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ABSTRACT
Community incidence estimates are necessary to assess the burden and impact of infections on
health and to set priorities for surveillance, research, prevention and control strategies. The current
study was performed to estimate the community incidence of campylobacteriosis and non-typhoid
salmonellosis in France from the number of laboratory confirmed cases reported to the national
reference centre (NRC). The probabilities of a case in the community visiting a doctor, having a stool
sample requested, having a positive laboratory test and having the case reported to the NRC were
estimated using data of national surveillance systems, national hospitalisation and health insurance
databases and specific surveys informing about these parameters. Credible intervals were calculated
using Monte Carlo simulation. In addition, we estimated the number of hospitalisations for both
infections in France. The annual community incidence rate in France is estimated at 842 cases
/100,000 (90%CrI 525 – 1,690) for campylobacteriosis and 307 cases/100,000 (90%CrI 173 – 611) for
salmonellosis. The annual number of hospitalisations is estimated at 5,182 for campylobacteriosis and
4,305 for salmonellosis. These results illustrate the importance of community incidence estimates for
burden of illness studies as the multiplication factors between cases reported to the NRC and cases in
the community were high (115 for campylobacteriosis and 20 for salmonellosis). They are consistent
with estimates reported in other countries indicating a high community incidence of campylobacteriosis
and salmonellosis in France.

INTRODUCTION
In France, Campylobacter and non-typhoidal Salmonella (hereafter referred to as Salmonella) were
estimated to be the two main causes of bacterial foodborne infection and hospitalisation (Vaillant et
al., 2004). Surveillance of both infections is based on two national reference centres (NRC) and their
laboratory networks (King et al., 2012, Jones et al., 2014). These laboratory based surveillance
systems depend on cases seeking medical care, having a stool sample prescribed, submitting a stool
sample to the laboratory for microbiological testing, the identification of the pathogen, and the
reporting of laboratory confirmed cases or submission of isolates for confirmation to the NRC.
Therefore they allow us to monitor trends in incidence, human and microbiological characteristics, but
not provide the number of cases that occur in the community, as only a fraction of the cases is
reported. The knowledge of this number is important to produce disease burden estimates that are
necessary to assess the impact of infections on health and to set priorities for surveillance, research,
prevention and control strategies.
Several countries recently estimated community incidence of campylobacteriosis and salmonellosis
via a pyramid reconstruction approach in which the different steps that must occur for a symptomatic
infection in the community to be reported in a laboratory based surveillance system are estimated
(Scallan et al., 2011; Kubota et al., 2011; Thomas et al., 2013; Kirk et al., 2014). Since 2008, several
surveys have been carried out in France in the general population, among physicians and laboratories
to obtain specific information that was lacking to estimate the proportion of cases (un)recognized at
each surveillance step. The current study was performed to estimate the community incidence of
campylobacteriosis and salmonellosis from the number of laboratory confirmed cases reported to the
NRC in mainland France (overseas French territories not included, hereafter referred to as France). In
addition, we estimated the number of hospitalisations for both infections.

MATERIAL AND METHODS
The parameters needed to estimate the community incidence were: the proportion of cases consulting
a physician; the proportion of cases for whom a stool sample was requested; the proportion of stool
samples tested for each pathogen; the diagnostic sensitivity for each pathogen and the completeness
of case reporting to the NRC. We made an inventory of data in national surveillance systems, national
databases and specific surveys informing about these parameters.

Proportion of cases consulting a physician
Healthcare seeking behaviour for acute gastroenteritis (AG) in France was assessed in a population
based survey carried out in 2009-2010 and identified duration of illness as the most important factor
associated with consultation (Van Cauteren et al., 2012). Therefore we estimated specific proportions
of laboratory confirmed campylobacteriosis or salmonellosis cases who had short (1-2 days), medium
(3-5 days) and long (more than 5 days) duration of illness. We used data from a case control study for
campylobacteriosis (Gallay et al., 2008) and from outbreak investigations for salmonellosis
(unpublished data, InVS). For the outbreak investigation data duration of diarrhoea was used as a
proxy for the duration of illness. Consultation rates for short, medium and long duration of illness
estimated in the population based survey were then applied to the proportion of reported cases in
each category to estimate the proportion of cases of campylobacteriosis and salmonellosis consulting
a physician.
Proportion of cases having a stool culture requested
Bloody diarrhoea, a long duration of illness before consultation and occurrence in the summer period
were identified as the main factors associated with an increased stool culture request in a survey
among general practitioners (GP) in France in 2013-2014 (Van Cauteren et al., 2015). Two different
approaches, taking into account seasonality and bloody diarrhoea, were used to estimate the
proportion of cases of campylobacteriosis and salmonellosis consulting for their illness that had a stool
sample requested. The first approach was based on the proportion of stool samples requested by GP
for AG cases consulting in the summer period when incidence of both infections is highest (Van
Cauteren et al., 2015). The second approach was based on the proportion of laboratory confirmed
campylobacteriosis or salmonellosis cases that had bloody diarrhoea (Gallay et al., 2008; unpublished
outbreak investigation data, InVS) and applied stool sample request rates for bloody and non-bloody
diarrhoea estimated in the GP survey.
Proportion of stool samples tested
Laboratory practices regarding testing for Campylobacter were assessed in a national quality
assurance (NQA) survey among the 2,824 registered bacteriology laboratories in France in 2010
(unpublished data, InVS). This survey indicated that 99% of the laboratories used culture as the
diagnostic method for Campylobacter infection. It also indicated that 47% of the laboratories tested all
stool samples submitted for culture for Campylobacter, 35% tested depending on different criteria such

as a specific request for testing, the age of the patient or the presence of visible blood or mucus, and
18% of the laboratories did not perform testing for Campylobacter. For Salmonella, expert consultation
estimated that all stool samples submitted for culture are routinely tested in France.
Diagnostic sensitivity
The sensitivity of culture for Campylobacter testing was estimated in a study carried out by the NRC in
2009 (Bessède et al., 2011). On 242 stool specimens, 2 culture methods (on selective and nonselective media with filtration) were compared to 2 molecular methods and 3 immunoenzymatic
methods. This study estimated the sensitivity of the 2 culture methods at 55% and 65%. For
Salmonella, expert consultation estimated that the sensitivity of culture was close to 100%.
Completeness of case reporting
In France, surveillance of both infections is based on voluntary reporting of laboratory confirmed cases
by public hospital and private clinical laboratories to the NRC. The number of participating laboratories
is about 1,500 for the Salmonella network and 350 for the Campylobacter network. Both networks
allow the monitoring of epidemiological and microbiological characteristics of cases and pathogen
(Jones et al., 2014; King et al., 2012). The completeness of case reporting is defined as the match
between the number of cases reported to the NRC and the total number of cases that are laboratory
confirmed in all bacteriological laboratories in France. The total number of laboratory confirmed cases
of salmonellosis (in 2008) and campylobacteriosis (in 2009) were estimated via 2 NQA surveys carried
out among all registered bacteriology laboratories in France in 2009 (3,046 laboratories) and 2010
(2,824 laboratories). The completeness of case reporting was estimated at 66% for the Salmonella
network (Carrillo-Santisteve et al., 2010) and at 21% for the Campylobacter network (unpublished
data, InVS).
Number of hospitalisations
The national hospital information system (PMSI: Programme de Médicalisation du Système
d’Information) was used to estimate the number of cases of campylobacteriosis or salmonellosis
hospitalised for their illness. This database records administrative and medical information of all public
and private hospitals in France. For each hospitalisation, discharge diagnoses are coded in the
database according to the international classification of diseases (ICD-10). Age, gender, length of stay
and residential location are also recorded. We selected in the PMSI all records with a discharge date
between January 2008 and December 2013 containing codes (principal, related or secondary

diagnoses) for campylobacteriosis (A04.5) or salmonellosis (A02.0 to A02.9). Trends over time, age
and gender of the PMSI records were compared to NRC surveillance data in order to assess the
validity of the PMSI database to estimate the number of hospitalisations for both pathogens (data not
shown). We assumed that all stool samples of cases hospitalised for both pathogens were tested for
both pathogens. We applied a diagnostic sensitivity of 55 to 65% for Campylobacter and 90% to 100%
for Salmonella to correct for underdiagnosis.
All data sources were explored and results for each parameter were discussed by a multidisciplinary
study committee. For each parameter a minimum and maximum was chosen and a Beta distribution
(α=β=2) was used to incorporate uncertainty and variability. This symmetric unimodal distribution with
the mean as the most likely value and a range defined between the minimum, maximum was defined
as an appropriate distribution for the different parameters. A number of cases in the community was
generated via Monte Carlo simulations (10,000 iterations). Median values are reported and the range
between the 5 and 95 percentiles of the output distribution was used to define a 90% credible interval
(90%CrI). The software package R was used for simulations.

RESULTS
Proportion of cases consulting a physician
The proportion of laboratory confirmed cases who had short, medium or long duration of illness were
estimated at 2%, 27% and 71% for campylobacteriosis and 4%, 47% and 49% for salmonellosis.
Consultation rates were estimated in the population based survey (95% confidence Interval) at 1026% for cases of AG with a short duration of illness, 30–54% for medium and 51–90% for long
duration of illness (Table 1).
Proportion of cases having a stool culture requested
The GP survey indicated that in the summer period the proportion of cases of AG having a stool
culture requested was 10%. This survey also indicated that a stool sample was requested for 49.2% of
the AG cases with and 3.8% of the AG cases without bloody diarrhoea. The proportion of laboratory
confirmed salmonellosis or campylobacteriosis cases having bloody diarrhoea was 43% and 47%
respectively. Given these data the proportion of cases consulting for their illness that had a stool
culture requested was estimated to be between 10 and 25% for Campylobacter and between 10 and
23% for Salmonella.

Proportion of stool samples tested, diagnostic sensitivity and completeness of case reporting
We assumed that between 25 and 75% of the stool samples were tested in the 35% of the
laboratories in the NQA survey that indicated testing for Campylobacter depending on different criteria.
The total proportion of stool samples tested for Campylobacter was therefore estimated to be between
56% and 73%. The sensitivity of culture for Campylobacter was estimated to be between 55 and 65%.
For Salmonella it was assumed that almost all stool samples are routinely tested (90-100%) with a
high diagnostic sensitivity (90-100%). The completeness of case reporting was estimated at 21% for
the Campylobacter network and 66% for the Salmonella network.
Community incidence
Between 2008 and 2013, the mean number of cases annually reported by the NRC in France was
4,608 for campylobacteriosis and 9,827 for salmonellosis. Taking into account the parameters
described above, the annual number of community cases in France was estimated at 528,780
(90%CrI 329,745 – 1,060,616) for campylobacteriosis and 192,450 (90%CrI 108,445 – 383,362) for
salmonellosis (Figure 1). Considering the population of metropolitan France (62,765 million in 2010),
the annual community incidence is estimated to be 842 cases/100,000 (90%CrI 525 – 1,690) for
campylobacteriosis and 307 cases/100,000 (90%CrI 173 – 611) for salmonellosis.
Hospitalisations
On average, between 2008 and 2013, 3,088 campylobacteriosis and 4,194 salmonellosis associated
hospitalisations were annually identified in the PMSI database. After correcting for the diagnostic
sensitivity of stool culture the mean annual number of hospitalizations for campylobacteriosis was
estimated at 5,182 (min 4,750; max 5,614) and 4,305 (min 4,194; max 4,415) for salmonellosis,
resulting in an annual incidence rate of 8.3 hospitalised campylobacteriosis cases/100,000 and 6.9
hospitalised salmonellosis cases/100,000 respectively.

DISCUSSION

We estimated that 528,780 cases (90%CrI 329,745–1,060,616) of campylobacteriosis and 192,450
cases (90%CrI 108,445–383,362) of salmonellosis occur each year in France. The multiplication
factors between cases ascertained through surveillance and cases in the community were 115 for
campylobacteriosis and 20 for salmonellosis. The lower proportion of stool samples tested, the lower

diagnostic sensitivity, together with a lower completeness of case reporting, explain the higher
multiplication factor for campylobacteriosis than for salmonellosis.
Accurately estimating community incidence using a pyramid reconstruction approach is challenging
and depends on data sources informing about the different parameters. Duration of illness was derived
from laboratory-confirmed cases reported to the NRC and was used in the calculations to estimate the
proportion of cases consulting for their illness. Laboratory-confirmed cases may not be representative
of all cases of illness and may over-represent those with severe illness (e.g., a long duration of illness)
who are more likely to consult and have a stool culture requested. Therefore, we may have
overestimated the proportion of cases that consulted, resulting in an underestimate of the true number
of community cases. A similar approach has been used in other studies using a pyramid
reconstruction model (Scallan et al., 2011; Haagsma et al., 2013; Thomas et al., 2013; Kirk et al.,
2014). However, categories (bloody diarrhea and/or duration of illness or duration of diarrhea) and
data sources (case–control studies, outbreak investigation, literature) were different between these
studies. It is important to notice that these differences may have a major impact on the estimates of
the proportion of cases consulting and thus on the final community incidence estimate. In a French
case–control study (Gallay et al., 2008), duration of diarrhea of campylobacteriosis cases was shorter
than duration of illness. The use of duration of diarrhea rather than illness for campylobacteriosis
would have resulted in a higher proportion of cases classified as having a short duration of illness,
seeking less medical care. This would have led to a higher estimated incidence (1091 cases versus
842 cases/100,000) and also a much higher degree of uncertainty (90%CrI 535–3303 versus 525–
1690 cases/100,000).
The proportion of reported cases with bloody diarrhea in our laboratory-based surveillance systems
may be overestimated. Therefore, the proportion of stool samples prescribed for both pathogens using
this approach (23% and 25%) was considered a maximum value. Consultations for less severe AG
illness, not related to campylobacteriosis or salmonellosis, and for which less laboratory tests are
requested, may occur in the summer period. Thus, the proportion estimated among AG cases during
the summer period in the GP survey may underestimate the real proportion of stool samples
prescribed. The proportion of stool samples prescribed using this approach (10%) was therefore
considered as a minimum value.

Culture is currently the main diagnostic method used in France for Campylobacter and is considered
to be technically more demanding than for Salmonella. Therefore, many laboratories do not routinely
culture for Campylobacter. Recent surveys among clinical laboratories in the United States have
shown that, although almost all laboratories routinely included testing for Campylobacter using culture
methods, procedures and laboratory practices differ widely, likely resulting in a lower sensitivity
compared to a reference laboratory (Hurd et al., 2012; M'ikanatha et al., 2012). We used the sensitivity
of Campylobacter culture testing estimated from a study of the NRC on cases in the university hospital
where the NRC is located (Bessède et al., 2011). In this study, culture was carried out on fresh stools
within 4 h after arriving in the laboratory. Outside the hospital or study setting, transport toward routine
diagnostic laboratories and nonoptimal laboratory practices may result in a lower diagnostic sensitivity
for Campylobacter in France than the sensitivity estimated in the NRC survey, resulting in an
underestimate of the true number of community cases.
The estimated incidence of Salmonella and Campylobacter were within the range of those reported by
other countries that used a similar pyramid reconstruction approach (209–450 cases/100,000 for
Salmonella and 440–1500 cases/100,000 for Campylobacter) (Kubota et al., 2011; Scallan et al.,
2011; Havelaar et al., 2012; Thomas et al., 2013; Kirk et al., 2014). For Campylobacter there was a
greater variability in the incidence estimates between countries that may reflect real differences in
incidence rather than in methodology used (Vally et al., 2009).

We estimated that around 4300 hospitalizations for salmonellosis and 5200 hospitalizations for
campylobacteriosis occur each year in France. These numbers may be underestimated as
hospitalizations may have occurred without appropriate diagnostic tests being requested or the ICD-10
coding may have been inaccurate. We corrected for diagnostic sensitivity, but we decided not to
assume an additional underdiagnosis multiplier of 2 (CrI1-3), which has been assumed in some
studies (Scallan et al., 2011; Kirk et al., 2014). For every case hospitalized, it was estimated that there
are 45 salmonellosis cases and 102 campylobacteriosis cases in the community. Despite differences
in methodologies, these results are consistent with findings in the United States (Scallan et al., 2011),
the Netherlands (Havelaar et al., 2012), and Australia (Kirk et al., 2014), indicating a larger proportion
of hospitalization for salmonellosis (factor 19–53) than for campylobacteriosis (factor 56–100).

Our results illustrate that healthcare-seeking behavior, laboratory practices, and reporting of
laboratory-confirmed infections are important country-specific and pathogen-specific parameters that
need to be taken into account for the estimation of community incidences and the interpretation of the
number of reported cases in laboratory-based surveillance systems. Our results indicate a high
number of community cases and hospitalizations for both infections in France. The findings suggest a
high economic and human cost of these diseases and will help to set priorities for surveillance,
prevention, and control strategies.
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Figure 1. Distribution of the estimates of the annual number of cases of salmonellosis and
campylobacteriosis, 10,000 iterations, France, 2008-2013

Table 1. Parameters used to estimate the community incidence of Campylobacter and Salmonella,
France, 2008-2013.

Parameters

Campylobacter

Salmonella

Annual number of cases reported by the NRC

4 608

9 827

Completeness of case reporting to the NRC

21%

66%

Sensitivity of laboratory diagnosis

55 - 65%

90 - 100%

Proportion of stool samples tested

56 - 73%

90 - 100%

Proportion of stool samples requested among consulting cases

10 - 25%

10 - 23%

Proportion of cases consulting a physician:
duration of illness : 1-2 days

10 - 26 %

duration of illness : 3-5 days

30 - 54 %

duration of illness : ≥ 6 days

51 - 90 %

