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Abstract

Accurate knowledge of pathogen incubation period is essential to inform public health policies
and implement interventions that contribute to the reduction of burden of disease. The
incubation period distribution of campylobacteriosis is currently unknown with several sources
reporting different times. Variation in the distribution could be expected due to host,
transmission vehicle, and organism characteristics, however, the extent of this variation and
influencing factors are unclear. The authors have undertaken a systematic review of published
literature of outbreak studies with well-defined point source exposures and human experimental
studies to estimate the distribution of incubation period and also identify and explain the
variation in the distribution between studies. We tested for heterogeneity using I2 and
Kolmogorov–Smirnov tests, regressed incubation period against possible explanatory factors, and
used hierarchical clustering analysis to define subgroups of studies without evidence of
heterogeneity. The mean incubation period of subgroups ranged from 2·5 to 4·3 days. We
observed variation in the distribution of incubation period between studies that was not due to
chance. A significant association between the mean incubation period and age distribution was
observed with outbreaks involving only children reporting an incubation of 1·29 days longer
when compared with outbreaks involving other age groups.

Key words: Bacterial infections, campylobacter, food-borne zoonoses, gastrointestinal infections,
outbreaks.

INTRODUCTION

Campylobacteriosis is a zoonotic infection caused by
a non-spore-forming Gram-negative bacteria [1]. The
most common species reported in human diseases
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are Campylobacter jejuni and Campylobacter coli [2].
In humans, the main route of transmission of
Campylobacter is foodborne. Infection occurs follow-
ing ingestion of undercooked meat and meat products
as well as raw or contaminated milk and milk pro-
ducts. Infection can also follow contact with contami-
nated animals. Person-to-person transmission is rare
but can happen. Abdominal cramps and diarrhoea
are the most commonly reported symptoms. Non-
specific symptoms that can also occur include head-
ache, chills, fever and muscle pain. The duration of ill-
ness is usually about a week, with the severity
declining after 24–48 h; however, 20% of cases may
have a relapse [3, 4].

According to the World Health Organization
(WHO), Campylobacter sp. caused 96 million cases
of foodborne illness worldwide in 2010 [5]. It is the
most commonly reported zoonosis in the European
Union accounting for 45·2 cases per 100 000 people
[6, 7]. In the UK, there are approximately 9·3 undiag-
nosed cases in the community for every case reported
to the national surveillance system [8], and an esti-
mated 280 000 cases reported each year resulting in
over 100 deaths [1, 9].

A large proportion of reported cases are sporadic,
however, outbreaks of campylobacteriosis have been
reported with foodborne [10, 11] and non-foodborne
[12, 13] sources identified. In the UK, 114 outbreaks
were reported between 1992 and 2009, affecting a
total of 2676 [14]. Outbreak investigation contributes
to the reduction of the burden of disease by identifying
the source of infection and informing public health
strategies and policies. An effective outbreak investi-
gation requires understanding of certain parameters
of the infecting pathogen such as the expected incuba-
tion period distribution.

Incubation period, which is the time between infec-
tion and onset of clinical symptoms, is also important
for surveillance and implementation of appropriate
public health interventions. In epidemiological stud-
ies, incubation period can be used to estimate the per-
iod of exposure, identify and exclude travel-related
cases, distinguish secondary cases, and formulate a
hypothesis [15]. It can help in diagnosing possible
cases in the absence of microbiological diagnosis [16]
and also offers insights into clinical and public health
practices [15]. Essential to an outbreak investigation is
constructing a case definition where a time restriction,
sometimes based on the incubation period, is set to
correctly classify cases as being part of the outbreak
under investigation [17].

As a result of certain factors such as infectious dose,
host factors and possibly, food matrix, the incubation
period may vary between individuals. These, among
other factors result in a distribution of incubation per-
iod. The incubation period distribution of campylobac-
teriosis is not clearly defined with different times being
reported. The National Health Service in England and
WHO report 2–5 days [18, 19], while the Public Health
Agency of Canada report 1–10 days [20]. Incorrect esti-
mations may result in formulating inaccurate case
definitions, wrongly defined exposure times, excluding
outbreak cases as sporadic or travel related cases and
vice versa [21] and misclassifying cases. It is therefore
important to correctly estimate the incubation period
distribution of campylobacteriosis to support effective
outbreak investigations.

Point source outbreaks and human experimental
studies, in which healthy volunteers are infected with
Campylobacter in order to study certain characteristics
of the organism, provide an avenue to study the distri-
bution of incubation period. Outbreaks are natural
experiments and the outcome can be dependent on
the effect of influencing factors, whereas, experimental
studies occur in a controlled environment, with less
unknown variation as a predetermined dose is adminis-
tered, and characteristics of participants are screened to
ensure similarities.

This study systematically reviewed literature for
outbreaks with well-defined point source exposures
and human experimental studies. Reported individual
patient incubation periods and summary estimates of
the distribution of incubation period were extracted
and analysed with the aim of describing the distribu-
tion of incubation period, identifying any variation
in the distribution between outbreaks above expect-
ation by chance, and attempting to explain any vari-
ation identified.

METHODS

Research questions and modified PICO elements

Our research questions were:

1. What is the distribution of incubation period and
the average (mean and median) incubation per-
iod of Campylobacter in humans?

2. Is there heterogeneity between the reported incu-
bations times amongst studies?

a. Can any observe variation be explained?
b. What factors are affecting the distribution of

incubation periods?
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Population studied/participants – Laboratory
confirmed cases of Campylobacter spp. that form part
of an outbreak or experimental infection. Probable
cases of campylobacter based on clinical symptoms
and case definitions in the context of outbreaks

Infectious agent – Campylobacter spp. (all subspe-
cies included)

Route of infection – Foodborne and non-foodborne
Outcome – Onset of gastroenteritis as described or

defined by the authors (diarrhoea, vomiting, nausea,
abdominal cramps, etc.)

Search strategy and selection process

A systematic literature search for peer reviewed publi-
cations of observational studies and experimental
studies reporting incubation period was carried out
on PubMed, Google Scholar and ISI Web of
Knowledge. We searched for the following words:
‘Campylobacter’, ‘outbreaks’, ‘experimental’, and
‘humans’, combining common variations of the
words to create search strings (Supplementary
Appendix 1). The reference lists of identified review
papers were also screened to find other relevant stud-
ies where incubation period of Campylobacter spp.
may have been reported. The search was carried out
between 21 January and 17 March 2016 and there
was no restriction on the dates of articles returned
or on the reported species. Articles in languages
other than English were excluded.

Each article went through the selection and/or
assessment stage, which was done in the following
phases:

(1) Screening of titles and abstracts for articles with
human campylobacteriosis;

(2) Screening of full text for reporting of incubation
period data;

(3) Review of full text to assess quality of incuba-
tion period data reported;

(4) Further review of full text to assess exposure
times and identify outbreaks with confirmed
point source exposures.

The quality assessment undertaken in our review
focused on assessing the quality of the incubation per-
iod data reported based on a set of criteria developed
by one of us (JIH) and not the quality of the overall
study. This was done because many of the studies did
not necessarily set out to study incubation period, but
rather to report on the process of an outbreak investi-
gation or provide evidence on the source of infection

in an outbreak. This method of quality assessment
enabled us to effectively evaluate the quality of incuba-
tion period data reported and the accuracy of the esti-
mation. The set of criteria and corresponding
components are listed in Table 1 and a scoring
system was used to assess the reported data. Two
reviewers were involved in the quality assessment
stage, and where there was a difference in opinions, dis-
cussions were held until a consensus was reached.

Data extraction

Data were extracted from the studies using a pre-
determined format (Table 2). General information on
the published article, the study characteristics, as well
as specific information on the outbreak or experiment,
including attack rate and exposure, pathogen and
patient characteristics, which might influence incuba-
tion time were extracted from each study according
to a predetermined format. The outcome information
to be measured was quantitative which was available
as summary or raw data. All studies reported at least
one summary statistic of the incubation period distribu-
tion as a mean, median, mode or range. The unit of
measurement was in days, and where this was reported
in hours, we converted to days.

Some studies reported raw incubation period for
individual cases either as an epidemic curve or a sum-
mary table. Where an epidemic curve was provided,
the raw incubation period data were extracted using
WebPlotDigitizer version 3.10, which is a free web-
based data extraction tool [22]. If a summary table
was provided instead, the raw data were also
extracted. Where both summary and raw data were
provided, the raw data were used for analysis.

Descriptive analyses

Frequencies and percentages were calculated to sum-
marise all studies according to the characteristics iden-
tified including: study design (observational or
experimental), study type (cohort or case–control
study), year of study, Campylobacter species, setting
of outbreaks, age description of cases, mode of trans-
mission and food vehicle, where applicable.

Using the extracted raw incubation data, histo-
grams of reported incubation periods of individual
cases were plotted to re-create the epidemic curves
of the outbreaks. All epidemic curves were plotted
using a uniform x-axis indicating the incubation per-
iod from 0 to 15 days and above, and an individual
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y-axis indicating the number of cases involved in each
outbreak, which varied according to the graph.

Statistical analyses

The raw incubation period distributions extracted
from relevant studies were used to test for heterogen-
eity in the reported data and describe the pattern of
heterogeneity, while the summary statistics calculated
from these and extracted summary statistics for out-
breaks without individual patient data were used to
identify factors that may explain heterogeneity.
Statistical analyses were carried out using statistical
software R version 3.2.3 (2015-12-10) – ‘Wooden
Christmas Tree’ [23].

Testing for heterogeneity

We tested for heterogeneity across studies by deriving
the value of I2. A P-value of less than 0·05 from the
chi-square test provided statistical evidence of hetero-
geneity and using the Cochran suggested threshold
[24] we interpreted the value of I2 to determine the
magnitude of heterogeneity.

We also performed a two sample Kolmogorov–
Smirnov test (KS test) to compare the cumulative
distributions between the studies. We applied a boot-
strapped version of the function with repeat sampling
conducted 10 000 times in order to derive P-values
that will provide improved coverage due to potential
ties in the data comparisons. A small P-value indi-
cated that the incubation period distributions are dif-
ferent, and the null hypothesis was rejected. We
compared the resulting P-values to confirm if any

variation observed was due to chance by calculating
the proportion of P-values below 0·05. The probabil-
ity of obtaining at least the observed proportion of
P-values less than 0·05 was calculated, and if it was
<0·01, this provided statistical evidence for variation
in incubation time distribution.

Identifying factors that explain heterogeneity

In order to examine if the incubation period was
influenced by the outbreak characteristics, we per-
formed a linear mixed effect (random and fixed
effects) analysis using the individual incubation period
data provided as the dependent variable and the out-
break characteristics as the explanatory variables.
We applied a square root transformation to the incu-
bation period to reduce skewness of the data.
Outbreak characteristics with sufficient information
were included in a full multivariable model.
Likelihood ratio tests were used as a means of attain-
ing P-values by comparing the full model to an alter-
native model, which excluded the variable of interest.
A final model was developed by excluding variables
without statistical significant association with incuba-
tion period (P < 0·1).

So as to allow the inclusion of studies reporting
only summary data (mean), we further performed a
linear regression analysis. The effect of the explana-
tory variables on the mean incubation period was esti-
mated by using a univariate model. Where statistical
support for an association was observed (P < 0·1), a
multivariate model was built, which included the asso-
ciated variables at that threshold to test for
confounding.

Table 1. Checklist for assessing incubation period data reported by individual studies (adapted from Hawker et al.)

Criteria Component

Exposure . Clearly defined exposure, e.g. identification of implicated food vehicle or source patient
. Exposure linked epidemiologically or microbiologically to outcome
. Exclusion of other potential sources

Diagnosis . Microbiological confirmation (human, food or environmental confirmation)
. Specific and sensitive case definition for clinical cases
. Time constraints on case definitions to exclude very early or very late cases

Accuracy of
measurement

. Clearly defined exposure time (point source or continuous exposure)

. Reliability of onset times considering method and delay of data collection during epidemiological
investigation

. Accuracy of reported onset time (hourly, 6-hourly, daily)
Ascertainment of bias . Identification of exposed group and reporting of onset on all or part of exposed group

. Exclusion of background cases

. Exclusion of secondary cases and person to person transmission when studying an environmental
or foodborne source
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Due to insufficient information, organism species
was excluded as an explanatory variable in both ana-
lyses. The significance level for the final models was
chosen to be 5%.

Identifying subgroups of studies for analysis

In the presence of statistically significant heterogen-
eity, we explored the data using subgroup analyses.
However, rather than randomly allocating studies to
subgroups, we employed hierarchical cluster analysis
to identify subgroups of studies that can be combined.
The bootstrapped KS test was used to create a hier-
archical cluster to show a graphical representation of
how the studies grouped together in terms of their dis-
similarities. We subtracted the P-values from one to
generate a dissimilarity matrix showing the distances
between the samples. The cluster analysis algorithm
used was the complete linkage method. The output
was a dendrogram showing compact visualisation of
the dissimilarity matrix.

In order to reduce the likelihood of observing one
significant result due to chance or making a type 1
error, we made pragmatic adjustments to the

significance level (0·05) by dividing it by the number
of studies included in the KS test which was 30. We
then subtracted the adjusted P-value from 1 (1− α)
to derive a cut-off point from which studies without
evidence of heterogeneity can be defined within separ-
ate clusters. These clusters refer to subgroups of stud-
ies that do not have evidence of heterogeneity between
them and can be combined for meta-analysis.

Subgroup analyses

We pooled the raw incubation data of studies within a
subgroup to create a single dataset for each subgroup,
and derived the following summary statistics:

. Number of studies included in a subgroup;

. Total number of cases (sum of cases in all studies
included in a subgroup);

. Mean and median incubation period of cases within
a subgroup;

. Standard deviation (S.D.), variance, skew and kurto-
sis of incubation period of cases within a subgroup.

The mean attack rate of the studies within a sub-
group was also calculated.

Table 2. Details of data extracted from the studies

Section Information to be collected

General information . Year of publication
. Title of article
. Authors
. Type of publication (journals, conference abstract, grey literature, etc.)
. PubMed ID (where applicable)

Study characteristics . Year of study
. Study design (cohort, case–control, experimental, case series)
. Country of study
. Age distribution
. Comments on method or quality of study

Pathogen characteristics . Infectious agent
. Species
. Subtype

Outcome data/results . Case definition
. Reported incubation period (individual data, mean, median mode and range)
. Derived or calculated summary estimates incubation period (raw data

extracted)
. Source of calculated data (epidemic curve or author description)

Other outcome data . Incubation period to particular symptoms
Factors that could affect incubation period . No of exposed cases

. No of people affected

. Setting

. Mode of transmission

. Food vehicle (for foodborne infections only)

. Patient characteristics (e.g. previous infection or treatment, underlying illness)
Any other relevant information . Any other relevant information
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A forest plot showing the distribution of the mean
incubation period and the corresponding 95% confi-
dence interval (CI) was created. Studies without raw
data (eight studies) were allocated to subgroups
based on their reported mean and included in the for-
est plot; however, without a CI as this could not be
derived.

Risk of bias

We tested our data for ‘small study-effect’ using a fun-
nel plot to visually examine the relationship between
small sample sizes and incubation period.

RESULTS

A total of 45 204 search results were retrieved from the
three databases and the titles and abstracts were
screened for relevance. Exclusion of articles consid-
ered irrelevant resulted in 682 articles, and after
removing duplicates, 322 articles remained. An add-
itional three articles were identified from searching
through the reference list of review papers, resulting
in 325 articles available for full text screening for incu-
bation period data. Excluding articles that did not
report incubation period and articles that did not
meet the quality assessment criteria resulted in 60 arti-
cles remaining. These articles were further reviewed to
ensure that the reported outbreaks were point source
and the reported incubation period was accurate.
Excluding outbreaks that were not point source
(Supplementary Appendix 2), 45 articles were
included in the review (Fig. 1). Four articles reported
on two studies each bringing the number of studies
included in the review up to 49 (Supplementary
Appendix 3). Of these, we were able to extract raw
data from 30 studies.

Characteristics of studies included in the review

C. jejuni was the most commonly reported species
accounting for 75·5% of included studies. Forty-five
per cent of the studies were published in year 2000
or later, and 81·6% were carried out in developed
countries of Europe and North America (Table 3).
Four studies were experimental and the remainder
were epidemiological studies undertaken during out-
break investigations to identify the source of infection.
Forty-six per cent of these (21/45) were retrospective
cohort studies and 29% were descriptive studies.

The most common reported setting for outbreaks
was private parties (14/49; 28·6%), including weddings
and conference dinners, followed by farm visits (11/49;
22·4%). Poultry and dairy were the most frequently
reported implicated food vehicle accounting for
40·8% (20/49) and 28·6% (14/49), respectively
(Table 3). Comparing the food vehicle and setting of
the outbreak, 50% of outbreaks caused by poultry
dishes occurred at a private party, and 57·1% of out-
breaks caused by dairy or dairy products occurred
during a farm visit.

The funnel plot created to test for small study-effect
resulted in a symmetric funnel indicating that the size
of the study did not have any effect on the reported
incubation period (results not shown). From the
re-created epidemic curves, we observed a variation
in the distribution of incubation period (Fig. 2).

Test of heterogeneity

We calculated that the heterogeneity in the reporting
of incubation periods across the different studies was
I2 = 72% (P-value for chi-squared4 0·00001). The
proportion of P-values from the KS test that was
below 0·05 was >5% ((53%; 231/435). The probability
of obtaining the resulting proportion was P<0·00001.

These results indicate a variation in the distribution
of incubation periods between studies, which is not
due to chance alone.

Factors that may explain heterogeneity

From the linear mixed-effects multivariable analysis
and the likelihood ratio tests, age distribution and out-
break setting were significantly associated with incu-
bation period, while food vehicle category showed a
weak association with a P-value of 0·08 and met the
inclusion criteria into the final model (Table 4). Age
distribution and outbreak setting remained signifi-
cantly associated with incubation period (P < 0·01)
in the final model after excluding the non-significant
variables (attack rate and year of study) (Table 4).

From the linear regression univariate analysis, age
distribution was the only variable with a significant
association with the mean incubation period (P <
0·01) with outbreaks involving only children report-
ing a mean incubation period of 1·14 days longer
when compared with mixed outbreaks involving
both adults and children. In the final multivariable
model also including outbreak setting, as one of the
outbreak setting variables had met the inclusion
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criteria, the association with the mean incubation
period remained significant (P < 0·03) with outbreaks
involving only children reporting a mean incubation
period of 1·29 days longer when compared with
mixed outbreaks involving both adults and children
(Table 4).

Identifying subgroups of studies

Studies were paired and grouped based on evidence of
dissimilarity. Studies found to have the least evidence
of dissimilarity between them were paired. Likewise,
some studies were not directly paired but attached to
other pairs showing that the algorithm could not iden-
tify a single study with the least evidence of dissimilar-
ity to them, but instead identified a pair of studies.
The resulting output of this cluster analysis is pre-
sented as a dendrogram of the dissimilarity matrix
(Fig. 3).

Following the pragmatic adjustments made to the
significance level, the resulting P-value was 0·0017
and the derived cut-off point was 0·9983. Five sub-
groups were identified using the cut point of 0·9983
to implement the P-value cut point of 0·0017, taking
multiple testing into account. These comprised: a sub-
group of eleven studies, a subgroup of eight studies

and three subgroups of five, four and two studies
(Fig. 3).

Summary of subgroup analyses

The subgroup containing 11 studies included
302 cases, while the subgroup containing eight stud-
ies included 520 cases. The smallest subgroup with
two studies also consisted of the lowest number of
cases with 102 cases. The mean incubation period
of studies in the subgroups varied between 2·5
and 4·3 days (Table 5). There were also substantial
differences in the variance, skew and kurtosis
between subgroups (Table 5). There was some
variation between the studies within subgroups
(Fig. 4) albeit not sufficient to evidence difference
statistically.

The characteristics of four subgroups were quite
similar in terms of the age distribution of cases and
food vehicle (Table 6). These four subgroups included
outbreaks, which mostly reported poultry as the impli-
cating food vehicle and at least 50% of the outbreaks
involved only adults. Food services were reported as
an outbreak setting in studies in four subgroups; how-
ever, it was the predominant outbreak setting in sub-
group 1. The characteristics of subgroup 4 were
different with 80% of outbreaks involving only

Fig. 1. Flowchart of study selection process.
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children; dairy products and farm were the most com-
monly reported food vehicle and outbreak setting,
respectively.

DISCUSSION

Accurate estimations of the period between infection
and onset of illness for any infectious disease are
essential to support evidence-based interventions in
eliminating sources of infection. Our review identified
that the reported estimations of the incubation period
of campylobacteriosis varied widely, even within sub-
groups of studies. The results of the I2 and KS tests
show that this variation is not due to chance, and
there is an underlying pattern of variation. Visual
inspection of Figure 2 and the results in Table 5
show that heterogeneity is not only in relation to
mean incubation period, but also the shape of the

distribution. From both regression analyses, we iden-
tified age as a factor that may influence the distribu-
tion of incubation period, with reported incubation
period in outbreaks affecting children longer than
those in mixed age groups. The age structure of
cases of campylobacter has changed in recent years
with older people becoming increasingly affected
[25], and this population shift was reflected in our
review where outbreaks investigated after year 2000
mostly involved adults or mixed age groups, while
prior to year 2000, more outbreaks involving children
were reported.

Furthermore, there appears to be some association
between the subgroup characteristics and implicated
food vehicle, setting of outbreaks and age of affected
cases. However, these differences do not explain all
of the variation in distributions of incubation period
between subgroups. This may be due to other factors
influencing distribution of incubation period that are
not evident in the studies or inaccuracy of measure-
ment and reporting. Host characteristics such as
underlying medical conditions and immune response
[26] as well as dose response have been known to
affect infectivity and susceptibility to Salmonella,
and may also influence the incubation period of
other bacterial infections. These individual patient
details have not been provided in the reports, so it is
not possible to examine the effect of these factors.

The results of our review might not be generalisable
to low- and middle-income countries as majority of
included outbreaks and experimental studies took
place in high-income countries in Europe and North
America. Predisposing factors to campylobacteriosis
in low- and middle-income countries, which might
also influence incubation period, have been reported
to be malnutrition and antimicrobial resistance [27].
A further limitation of the current work is that case
definitions varied between studies as authors used dif-
ferent criteria to define cases. The inclusion and exclu-
sion of cases will therefore vary depending on the case
definitions used, and this could also affect incubation
period. However, all cases were identified at the onset
of gastrointestinal symptoms including diarrhoea,
vomiting and abdominal cramps, and all were in the
context of a known outbreak or experimental study.

Outbreaks that mainly affected children were pre-
dominantly caused by consumption of raw milk or
raw milk products and exposure was mostly during
farm visits. This is similar to the report of Altekruse
et al. [28]. The incubation periods of outbreaks involv-
ing children were significantly longer than those of

Table 3. Characteristics of studies included in review

N %

Total number of studies 49
Year of study

Before year 2000 19 38·8
2000 and later 22 44·9
Unknown 8 16·3

Region of study
Europe 20 40·8
North America 20 40·8
Australia 6 12·2
Asia 3 6·1

Species
Campylobacter jejuni 37 75·5
Campylobacter coli 1 2·0
C. jejuni and C. coli 3 6·1
C. jejuni and C. fetus 1 2·0
Unknown 7 14·3

Age distribution
Mixed ages 7 14·3
Children 15 30·6
Adult 27 55·1

Outbreak setting
Private party 14 28·6
Farm visit/animal contact 11 22·4
Restaurants 10 20·4
Outdoor activity 5 10·2
School 5 10·2
Experimental study 4 8·2

Food vehicle category
Poultry 20 40·8
Dairy 14 28·6
Water 1 2·0
Other 7 14·3
Unknown 7 14·3
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outbreaks involving adults or mixed age groups. A
review of incubation period of infectious diseases in
children reported a similar incubation period to our
findings [29].

Our study identified poultry and unpasteurised milk
as the most common implicating food vehicles and are
known causes of transmission [30, 31]. Studies have
identified the presence of virulence genes in both
poultry and dairy isolates [32]. However, there is a dis-
parity in the prevalence of Campylobacter in different
food products [32], which may result in a variation in
acquiring infection as well as incubation period. Also,
some type of foods have been known to affect infect-
ivity and thus potentially incubation period of patho-
gens by being either protective or enabling; an
example is fatty food acting as a buffer to protect
Salmonella from gastric acid [26].

Infectious dose may have a substantial effect on
incubation period distribution, although this may
not have varied substantially in the experimental stud-
ies included in our review. Studies modelling the dose
response of infectious diseases have reported a signifi-
cant variation in the distribution of incubation period
with dose [33, 34]. Human experimental studies of
Campylobacter [35] and Salmonella [36] showed a

shorter incubation period where the challenge dose
was higher. One of the reviewed studies reported a
dose–response relationship between the amount of
milk consumed and onset of illness and severity,
where cases drinking larger amounts of milk had
shorter incubation periods and more severe symptoms
[10]. A dose–response relationship was also reported
in a non-foodborne outbreak involving an outdoor
bike race where shorter incubation periods were seen
in cases who reported ingesting larger quantities of
mud [13]. Another outbreak involving healthy mili-
tary men who consumed at least 4 litres of untreated
surface water during a military training exercise
reported no dose–response relationship between the
quantity of water consumed and the severity of symp-
toms [37], however, there was no information on the
relationship between ingested dose and incubation
period. We were not able to analyse these relation-
ships across the studies due to the lack of individual
data related to dose and incubation time.

Host immunity could also influence the incubation
period distribution as it determines if an exposure
results in illness, and how long the process takes.
The development of naturally acquired antibodies in
response to a previous infection and the C. jejuni

Fig. 2. Collated epidemic curves re-created from raw data and arranged according to subgroups.
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group antigen protects against subsequent illness [35],
and may prolong incubation period if illness should
occur.

It is worth noting that the bulk of the analyses have
been carried out on a subset of studies included in the

review from which raw data could be extracted. One
problem we encountered in combining results of sev-
eral studies was the different units of measurement
used in reporting. Incubation periods were reported
in hours, days or every 2 days. In order to combine

Fig. 3. Dendrogram showing compact visualisation of dissimilarity matrix and identified subgroups.

Table 4. Linear mixed effect and regression models showing effect of study characteristics on mean incubation period

Linear mixed effect
full model

Linear mixed effect
final model

Linear regression univariate
analysis

Linear regression
multivariable analysis

Characteristics
P-value of likelihood
ratio test

P-value of likelihood
ratio test

Difference in mean
incubation period P-value

Difference in mean
incubation period P-value

Attack rate 0·10 −0·003 0·60
Year of study 0·60

After 2000 Reference
Pre 2000 0·19 0·57

Age distribution <0·001 0·005
Mixed ages Reference Reference
Adults 0·30 0·45 0·08 0·84
Children 1·14 0·01 1·29 0·03

Outbreak setting 0·01 0·001
Other Reference Reference
Farm visit 0·31 0·47 −0·44 0·41
Private party −0·09 0·80 0·05 0·89
Restaurant −0·82 0·08 −0·65 0·15
School −0·43 0·37 −0·63 0·34

Food vehicle
category

0·08 0·06

Other Reference
Dairy −0·03 0·95
Poultry −0·41 0·45
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the results, we converted all data to days, rounding up
or rounding down where necessary. This could result
in an over estimation where data were rounded up
and an underestimation where data was rounded
down and loss of precision for data from some studies.
Furthermore, using the online data extraction tool,

WebPlotDigitizer, required manual selection of data
points, which is open to human error. Separating
experimental studies and outbreak reports into rele-
vant subgroups would have been an ideal way of ana-
lysing the data; however, there was insufficient
information to carry out these analyses, as there

Table 5. Summary statistics of subgroups

Frequency Sum of cases Attack rate Median Mean (95% CI) Variance Skew Kurtosis

Subgroup 1 11 302 45·1 2 2·5 (2·3–2·7) 2·1 1·5 4·6
Subgroup 2 8 520 44·4 3 3·2 (3·1–3·4) 2·5 1·3 2·2
Subgroup 3 2 102 26·4 3 3·3 (3·1–3·5) 1·0 0·3 −0·9
Subgroup 4 5 208 51·3 4 4·1 (3·9–4·3) 2·7 1·4 3·3
Subgroup 5 4 145 46·4 4 4·3 (3·9–4·7) 4·7 0·8 2·0

Fig. 4. Forest plot showing mean incubation period and 95% CI.

Table 6. Characteristics of studies within subgroups

Characteristics Subgroup 1 Subgroup 2 Subgroup 3 Subgroup 4 Subgroup 5

Age 63% adults 63% adults 50% adults 80% children 50% adults
Food vehicle 63·6% Poultry 50% poultry 100% poultry 60% dairy 50% poultry

25% dairy 20% poultry
Setting of outbreaks 55% Food service 25% farm 50% food service 40% farm 50% food service

25% school 50% school 20% school 50% school
25% food service

Severity of illness 63% 50% 50% 80% 100%
Duration of illness 0–24 days 0–20 days 1–6 days 0–18 days 1–9 days
Longest incubation period 10 days 8 days 5 days 11 days 14 days
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were four experimental studies and only two of these
reported the mean incubation period.

Exclusion of non-English language articles is
appropriate if processing these is inefficient as in our
research team and is unlikely to produce bias. Bias
would require that non-English papers are associated
with different incubation period distributions in out-
breaks. However, if there are few eligible studies the
translation and inclusion would be warranted.
Furthermore, our study population is made up of
cases that have been investigated as part of point
source outbreaks where incubation period was not
the main goal of investigation. This reduces the likeli-
hood of publication bias and selection bias in our
study population.

Our results confirm that incubation period in differ-
ent outbreaks and experiments varied more than can
be explained by chance, showed some clustering,
and suggested that patient age may contribute to the
variation. However, the information provided in the
studies was not detailed enough to fully evaluate pos-
sible causes for these variations. The ideal data to sup-
port identification of factors affecting incubation
period would be individual patient data across studies,
including information such as underlying conditions,
current medications and previous infections. In the
absence of access to original individual patient data,
reporting of outbreaks could allow better synthesis
and meta-regression analysis. Although incubation
period is not the main focus of outbreak reports
they provide valuable natural experiments to describe
incubation period distributions and identify factors
affecting this. Increased awareness of the value of
this aspect of outbreak reporting can improve the
presentation of data to support their use in evidence
synthesis.

SUPPLEMENTARY MATERIAL

The supplementary material for this article can be
found at https://doi.org/10.1017/S0950268817001303
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