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Background
The number of locally acquired hepatitis E patients 
due to genotype 3 has recently increased in the 
Netherlands, as in other European countries. 
The majority of hepatitis E virus (HEV) infections in 
the general population resolve with no symptoms,  
but HEV infection can cause serious illness in  
immunocompromised patients and patients with 
pre-existing liver disease.
Pigs are recognized as the main reservoir of HEV  
genotype 3, and consumption of pork meat has 
been associated with hepatitis E infection in Europe.  
However, the design of control and preventative 
strategies requires specific information about the 
actual food and/or environmental sources of infec-
tion with HEV and host risk factors for symptomatic 
hepatitis E in the Netherlands.

Methods
To identify (host) risk factors for autochthonous  
acute hepatitis E in the Netherlands, a nationwide 
prospective case-control study was conducted  
between June 2015 and October 2017.1 

A questionnaire on potential sources of HEV exposure, 
health and socio-demographics was completed by:
•  376 patients with acute hepatitis E, diagnosed by 

detection of HEV RNA and/or HEV IgM.
•  1534 population controls matched monthly for 

age, gender and region of residence.

Results
Table 1 shows risk factors in multivariable logistic  
regression analyses, adjusted for age and gender,  
as odds ratio’s (OR), population attributable fraction 
(PAF) and 95% confidence intervals (95%CI). 
•  Patients with acute hepatitis E were more likely 

than population controls to report consumption 
of dry raw pork sausages such as: “cervelaat”  
(OR 2.0), “snijworst” (OR 1.9), “boerenmetworst” 
(OR 1.8). Consumption of any of these dry raw  
sausages was reported by 72% of the patients, 
compared to 46% of controls (combined OR 3.0, 
PAF 48%).

•  Consumption of prepacked lettuce was reported 
more often by patients (OR 1.5, PAF 20%).

•  Direct contact with pigs (OR 3.1, PAF 2%) and  
working with a septic tank (OR 6.9, PAF 1%) were 
strong risk factors, although rarely reported.

•  Comorbidity was reported more often by patients, 
such as pre-existing liver disease (OR 3.8) or  
diabetes (OR 2.1), as well as use of immunosup-
pressants (OR 2.5) or gastric acid inhibitors (OR 2.3).

Discussion & conclusions
•  Consumption of dry raw pork sausages was the 

most important risk factor on population level. 
Research is needed into production methods and 
the prevalence of HEV in these pork food products, 
which are generally consumed sliced unheated on 
bread (Figure 1).  

•  The same type of sausages were associated with 
past HEV infection (anti-HEV IgG antibodies) in a 
recent study among Dutch blood donors.2

•  As HEV can cause serious illness in immunocom-
promised patients and in patients with  
pre-existing liver disease, the nutritional  
advice for these vulnerable high-risk groups have 
been adapted to avoid these high-risk products. 

•  Direct contact with pigs or working with a septic 
tank should be considered as strong risk factors in 
working condition regulations, although the 
impact is low on the population level.

 

Figure 1. Example of how dry raw pork sausage such 
as “cervelaat”, “snijworst” and “boerenmetworst” 
are consumed in the Netherlands, unheated and 
sliced on bread.

Table 1: Multivariate logistic regression analysis of risk factors associated with acute hepatitis E in the Netherlands 2015-2017. The model was based on backward 
selection of variables with P<0.10 in univariate analyses, and adjusted for age and gender. Only variables with P=<0.05 and OR> 1.0 are shown.

n (%) of 376 cases n (%) of 1534 
controls

Odds Ratio 
 (95% CI)

P-value PAF(95%CI)

Underlying diseases

• Pre-existing liver disease 37 (9.8) 31 (2.0) 3.8 (2.0-7.1) <0.001 0.07 (0.05-0.08)

• Diabetes 81 (21.5) 101 (6.6) 2.1 (1.4-3.2) 0.001 0.11 (0.06-0.15)

Medication

• Anti-inflammatory medication/immunosuppressants 66 (17.6) 66 (4.3) 2.5 (1.5-4.1) <0.001 0.11 (0.06-0.13)

• Gastric acid inhibitors 182 (48.4) 334 (21.8) 2.3 (1.7-3.1) <0.001 0.27 (0.20-0.33)

Usually buy meat at the supermarket 341 (90.7) 1296 (84.5) 1.6 (1.0-2.6) 0.046 0.34 (0.00-0.55)

Dry raw pork sausages* 270 (71.8) 700 (45.6) 3.0 (2.2-4.1) <0.001 0.48 (0.39-0.54)

• Dutch "Boerenmetworst" 141 (37.5) 366 (23.9) 1.8 (1.3-2.4) <0.001 0.17 (0.09-0.22)

• Dutch "Cervelaat" 165 (43.9) 403 (26.3) 2.0 (1.4-2.7) <0.001 0.22 (0.13-0.28)

• Dutch "Snijworst" 107 (28.5) 266 (17.3) 1.9 (1.3-2.6) 0.001 0.14 (0.07-0.18)

Prepared/cooked pork products

• Pork shoulder ham 242 (64.4) 742 (48.4) 1.5 (1.1-2.0) 0.010 0.21 (0.06-0.32)

• Fresh sausage 239 (63.6) 796 (51.9) 1.7 (1.2-2.2) 0.001 0.26 (0.11-0.35)

• Smoked bacon 147 (39.1) 508 (33.1) 1.6 (1.2-2.2) 0.004 0.15 (0.07-0.21)

• Prepacked liver sausage/pate 202 (53.7) 599 (39.1) 1.5 (1.1-2.1) 0.005 0.18 (0.05-0.28)

Prepacked lettuce 230 (61.2) 859 (56.0) 1.5 (1.1-2.0) 0.015 0.20 (0.06-0.31)

Working with a septic tank 4 (1.1) 4 (0.3) 6.9 (1.2-40.8) 0.033 0.01 (0.00-0.01)

Contact with pigs   13 (3.5) 29 (1.9) 3.1 (1.3-7.3) 0.011 0.02 (0.01-0.03)

PAF= population attributable fraction; 95%CI= 95% confidence interval. *combined for the variables “Boerenmetworst”, “Cervelaat” and “Snijworst”. 
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