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The Netherlands saw an unexplained increase in 
campylobacteriosis incidence between 2003 and 2011, 
following a period of continuous decrease. We con-
ducted an ecological study and found a statistical asso-
ciation between campylobacteriosis incidence and the 
annual number of prescriptions for proton pump inhib-
itors (PPIs), controlling for the patient’s age, fresh and 
frozen chicken purchases (with or without correction 
for campylobacter prevalence in fresh poultry meat). 
The effect of PPIs was larger in the young than in the 
elderly. However, the counterfactual population-attrib-
utable fraction for PPIs was largest for the elderly (ca 
45% in 2011) and increased at population level from 
8% in 2004 to 27% in 2011. Using the regression model 
and updated covariate values, we predicted a trend 
break for 2012, largely due to a decreased number of 
PPI prescriptions, that was subsequently confirmed by 
surveillance data. Although causality was not shown, 
the biological mechanism, age effect and trend-break 
prediction suggest a substantial impact of PPI use on 
campylobacteriosis incidence in the Netherlands. We 
chose the ecological study design to pilot whether it 
is worthwhile to further pursue the effect of PPI on 
campylobacteriosis and other gastrointestinal patho-
gens in prospective cohort studies. We now provide 
strong arguments to do so.

Introduction
Gastric acid is a first barrier against exogenous bacte-
ria. The acid is secreted by parietal cells to maintain a 
median gastric pH of around 1.4 [1]. This level is gen-
erally sufficiently low to inactivate bacteria when the 
passage time is short (i.e. when the bacterial adap-
tive acid-tolerance response has not started), whereas 
pH levels >4 substantially increase their probability 
of survival [2,3]. Proton pump inhibitors (PPIs) are 
used to increase gastric pH in patients requiring, for 
example, treatment of gastro-oesophageal reflux dis-
ease and treatment or prevention of gastric and duo-
denal ulcers (e.g. co-prescribed with analgesics such 
as nonsteroidal anti-inflammatory drugs). PPI use is 

therefore hypothesised to facilitate gastrointestinal 
infections and has been reported repeatedly in case–
control studies as a risk factor for Campylobacter and 
Salmonella infections with odds ratios between 3.5 and 
12, suggesting a substantially increased risk [4]. The 
estimated attributable fraction for PPI use in campy-
lobacteriosis cases was estimated at 8% in a Dutch 
case–control study [5].

Several European countries such as the Netherlands, 
Norway and the United Kingdom, experienced decreas-
ing campylobacteriosis incidence rates from 2001 
onwards, but faced a subsequent increase start-
ing between 2003 and 2008. Simultaneously, other 
European countries, such as Denmark and Iceland, 
did not observe such an increase. In these coun-
tries, measures to reduce exposure of consumers 
to chicken meat are thought to have contributed 
to the favourable trends [6,7]. The decreasing inci-
dence in the Netherlands, based on culture-positive 
campylobacteriosis cases, continued until 2003, 
followed by an increasing trend until 2011. This 
increase cannot be explained by improved detec-
tion methods and/or changes in testing regime, (data 
not shown). Furthermore, Campylobacter contamina-
tion of chicken fillets at retail, a recognised risk fac-
tor for Campylobacter infection, showed a decreasing 
trend between 2002 and 2011 in the Netherlands [8]. 
Anecdotal reports suggested that the use of PPIs in the 
Netherlands had increased in the years before 2011. 
We therefore hypothesise that the increase in campylo-
bacteriosis cases in the Netherlands is, at least in part, 
related to increased PPI use. To study this hypothesis 
we related national trends in PPI prescriptions to the 
annual number of reported campylobacteriosis cases 
between 2004 and 2011, while controlling for age and 
chicken consumption. We then estimated the propor-
tional incidence that was potentially related to PPI use.
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Data and analysis
Data on PPI prescriptions were collected at Anatomical 
Therapeutic Chemical (ATC) level 5 (according to the 
World Health Organization (WHO) classification for 
medicine) from annual reports of the Foundation for 
Pharmaceutical Statistics (SFK) in the Netherlands 
(available in Dutch at www.sfk.nl) covering 95% of 
Dutch pharmacies. These reports cover drugs pre-
scribed by general practitioners and physicians, and 
exclude over-the-counter sales. Data were available for 
the two most frequently prescribed PPIs: omeprazole 
and pantoprazole. For the former, prescription data 
were available for the whole study period. For the latter, 
prescription counts were available from 2005 onwards. 
The number for 2004 was estimated by dividing the 
available annual sales revenue for the drug (which 
was available) by the unit price calculated for 2005. 
Given the similar mode of action of the two drugs, the 
prescription numbers for both PPIs were aggregated. 
The age distribution of patients receiving PPI pre-
scriptions was not available from the annual reports. 
Age-stratified data were available at ATC-4 level from 
Statistics Netherlands [9] for the period 2006 to 2011, 
covering more generally use of medicine to suppress 
peptic ulcers and gastro-oesophageal reflux (ATC-code 
A02B). These data reflected medicine refunded by 10 
(groups of) health insurance companies covering >90% 
of the Dutch population.

Four age groups were considered: 0–25, 26–50, 51–70 
and ≥71 years. Data on national sales of fresh and 

frozen chicken were provided by the Product Boards for 
Livestock, Meat and Eggs and used as a proxy for con-
sumption. To indicate exposure, sales of fresh chicken 
were multiplied with the annual prevalence of campylo-
bacter in fresh chicken meat as estimated from moni-
toring at retail [8]. Sales data were stratified for the 
consumers’ age based on the population size per age 
group. The population size per age group per year was 
obtained from Statistics Netherlands [10]. Annual inci-
dences for reported campylobacteriosis cases, includ-
ing the cases’ age, were obtained for the period 2004 
to 2012 from national laboratory surveillance data cov-
ering 52% of the Dutch population [11].

Negative binomial regression was used to relate 
reported campylobacter case numbers per age group 
(dependent variable) to the independent variables PPI 
prescriptions, age and chicken consumption (fresh and 
frozen). The age-stratified population size was used as 
offset. Data from 2004 to 2011 were used; not all data 
were available for earlier years. Backward elimination 
of variables was done until all remaining factors were 
significantly associated with campylobacteriosis cases 
at the 95% confidence level. Two-way and three-way 
interaction terms were subsequently examined for sta-
tistical significance at the same level.

The excess incidence due to PPI prescriptions 
expressed as population-attributable fraction (PAF) 
was estimated by counterfactual assessment [12]. The 
regression parameters and their covariance were used 

Figure 1
Annual number of prescribed proton pump inhibitors at pharmacies and annual incidence of reported and estimated (with 
the regression model) campylobacteriosis cases, the Netherlands, 2004–2012

35

40

45

50

55

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

2004 2005 2006 2007 2008 2009 2010 2011 2012

Incidence per 100,000
Nu

m
be

r o
f P

PI
 p

re
sc

rip
tio

ns
 p

er
 c

ap
ita

Year

PPI prescriptions

Reported incidence

Estimated incidence

PPI: proton pump inhibitor.



3www.eurosurveillance.org

to estimate the number of campylobacteriosis cases 
per age group per year, setting the number of PPI pre-
scriptions to zero. The difference was divided by the 
estimated number of cases based on the collected data 
to obtain the PAF.

Data for 2012 for the independent variables of the 
final model (i.e. PPI per capita, chicken purchases and 
population counts per age group) were used to pre-
dict the number of campylobacteriosis cases for 2012 
using the regression parameters and their covariance. 
This number was subsequently compared to the case 
numbers reported for 2012 to the National Institute for 
Public Health and the Environment (Rijksinstituut voor 
Volksgezondheid en Milieu; RIVM) through the labora-
tory surveillance.

Results
The number of prescribed PPI in the Netherlands has 
increased since 2004 (Figure 1), especially in the 
older age groups. Campylobacteriosis incidence has 
increased since 2003 (Figure 1).

The trend and yearly fluctuations in the number of 
campylobacteriosis cases were explained statistically 
by PPI prescriptions (p<0.0001), age (p<0.0001), the 
interaction between age and PPI prescriptions (p<0.04), 
and consumption of frozen chicken meat (preventive 
factor; p=0.003) (Table).

Consumption of fresh chicken adjusted for 
Campylobacter contamination at retail was not sig-
nificantly associated with the campylobacteriosis 
incidence (p=0.19). The effect of PPI prescriptions 
was largest for the younger age groups and gradually 

decreased for older ages (Figure 2). The estimated coun-
terfactual attributable proportion for PPI prescriptions 
was 8% (95% confidence interval (CI): 0–16) in 2004 
and increased continuously to 27% (95% CI: 30–34) in 
2011. The estimated proportion differed by age group: 
12% (95% CI: 5–19) for the youngest group, 24% (95% 
CI: 15–32) for ages 26–50 years, 45% (95% CI: 39–51) 
for ages 51–70 years and 41% (95% CI: 34–48) for the 
oldest age group. That the attributable proportion for 
the elderly was higher despite the lower effect size per 
PPI prescription compared with the young, results from 
the larger number of prescriptions in the older groups.

The number of prescribed PPI declined in 2012 com-
pared with 2011, most likely because of changes in 
refunding policies. In total our model predicted 8,400 
(95% CI: 7,600–9,100) cases of campylobacteriosis 
in 2012, a mean decrease of 230 cases from 2011. In 
accordance with the prediction, the number of reported 
campylobacteriosis cases decreased by approximately 
320 to 8,200 in 2012.

Discussion
The current study was set up as an ecological study to 
generate hypotheses based on data that were available 
at an aggregate level. Ecological associations often fail 
to reflect the biological effect on the individual, and 
the aggregation of data undermines the control of con-
founding [13]. Proper data to analyse causal associa-
tions were, however, not available. Collecting such data 
would have required extensive time and funding, which 
we did not have at the time of our study. We therefore 
chose the approach of an ecological study to examine 
whether it is worthwhile to pursue studies on the effect 
of PPI on campylobacteriosis further. As such, we are 
unable to conclude on causality between PPI prescrip-
tions and Campylobacter infections. Nevertheless, 
a number of arguments favour a causal association. 
Firstly, the biological rationale for the observed effect 
is plausible: gastric acid secretion is impaired struc-
turally by PPI use, leading to an increased gastric pH 
that favours pathogen survival. Secondly, the age 
modification of the PPI effect can be explained biologi-
cally. Gastric acid secretion in the elderly appears to 
be impaired compared with younger individuals due 
to e.g. atrophic gastritis [14,15], resulting in a slower 
return to baseline levels after pH-level disruption [16], 
and probably in an increased probability of pathogen 
passage to the intestines [17]. The effect of PPI pre-
scriptions on this probability may therefore be smaller 
than in younger age groups. Thirdly, the model pre-
dictions for 2012, based on covariate data for 2012, 
suggested a trend break, which was confirmed by sur-
veillance data. Lastly, the current study estimated that 
8% of the reported campylobacteriosis cases in 2004 
were caused by PPI prescriptions. Our estimate for 
2004 is similar to the estimated population-attributa-
ble fraction for PPI use of 8% in an independent case–
control study on Campylobacter in the Netherlands that 
was based on data collected in 2003 at the individual 
level [5].

Table 
Negative binomial regression analysis for association of 
factors with the reported campylobacteriosis incidence, 
the Netherlands, 2004–2011

Variable Class
IRR

p value
Most likely 95% CI

Age (years)

0–25 1.00 -

<0.0001
26–50 0.65 0.57–0.74

51–70 0.59 0.51–0.67

≥71 0.56 0.48–0.65

PPI per capitaa 
(per unit 
increase)

0–25 2.14 0.99–4.64

<0.0001
26–50 1.81 1.24–2.65

51–70 1.69 1.46–1.97

≥71 1.33 1.20–1.47
Frozen chicken 
purchase

Per 106 kg 
increase 0.95 0.92–0.98 0.0032

CI: confidence interval; PPI: proton pump inhibitor; IRR: incidence 
rate ratio.

a The effect of PPI-prescriptions on the incidence was modified by 
age (p=0.04).
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The findings in the current study are similar to those 
obtained by Strachan et al. [18] for Scotland. These 
authors found a consistent association between 
reported campylobacteriosis cases and PPI use 
between 1990 and 2011. The attributable fraction was 
largest for those aged over 65 years, reaching more 
than 30% in the period 2007 to 2011, which is compa-
rable to our average estimate of ca 35% in that period. 
Brophy et al. [19] recently showed an increased risk of 
PPI use for acquiring campylobacteriosis (hazard ratio 
1.5) at individual level. However, they also showed that 
this risk was low compared to the demographic pro-
file of individuals observed in the cohort. The authors 
concluded that there was no evidence that PPI use 
led to an increase in diagnosed infections, but rather 
that these other factors did. The cohort in Brophy et 
al. [19] comprised mainly persons from our two oldest 
age groups (average age: 58 years), the age groups for 
which we estimated the effect of PPI use to be smaller 
compared with younger ages. Mimicking their calcu-
lation methodology by dividing our counterfactual 
incidence rate (i.e. no PPI prescription) among those 
older than 50 years by the reported rate, we obtained 
similar hazard ratios ranging from 1.3 to 1.7 depend-
ing on the year. In our study, it was the combination 
of the volume of PPI prescriptions per age group and 
the increased risk, albeit smaller in the elderly, that 

resulted in the estimated impact of PPI use on campy-
lobacteriosis incidence at population level. In addition, 
the sudden trend break in 2012 at population level in 
the Netherlands is not easily explained completely by 
a change in factors related to the demographic profile 
of those being prescribed PPIs, as these factors are 
generally not as dynamic as drug use. Thus, our data 
do not conflict with the results from Brophy et al. [19], 
but support the hypothesis that PPI use results in an 
increased campylobacteriosis risk at population level.

The change in purchases of fresh chicken fillet during 
the study period, corrected or not for the prevalence 
of Campylobacter contamination in retail stores, was 
not associated with reported campylobacteriosis case 
numbers. However, changes in the consumption of fro-
zen chicken were related to the increasing number of 
campylobacteriosis cases. No statistical correlation 
existed between purchases of fresh vs frozen meat at 
population level (data not shown), suggesting that an 
increase in purchases of frozen chicken was not asso-
ciated with a decrease in purchase of fresh chicken 
fillet. Freezing of chicken fillet has been suggested 
to reduce contamination levels, and hence the risk of 
infection, in other studies [20], and this effect may also 
have influenced our findings. Alternatively, increases 
in the consumption of frozen chicken may represent a 

Figure 2
Effect of the number of prescribed proton pump inhibitors per capita per age group on the campylobacteriosis incidence, 
the Netherlands, 2004–2011

PPI: proton pump inhibitor.
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reduction in other risk-increasing food-related expo-
sures, as suggested previously [5]. The fact that the 
consumption of fresh chicken fillet was not associated 
with the incidence of campylobacteriosis may be due 
to several factors modulate the representativeness of 
chicken fillet purchases as proxy for chicken fillet as 
risk factor. These include variations in the numbers of 
Campylobacter on individual fillets or changes in anti-
genic types that limit the protective effects of acquired 
immunity. Chicken fillet consumption was associated 
with increased campylobacteriosis risk in a previous 
study in the Netherlands [5].

Annual reports of the SFK are based on records for PPIs 
prescribed by general practitioners and physicians 
and dispensed by pharmacies. PPIs that are obtained 
over the counter in the Netherlands are not included 
in these reports. If the proportion obtained over the 
counter was negligible, or the ratio was similar in all 
study years, then the effect of disregarding the use of 
non-prescribed PPIs on our estimates was probably 
minimal. This proportion may, however, be sensitive 
to changes in refund policies of health insurance com-
panies. For instance, refund policies changed in 2012, 
which is likely to have caused an abrupt decrease in 
PPIs prescribed at pharmacies. This may have led to an 
increase in over-the-counter sales, but data to examine 
such changes were unavailable.

In conclusion, we found a potential association 
between increasing PPI prescriptions and increasing 
campylobacteriosis incidence. The effect of PPI pre-
scriptions on incidence was age-dependent and largest 
for the youngest age group, but the oldest age group 
contributed most to the overall incidence because they 
had the largest share of PPI prescriptions. In addition 
to the beneficial health effects of PPIs, this ecologi-
cal study suggests a substantial impact of PPI use on 
the campylobacteriosis incidence in the Netherlands. 
Comparison with other countries with a different his-
tory of PPI prescriptions and campylobacteriosis trends 
may add to the understanding of the role of these drugs 
in the incidence at population level. Furthermore, a 
risk-benefit analysis, based on a prospective, individ-
ual-based study design, could provide insight in the 
net health benefit of PPI use and could inform a review 
of current prescription guidelines. Such a study should 
also include gastrointestinal pathogens other than 
Campylobacter spp. for which a similar effect can be 
expected [4]. While waiting for such results to become 
available, however, critical evaluation of current pre-
scription policies is indicated. Furthermore, our study 
suggests that PPI users should be added to the sus-
ceptible groups targeted for specific food safety infor-
mation and stresses the need for effective food safety 
management in the light of an increasing number of 
vulnerable consumers.
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