggregation. All relevant prevalence outcomes were extracted and the sub-

grouping was documented in the metadata. Each extracted outcome was associated with the

following additional metadata: Campylobacter species, season, number of faeces samples col-
lected, health status of cows and age class of cows.

The review and data extraction was performed by two researchers (ADK, TC) individually
and tables were subsequently merged. Discrepancies were resolved by discussion or consulta-
tion of a third researcher (NG). Authors of included articles were not contacted in case of
missing data. The created database was double-checked independently by two researchers
(ADK, TC).

Bias assessment

There is currently no validated tool for risk of bias (RoB) assessment in observational animal
studies including prevalence studies. The available tools are appropriate for animal experi-
ments (e.g. SYRCLE [25], CAMARADES [26]) or human observational studies (e.g. ROBINS-I
[27]). As a result, risk of bias was assessed based on a purpose-built modified RoB tool. Appli-
cable questions from the above mentioned tools were gathered in a table and adapted for prev-
alence studies (e.g. were rephrased or split into multiple, more study specific criteria). In total
ten questions were included in the final tool (S2 Table). During the data extraction, the review-
ers also filled the RoB tool for each study, counted the number of “yes”, “no” and “unclear”
answered questions, and labeled studies with more than four “yes” answers as “low risk of
bias”. Questions answered with “no” and “unclear” contributed to high risk of bias. No funnel
plot was drawn since funnel plots are not appropriate for assessing the publication bias in stud-
ies with prevalence outcomes [28].

Description of data sets for meta-analysis

Study outcomes for pooled faecal samples and outcomes where the number of animals sam-
pled was unclear or not specified were excluded from the meta-analysis. As described in sec-
tion data extraction, we extracted all relevant prevalence outcomes from each study. This
introduced duplications of the same data under different sub-groupings (i.e. Campylobacter
species, age class, health status, and seasons) in our data set for meta-analysis. To consider the
effect of these duplicates on the analysis we chose to work with two different data sets and
meta- analytic models. One dataset was reduced to only those prevalence outcomes that were
reported as an average across the whole study (e.g. across all potential sub-groups such as age
class, health status and seasons). This dataset will hereafter be referred to as aggregated sample
(S1 Table). The other dataset included all extracted outcomes, including potential duplications
due to different sub-groupings and data aggregation. The method for meta-analytic model was
chosen accordingly. This data set will hereafter be referred to as the non-aggregated sample
(S1 Table).

Potential influencing factors of interest were, the season during faecal sample collection, the
Campylobacter species, the age class and the health status of the cows as well as the faecal col-
lection method. The effect of these factors on the prevalence estimates was further investigated
via statistical analysis.

Statistical analysis

We used R Software version 4.1 for statistical analysis [29] and the packages “meta” [30] and
“metafor” [31] for the development of the meta-analytic models.
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Meta-analytic models. Two meta-analytic models were used to estimate the pooled prev-
alence. In the first model the prevalence outcomes of the aggregated sample were included in a
random effect model for proportions with an inverse variance method, which we will refer to
as simple model.

In the second model, the non-aggregated sample was included in a multilevel model where
prevalence outcomes reported in each study were in one level and studies were compared in
the other level. For each level an inconsistency index (I?) was calculated as a measure of hetero-
geneity which is defined as the percentage of variability in the effect estimates that is not
explained by the sampling error. In both models the estimates were double arcsin
transformed.

Subgroup analysis. For subgroup analysis, we used the aggregated sample prevalence if at
least three outcomes from different studies were available. The Q-test was used to test the dif-
ference between the subgroups.

Effect of subgroups on the prevalence. We performed an analysis on the non-aggregated
sample (using all the extracted outcomes) to investigate the effect of subgroups on the pooled
prevalence estimate based on a multilevel mixed-effect model with restricted maximum-likeli-
hood estimation (REML). The model features included the Campylobacter species, health sta-
tus and age class of the dairy cows, the season of outcome measurement and the faecal
collection method. As with the previous multilevel model, the prevalence outcomes reported
for each study were considered as one level and the comparison between the studies was calcu-
lated in the other level.

Meta-regression. We performed a meta-regression to evaluate the effect of the publica-
tion year of studies on the prevalence estimates. For this analysis, we added the publication
year as a variable to the simple model regression and created a graph of the prevalence values
versus publication year.

Sensitivity analysis. The created data table for RoB analysis was used to estimate the
pooled prevalence for the high and low risk of bias studies of the aggregated sample and the
results were compared using a Q-test. As the second sensitivity analysis, the pooled prevalence
estimate from the aggregated sample in the simple model and results from the pooled non-
aggregated sample in the multilevel model were compared.

Results
Search summary of the systematic review

Fifty-three out of 1338 identified studies were eligible for data extraction after screening and
eligibility testing according to PRISMA-P (Fig 1).

Of these, 17 studies were from Europe (32%), 15 from North-America (28.3%), seven from
Oceania (13.2%), six from Asia (11.3%), five from South-America (9.5%) and three from
Africa (5.7%). Most of the Europe-based studies were from the UK (N = 5; 9.4%). Other Euro-
pean countries i.e. Austria, Denmark, Germany, Latvia, Lithuania and Sweden were repre-
sented by one study each, while Finland, Italy and Sweden were represented by two studies.

On average, 432 (+ 678) dairy cows and 21 (+ 34) farms were sampled in the included stud-
ies. The health status of the sampled dairy cows was not specified in a majority of studies
(N = 35; 66%), while other studies (N = 18; 34%) gave a clear description of the health status of
the dairy cattle (Fig 2a). Different age groups of dairy cows were sampled throughout the
included studies (Fig 2b). However, in some studies no description of the age group of cows
was given (N = 8; 15%).

The faecal collection methods were the collection of cow pats from the floor (N = 9; 17%)
and direct rectal extraction methods (N = 31; 58.5%). In six studies (11.3%) the faecal
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S
c Records identified through database searching (N= 1338)
2 453 PubMed
& 485 Scopus
= 400 Web of Science
2
— -
Records after duplicates removed
(N=698)
[-11]
[
g
g Records excluded after
U title and abstract review
(N=581)
— =
Full-text articles assessed for eligibility
(N=117)
v
Full-text articles excluded, with reasons
(N=64)
E Wrong population= 42
S Wrong outcome= 14
é" Wrong study design=6
Other=2
Lack or absence of adequate
5 information about
prevalence (N=9)
— v v
Studies included in systematic review Studies included in meta-analysis
(N=53) (N=44)
c
°
w
=
[*}
£
Aggregated sample (N= 32) Non-aggregated sample (N= 44)
32 prevalence outcomes 331 prevalence outcomes
-/

Fig 1. Flow diagram of selected studies included in the systematic review and meta-analysis. Aggregated sample
means a specific prevalence outcome was reported as an average outcome across the whole study, whereas with non-
aggregated sample an outcome was reported for a specific sub-group or condition.

https://doi.org/10.1371/journal.pone.0276018.9001

collection method was not stated and some studies pooled faecal samples before analysis

(N =7;13.2%) (Fig 2¢c). Campylobacter was mainly detected by culture-based methods

(N =49; 92.5%). Only a few studies used PCR-based methods (N = 3, 5.7%) or a combination
of PCR- and culture-based methods (N = 1; 1.9%). The majority of studies (N = 37; 69.8%)
tested faecal samples for two or more Campylobacter species (including Campylobacter spp.).
Campylobacter spp. (N = 35; 66%) and the species C. jejuni (N = 26;49%) and C. coli (N = 11;
20.8%) were most commonly reported in all included studies. Other species such as C.
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Fig 2. Number of studies reporting data for potential influencing factors and their subgroups, which are the health status (a) and age class (b) of
dairy cows, as well as the faecal collection method (c) and the Campylobacter species (d). In some studies the collected faecal samples were analyzes

for more than one species.

https://doi.org/10.1371/journal.pone.0276018.g002

hyointestinalis, C. fetus, C. sputorum, C. lari, and C. fecalis, were rarely tested for, while some
species could not be identified (Fig 2d).

Almost 50% of all studies (N = 26) reported repeated samplings for farms under study.
Only some of these (N = 15; 28.3%) were taken according to seasons in temperate regions (i.e.
spring, summer, autumn, winter), while others (N = 5; 9.4%) were taken according to rainy
and dry season, depending on the geographical location of the country. In general, only few
studies (N = 14; 26.4%) made the results of the repeated sampling explicitly available in their
publication. This means that although repeated samplings were taken, the results of these sam-
plings were not reported individually, but rather aggregated or not shown at all. Repeated sam-
pling for individual cows were only taken in a small number of studies (N = 5; 9.4%), but none
of these studies made the results for individual cattle available in their publication. Data
extracted from publications and included in systematic review and meta-analysis are available
in S1 Table.

Risk of bias assessment

» o«

The number of “yes”, “no” and “unclear” answers for each RoB criteria is shown in S2 Table.
No study answered all the RoB criteria with “yes”. The highest answer rate was eight out of ten
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“yes” answers for one study. Twenty-two studies (42%) had four or more “yes” answers which
was considered as low risk of bias. Results of the meta-analysis on prevalence outcomes of RoB
sub-groups are further presented in result section sensitivity analysis.

Findings from the concentration outcomes

Concentration outcomes were only reported in seven (13.2%) of the 53 studies included in the
review. The provided concentration outcomes in three of these studies [32-34] was a semi-
quantitative estimate, which was determined by the most probable number (MPN) method for
Campylobacter spp.. Concentration outcomes from another study could not be extracted as
they were only presented in a box plot [35]. A meta-analysis for the remaining three studies
[36-38] with quantitative concentration outcomes could not be performed, as one of these
studies [38] did not provide any standard deviation or confidence intervals for the reported
concentration.

The average Campylobacter spp. concentration in Danish dairy farms of 120 dairy cows was
2.1 + 0.45 log colony-forming unit (CFU)/g faeces [36]. In contrast, a Lithuanian study deter-
mined for cows higher concentrations of 3.55 + 0.92, 4.17 + 0.54, 3.29 + 0.44 log CFU/g faeces
in three different dairy farms [37]. Another study from the United Kingdom found similar
average concentrations with seasonal differences of 1 log CFU/g faeces between summer and
winter, with an average of 3.2 log CFU/g faeces in summer and 4.2 log CFU/g faeces in winter
[38].

Findings from the meta-analysis on prevalence outcomes

After excluding the studies with prevalence outcomes reported for pooled faecal samples and
studies where the number of dairy cows sampled was not clear, 44 studies remained.

Out of these 44 studies, only 32 studies reported a prevalence for the aggregated sample,
which equates to 32 prevalence outcomes. For the non-aggregated sample, including these 44
studies, 331 prevalence outcomes for different sub-groups and conditions were reported (S1
Table).

The overall prevalence estimate of the simple model that was based on the 32 prevalence
outcomes of the aggregated sample was 29.3%, 95% CI [23-37%] with high heterogeneity I* =
98.5% [98-99%] and a prediction interval of 1.3% to 73% (Fig 3) [15, 36, 37, 39-67].

The pooled prevalence estimate of the multilevel model that was based on the 44 eligible
studies and all their pooled prevalence was 51% with 95% CI [44-57%] and I* = 97.96% and a
prediction interval of 0% to 100%. The sampling error was 2.04%. The heterogeneity within
studies was 62.86% and the amount of between study heterogeneity constituted 35.1% of the
total variation in our study (S1 Fig).

Subgroup analysis. A sub-group analysis of the aggregated sample was performed for the
faecal collection method and the age class of cows. All other sub-groups in the aggregated sam-
ple could not be analysed because too few prevalence outcomes per group (N<3) were
available.

For the faecal collection method, the prevalence outcomes between a rectal faecal extraction
(18 studies) and the collection of cow pats (eight studies) from the floor (of the stable or
meadow) were compared (Fig 4a). The prevalence estimate for the rectal extraction was 28%,
95% CI [19-38%] and for the cow pat collection 32%, 95% CI [22-44%]. The difference
between these prevalence estimates was not significantly different (p = 0.52).

Only the prevalence outcomes of calves (five studies) and adult cows (19 studies) could be
compared for the aggregated sample. For heifers, not enough aggregated outcomes were avail-
able (N<3) to be included in the analysis. The prevalence estimates for calves and adult cows
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Study Events
Silveira et al., 2021 [39] 0.030
Adesiyun et al., 1996 [40] 18.981
McAuley et al. 2014 [41] 0.960
Duncan et al., 2013 [42] 404.700
Acha et al., 2004 [43] 43.230
Messelhaeuser et al. 2008 [44] 29.380
Watner-Toews et al., 1986 [45] 20.280
Padungtod and Kaneene 2005 [46] 31.500
Klein et al. 2013 [47] 56.918
Roug 2012 [48] 2.040
Adesiyun et al. 1992 [49] 60.065
Baserisalehi et al. 2007 [50] 25.410
Dong et al., 2016 [51] 46.948
Sato et al., 2004 [52] 332.289
Bianchi et al., 2014 [15] 25.010
Hoque et al., 2021 [53] 166.860
Hagey et al., 2019 [54] 46.500
Nielsen et al. 2002 [36] 106.904
Khalifa et al. 2013 [55] 16.000
Kashoma et al. 2015 [56] 67.968
Kwan et al. 2008 [57] 433.672
Grinberg et al., 2005 [58] 57.960
Atabay and Corry 1997 [59] 48.960
Sanad et al., 2013 [60] 83.082
Acik and Centinkaya 2005 [61] 110.000

Hakkinen and Hé<ninen, 2009 [62] 168.980

Englen et al., 2007 [63] 734.720
Adhikari et al., 2004 [64] 28.080
Rapp et al., 2020 [65] 48.600
Chaetal., 2017 [66] 33.988
Giacoboni et al., 1993 [67] 61.006
Ramonait et al., 2013 [37] 157.000

Total (95% CI)
Prediction interval

Total Weight IV, Random, 95% ClI

60
333
16
4260
393
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Fig 3. Forest plot of the aggregated sample estimating the pooled prevalence of Campylobacter spp. in cows’ faeces from 32 studies. Event is
pooled prevalence times number of individual cattle sampled.

https://doi.org/10.1371/journal.pone.0276018.g003

were 18%, 95% CI [11-27%] and 30%, 95% CI [21-39%] respectively (Fig 4b). No significant
difference between these results was found (p = 0.06).

The effect of subgroups on the prevalence. The multilevel mixed-effect model showed a
variance of 3.7%, 95% CI [1.9-7.3%] between studies and a variance of 3.8%, 95% CI [3.1-
4.7%] for within study variance estimates. The variables Campylobacter species C. hyointestina-

lis and C. jejuni and the rectal faecal collection had a significant impact on the prevalence. The

heterogeneity measure within the studies after accounting for the subgroups was 49.46% and
the heterogeneity between the studies accounted for 48.29% of the total variability (S1 Fig).
Meta-regression. In addition, we assessed the effect of study year of publication on the
prevalence estimate in a meta-regression of the aggregated sample. The meta-regression
showed that the study year explained less than 1% of the heterogeneity (0.88%) observed in the
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Fig 4. Forest plot of the sub-group analysis of the aggregated sample comparing the prevalence estimates of Campylobacter spp. in faeces of dairy
cows between different faecal collection methods (A) and age classes of the dairy cows (B). Event is pooled prevalence times number of individual

cattle sampled.

https://doi.org/10.1371/journal.pone.0276018.9g004

prevalence outcomes and was not significantly affecting the prevalence estimate. The bubble
plot based on the meta-regression confirms the finding (S2 Fig).

Sensitivity analysis. The risk of bias assessment was performed on all studies included in
the systematic review (N = 53) and 22 (42%) of these grouped as low risk of bias. In the studies
included in the simple meta-analytic model 13 of the 32 studies (41%) were in the low risk of
bias group. The pooled prevalence estimate in the simple meta-analytic model was 32.5%, 95%
CI [22-44%] and 27%, 95% CI [18-37%] in the low and high risk of bias group, respectively
(p = 0.45) (S3 Fig). The second sensitivity analysis was the comparison between the pooled
prevalence estimate from the simple and multilevel meta-analytic model. The analysis showed
a significant difference between the two models. The estimated prevalence was 29% [23-36%]
and 51% [44-57%] and the prediction values were [1-73%] and [0-100%] for the simple and
multilevel meta-analytic model, respectively.

Discussion

Based on the increasing consumer demand for fresh and raw products and the resulting con-
sumption of unboiled raw milk, the raw milk supply chain has become more of a focus in
recent decades. Especially because raw milk is one of the top vehicles causing strong-evidence
outbreaks in the EU [1]. This might have contributed to the increase in studies focused on
prevalence of Campylobacter in dairy cows faeces in the last 20 years (S2 Fig). In addition,
animal health and farm management are further reasons for increased studies. However, sys-
tematic reviews and meta-analysis which allow for an estimation of the prevalence and concen-
tration of Campylobacter spp. in cow faeces and identify potential data gaps have not been
carried out yet. The assumption that Campylobacter contamination of raw milk is mainly
caused by faecal contamination highlighted the importance of such systematic review and
meta-analysis [9, 15-17]. The prevalence and concentration of Campylobacter spp. in faeces of
dairy cows form an important basis for the mathematical modelling (via QMRAs) of potential
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cross-contamination events and mechanisms along the raw milk supply chain. The develop-
ment of such QMRASs can furthermore help to identify different mitigation options along the
supply chain in order to reduce the public health risk associated with the consumption of
Campylobacter-contaminated raw milk.

Here, we could only extract quantitative data on the concentration of Campylobacter spp.
in faeces of dairy cows from three studies, as other studies gave only semi-quantitative esti-
mates of the concentrations or presented results in a figure, which did not enable the extrac-
tion of e.g. a mean and standard deviation for the concentration. The average reported
concentration of Campylobacter in faeces varied between the three studies and a meta-analysis
could not be performed due to missing uncertainty measures (e.g. standard deviations). Specif-
ically concentration data (including mean and standard deviation) are an important input for
QMRAS, because the risk is the product of the probability that a random serving is contami-
nated and the probability that a contaminated serving results in disease. To clarify, the proba-
bility that a random serving is contaminated is based on the prevalence data and the
probability that a contaminated serving results in diseases are calculated with concentration
data that are used as input for the dose-response relationship [20, 21, 68]. These results clearly
highlight the lack of concentration data (including uncertainty measures), which currently
impedes risk assessments and consequently the refinement of mitigation options to reduce the
public health risk from contamination of Campylobacter in cows’ faeces.

The prevalence data for Campylobacter in dairy cow faeces were widely available in the sci-
entific literatures, however, the range of prevalence varied highly (0-100%). In addition, some
of the studies differed greatly in study design and quality e.g. in the specific and often missing
information, e.g., on the health status studied (Fig 2). Subgroup analysis could therefore only
be performed for the faecal collection method and the age class of dairy cows. All other sub-
groups of influencing factors of interest (i.e. the season during faecal sample collection, the
Campylobacter species, and the health status of the cows) could not be compared because less
than three prevalence outcomes per group were available.

Our RoB analysis could have been improved using a validated tool for observational animal
studies. We hope future studies develop such a tool to make RoB analysis more standardized
among prevalence studies. In addition, the RoB analysis showed that less than half of the stud-
ies are having a low risk of bias. It also showed that only five studies explicitly mentioned the
application of ISO methods for Campylobacter detection and characterization. For most stud-
ies (N = 42) it remained unclear (meaning that it was not explicitly mentioned) whether an
ISO method (e.g. 1SO10272-1:2017 [69] and/or ISO10272-2:2017 [70]) was used. A detailed
subgroup analysis of studies with and without the application of ISO methods was also not
possible due to too few prevalence outcome in each group. This emphasizes the problem of
wide heterogeneity between the studies further, especially since the detection and characteriza-
tion of a sensitive bacterium such as Campylobacter spp. has proven challenging [71, 72].

The meta-analytical models aimed to estimate the pooled prevalence and to subsequently
evaluate which influencing factors might affect the prevalence estimates and to some part
explain the heterogeneity. The multilevel model offered the opportunity to include all
extracted prevalence outcomes (N = 331) from the 44 studies. The pooled prevalence estimate
from this model was higher than the estimate from the simple model. The prediction interval
was also wider going from zero to one, better reflecting the heterogeneity between the out-
comes. When adding the subgroups to the multilevel model the results were in some cases dif-
ferent to subgroup analysis based on aggregated sample (e.g. for faecal collection method). For
the mixed-effect multilevel model, the variables of Campylobacter species C. jejuni and C.
hyointestinalis (in comparison to coli) and rectal faecal collection method (in comparison to
cow pat collection) additionally had a significant impact on the pooled prevalence estimate.
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The subgroup analysis, in contrast, showed no difference in prevalence between the two faecal
collection methods (rectal collection and cow pat) probably due to the remaining heterogene-
ity between the two subgroups, which have been adjusted for to an extent in the multilevel
mixed-effect model.

Heterogeneity between studies was also evident in all meta-analytic models and their high
inconsistency index (Fig 3 and S1 Fig). The variation was most likely a result of the different
study designs and the subgroup differences. In the multilevel model it was evident that the var-
iation between studies contributed less to the total variation than the within study variance.
When subgroups were included in the multilevel model the within study variance decreased
from 62.86% to 49.46% and as a result the between study variance accounted for almost half of
the total variability (from 35.1% to 48.29%). Thus, making an estimation of the prevalence of
Campylobacter in faeces of dairy cows difficult based on current studies.

Interestingly, mixed-effect multilevel model showed a significant effect of the faecal collec-
tion method on the pooled prevalence estimate. However, the subgroup analysis of aggregated
samples in this study showed no significant difference between the prevalence obtained by rec-
tal extraction (28%) or cow pats (32%) (Fig 4a). These findings were contrary to a study by
Hoar et al., [73] that showed that the prevalence in cow pats was lower compared to rectal
extraction in beef cattle. Nevertheless, the prevalence obtained in this study were quite low
with only 5% for rectal faecal samples and 0.5% for cow pats [73]. We assumed that the cow
pats in most of the studies included in this review and meta-analysis were examined immedi-
ately after shedding, which could explain the high prevalence found in cow pats. Another rea-
son could be that the rectal extraction is not necessary allow for a mixture of a large amount of
faeces, but rather supports the extraction of a few grams (e.g. rectal swab), which might not
reflect the true prevalence. However, these findings also emphasize that Campylobacter already
exhibits several survival strategies to adapt harsh conditions, e.g. in cow pats, by genetic
exchange [74], by adaption mechanisms [75-77] or undergoing the viable but non-culturable
state [78]. Accordingly, the survival of Campylobacter in cow pats in the stable environment
may have been underestimated in the past.

The subgroup analysis of the aggregated prevalence estimates for calves and adult cows
were 18% and 30%. The lower prevalence in calves could possibly be due to the use of straw
compared to the stalls of adult cows [79]. Anyway, no significant difference between these
results was found based on the subgroup analysis (Fig 4b). The multilevel mixed-effect
model also showed no significant effect of the subgroups on the pooled prevalence estimate.
In the search for quantitative data, two studies were identified that detected significantly
higher concentrations of Campylobacter in the faeces of calves compared to dairy cows [36,
37].

In general, thermotolerant Campylobacter; mainly C. jejuni und C. coli, accounted for most
human campylobacteriosis cases [80]. Nevertheless, other Campylobacter species such as C.
hyointestinalis have also been reported to cause disease [81, 82]. It is important to mention
that different methods of cultivation favour different species of Campylobacter [83]. C. hyoin-
testinalis mainly colonized cows, but the cultural detection of C. hyointestinalis is not always
ensured based on the fact that this species is not known to be thermotolerant and higher detec-
tion levels would occur after enrichment at 37°C compared with direct culture [84]. Still, the
Campylobacter species C. hyointestinalis and C. jejuni are predominantly found in dairy cows
[59, 62]. Accordingly, in the meta-analysis with the multilevel mixed-effect model C. hyointes-
tinalis and C. jejuni had a significant impact on the pooled prevalence estimate (S4 Fig).

Repeated samplings are needed in order to examine whether the prevalence and concentra-
tion of Campylobacter in faeces of dairy cows follow a seasonal pattern. In total 14 studies have
taken repeated samples according to season in temperate regions and made data available in
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their publication. Anyway, this were not enough data for subgroup analysis on the aggregated
sample and only the multilevel mixed-effect model could be used to analyse the effect of sea-
sons on the pooled prevalence estimate (S5 Fig). The results from the multilevel mixed-effect
model showed no significant effect of seasons on the pooled prevalence estimate which was
contrary to results reported by other studies [1, 34, 85]. Seasonal changes in Campylobacter
concentration in cow faeces were expected based on the observations that the occurrence of
Campylobacter in the faeces of food-producing animals has been shown to be subject to sea-
sonal changes [3, 86] and that every year a seasonal increase in Campylobacter infections is
recorded in the warmer months [85, 87, 88]. It has been shown that Campylobacter has a char-
acteristic seasonality with a sharp increase of cases in the summer and a smaller but distinct
winter peak [1]. Additionally, a distinct peak in the Campylobacter concentration in cow faeces
in either winter or summer has been reported [89]. However, a bimodal trend with faecal
extraction in spring and autumn has also been observed [34].

Strengths and limitations of the study

This systematic review demonstrates the important data gaps for the meta-analysis of the prev-
alence and concentration of Campylobacter in cow’s faeces. The major hurdle in evaluating
prevalence data for Campylobacter spp. in faeces of dairy cows from the literature was that the
data were often made available only in an aggregated state (e.g. average per subgroup). Other
identified data gaps were related to the missing metadata regarding the description of the pop-
ulation under study (e.g. age class and health status), the sampling conditions (e.g. season) or
the methodology used (e.g. faecal collection method and the use of ISO methods for Campylo-
bacter detection). Thus, meta-analysis and evaluation using the specific subgroups was signifi-
cantly limited. A further limitation was based on the high heterogeneity between studies,
which made an estimation of the prevalence difficult. This high heterogeneity was most likely
based on the high degree of variability between studies in populations under study, sampling
conditions, methodology and so on. In addition, heterogeneity was likely also affected by data
aggregation and missing metadata.

Future studies should therefore consider publishing raw data in non-aggregated state in
order to provide better re-usability of data and to move towards the Findability, Accessibility,
Interoperability, and Reuse (FAIR) data principles for scientific data [90]. Moreover, we are
suggesting that authors of future studies carefully consider which metadata to collect and
report in their publications to further support re-usability.

In addition, we highlighted the importance of analysing the prevalence and concentration
of Campylobacter in food-producing animals at farm levels in order to better understand and
estimate potential cross-contamination mechanisms along the food chain. Specifically concen-
tration data (including mean and standard deviation) are an important input for QMRAs and
this review and meta-analysis emphasizes the need for more studies that collect concentration
data for Campylobacter in dairy cow faeces.

Nevertheless, the analysis of the extracted prevalence data presented in this study is consid-
ered a valuable basis for the further development of QMRAs and different risk mitigation strat-
egies along the raw milk supply chain for Campylobacter spp. in (raw) milk and food products
thereof.

Supporting information

S1 Checklist. PRISMA checklist.
(DOC)

PLOS ONE | https://doi.org/10.1371/journal.pone.0276018 October 14, 2022 13/19


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276018.s001
https://doi.org/10.1371/journal.pone.0276018

PLOS ONE

Meta-analysis Campylobacter

S1 Fig. Heterogeneity. (A) Heterogeneity in the multilevel model, (B) Heterogeneity in the

multilevel mixed effects model.
(TIF)

S2 Fig. Bubbleplot.
(TIF)

S3 Fig. Forest plot RoB.
(TIF)

S4 Fig. Forest plot species.
(TIF)

S5 Fig. Forest plot season.
(TIF)

S1 Table. Extraction table.
(XLSX)

S2 Table. Risk of bias.
(XLSX)

Author Contributions
Conceptualization: Anna-Delia Knipper, Tasja Crease.

Data curation: Anna-Delia Knipper, Tasja Crease.

Formal analysis: Anna-Delia Knipper, Narges Ghoreishi, Tasja Crease.

Investigation: Anna-Delia Knipper, Tasja Crease.

Methodology: Anna-Delia Knipper, Narges Ghoreishi, Tasja Crease.

Project administration: Tasja Crease.

Supervision: Tasja Crease.

Visualization: Anna-Delia Knipper, Narges Ghoreishi, Tasja Crease.

Writing - original draft: Anna-Delia Knipper, Tasja Crease.

Writing - review & editing: Anna-Delia Knipper, Narges Ghoreishi, Tasja Crease.

References

1. EFSA. The European Union One Health 2020 Zoonoses Report. EFSA J. 2021; 19(12):e06971. https:/

doi.org/10.2903/j.efsa.2021.6971

2. Keithlin J, Sargeant J, Thomas MK, Fazil A. Systematic review and meta-analysis of the proportion of

Campylobacter cases that develop chronic sequelae. BMC Public Health. 2014; 14(1):1203. https://doi.
org/10.1186/1471-2458-14-1203 PMID: 25416162

EFSA. Panel on Biological Hazards (BIOHAZ). Scientific opinion on Campylobacterin broiler meat pro-
duction: Control options and performance objectives and/or targets at different stages of the food chain.
EFSA J. 2011; 9(2105). https://doi.org/10.2903/j.efsa.2011.2105

Rosner BM, Schielke A, Didelot X, Kops F, Breidenbach J, Willrich N, et al. A combined case-control
and molecular source attribution study of human Campylobacterinfections in Germany, 2011-2014.
Sci Rep. 2017; 7(1):5139. https://doi.org/10.1038/s41598-017-05227-x PMID: 28698561

Kaakoush NO, Castafio-Rodriguez N, Mitchell HM, Man SM. Global Epidemiology of Campylobacter
Infection. Clin Microbiol Rev. 2015; 28(3):687—-720. https://doi.org/10.1128/CMR.00006-15 PMID:
26062576

PLOS ONE | https://doi.org/10.1371/journal.pone.0276018 October 14, 2022 14/19


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276018.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276018.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276018.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276018.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276018.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276018.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0276018.s008
https://doi.org/10.2903/j.efsa.2021.6971
https://doi.org/10.2903/j.efsa.2021.6971
https://doi.org/10.1186/1471-2458-14-1203
https://doi.org/10.1186/1471-2458-14-1203
http://www.ncbi.nlm.nih.gov/pubmed/25416162
https://doi.org/10.2903/j.efsa.2011.2105
https://doi.org/10.1038/s41598-017-05227-x
http://www.ncbi.nlm.nih.gov/pubmed/28698561
https://doi.org/10.1128/CMR.00006-15
http://www.ncbi.nlm.nih.gov/pubmed/26062576
https://doi.org/10.1371/journal.pone.0276018

PLOS ONE

Meta-analysis Campylobacter

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21,

22,

23.

24,

25.

26.

Mughini-Gras L, Penny C, Ragimbeau C, Schets FM, Blaak H, Duim B, et al. Quantifying potential
sources of surface water contamination with Campylobacter jejuni and Campylobacter coli. Water Res.
2016; 101:36—45. https://doi.org/10.1016/j.watres.2016.05.069 PMID: 27244295

Claeys WL, Cardoen S, Daube G, De Block J, Dewettinck K, Dierick K, et al. Raw or heated cow milk
consumption: Review of risks and benefits. Food Control. 2013; 31(1):251-62. https://doi.org/10.1016/j.
foodcont.2012.09.035

Heuvelink AE, van Heerwaarden C, Zwartkruis-Nahuis A, Tilburg JJHC, Bos MH, Heilmann FGC, et al.
Two outbreaks of campylobacteriosis associated with the consumption of raw cows’ milk. Int J Food
Microbiol. 2009; 134(1):70—4. https://doi.org/10.1016/}.ijfoodmicro.2008.12.026 PMID: 19167125

Schildt M, Savolainen S, HANninen ML. Long-lasting Campylobacter jejuni contamination of milk asso-
ciated with gastrointestinal illness in a farming family. Epidemiol Infect. 2006; 134(2):401-5. Epub 2005/
09/05. https://doi.org/10.1017/S0950268805005029 PMID: 16490146

Taylor EV, Herman KM, Ailes EC, Fitzgerald C, Yoder JS, Mahon BE, et al. Common source outbreaks
of Campylobacterinfection in the USA, 1997-2008. Epidemiol Infect. 2013; 141(5):987-96. Epub 2012/
08/16. https://doi.org/10.1017/s0950268812001744 PMID: 22892294,

Oliver SP, Boor KJ, Murphy SC, Murinda SE. Food safety hazards associated with consumption of raw
milk. Foodborne Pathog Dis. 2009; 6(7):793-806. Epub 2009/09/10. https://doi.org/10.1089/fpd.2009.
0302 PMID: 19737059.

Bohnlein C, Fiedler G, Loop J, Franz C, Kabisch J. Microbiological quality and safety of raw milk from
direct sale in northern Germany. Int Dairy J. 2020; 114:104944. https://doi.org/10.1016/j.idairyj.2020.
104944

Giacometti F, Bonilauri P, Serraino A, Peli A, Amatiste S, Arrigoni N, et al. Four-Year Monitoring of
Foodborne Pathogens in Raw Milk Sold by Vending Machines in Italy. J Food Prot. 2013; 76(11):1902—
7. https://doi.org/10.4315/0362-028X.JFP-13-213 PMID: 24215694

Giacometti F, Serraino A, Bonilauri P, Ostanello F, Daminelli P, Finazzi G, et al. Quantitative Risk
Assessment of Verocytotoxin-Producing Escherichia coliO157 and Campylobacter jejuni Related to
Consumption of Raw Milk in a Province in Northern ltaly. J Food Prot. 2012; 75(11):2031-8. https://doi.
org/10.4315/0362-028x.Jfp-12-163 PMID: 23127713

Bianchini V, Borella L, Benedetti V, Parisi A, Miccolupo A, Santoro E, et al. Prevalence in Bulk Tank
Milk and Epidemiology of Campylobacter jejuniin Dairy Herds in Northern Italy. Appl Environ Microbiol.
2014; 80(6):1832-7. https://doi.org/10.1128/aem.03784-13 PMID: 24413598

Del Collo LP, Karns JS, Biswas D, Lombard JE, Haley BJ, Kristensen RC, et al. Prevalence, antimicro-
bial resistance, and molecular characterization of Campylobacter spp. in bulk tank milk and milk filters
from US dairies. J Dairy Sci. 2017; 100(5):3470-9. https://doi.org/10.3168/jds.2016-12084 PMID:
28237599

Modi S, Brahmbhatt MN, Chatur YA, Nayak JB. Prevalence of Campylobacter species in milk and milk
products, their virulence gene profile and antibiogram. Vet World. 2015; 8(1):1-8. Epub 2015/01/01.
PMID: 27046986

Anonymous. Microbiological Risk Assessment of Raw Cow Milk. Food Standards Australia New Zea-
land. 2009.

Giacometti F, Bonilauri P, Albonetti S, Amatiste S, Arrigoni N, Bianchi M, et al. Quantitative Risk
Assessment of Human Salmonellosis and Listeriosis Related to the Consumption of Raw Milk in Italy. J
Food Prot. 2015; 78(1):13-21. https://doi.org/10.4315/0362-028X.JFP-14-171 PMID: 25581173

FAO/WHO. Codex Alimentarius Comission Procedural Manual. 2013;21st ed. Rome.

Cummins E, Hospido A, Van Impe JFM. Quantitative tools for sustainable food and energy in the food
chain. Food Res Int. 2019; 115:126—7. Epub 2019/01/03. https://doi.org/10.1016/j.foodres.2018.08.026
PMID: 30599923.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Systematic Reviews.
2015; 4(1):1. https://doi.org/10.1186/2046-4053-4-1 PMID: 25554246

Lipscomb CE. Medical Subject Headings (MeSH). Bull Med Libr Assoc. 2000; 88(3):265—6. PMID:
10928714.

Ouzzani M, Hammady H, Fedorowicz Z, EImagarmid A. Rayyan—a web and mobile app for systematic
reviews. Systematic Reviews. 2016; 5(1):210. hitps://doi.org/10.1186/s13643-016-0384-4 PMID:
27919275

Hooijmans CR, Rovers MM, de Vries RB, Leenaars M, Ritskes-Hoitinga M, Langendam MW. SYR-
CLE’s risk of bias tool for animal studies. BMC Med Res Methodol. 2014; 14:43. Epub 2014/03/29.
https://doi.org/10.1186/1471-2288-14-43 PMID: 24667063

CAMARADES Berlin Q-BC. Preclinical Systematic Reviews & Meta-Analysis Wiki. May, 2022.

PLOS ONE | https://doi.org/10.1371/journal.pone.0276018 October 14, 2022 15/19


https://doi.org/10.1016/j.watres.2016.05.069
http://www.ncbi.nlm.nih.gov/pubmed/27244295
https://doi.org/10.1016/j.foodcont.2012.09.035
https://doi.org/10.1016/j.foodcont.2012.09.035
https://doi.org/10.1016/j.ijfoodmicro.2008.12.026
http://www.ncbi.nlm.nih.gov/pubmed/19167125
https://doi.org/10.1017/S0950268805005029
http://www.ncbi.nlm.nih.gov/pubmed/16490146
https://doi.org/10.1017/s0950268812001744
http://www.ncbi.nlm.nih.gov/pubmed/22892294
https://doi.org/10.1089/fpd.2009.0302
https://doi.org/10.1089/fpd.2009.0302
http://www.ncbi.nlm.nih.gov/pubmed/19737059
https://doi.org/10.1016/j.idairyj.2020.104944
https://doi.org/10.1016/j.idairyj.2020.104944
https://doi.org/10.4315/0362-028X.JFP-13-213
http://www.ncbi.nlm.nih.gov/pubmed/24215694
https://doi.org/10.4315/0362-028x.Jfp-12-163
https://doi.org/10.4315/0362-028x.Jfp-12-163
http://www.ncbi.nlm.nih.gov/pubmed/23127713
https://doi.org/10.1128/aem.03784-13
http://www.ncbi.nlm.nih.gov/pubmed/24413598
https://doi.org/10.3168/jds.2016-12084
http://www.ncbi.nlm.nih.gov/pubmed/28237599
http://www.ncbi.nlm.nih.gov/pubmed/27046986
https://doi.org/10.4315/0362-028X.JFP-14-171
http://www.ncbi.nlm.nih.gov/pubmed/25581173
https://doi.org/10.1016/j.foodres.2018.08.026
http://www.ncbi.nlm.nih.gov/pubmed/30599923
https://doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/25554246
http://www.ncbi.nlm.nih.gov/pubmed/10928714
https://doi.org/10.1186/s13643-016-0384-4
http://www.ncbi.nlm.nih.gov/pubmed/27919275
https://doi.org/10.1186/1471-2288-14-43
http://www.ncbi.nlm.nih.gov/pubmed/24667063
https://doi.org/10.1371/journal.pone.0276018

PLOS ONE

Meta-analysis Campylobacter

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

43.

44,

45.

Sterne JA, Hernan MA, Reeves BC, Savovi¢ J, Berkman ND, Viswanathan M, et al. ROBINS-I: a tool
for assessing risk of bias in non-randomised studies of interventions. Bmj. 2016; 355:i4919. Epub 2016/
10/14. https://doi.org/10.1136/bm)j.i4919 PMID: 27733354.

Barker TH, Migliavaca CB, Stein C, Colpani V, Falavigna M, Aromataris E, et al. Conducting propor-
tional meta-analysis in different types of systematic reviews: a guide for synthesisers of evidence. BMC
Medical Research Methodology. 2021; 21(1):189. https://doi.org/10.1186/s12874-021-01381-z PMID:
34544368

R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. 2020.

Balduzzi S, Rucker G, Schwarzer G. How to perform a meta-analysis with R: a practical tutorial. Evid
Based Ment Health. 2019; 22(4):153-60. Epub 2019/09/30. https://doi.org/10.1136/ebmental-2019-
300117 PMID: 31563865.

Viechtbauer W. Conducting Meta-Analyses in R with the metafor Package. Journal of Statistical Soft-
ware. 2010; 36(3):1-48. https://doi.org/10.18637/jss.v036.i03

Moriarty EM, Sinton LW, Mackenzie ML, Karki N, Wood DR. A survey of enteric bacteria and protozo-
ans in fresh bovine faeces on New Zealand dairy farms. J Appl Microbiol. 2008; 105(6):2015-25. Epub
2008/11/20. https://doi.org/10.1111/j.1365-2672.2008.03939.x PMID: 19016977.

Rapp D, Ross CM, Cave V, Muirhead RW. Prevalence, concentration and genotypes of Campylobacter
Jjejuniin faeces from dairy herds managed in farm systems with or without housing. J Appl Microbiol.
2014; 116(4):1035-43. https://doi.org/10.1111/jam.12425 PMID: 24372778

Stanley KN, Wallace JS, Currie JE, Diggle PJ, Jones K. The seasonal variation of thermophilic Cam-
pylobacters in beef cattle, dairy cattle and calves. J Appl Microbiol. 1998; 85(3):472—80. Epub 1998/09/
29. https://doi.org/10.1046/j.1365-2672.1998.853511.x PMID: 9750278.

Rapp D, Ross CM, Pleydell EJ, Muirhead RW. Differences in the fecal concentrations and genetic diver-
sities of Campylobacter jejuni populations among individual cows in two dairy herds. Appl Environ
Microbiol. 2012; 78(21):7564—71. Epub 2012/08/17. https://doi.org/10.1128/AEM.01783-12 PMID:
22904055.

Nielsen EM. Occurrence and strain diversity of thermophilic Campylobacters in cattle of different age
groups in dairy herds. Lett Appl Microbiol. 2002; 35(1):85-9. Epub 2002/06/26. https://doi.org/10.1046/
j.1472-765x.2002.01143.x PMID: 12081556.

Ramonaité S, Rokaityté A, Tamuleviciené E, Malakauskas A, Alter T, Malakauskas M. Prevalence,
quantitative load and genetic diversity of Campylobacter spp. in dairy cattle herds in Lithuania. Acta Vet
Scand. 2013; 55(1):87. Epub 2013/12/07. https://doi.org/10.1186/1751-0147-55-87 PMID: 24304521

Waterman SC, Park RW, Bramley AJ. A search for the source of Campylobacter jejuniin milk. J Hyg
(Lond). 1984; 93(2):333—7. Epub 1984/10/01. https://doi.org/10.1017/s0022172400064871 PMID:
6501879

Rodrigues Silveira D, Kaefer K, Camargo Porto R, Deboni Cereser N, Gonzalez de Lima H, Dias Timm
C. Campylobacter sp. IN DAIRY COWS FROM SOUTHERN BRAZIL. Campylobacter sp em vacas lei-
teiras do Sul do Brasil. 2021; 26(1):1-10. PMID: 149601355.

Adesiyun AA, Webb LA, Romain H, Kaminjolo JS. Prevalence of Salmonella, Listeria monocytogenes,
Campylobacter spp., Yersinia enterocolitica and Cryptosporidium spp. in bulk milk, cows’ faeces and
effluents of dairy farms in Trinidad. Rev Elev Med Vet Pays Trop. 1996; 49(4):303—-9. Epub 1996/01/01.
PMID: 9239938.

McAuley CM, McMillan K, Moore SC, Fegan N, Fox EM. Prevalence and characterization of foodborne
pathogens from Australian dairy farm environments. J Dairy Sci. 2014; 97(12):7402—-12. Epub 2014/10/
06. https://doi.org/10.3168/jds.2014-8735 PMID: 25282417.

Duncan JS, Leatherbarrow AJ, French NP, Grove-White DH. Temporal and farm-management-associ-
ated variation in faecal-pat prevalence of Campylobacter fetus in sheep and cattle. Epidemiol Infect.
2014; 142(6):1196—-204. Epub 2013/09/27. https://doi.org/10.1017/s0950268813002379 PMID:
24067441.

Acha SJ, Kihn |, Jonsson P, Mbazima G, Katouli M, Méllby R. Studies on calf diarrhoea in Mozam-
bique: prevalence of bacterial pathogens. Acta Vet Scand. 2004; 45(1-2):27—-36. Epub 2004/11/13.
https://doi.org/10.1186/1751-0147-45-27 PMID: 15535084

Messelhausser U, Beck H, Gallien P, Schalch B, Busch U. Presence of Shiga Toxin-producing Escheri-
chia coli and thermophilic Campylobacter spp. in cattle, food and water sources on Alpine pastures in
Bavaria. Arch Lebensmhyg. 2008; 59(3):103—6. https://doi.org/10.2376/0003-925X-59-103

Waltner-Toews D, Martin SW, Meek AH. An epidemiological study of selected calf pathogens on Hol-
stein dairy farms in southwestern Ontario. Can J Vet Res. 1986; 50(3):307—13. Epub 1986/07/01.
PMID: 3017528

PLOS ONE | https://doi.org/10.1371/journal.pone.0276018 October 14, 2022 16/19


https://doi.org/10.1136/bmj.i4919
http://www.ncbi.nlm.nih.gov/pubmed/27733354
https://doi.org/10.1186/s12874-021-01381-z
http://www.ncbi.nlm.nih.gov/pubmed/34544368
https://doi.org/10.1136/ebmental-2019-300117
https://doi.org/10.1136/ebmental-2019-300117
http://www.ncbi.nlm.nih.gov/pubmed/31563865
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1111/j.1365-2672.2008.03939.x
http://www.ncbi.nlm.nih.gov/pubmed/19016977
https://doi.org/10.1111/jam.12425
http://www.ncbi.nlm.nih.gov/pubmed/24372778
https://doi.org/10.1046/j.1365-2672.1998.853511.x
http://www.ncbi.nlm.nih.gov/pubmed/9750278
https://doi.org/10.1128/AEM.01783-12
http://www.ncbi.nlm.nih.gov/pubmed/22904055
https://doi.org/10.1046/j.1472-765x.2002.01143.x
https://doi.org/10.1046/j.1472-765x.2002.01143.x
http://www.ncbi.nlm.nih.gov/pubmed/12081556
https://doi.org/10.1186/1751-0147-55-87
http://www.ncbi.nlm.nih.gov/pubmed/24304521
https://doi.org/10.1017/s0022172400064871
http://www.ncbi.nlm.nih.gov/pubmed/6501879
http://www.ncbi.nlm.nih.gov/pubmed/149601355
http://www.ncbi.nlm.nih.gov/pubmed/9239938
https://doi.org/10.3168/jds.2014-8735
http://www.ncbi.nlm.nih.gov/pubmed/25282417
https://doi.org/10.1017/s0950268813002379
http://www.ncbi.nlm.nih.gov/pubmed/24067441
https://doi.org/10.1186/1751-0147-45-27
http://www.ncbi.nlm.nih.gov/pubmed/15535084
https://doi.org/10.2376/0003-925X-59-103
http://www.ncbi.nlm.nih.gov/pubmed/3017528
https://doi.org/10.1371/journal.pone.0276018

PLOS ONE

Meta-analysis Campylobacter

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Padungtod P, Kaneene JB. Campylobacterin food animals and humans in northern Thailand. J Food
Prot. 2005; 68(12):2519-26. Epub 2005/12/17. https://doi.org/10.4315/0362-028x-68.12.2519 PMID:
16355821.

Klein D, Alispahic M, Sofka D, Iwersen M, Drillich M, Hilbert F. Prevalence and risk factors for shedding
of thermophilic Campylobacterin calves with and without diarrhea in Austrian dairy herds. J Dairy Sci.
2013; 96(2):1203-10. Epub 2012/12/25. https://doi.org/10.3168/jds.2012-5987 PMID: 23261381.

Roug A, Byrne BA, Conrad PA, Miller WA. Zoonotic fecal pathogens and antimicrobial resistance in
county fair animals. Comp Immunol Microbiol Infect Dis. 2013; 36(3):303—-8. Epub 2012/12/25. https://
doi.org/10.1016/j.cimid.2012.11.006 PMID: 23260373.

Adesiyun AA, Kaminjolo JS, Loregnard R, Kitson-Piggott W. Campylobacter infections in calves, pig-
lets, lambs and kids in Trinidad. Br Vet J. 1992; 148(6):547-56. Epub 1992/11/01. https://doi.org/10.
1016/0007-1935(92)90011-0 PMID: 1467924.

Baserisalehi M, Bahador N, Kapadnis BP. Isolation and characterization of Campylobacter spp. from
domestic animals and poultry in south of Iran. Pak J Biol Sci. 2007; 10(9):1519-24. Epub 2007/05/01.
https://doi.org/10.3923/pjbs.2007.1519.1524 PMID: 19069968.

Dong HJ, Kim W, An JU, Kim J, Cho S. The Fecal Microbial Communities of Dairy Cattle Shedding
Shiga Toxin-Producing Escherichia colior Campylobacter jejuni. Foodborne Pathog Dis. 2016; 13
(9):502-8. Epub 2016/07/08. https://doi.org/10.1089/fpd.2016.2121 PMID: 27385033.

Sato K, Bartlett PC, Kaneene JB, Downes FP. Comparison of Prevalence and Antimicrobial Susceptibil-
ities of Campylobacter spp. Isolates from Organic and Conventional Dairy Herds in Wisconsin. Appl
Environ Microbiol. 2004; 70(3):1442-7.

Hoque N, Islam SKS, Uddin MN, Arif M, Haque A, Neogi SB, et al. Prevalence, Risk Factors, and Molec-
ular Detection of Campylobacterin Farmed Cattle of Selected Districts in Bangladesh. Pathogens.
2021; 10(3). Epub 2021/04/04. https://doi.org/10.3390/pathogens10030313 PMID: 33800065

Hagey JV, Bhatnagar S, Heguy JM, Karle BM, Price PL, Meyer D, et al. Fecal Microbial Communities in
a Large Representative Cohort of California Dairy Cows. Front Microbiol. 2019; 10:1093. Epub 2019/
06/04. https://doi.org/10.3389/fmicb.2019.01093 PMID: 31156599

Khalifa NO, Radwan MEI, Sobhy M. Molecular study of Campylobacter jejuniisolated from chicken,
dairy cattle and human to determine their zoonotic importance. Global Veterinaria. 2013; 10(3):332—6.
https://doi.org/10.5829/idosi.gv.2013.10.3.71200

Kashoma IP, Kassem I, Kumar A, Kessy BM, Gebreyes W, Kazwala RR, et al. Antimicrobial Resis-
tance and Genotypic Diversity of Campylobacter Isolated from Pigs, Dairy, and Beef Cattle in Tanzania.
Front Microbiol. 2015; 6:1240. Epub 2015/12/01. https://doi.org/10.3389/fmicb.2015.01240 PMID:
26617582

Kwan PSL, Birtles A, Bolton FJ, French NP, Robinson SE, Newbold LS, et al. Longitudinal study of the
molecular epidemiology of Campylobacter jejuniin cattle on dairy farms. Appl Environ Microbiol. 2008;
74(12):3626-33. https://doi.org/10.1128/AEM.01669-07 PMID: 18424539

Grinberg A, Pomroy WE, Weston JF, Ayanegui-Alcerreca A, Knight D. The occurrence of Cryptosporid-
ium parvum, Campylobacterand Salmonellain newborn dairy calves in the Manawatu region of New
Zealand. N Z Vet J. 2005; 53(5):315-20. Epub 2005/10/13. https://doi.org/10.1080/00480169.2005.
36566 PMID: 16220123.

Atabay HI, Corry JEL, On SLW. Isolation and characterization of a novel catalase-negative, urease-pos-
itive Campylobacterfrom cattle faeces. Lett Appl Microbiol. 1997; 24(1):59-64. https://doi.org/10.1046/
j.1472-765X.1997.00347.x PMID: 9024006

Sanad YM, Closs G Jr, Kumar A, LeJeune JT, Rajashekara G. Molecular epidemiology and public
health relevance of Campylobacterisolated from dairy cattle and European starlings in Ohio, USA.
Foodborne Pathog Dis. 2013; 10(3):229-36. https://doi.org/10.1089/fpd.2012.1293 PMID: 23259503

Acik MN, Cetinkaya B. The heterogeneity of Campylobacter jejuniand Campylobacter coli strains iso-
lated from healthy cattle. Lett Appl Microbiol. 2005; 41(5):397—403. https://doi.org/10.1111/j.1472-
765X.2005.01780.x PMID: 16238642

Hakkinen M, Hanninen ML. Shedding of Campylobacter spp. in Finnish cattle on dairy farms. J Appl
Microbiol. 2009; 107(3):898-905. https://doi.org/10.1111/}.1365-2672.2009.04269.x PMID: 19486409

Englen MD, Hill AE, Dargatz DA, Ladely SR, Fedorka-Cray PJ. Prevalence and antimicrobial resistance
of Campylobacterin US dairy cattle. J Appl Microbiol. 2007; 102(6):1570-7. https://doi.org/10.1111/j.
1365-2672.2006.03189.x PMID: 17578422

Adhikari B, Connolly JH, Madie P, Davies PR. Prevalence and clonal diversity of Campylobacter jejuni
from dairy farms and urban sources. N Z Vet J. 2004; 52(6):378-83. Epub 2005/03/16. https://doi.org/
10.1080/00480169.2004.36455 PMID: 15768139.

PLOS ONE | https://doi.org/10.1371/journal.pone.0276018 October 14, 2022 17/19


https://doi.org/10.4315/0362-028x-68.12.2519
http://www.ncbi.nlm.nih.gov/pubmed/16355821
https://doi.org/10.3168/jds.2012-5987
http://www.ncbi.nlm.nih.gov/pubmed/23261381
https://doi.org/10.1016/j.cimid.2012.11.006
https://doi.org/10.1016/j.cimid.2012.11.006
http://www.ncbi.nlm.nih.gov/pubmed/23260373
https://doi.org/10.1016/0007-1935%2892%2990011-o
https://doi.org/10.1016/0007-1935%2892%2990011-o
http://www.ncbi.nlm.nih.gov/pubmed/1467924
https://doi.org/10.3923/pjbs.2007.1519.1524
http://www.ncbi.nlm.nih.gov/pubmed/19069968
https://doi.org/10.1089/fpd.2016.2121
http://www.ncbi.nlm.nih.gov/pubmed/27385033
https://doi.org/10.3390/pathogens10030313
http://www.ncbi.nlm.nih.gov/pubmed/33800065
https://doi.org/10.3389/fmicb.2019.01093
http://www.ncbi.nlm.nih.gov/pubmed/31156599
https://doi.org/10.5829/idosi.gv.2013.10.3.71200
https://doi.org/10.3389/fmicb.2015.01240
http://www.ncbi.nlm.nih.gov/pubmed/26617582
https://doi.org/10.1128/AEM.01669-07
http://www.ncbi.nlm.nih.gov/pubmed/18424539
https://doi.org/10.1080/00480169.2005.36566
https://doi.org/10.1080/00480169.2005.36566
http://www.ncbi.nlm.nih.gov/pubmed/16220123
https://doi.org/10.1046/j.1472-765X.1997.00347.x
https://doi.org/10.1046/j.1472-765X.1997.00347.x
http://www.ncbi.nlm.nih.gov/pubmed/9024006
https://doi.org/10.1089/fpd.2012.1293
http://www.ncbi.nlm.nih.gov/pubmed/23259503
https://doi.org/10.1111/j.1472-765X.2005.01780.x
https://doi.org/10.1111/j.1472-765X.2005.01780.x
http://www.ncbi.nlm.nih.gov/pubmed/16238642
https://doi.org/10.1111/j.1365-2672.2009.04269.x
http://www.ncbi.nlm.nih.gov/pubmed/19486409
https://doi.org/10.1111/j.1365-2672.2006.03189.x
https://doi.org/10.1111/j.1365-2672.2006.03189.x
http://www.ncbi.nlm.nih.gov/pubmed/17578422
https://doi.org/10.1080/00480169.2004.36455
https://doi.org/10.1080/00480169.2004.36455
http://www.ncbi.nlm.nih.gov/pubmed/15768139
https://doi.org/10.1371/journal.pone.0276018

PLOS ONE

Meta-analysis Campylobacter

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Rapp D, Ross C, Hea S-Y, Brightwell G. Importance of the Farm Environment and Wildlife for Transmis-
sion of Campylobacter jejuniin A Pasture-Based Dairy Herd. Microorganisms. 2020; 8(12):1877.
https://doi.org/10.3390/microorganisms8121877 PMID: 33260888.

Cha W, Mosci RE, Wengert SL, Vargas CV, Rust SR, Bartlett PC, et al. Comparing the genetic diversity
and antimicrobial resistance profiles of Campylobacter jejuni recovered from cattle and humans. Front
Microbiol. 2017; 8(MAY). https://doi.org/10.3389/fmicb.2017.00818 PMID: 28536568

Giacoboni Gl, Itoh K, Hirayama K, Takahashi E, Mitsuoka T. Comparison of fecal Campylobacterin
calves and cattle of different ages and areas in Japan. J Vet Med Sci. 1993; 55(4):555-9. https://doi.
org/10.1292/jvms.55.555 PMID: 8399732

Teunis PFM, Bonaci¢ Marinovi¢ A, Tribble DR, Porter CK, Swart A. Acute illness from Campylobacter
jejunimay require high doses while infection occurs at low doses. Epidemics. 2018; 24:1-20. Epub
2018/02/20. https://doi.org/10.1016/j.epidem.2018.02.001 PMID: 29456072.

10272—-1:2017 1. Microbiology of the food chain—horizontal method for detection and enumeration of
Campylobacter spp.—part 1: detection method.

10272-2:2017 1. Microbiology of the food chain—horizontal method for detection and enumeration of
Campylobacter spp.—part 2: colony-count technique.

Doyle MP, Roman DJ. Growth and Survival of Campylobacter fetus subsp. jejunias a Function of Tem-
perature and pH. J Food Prot. 1981; 44(8):596-601. Epub 1981/08/01. https://doi.org/10.4315/0362-
028x-44.8.596 PMID: 30836532.

Kim S-H, Chelliah R, Ramakrishnan SR, Perumal AS, Bang W-S, Rubab M, et al. Review on Stress Tol-
erance in Campylobacter jejuni. Front Cell Infect Microbiol. 2021; 10. https://doi.org/10.3389/fcimb.
2020.596570 PMID: 33614524

Hoar BR, Atwill ER, EImi C, Utterback WW, Edmondson AJ. Comparison of fecal samples collected per
rectum and off the ground for estimation of environmental contamination attributable to beef cattle. Am
J Vet Res. 1999; 60(11):1352—-6. PMID: 10566807

Samarth DP, Kwon YM. Horizontal genetic exchange of chromosomally encoded markers between
Campylobacter jejuni cells. PLoS One. 2020; 15(10):e0241058. Epub 2020/10/27. https://doi.org/10.
1371/journal.pone.0241058 PMID: 33104745

Aksomaitiene J, Novoslavskij A, Kudirkiene E, Gabinaitiene A, Malakauskas M. Whole Genome
Sequence-Based Prediction of Resistance Determinants in High-Level Multidrug-Resistant Campylo-
bacter jejunilsolates in Lithuania. Microorganisms. 2021; 9(1):66. https://doi.org/10.3390/
microorganisms9010066 PMID: 33383765

Chu HY, Sprouffske K, Wagner A. Assessing the benefits of horizontal gene transfer by laboratory evo-
lution and genome sequencing. BMC Evolutionary Biology. 2018; 18(1):54. https://doi.org/10.1186/
$12862-018-1164-7 PMID: 29673327

Crofts AA, Poly FM, Ewing CP, Kuroiwa JM, Rimmer JE, Harro C, et al. Campylobacter jejuni transcrip-
tional and genetic adaptation during human infection. Nature Microbiology. 2018; 3(4):494-502. https://
doi.org/10.1038/s41564-018-0133-7 PMID: 29588538

Baffone W, Casaroli A, Citterio B, Pierfelici L, Campana R, Vittoria E, et al. Campylobacter jejuniloss of
culturability in aqueous microcosms and ability to resuscitate in a mouse model. Int J Food Microbiol.
2006; 107(1):83-91. https://doi.org/10.1016/j.ijffoodmicro.2005.08.015 PMID: 16290304

Hansson |, Olsson Engvall E, Ferrari S, Harbom B, Lahti E. Detection of Campylobacter species in dif-
ferent types of samples from dairy farms. Veterinary Record. 2020; 186(18):605-. https://doi.org/10.
1136/vr.105610 PMID: 31727852

EFSA. The European Union One Health 2019 Zoonoses Report. EFSA J. 2021; 19(2). https://doi.org/
10.2903/j.efsa.2021.6406 PMID: 33680134

Edmonds P, Patton CM, Griffin PM, Barrett TJ, Schmid GP, Baker CN, et al. Campylobacter hyointesti-
nalis associated with human gastrointestinal disease in the United States. J Clin Microbiol. 1987; 25
(4):685—-91. PMID: 3571477.

Kim DK, Hong SK, Kim M, Ahn JY, Yong D, Lee K. Campylobacter hyointestinalis isolated from a
human stool specimen. Ann Lab Med. 2015; 35(6):657-9. https://doi.org/10.3343/alm.2015.35.6.657
PMID: 26354359.

Corry JE, Post DE, Colin P, Laisney MJ. Culture media for the isolation of campylobacters. Int J Food
Microbiol. 1995; 26(1):43—76. Epub 1995/06/01. https://doi.org/10.1016/0168-1605(95)00044-k PMID:
7662519.

Hakkinen M, Heiska H, Hanninen ML. Prevalence of Campylobacter spp. in cattle in Finland and antimi-
crobial susceptibilities of bovine Campylobacter jejuni strains. Appl Environ Microbiol. 2007; 73
(10):3232—8. Epub 2007/03/21. https://doi.org/10.1128/aem.02579-06 PMID: 17369335

PLOS ONE | https://doi.org/10.1371/journal.pone.0276018 October 14, 2022 18/19


https://doi.org/10.3390/microorganisms8121877
http://www.ncbi.nlm.nih.gov/pubmed/33260888
https://doi.org/10.3389/fmicb.2017.00818
http://www.ncbi.nlm.nih.gov/pubmed/28536568
https://doi.org/10.1292/jvms.55.555
https://doi.org/10.1292/jvms.55.555
http://www.ncbi.nlm.nih.gov/pubmed/8399732
https://doi.org/10.1016/j.epidem.2018.02.001
http://www.ncbi.nlm.nih.gov/pubmed/29456072
https://doi.org/10.4315/0362-028x-44.8.596
https://doi.org/10.4315/0362-028x-44.8.596
http://www.ncbi.nlm.nih.gov/pubmed/30836532
https://doi.org/10.3389/fcimb.2020.596570
https://doi.org/10.3389/fcimb.2020.596570
http://www.ncbi.nlm.nih.gov/pubmed/33614524
http://www.ncbi.nlm.nih.gov/pubmed/10566807
https://doi.org/10.1371/journal.pone.0241058
https://doi.org/10.1371/journal.pone.0241058
http://www.ncbi.nlm.nih.gov/pubmed/33104745
https://doi.org/10.3390/microorganisms9010066
https://doi.org/10.3390/microorganisms9010066
http://www.ncbi.nlm.nih.gov/pubmed/33383765
https://doi.org/10.1186/s12862-018-1164-7
https://doi.org/10.1186/s12862-018-1164-7
http://www.ncbi.nlm.nih.gov/pubmed/29673327
https://doi.org/10.1038/s41564-018-0133-7
https://doi.org/10.1038/s41564-018-0133-7
http://www.ncbi.nlm.nih.gov/pubmed/29588538
https://doi.org/10.1016/j.ijfoodmicro.2005.08.015
http://www.ncbi.nlm.nih.gov/pubmed/16290304
https://doi.org/10.1136/vr.105610
https://doi.org/10.1136/vr.105610
http://www.ncbi.nlm.nih.gov/pubmed/31727852
https://doi.org/10.2903/j.efsa.2021.6406
https://doi.org/10.2903/j.efsa.2021.6406
http://www.ncbi.nlm.nih.gov/pubmed/33680134
http://www.ncbi.nlm.nih.gov/pubmed/3571477
https://doi.org/10.3343/alm.2015.35.6.657
http://www.ncbi.nlm.nih.gov/pubmed/26354359
https://doi.org/10.1016/0168-1605%2895%2900044-k
http://www.ncbi.nlm.nih.gov/pubmed/7662519
https://doi.org/10.1128/aem.02579-06
http://www.ncbi.nlm.nih.gov/pubmed/17369335
https://doi.org/10.1371/journal.pone.0276018

PLOS ONE

Meta-analysis Campylobacter

85.

86.

87.

88.

89.

90.

Kovats RS, Edwards SJ, Charron D, Cowden J, D’'Souza RM, Ebi KL, et al. Climate variability and Cam-
pylobacterinfection: an international study. Int J Biometeorol. 2005; 49(4):207—14. Epub 2004/11/27.
https://doi.org/10.1007/s00484-004-0241-3 PMID: 15565278.

Wesley IV, Wells SJ, Harmon KM, Green A, Schroeder-Tucker L, Glover M, et al. Fecal shedding of
Campylobacter and Arcobacter spp. in dairy cattle. Appl Environ Microbiol. 2000; 66(5):1994—-2000.
Epub 2000/05/02. PMID: 10788372

McCarthy ND, Gillespie IA, Lawson AJ, Richardson J, Neal KR, Hawtin PR, et al. Molecular epidemiol-
ogy of human Campylobacter jejuni shows association between seasonal and international patterns of
disease. Epidemiol Infect. 2012; 140(12):2247-55. Epub 2012/02/28. https://doi.org/10.1017/
S0950268812000192 PMID: 22370165.

Yun J, Greiner M, Holler C, Messelhausser U, Rampp A, Klein G. Association between the ambient tem-
perature and the occurrence of human Salmonella and Campylobacterinfections. Sci Rep. 2016; 6
(1):28442. https://doi.org/10.1038/srep28442 PMID: 27324200

Blaser MJ, Taylor DN, Feldman RA. Epidemiology of Campylobacter jejuniinfections. Epidemiol Rev.
1983; 5:157—76. Epub 1983/01/01. https://doi.org/10.1093/oxfordjournals.epirev.a036256 PMID:
6357819.

Wilkinson MD, Dumontier M, Aalbersberg IJ, Appleton G, Axton M, Baak A, et al. The FAIR Guiding
Principles for scientific data management and stewardship. Scientific Data. 2016; 3(1):160018. https:/
doi.org/10.1038/sdata.2016.18 PMID: 26978244

PLOS ONE | https://doi.org/10.1371/journal.pone.0276018 October 14, 2022 19/19


https://doi.org/10.1007/s00484-004-0241-3
http://www.ncbi.nlm.nih.gov/pubmed/15565278
http://www.ncbi.nlm.nih.gov/pubmed/10788372
https://doi.org/10.1017/S0950268812000192
https://doi.org/10.1017/S0950268812000192
http://www.ncbi.nlm.nih.gov/pubmed/22370165
https://doi.org/10.1038/srep28442
http://www.ncbi.nlm.nih.gov/pubmed/27324200
https://doi.org/10.1093/oxfordjournals.epirev.a036256
http://www.ncbi.nlm.nih.gov/pubmed/6357819
https://doi.org/10.1038/sdata.2016.18
https://doi.org/10.1038/sdata.2016.18
http://www.ncbi.nlm.nih.gov/pubmed/26978244
https://doi.org/10.1371/journal.pone.0276018

