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Key messages

What is already known about this subject?
 ► Occupational contact with animals or animal-
derived (food) products is a poorly characterised 
risk factor for Salmonella and Campylobacter 
infections, the leading causes of bacterial 
gastroenteritis worldwide.

What are the new findings?
 ► Significant differences exist in the incidence of 
reported salmonellosis and campylobacteriosis 
cases among occupational groups.

 ► These differences are only partially explained 
by differences in infection pressure by these 
pathogens, as defined by serology.

How might this impact on policy or clinical 
practice in the foreseeable future?

 ► As Salmonella and Campylobacter infections 
cause a serious health burden, identifying 
occupations at risk of acquiring these infections 
may provide important target for control 
activities.

 ► Targeting education and prevention strategies, 
for instance, may help understand the 
transmission routes in these occupational 
groups as to reduce disease burden and provide 
a better picture of the epidemiology of these 
occupationally acquired infections.

ABSTRACT
Objectives Occupational exposure to animals and 
foods thereof is a poorly characterised risk factor 
for salmonellosis and campylobacteriosis, the main 
causes of bacterial gastroenteritis in the Western 
world. We performed a population-based registry 
study in the netherlands to assess whether differences 
exist in the incidence of reported salmonellosis and 
campylobacteriosis cases among occupational groups, 
and whether they can be explained by differences in the 
magnitude of exposure to these pathogens, as defined 
by serology.
Methods Person-level occupational data for all Dutch 
residents were linked to lab-confirmed salmonellosis and 
campylobacteriosis data, and to serological data from 
a previous national serosurvey. Sirs for salmonellosis 
and campylobacteriosis among occupational sectors and 
specific high-risk occupations were calculated based on 
the total employed population. Moreover, Salmonella 
and Campylobacter seroincidence rates were compared 
among sectors and high-risk occupations.
Results Occupational exposure to live animals or 
manure and working in the sale of animal-derived 
food products were associated with significantly 
increased risks of salmonellosis (Sir 1.55–1.82) 
and campylobacteriosis (Sir 1.36–1.65). Moreover, 
incidences were significantly higher in specific industrial 
sectors, as well as healthcare and social work sectors. 
Mean seroincidence rates ranged from 1.28 to 2.30 
infections/person-year for Campylobacter, and from 0.36 
to 0.99 for Salmonella, with only slightly higher rates for 
people in high-risk occupations.
Conclusions Significant differences in reported 
salmonellosis and campylobacteriosis incidence exist 
among occupational sectors, with the highest incidence 
in those persons occupationally exposed to live animals. 
these differences are only partially reflected in the 
serology.

BACKgROund
Salmonella and Campylobacter are the main causes 
of bacterial gastroenteritis in the Western world, 
including the European Union.1 In the Netherlands, 
the annual number of salmonellosis cases is esti-
mated at ~27 000, whereas for campylobacteriosis, 
this number is twofold to threefold higher.2 In terms 
of disability-adjusted life years (DALY), both patho-
gens are estimated to cause altogether over 4000 
DALYs in the Netherlands every year, with the asso-
ciated cost amounting to ~€75 million/year. Such 

burden is mainly attributable to possible sequelae 
beyond gastroenteritis (ie, Guillain-Barré syndrome, 
reactive arthritis, irritable bowel syndrome and 
inflammatory bowel disease).3 4 Surveillance 
of salmonellosis and campylobacteriosis in the 
Netherlands is based on voluntary reporting of a 
network of diagnostic laboratories capturing mainly 
cases with more severe symptoms. Besides the main 
and extensively researched route of transmission 
via food, Salmonella and Campylobacter infections 
may be acquired through contact with animals or 
manure.5 6 The risk of Salmonella or Campylo-
bacter transmission via contact with animals or 
manure has been shown to be significant in specific 
cohorts, including people occupationally exposed 
to live animals or animal-derived products (eg, 
farmers and abattoir workers).7 8 Studies assessing 
salmonellosis and campylobacteriosis incidence 
across different types of occupations on a national 
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level are scarce.9 Therefore, the aim of this study was to assess 
whether differences exist in the incidence of reported salmonel-
losis and campylobacteriosis cases among occupational groups, 
and whether they can be explained by differences in the magni-
tude of exposure to these pathogens, as defined by serology.

MeTHOdS
data and study population
We linked two national registries and a national serosurvey 
in the Netherlands (~17 million inhabitants). One registry 
included deidentified person-level data on occupation as derived 
from Statistics Netherlands (CBS), which records the occupa-
tion of all Dutch residents at any moment in time based on tax 
returns. Occupations are coded based on the European Nomen-
clature of Economic Activities (NACE) (second revision) classi-
fication of productive economic activities, which is part of the 
integrated International Standard Industrial Classification of 
All Economic Activities (ISIC) system.10 NACE codes consist 
of five digits, allowing for four hierarchical levels (ie, sections, 
divisions, groups, classes).10 At the time of analysis, the data set 
included data for 12 566 846 individuals of legal working age 
with recorded type of occupation (5-digit level) and the dates 
of start and end of employment, between January 1999 and 
December 2016.

The second data set contained data on reported human salmo-
nellosis and campylobacteriosis cases in the Netherlands, derived 
from the national laboratory surveillance network coordinated 
by the Dutch National Institute for Public Health and the Envi-
ronment. Estimated population coverage is 64% and 52% for 
salmonellosis and campylobacteriosis, respectively.11 At the time 
of analysis, the data set included 27 425 records of culture-con-
firmed non-typhoid Salmonella infection and 31 855 records 
of culture-confirmed Campylobacter infections (both among 
outpatients and hospitalised patients), with relevant metadata 
(ie, gender, birth date, residence location). The salmonellosis 
data set contained data between January 1999 and December 
2016, whereas campylobacteriosis data between January 2004 
and December 2016.

The third data set contained serological data for Salmonella 
and Campylobacter from participants of a population-based 
cross-sectional serosurvey in the Netherlands in 2006–2007. 
This serosurvey has already been presented in detail before.12 
Briefly, participants provided a blood sample and completed 
an epidemiological questionnaire. In total, serum samples from 
7904 individuals were available, 1304 of which were tested 
for anti-Salmonella and anti-Campylobacter IgA, IgM and IgG 
concentrations (optical density values) using a mixed ELISA 
based on lipopolysaccharides of S. Enteritidis and S. Typh-
imurium13 14 and an acid glycine extract of C. jejuni strain SSDZ-
0115 as capture antigens. This data set has been used in several 
previous studies on immunodynamic modelling of Salmo-
nella16 17 and Campylobacter infections.18–20

data linkage and exposure/outcome definition
All three data sets were transferred to CBS, which acted as 
trusted third party for data anonymisation by adding a unique 
Record Identification Number (RIN), based on persons’ gender, 
birth date and residence location. On generation of the RINs, all 
the personal identifiers were removed, and the RINs were then 
used for linkage to the study data.21 We limited the analyses to 
people aged 16–69 years, as compulsory education applies until 
16 years and almost all people retire by the age of 70 years. 
The data set was cleared from duplicate isolations of the same 

S. enterica subsp enterica serovar or Campylobacter sp within 
3 months after the initial infection. Participants of the serosurvey 
with start of employment after the sampling date were excluded. 
We excluded also participants who ended employment >1 year 
before the sampling date, to account for waning immunity, 
leaving 733 participants with Salmonella and/or Campylobacter 
serology data for analysis.

The structure of the NACE framework allows for analysis at 
different classification levels. We performed the first analysis at 
the division level where all occupations are mutually classified 
into 86 divisions, hereafter also referred to as ‘sectors’. Due to 
revision of the NACE classification in 2008, some occupations 
could not be classified into a single sector in the period before 
the revision; hence, these were excluded from the analysis. The 
serology analysis was performed at section level due to sample 
size constraints. In total, 21 sections exist, each containing 
one or multiple sectors (mutually classified). To test for differ-
ences between Salmonella serovars, these were classified as S. 
Typhimurium and its monophasic variant (35.3%), S. Enterit-
idis (35.8%), and other serovars (28.9%). Based on the type of 
sample the Salmonella isolate originated from (ie, faeces, blood, 
urine, and so on), Salmonella infections were classified as enteric 
(faeces, 91.1%), septicaemic (blood, 3.7%) or others (mostly 
urinary tract and wound infections, 5.2%). For Campylobacter, 
the analysis was limited to the most frequently reported species 
in the Netherlands: C. jejuni (92.9%) and C. coli (7.1%); further 
information on the Campylobacter isolates was not available.

Statistical analysis
Time at risk (age ≥16) started at the date of employment and 
ended at the date of first reported Salmonella or Campylobacter 
infection, end date of that employment (when this corresponded 
to the start of an unemployment period) or the end of the study 
period (1 January 2017), whichever occurred first. As long as 
no Salmonella or Campylobacter infection occurred, individ-
uals were allowed to re-enter the study cohort at any point 
in time in case of intermittent employment periods and shifts 
between occupations, and they could be included in multiple 
sectors (either subsequently or simultaneously). Accounting 
for an average reporting delay of 3 weeks,11 the reporting date 
of Salmonella or Campylobacter infection minus 3 weeks was 
used for analysis. An event was therefore defined as a reported 
salmonellosis or campylobacteriosis case with estimated date of 
infection during an employment period. Separate analyses were 
performed for Salmonella and Campylobacter, allowing for 
occurrence of both infections in one individual.

Incidence rates (IR) per 100 000 person-years at risk of salmo-
nellosis and campylobacteriosis in the employed population 
were calculated by Salmonella serovar and type of infection, 
Campylobacter sp, gender, age (5-year bands) and calendar year. 
SIRs for salmonellosis and campylobacteriosis were calculated 
for each occupational sector by dividing the observed number 
of reported Salmonella and Campylobacter infections by the 
expected number of infections based on the IRs in the employed 
population (matched by gender, age and calendar year); 95% 
CIs were estimated based on Poisson distribution of person-time 
data. For sectors with significantly increased or decreased SIRs 
and ≥10 cases, analyses were stratified by Salmonella serovar, 
Campylobacter sp, gender and age group (16–19, 20–29, 30–39, 
40–49, ≥50 years). Next, based on the 5-digit NACE codes, 
we classified 42 occupations with potential risk of occupational 
exposure to Salmonella and/or Campylobacter into three specific 
groups (online supplementary table S1). Those risk groups 
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entailed occupations with possible contact with live animals or 
manure (eg, farmers and abattoir workers), occupations in food 
production/preparation (eg, bakers, cooks/chefs) and occupa-
tions in sale of animal-derived products (eg, butchers). Overall 
and stratified SIRs of salmonellosis and campylobacteriosis were 
calculated for each of these high-risk groups using the rates in 
the employed population as reference. Cumulative incidence 
plots with years of employment as timescale were made to 
graphically display the risk of infection in the risk groups versus 
the employed population.

Seroincidence rates for Salmonella and Campylobacter infec-
tions, defined as the average number of infections per person-
year, were determined based on the optical density values of 
serum IgA, IgG and IgM as described in detail elsewhere.20 
Briefly, we used the European Centre for Disease Prevention 
and Control’s (ECDC) seroincidence calculator tool (https:// 
ecdc. europa. eu/ en/ publications- data/ seroincidence- calculator- 
tool), which uses the combination of IgG, IgM and IgA values 
at a given point in time to estimate the time since serocon-
version, thereby providing an estimate of the annual ‘force of 
infection’ for each individual using a Bayesian back-calculation 
model. This model is based on the kinetics of IgG, IgM and IgA 
observed during previous longitudinal studies of adult patients 
with stool culture-confirmed Salmonella or Campylobacter 
infections, which provided reference values for peak levels and 
decay rates of Ig concentrations and their relationship over time. 
Following the analytical approach of Monge et al,18 we tested 
for differences in log-transformed seroincidence rates between 
sections using a multivariate linear regression model including 
also gender and years of employment as covariates. We then 
compared seroincidences in high-risk occupations with those of 
other occupations. All statistical analyses were performed using 
STATA V.14.2. P values <0.05 were considered statistically 
significant.

ReSulTS
Cohort description
The cohort consisted of 12 566 831 individuals aged 16–69 
years employed between 1999 and 2016 (online supplementary 
figure S1). People entering the cohort after the start of the study 
(1 January 1999) had a median age of 17 years (IQR: 16–29). 
Overall, 8220 individuals with a reported Salmonella infection 
during employment were observed, corresponding to an IR of 
6.51 infections per 100 000 person-years at risk (95% CI 6.36 to 
6.65). Online supplementary table S2 shows the IRs of salmonel-
losis by serovar, type of infection, gender and age group. Highest 
IRs were observed for age groups 16–19 years (IR: 12.72, 
95% CI 11.94 to 13.50) and 20–29 years (IR: 10.85, 95% CI 
10.45 to 11.24). Infection occurred after a median of 5 years of 
registered employment (IQR: 2–9).

For Campylobacter, the study period was limited to 2004–
2016, with a total of 11 615 429 people in the cohort, of which 
14 352 with a reported Campylobacter infection. The overall IR 
was 15.54 infections per 100 000 person-years at risk (95% CI 
15.29 to 15.79). As for salmonellosis, the IRs for campylobac-
teriosis were higher in the younger age groups (online supple-
mentary table S2). The median time of registered employment at 
infection was 5 years (IQR: 2–8).

Increased occupational risks
Among the 86 sectors, a median of 31 Salmonella infections 
(IQR: 11–87) and 53 Campylobacter infections (IQR: 19–149) 
were reported. Online supplementary table S3 shows the SIRs 

of salmonellosis and campylobacteriosis per sector. Among 
sectors with ≥10 reported cases, 12 sectors showed a signifi-
cantly increased SIR for salmonellosis, campylobacteriosis or 
both (table 1, online supplementary tables S4–S15). The highest 
SIRs were observed for the sector ‘veterinary activities’, with 
a twofold increased risk for salmonellosis (SIR 2.03, 95% CI 
1.22 to 3.37) and campylobacteriosis (SIR 1.96, 95% CI 1.33 to 
2.87). Most reported cases within this sector were female (salmo-
nellosis: 80.0%; campylobacteriosis: 84.6%) and aged 20–29 
years (online supplementary table S4). Increased SIRs, mainly 
for campylobacteriosis, were found in five industrial sectors, 
including the manufacturing of chemicals, paper and machinery, 
and the extraction and supply of petroleum, gas and electricity. 
Among these sectors, SIRs were only significant for males 
(salmonellosis: 1.40–1.42; campylobacteriosis: 1.44–2.59) and 
people aged ≥30 years. Within the ‘other manufacturing’ sector, 
reported cases were mostly attributable to the occupation ‘social 
employment’ (Salmonella n=165; Campylobacter n=301), 
whereas the other occupations within this sector had <15 
reported cases each. Social employment includes customised 
and supervised occupations for people with physical or mental 
disabilities. Most cases were reported among people being 
≥40 years (salmonellosis: 69.4%; campylobacteriosis: 77.7%). 
Marginally increased risks were also observed among healthcare 
and social workers (mean SIR 1.13 salmonellosis; mean SIR 1.17 
campylobacteriosis), with most cases being females (77.6%–
92.5% salmonellosis; 76.7%–90.2% campylobacteriosis). SIRs 
for salmonellosis were highest in the youngest age group (16–19 
years), whereas this was not the case for campylobacteriosis 
(online supplementary tables S11–S13). In the healthcare sector, 
most cases were reported among people working within hospi-
tals (salmonellosis: n=413; campylobacteriosis: n=833). Within 
‘residential care activities’, which includes occupations in nursing 
homes, psychiatric hospitals, home care for elderly and disabled 
people, reported infections were evenly distributed across occu-
pations, with SIRs higher for males (online supplementary table 
S12). Furthermore, an increased risk for campylobacteriosis was 
found for the ‘accommodation’ sector (eg, hotels and campsites), 
with highest risks in the younger age groups (online supplemen-
tary table S14).

decreased occupational risks
Twelve sectors (with ≥10 cases) showed a significantly lower SIR 
for salmonellosis and/or campylobacteriosis (online supplemen-
tary table S3, S16–27). SIRs were 0.77–0.85 for salmonellosis 
and 0.62–0.92 for campylobacteriosis (table 1). Some of these 
sectors are ‘white collar’ sectors, which includes jobs at profes-
sional, administrative or managerial level, generally associated 
with a higher socioeconomic status (SES). No consistent differ-
ences were observed among age groups or gender in the white 
collar sectors. Within the educational sector, risk was significantly 
reduced only for females (SIR 0.83, 95% CI 0.74 to 0.94 salmo-
nellosis; SIR 0.85, 95% CI 0.78 to 0.93 campylobacteriosis).

High-risk occupations
Online supplementary table S28 shows the characteristics of 
the three high-risk groups. The group occupationally exposed 
to live animals or manure (‘live animals’) consisted of 240 993 
and 172 978 people for the salmonellosis and campylobacteri-
osis analysis, respectively, with the majority being male (63.5%). 
Within this group, 93 Salmonella and 147 Campylobacter 
infections were reported. The second group included 2 037 210 
people with occupational exposure through food production/
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Table 1 Sectors with significantly increased or decreased SIRs for overall salmonellosis and/or campylobacteriosis

Sector

Salmonellosis Campylobacteriosis

Obs exp SIR (95% CI) Obs exp SIR (95% CI)

Higher SIRs

  Veterinary activities 15 7.4 2.03 (1.22 to 3.37)** 26 13.3 1.96 (1.33 to 2.87)**

  Manufacture of chemicals 59 42.6 1.38 (1.07 to 1.79)* 112 81.0 1.38 (1.15 to 1.66)**

  Manufacture of paper (products) 15 19.5 1.03 (0.64 to 1.66) 51 34.1 1.50 (1.14 to 1.97)**

  Extraction of crude petroleum and natural gas 6 3.4 1.75 (0.79 to 3.89) 16 6.3 2.54 (1.56 to 4.15)***

  Electricity, gas, steam and air conditioning supply 17 23.2 0.73 (0.46 to 1.18) 67 43.9 1.53 (1.20 to 1.94)**

  Manufacture of machinery and equipment 59 45.5 1.30 (1.01 to 1.67)* 114 124.7 0.91 (0.76 to 1.10)

  Other manufacturing 183 115.8 1.58 (1.37 to 1.83)*** 323 230.7 1.40 (1.26 to 1.56)***

  Human health activities 550 492 1.12 (1.03 to 1.21)* 1123 918.6 1.22 (1.15 to 1.30)***

  Residential care activities 559 478.3 1.17 (1.08 to 1.27)*** 981 835.4 1.17 (1.10 to 1.25)***

  Social work activities without accommodation 362 331.6 1.09 (0.98 to 1.21) 686 620.5 1.11 (1.03 to 1.19)**

  Accommodation 102 95.5 1.06 (0.87 to 1.28) 213 155.0 1.37 (1.20 to 1.57)***

  Activities of households as employers of domestic personnel 26 23.2 1.12 (0.76 to 1.65) 82 57.8 1.42 (1.14 to 1.76)**

Lower SIRs

  Architectural and engineering activities; technical testing and analysis† 79 102.8 0.77 (0.62 to 0.96)* 162 191.3 0.85 (0.73 to 0.99)*

  Computer programming and consultancy† 80 91.9 0.87 (0.70 to 1.08) 149 240.5 0.62 (0.53 to 0.73)***

  Financial service activities† 125 145.8 0.86 (0.72 to 1.02) 200 256.3 0.78 (0.68 to 0.90)***

  Activities auxiliary to financial services and insurance activities† 59 58.8 1.01 (0.78 to 1.30) 72 100.1 0.72 (0.57 to 0.91)**

  Activities of head offices; management consultancy activities† 134 141.5 0.95 (0.80 to 1.12) 191 279.0 0.68 (0.59 to 0.79)***

  Activities of membership organisations† 74 81.1 0.91 (0.73 to 1.15) 113 140.0 0.81 (0.67 to 0.97)*

  Education 428 502.3 0.85 (0.78 to 0.94)** 857 934.6 0.92 (0.86 to 0.98)*

  Crop and animal production and hunting 105 119.2 0.88 (0.73 to 1.07) 141 181.2 0.78 (0.66 to 0.92)**

  Construction of buildings 64 64.1 1.00 (0.78 to 1.27) 141 169.7 0.83 (0.70 to 0.98)*

  Wholesale trade 403 431.5 0.93 (0.85 to 1.03) 716 845.7 0.85 (0.79 to 0.91)***

  Land transport 157 185.1 0.85 (0.73 to 0.99)* 365 345 1.06 (0.95 to 1.17)

  Services to buildings and landscape activities 184 176.2 1.04 (0.90 to 1.21) 247 287.5 0.86 (0.76 to 0.97)*

*p<0.05; **p<0.01; ***p<0.001.
†White collar sector.
CI, Confidence Interval; Exp, expected numbers; Obs, observed numbers; SIR, Standardized Incidence Rate.

preparation (‘food production’) for the salmonellosis analysis 
and 1 666 621 people for the campylobacteriosis analysis, with 
423 and 762 salmonellosis and campylobacteriosis cases, respec-
tively. The third group included 244 051 people involved in 
the sale of animal-derived food products (‘food sale’) for the 
salmonellosis analysis and 178 427 for the campylobacteriosis 
analysis, in which 78 salmonellosis and 109 campylobacteriosis 
cases were reported. Analysis of the three risk groups showed a 
significantly increased risk for both salmonellosis and campylo-
bacteriosis in the live animals group and in the food sale group 
(table 2, figure 1). For salmonellosis, the SIR was 1.82 (95% CI 
1.49 to 2.23) for the live animals group and 1.55 (95% CI 1.24 
to 1.93) for the food sale group. In both groups, risk was most 
pronounced for S. Typhimurium, whereas the risk for serovars 
other than Enteritidis and Typhimurium was not significantly 
elevated. SIRs were generally higher in the younger age groups 
(table 2).

Serology
Data from 732 serosurvey participants remained for analysis 
(294 males; 438 females). Mean age at sampling was 37 years 
(SD: 12). Duration of registered employment (since ≥1999) at 
sampling increased with age, from a median of 1.1 year (IQR: 
0.5–2.2) for those aged 16–19 years to 7.8 years (IQR: 7.4–8.2) 
for people ≥50 years.

Mean seroincidence adjusted for gender and years of employ-
ment was 0.74 infections/person-year (95% CI 0.73 to 0.75, 
n=721) for Salmonella and 1.81 infections/person-year (95% CI 

1.80 to 1.83, n=725) for Campylobacter (table 3). Seroincidence 
in females versus males was slightly lower for Salmonella (exp(b): 
0.915 (95% CI 0.770 to 1.086, p=0.308)) and slightly higher 
for Campylobacter (exp(b): 1.086 (95% CI 0.996 to 1.185, 
p=0.062)), though both non-significant. Age at sampling and 
years of employment showed a significant positive association 
with Salmonella and Campylobacter seroincidences; however, 
due to high collinearity between these two variables, we only 
considered years of employment (exp(b): 1.074 (95% CI 1.036 
to 1.113) per year of employment for Salmonella; exp(b): 1.038 
(95% CI 1.019 to 1.057 for Campylobacter)). Serology data 
were available for 19 occupational sections (table 4). Mean sero-
incidence of Salmonella per section ranged from 0.36 to 0.99 
infections/person-year. No significant differences were observed 
in the seroincidence for Salmonella between sections (ie, 
comparisons of each section vs all others). Among sections with 
≥10 participants, seroincidences were highest in the sections 
‘transportation and storage’, ‘financial and insurance activities’ 
and ‘real estate activities’. For Campylobacter, the mean seroin-
cidence ranged from 1.28 to 2.30 infections/person-year, with 
a significantly higher seroincidence rate in the ‘other service 
activities’ section (2.30; 95% CI 2.18 to 2.43) compared with 
other sections. Table 4 shows the seroincidence for Salmonella 
and Campylobacter in people exposed to the high-risk occupa-
tions: for both pathogens, seroincidence was slightly increased in 
these high-risk occupations (exp(b): 1.08, 95% CI 0.75 to 1.56, 
p=0.677, for Salmonella; exp(b): 1.03, 95% CI 0.86 to 1.24, 
p=0.732, for Campylobacter), although non-significant.
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Table 2 SIRs for salmonellosis and campylobacteriosis by risk group

live animals Food production Food sale

Salmonellosis

  Gender Obs exp SIR (95% CI) Obs exp SIR (95% CI) Obs exp SIR (95% CI)

   Overall 93 51.5 1.82 (1.49 to 2.23)*** 423 445.1 0.95 (0.86 to 1.05) 78 50.5 1.55 (1.24 to 1.93)***

   Male 60 32.0 1.88 (1.46 to 2.42)*** 195 202.5 0.96 (0.84 to 1.11) 32 19.6 1.63 (1.15 to 2.30)**

   Female 33 19.1 1.73 (1.23 to 2.43)** 228 242.5 0.94 (0.83 to 1.07) 46 30.8 1.49 (1.12 to 1.99)**

  Salmonella serovar

   Typhimurium 38 13.6 2.79 (2.03 to 3.84)*** 130 137.4 0.95 (0.80 to 1.12) 32 14.4 2.23 (1.58 to 3.15)***

   Enteritidis 34 20.0 1.70 (1.21 to 2.38)** 177 167.9 1.05 (0.91 to 1.22) 31 20.1 1.54 (1.08 to 2.19)*

   Other 21 17.4 1.20 (0.78 to 1.85) 116 139.7 0.83 (0.69 to 1.00)* 15 16.0 0.94 (0.57 to 1.56)

  Type of infection

   Enteric 89 47.7 1.87 (1.52 to 2.30)*** 399 418.5 0.95 (0.86 to 1.05) 74 47.4 1.56 (1.24 to 1.96)***

   Septicaemic 0 1.5 – 9 10.3 0.87 (0.45 to 1.68) 2 1.2 1.71 (0.43 to 6.83)

   Other† 4 1.9 2.06 (0.77 to 5.48) 15 16.3 0.92 (0.56 to 1.53) 2 1.9 1.05 (0.26 to 4.21)

  Age (years)

   16–19 22 7.18 3.07 (2.02 to 4.66)*** 155 147.7 1.05 (0.90–1.23) 30 14.3 2.09 (1.46 to 2.99)***

   20–29 33 18.3 1.80 (1.28 to 2.53)** 164 185.0 0.89 (0.76–1.03) 26 17.9 1.45 (0.99 to 2.13)

   30–39 18 9.1 1.99 (1.25 to 3.15)** 46 41.8 1.10 (0.82 to 1.47) 8 6.5 1.23 (0.61 to 2.45)

   40–49 12 8.1 1.49 (0.85 to 2.62) 31 35.2 0.88 (0.62 to 1.25) 10 5.9 1.69 (0.91 to 3.15)

   ≥50 8 8.4 0.95 (0.47 to 1.90) 27 35.3 0.77 (0.53 to 1.12) 4 5.8 0.69 (0.26 to 1.84)

  P trend <0.001 0.123 0.026

Campylobacteriosis

  Gender Obs exp SIR (95% CI) Obs exp SIR (95% CI) Obs exp SIR (95% CI)

   Overall 147 88.9 1.65 (1.41 to 1.94)*** 762 744.3 1.02 (0.95 to 1.10) 109 80.1 1.36 (1.13 to 1.64)**

   Male 94 57.2 1.64 (1.34 to 2.01)*** 366 345.9 1.06 (0.96 to 1.17) 36 33.7 1.07 (0.77 to 1.48)

   Female 53 31.7 1.67 (1.28 to 2.19)*** 396 398.4 0.99 (0.90 to 1.10) 73 46.4 1.57 (1.25 to 1.98)***

  Campylobacter sp

   Jejuni 140 82.9 1.69 (1.43 to 2.00)*** 718 696.0 1.03 (0.96 to 1.11) 99 74.8 1.32 (1.09 to 1.61)**

   Coli 7 6.0 1.17 (0.56 to 2.45) 44 48.3 0.91 (0.68 to 1.22) 10 5.3 1.89 (1.02 to 3.51)*

  Age (years)

   16–19 29 9.5 3.05 (2.12 to 4.39)*** 216 213.2 1.01 (0.8 to 1.16) 28 18.4 1.52 (1.05 to 2.20)*

   20–29 43 26.5 1.62 (1.20 to 2.19)** 333 296.7 1.12 (1.01 to 1.25)* 38 25.2 1.51 (1.10 to 20.7)*

   30–39 15 13.8 1.08 (0.65 to 1.80) 65 73.6 0.88 (0.69 to 1.13) 17 10.6 1.60 (1.00 to 2.58)

   40–49 26 17.0 1.52 (1.04 to 2.24)* 70 75.8 0.92 (0.73 to 1.17) 18 12.4 1.45 (0.92 to 2.30)

   ≥50 34 22.0 1.55 (1.11 to 2.17)* 78 85.0 0.92 (0.74 to 1.15) 8 13.4 0.60 (0.30 to 1.19)

  P trend <0.001 0.909 0.070

*p<0.05; **p<0.01; ***p<0.001.
†Salmonella isolated from urine or wounds.
CI, Confidence Interval; Exp, expected numbers; Obs, observed numbers; SIR, Standardized Incidence Rate.

 
dISCuSSIOn
We assessed the distribution of reported salmonellosis and 
campylobacteriosis cases, as well as the magnitude of expo-
sure to these pathogens, among different occupational groups 
in the Dutch-employed population. We identified significantly 
increased SIRs for both salmonellosis and campylobacteriosis 
in several occupations. These observations can be explained 
by a combination of multiple coexisting factors entailing expo-
sure levels to the pathogens, susceptibility to infection and 
medical awareness/knowledge associated with the occupations 
in question.

The risk of reported salmonellosis and campylobacteriosis 
was almost twofold higher in people in the ‘live animals’ group, 
presumably caused by increased exposure to both pathogens. 
Similar, although stronger, associations were found in a registry 
study in the USA where the relative risk of salmonellosis and 
campylobacteriosis among people working in occupations 
including farming was respectively 10-fold and threefold higher 

compared with other occupations,9 whereas in another study, 
17% of the campylobacteriosis cases reported occupational 
exposure to animals.7 Among people with occupational expo-
sure to animal-derived food products, we observed a signifi-
cantly increased risk of infection in the ‘food sale’ group and 
in the ‘accommodation’ sector. However, we did not observe it 
in the overall risk group involved in food production/prepara-
tion. Acquired immunity against Salmonella and Campylobacter 
might be an explanation for the latter observation. Furthermore, 
SIRs (for salmonellosis and/or campylobacteriosis) were signifi-
cantly higher in five industrial sectors, mainly those associated 
with the use of chemicals. Long-term exposure to chemical 
substances is associated with altered composition of gut micro-
biota, resulting in dysregulation of the gut mucosal immune 
function, which in turn might lead to adverse health effects and 
possibly increased susceptibility to enteric infections.22 Gener-
ally, frailty and low SES are risk factors for increased morbidity 
and mortality of disease.23 This could explain the increased SIRs 
among people working in the ‘other manufacturing’ sector, 
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Figure 1 cumulative incidence (ci) plots of salmonellosis and campylobacteriosis by risk group. (a) live animals. (B) Food production. (c) Food sale.

whereas the decreased SIRs among people working in ‘white 
collar’ sectors could be explained by a higher educational level, 
SES and general health. Moreover, marginally higher SIRs were 
observed among people working in healthcare and social work. 
An underlying factor might be increased infection pressure in 
such facilities, as nosocomial outbreaks and outbreaks in long-
term care facilities are documented for Salmonella.24 25 On the 
other hand, the increased SIRs might also be partially attribut-
able to increased healthcare-seeking behaviour caused by medical 
awareness/knowledge among people working in these sectors. 
Shift work, being common in healthcare and industrial sectors, 
has been proposed to increase the risk of infection as an indirect 

result of sleep rhythm and health behaviour on the immune 
function.26 27 In addition to the infection risk from occupational 
exposure, the observed distribution of salmonellosis and campy-
lobacteriosis cases in our study is, to some extent, influenced 
by surveillance/detection bias, potential healthy worker effect, 
as well as the confounding effect of lifestyle, which we could 
not fully control for.28 Indeed, here we could not account for 
other potential risk factors related to, for example, eating habits, 
pet ownership, travel and ethnicity, which might have played 
a role as well. Moreover, the study period covered 17 years in 
which diagnostics of gastrointestinal infections and hygiene stan-
dards in, for example, abattoirs, might have changed. However, 
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Table 3 Mean and 95% CI of seroincidence rates (ie, number of 
infections/person-year) of Salmonella and Campylobacter, by age at 
sampling

Age at sampling 
(years)

Salmonella Campylobacter

n Mean* 95% CI n Mean* 95% CI

16–19 49 0.52 0.51 to 0.53 49 1.53 1.27 to 1.83

20–29 176 0.69 0.68 to 0.71 178 1.76 1.73 to 1.78

30–39 193 0.78 0.77 to 0.80 194 1.87 1.86 to 1.89

40–49 160 0.78 0.77 to 0.80 159 1.86 1.84 to 1.88

≥50 143 0.79 0.77 to 0.81 145 1.87 1.84 to 1.89

Total 721 0.74 0.73 to 0.75 725 1.81 1.80 to 1.83

*Adjusted for gender and years of employment at time of sampling.
CI, Confidence Interval.

Table 4 Mean and 95% CI of seroincidence rates (number of infections/person-year) of Salmonella and Campylobacter, by section

Section

Salmonella Campylobacter

n Mean (95% CI)† n Mean (95% CI)†

Agriculture, forestry and fishing 6 0.77 (0.57 to 1.04) 8 1.62 (1.46 to 1.79)

Manufacturing 76 0.70 (0.67 to 0.73) 76 1.78 (1.74 to 1.82)

Electricity, gas, steam and air conditioning supply 4 0.44 (0.31 to 0.63) 4 1.55 (1.21 to 1.98)

Water supply; sewerage, waste management and remediation activities 4 0.36 (0.25 to 0.53) 4 1.28 (1.06 to 1.56)

Construction 36 0.61 (0.57 to 0.68) 35 1.72 (1.66 to 1.78)

Wholesale and retail trade 133 0.63 (0.61 to 0.65) 134 1.81 (1.77 to 1.84)

Transportation and storage 26 0.99 (0.91 to 1.09) 26 1.76 (1.69 to 1.84)

Accommodation and food service activities 29 0.48 (0.44 to 0.51) 29 1.78 (1.71 to 1.85)

Information and communication 19 0.76 (0.69 to 0.84) 19 1.57 (1.51 to 1.64)

Financial and insurance activities 35 0.97 (0.91 to 1.04) 36 2.07 (1.98 to 2.15)

Real estate activities 10 0.95 (0.80 to 1.13) 10 1.64 (1.51 to 1.78)

Professional, scientific and technical activities 61 0.68 (0.64 to 0.71) 60 1.81 (1.77 to 1.86)

Administrative and support service activities 109 0.67 (0.65 to 0.68) 108 1.72 (1.69 to 1.75)

Public administration and defence; compulsory social security 47 0.77 (0.73 to 0.81) 48 1.89 (1.84 to 1.94)

Education 72 0.78 (0.75 to 0.82) 73 1.82 (1.78 to 1.87)

Human health and social work activities 167 0.70 (0.68 to 0.72) 169 1.78 (1.76 to 1.80)

Arts, entertainment and recreation 20 0.45 (0.43 to 0.49) 20 1.54 (1.48 to 1.59)

Other service activities 21 0.91 (0.84 to 0.99) 21 2.30 (2.18 to 2.43)**

Activities of households as employers 2 0.95 (0.72 to 1.26) 2 2.26 (1.96 to 2.62)

High-risk occupations‡ 43 0.65 (0.60 to 0.70) 44 1.69 (1.64 to 1.75)

All occupations 721 0.74 (0.73 to 0.75) 725 1.81 (1.80 to 1.83)

**p<0.01
†Adjusted for gender and years of employment at time of sampling.
‡Risk groups ‘live animals’, ‘food production’ and ‘food sale’ combined.
CI, Confidence Interval.

we consistently used the same type of data (ie, culture-con-
firmed Salmonella and Campylobacter infections, as culture is 
still performed for antimicrobial resistance determination after 
positive PCR screening) and temporal trends in reported salmo-
nellosis/campylobacteriosis were not assessed, that is, data were 
analysed retrospectively by including (cumulative) employment 
time of each individual in each sector, and not chronological 
time per se. Thus, while the strength of some associations might 
differ between periods, our study was meant to provide overall 
estimates for the average effects of occupation during the whole 
study period.

Salmonellosis and campylobacteriosis IRs are based on labo-
ratory-confirmed cases reported to public health surveillance. 
These cases constitute only a small fraction of all cases occur-
ring in the community and are usually patients with severe 
or prolonged symptoms. The extent of under-reporting is 

influenced by healthcare-seeking behaviours and patient-related 
sensitivity of the healthcare and surveillance systems (eg, patients 
with travel history or those with underlying chronic diseases are 
more likely to undergo increased medical scrutiny on presenta-
tion of symptoms). Serology allows us to assess infection risks 
independently of these factors, as it also includes asymptomatic 
infections, hence it sheds light on the epidemiology of Salmo-
nella and Campylobacter from a different perspective.18 We 
found the seroincidence to be only slightly associated with occu-
pational groups with a higher incidence of reported salmonel-
losis and campylobacteriosis cases. Previous studies comparing 
seroincidence rates among countries have found no significant 
correlations with incidence of reported cases, with seroincidence 
rates being up to 130-fold higher than reported incidence.17 
Besides surveillance artefacts, possible explanations could be the 
intrinsic limitations of seroincidence data, such as differential 
antibody decay over time in different groups of the population. 
It is difficult to predict how this may have affected the seroinci-
dence estimates of our high-risk groups. If the antibody response 
is stronger, seroincidence would be overestimated. However, if 
frequent infections induce a weaker immune response, especially 
lower IgM production, seroincidence would be underestimated, 
as pointed out before.17

A limitation of the NACE classification is that a person’s 
NACE code is based on the economic activity of the company/
organisation employing the linked person, rather than the 
actual job tasks. The proportion of people employed via an 
employment agency differs among sectors, with most people 
in the ‘employment activities’ sector working in industry (24% 
males; 14% females).29 This might affect the observed risk of 
infection among occupational groups. Furthermore, serological 
data were limited by the sample size of serosurvey participants 
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in some sectors (probably due to participation bias), which 
hampered comparisons between groups. In conclusion, we 
found significantly increased occupational risks for salmonel-
losis and campylobacteriosis among people with occupational 
exposure to animals or animal-derived products, healthcare and 
social workers, as well as people working in specific industrial 
sectors. Seroincidence in these high-risk groups was only slightly 
increased, suggesting possible differential antibody response 
and decay over time (on increased exposure to Salmonella and 
Campylobacter) in different groups. Campylobacteriosis and 
salmonellosis should be considered when workers in occupations 
at increased risk for infection have symptoms compatible with 
these diseases. Although the exact transmission routes in these 
occupational groups are yet to be fully understood, targeting 
education and prevention strategies may help reduce disease and 
provide a better understanding of these occupationally acquired 
infections.
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