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Abstract: After an acute hepatitis E (HEV) outbreak in Southern Switzerland, in January 2017 the local
public health authorities started an active program of food chain control and public education. In this
retrospective study, we analysed all laboratory-confirmed acute cases of HEV infection diagnosed
between 2014 and 2020. In the period before the public health intervention, the number of cases
increased steadily from 2014 (4 of 40 tests, 10%) reaching a peak in the last quarter of 2016 (42 of
285 tests, 14.7 %). Afterwards, the number of positive cases decreased steadily, reaching its lowest
value (0.3%) in the second quarter of 2019. There was a statistically significant difference between
the frequency of positive cases and period of testing, i.e., before and after the introduction of the
public health interventions. Our study shows that active public health measures to control sausages
containing raw pork liver can reduce the prevalence of HEV infection.
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1. Introduction

Hepatitis E (HEV) is the most prevalent cause of acute hepatitis in the world [1]. In
developed countries, HEV infection occurs mainly through zoonotic transmission or, more
rarely, contaminated blood products [1]. Pigs are the main asymptomatic reservoir [1], with
a variable seroprevalence [2]. In Switzerland, the estimated overall seroprevalence in pigs
is approximately 60% [3,4]; in humans (healthy blood donors) it is 20%, but higher values
have been reported from Southern Switzerland (>30%), where the prevalence may reach
almost 60% in some districts [5].

Numerous studies have shown that meat products from domestic pigs and wild boars,
especially pork sausages containing raw liver, are contaminated with HEV [2,6–10].

The percentage of HEV-contaminated food products of porcine origin can vary from
less than 1% to more than 50%, depending on the country and the local products. It has also
been suggested that regional variations in the human seroprevalence may depend on the
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consumption of raw traditional dry-cured pork products, especially those containing raw
pork liver (Figure 1) [6,7,11]. For example, in France HEV-RNA was present in up to 30%
of food containing raw pork liver, such as sausages [7]. A screening program conducted
in Switzerland in 2016 [8] detected HEV-RNA in 11% of all ready-to-eat meat products,
mainly liver sausages (19%).
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Figure 1. “Mortadella di fegato crudo”, a historical, traditional local product of Southern Switzerland
containing raw pork liver. The production rules and consumption recommendations for this sausage
were changed at the beginning of 2017.

In Southern Switzerland, raw sausages sampled at retail level (Figure 1) were screened
for the presence of HEV by quantitative real-time polymerase chain reaction (RT-PCR) [9].
HEV was detected in 12 (11.8%) of 102 sausage products containing raw liver, but not
in any other pork sausages without liver. Probably a low percentage of infected liver is
sufficient to contaminate an entire batch [12]. To date, the only efficient control option for
HEV infection from consumption of HEV contaminated meat products is sufficient heat
treatment, as HEV can be inactivated by cooking the meat at 71 ◦C for 20 min [13].

A previous observational study carried out in Southern Switzerland [14] identified 141
acute cases of HEV, of whom approximately 30% complained of neurological symptoms.
Almost all these patients reported consumption of raw pork meat products in the month
preceding the appearance of symptoms. In one case an HEV strain isolated from the
patient’s stool sample was identical with the one detected in a sausage that he had eaten [11].
These observations and the high number of cases of acute HEV (the majority requiring
hospitalization) identified in our region led the local Public Health Authority to introduce
a “One-Health” action plan [15,16] to reduce the amount of HEV contaminating the food
chain and to educate meat consumers. This started in January 2017 and was focused on the
reduction of HEV-contaminated food on the market and appropriate consumer information
(Table 1).

In the first quarter of 2017, the local Food Control Authority provided recommenda-
tions to meat producers to include HEV in the Hazard Analysis and Critical Control Point
(HACCP) system for products containing raw pork liver. Since April 2017 meat producers
were required to avoid the inclusion of raw pig liver as an ingredient in cured sausages,
to substitute it with the liver of other animals (e.g., calf), or to check for the presence of
HEV in products with raw pork liver at the time of batch release. In addition, they had to
inform consumers about the need to adequately cook products containing raw pork liver.
The consumer information campaign was primarily addressing vulnerable groups of the
population (“YOPI”, young, old, pregnant, and immunosuppressed). These were invited to
thoroughly cook meat and offal, especially pork, wild boar and deer meat products. In May
2017, the Cantonal Doctor informed all medical doctors active in Southern Switzerland
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on the modality of HEV transmission and its possible hepatic and extra-hepatic clinical
manifestations.

Table 1. Public intervention to control food chain supply and inform the population.

Date Intervention Expected Aim

November 2016 Meeting of representatives of the Cantonal Health Service, the
Cantonal Veterinary Office, and the Cantonal Food Control Agency

Develop a One Health action plan to reduce
human HEV exposure in the food chain at

Cantonal (sub-regional) level

December 2016 Involvement of the Federal Food Safety and Veterinary Office (FSVO)

Establish effective measures to protect
consumers’ health and agree on appropriate

risk communication
strategies for local authorities

January–April 2017 Start of the active program with the involvement
of the Swiss Meat Associations

Include HEV as a hazard in the HACCP *
system and provide effective control measures

April 2017

Press release with recommendations by the local authorities to:
(a) all meat producers: detailed description of the mandatory changes

in the production of sausages containing raw pork liver
(b) all medical doctors active in Southern Switzerland: explanation of

the modality of HEV infection and its possible hepatic and
extra-hepatic clinical manifestations

Inform the local population in order to prevent
HEV infections. In particularly,

protect YOPI ** people

1 May 2017
Publication of an information letter from FSVO to inform the

population and the local authorities of other regions of Switzerland on
the risk of HEV infection after consumption of “high risk products”

Inform the population and the local authorities
of other regions of Switzerland

May 2018–May 2021 Research project: HEV along the human food chain: investigations
into spread, genetic diversity and molecular tracing. Achieve a better HEV risk assessment.

* HACCP = Hazard Analysis and Critical Control Point system; ** YOPI = young, old, pregnant, and immunosuppressed.

The aim of this retrospective epidemiological study was to determine the effect of the
introduction of a public health intervention on the number of HEV cases in humans in
Southern Switzerland.

2. Results

Within the study period, 6068 subjects were tested for acute HEV by serology (IgM
antibodies) and RT-PCR. Four cases had increased liver enzymes and reactive serum
HEV IgM+ and IgG+, but were considered as negative because they had a concomitant
Cytomegalovirus infection, a possible cause of false positivity [17].

The characteristics of the acute HEV subjects and the results of serology and PCR tests
are summarised in Table 2.

Table 2. Age and gender of acute hepatitis E (HEV) subjects, and positivity rates of serology and
PCR tests.

Before Intervention After Intervention

Age (years; median (quartiles)) 58 (45–70) 55 (44–66)

Gender (%)
Female
Male

38.1
61.9

46.6
53.4

Serology tests
Positive (N (total no. of tests)) 142 (1434) 233 (4634)

Overall positivity (%) 9.9 5

PCR tests 184 75
Positive (N (total no. of tests)) 32 (184) 23 (75)

Overall positivity (%) 17.4 30.7
95% CI: 95% confidence interval of the mean.

Overall, 375/6068 (6.1%) subjects had a serologically confirmed acute HEV infection
(Table 2; Figure 2). Of these 375 acute cases, 55 (14.6%) had an HEV infection confirmed
by RT-PCR (Table 2, Figure 2). Four of the 55 viraemic patients were initially HEV IgM
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negative, but seroconverted (IgM+ and IgG+) within 2 weeks. Genotyping was performed
in 34 (61%) of the viraemic cases and was successful in 18 viraemic samples. Only HEV
genotype 3 was detected.
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Figure 2. Boxplot of the serological IgM positivity (frequency of acute cases) observed before and
after the introduction of the public health intervention. Blue line: median; box: interquartile range;
whiskers: 95% confidence interval of the median. The y-axis indicates the percentage of positive cases.

A test for independence indicated a statistically significant negative association be-
tween the number of serologically confirmed acute positive cases and period of testing
(9.9% positive tests before vs. 5% after the intervention; Pearson chi2 = 44,875, p = 0.0000;
see Figure 2).

The positivity (percentage of acute HEV cases) for each quarter of year is shown in
Figure 3.

The number of acute HEV cases increased from the first quarter 2014 and the positivity
reached its peak (42/285, 14.7%) in the fourth quarter of 2016. With the start of the active
program of food chain control, the number of cases decreased, and in the whole of 2019,
only 19/1206 tested cases (1.5%) were positive.

Three patients died for complications directly caused by HEV. Two were immuno-
competent patients with pre-existing Child C cirrhosis. They developed acute or chronic
damage and the classical complications of end stage liver failure (hepatic encephalopa-
thy, acute kidney injury, bacterial peritonitis). The third case was an immunosuppressed
transplanted patient who developed chronic HEV infection. Despite continuous ribavirin
treatment and reduction in the dose of immunosuppressants, the patient never cleared
HEV and died three years later.
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3. Discussion

This is the first study investigating the impact of a public health intervention in an
industrialized country, undertaken during a hepatitis E outbreak and aiming at reducing
the number of cases.

The data suggest that active intervention in the food chain in combination with a
public information campaign may help reduce the number of HEV infections in the local
population. We observed an increase in symptomatic HEV cases from 2014 until the end
of 2016, but from the start of the active program of food chain control (January 2017) the
number of positive cases progressively declined (Figure 3).

Southern Switzerland is a favourable setting to perform an epidemiological study
such as this. The region has well defined geographic limits, being delineated by the
Alps on the North and the Italian borders on the West, South and East borders; it has a
rather stable population, and a distinct culinary culture, in which the consumption of raw
pork sausages is comparatively high. In addition, during the study period, only three
microbiology laboratories performed HEV tests using identical methods, and clinicians
were aware of HEV as a potential diagnosis in patients presenting with hepatitis and/or
acute neurological injury. Taken together, these factors facilitated consistent and robust
data capture.

The pro-active attitude of the local Cantonal Public Health Department, which sets
guidelines in food production processes and conducted an active information campaign,
was pivotal in reducing the number of cases. Soon after the public health intervention, the
number of newly diagnosed cases of HEV started to decrease (Figure 3). The decrease in
the number of cases, however, is unlikely to be due to a testing bias. In fact, after the public
health intervention, the number of HEV tests increased continuously (up to 180/month at
the end of 2017), while the rate of positive cases decreased steadily from 14.7% at the end



Pathogens 2021, 10, 107 6 of 8

of 2016 to 0.3% in mid-2019 (Figure 3). These data suggest a true reduction in circulating
HEV in the human population following the intervention.

Recent data suggest that the morbidity of HEV infection is higher than previously
thought, with a mortality approaching 4% in diagnosed cases [18]. In our cohort, however,
only 3 of 375 cases (0.8%) died because of complications directly related to hepatitis E.

The European Food Safety Authority (EFSA) published a scientific opinion on HEV
and the possibilities of its transmission [19], highlighting the need to improve HEV de-
tection methods, including infectivity assays and consensus molecular typing protocols.
Currently, the European Association for the Study of the Liver (EASL) recommends using
a combination of serology and nucleic acid testing to diagnose acute HEV infection [20].
There is still uncertainty regarding the type of antibody assay that should be used, while
for nucleic acid amplification (NAT)-based assays a consensus has been reached [21].

HEV is not a notifiable disease in many European countries, but in recent years, cases
of zoonotic HEV have been increasingly reported in Europe [2,22]. Based on the number of
symptomatic human HEV cases observed in Switzerland in the last few years [9,14,23], in
January 2018 Switzerland introduced mandatory notification for HEV, and since November
2018 all blood products are screened for HEV by PCR in pools of 24 (or less) blood donations.

More research is required on HEV epidemiology and control in pig herds to minimise
the proportion of pigs that remain viraemic or carry high viral loads in their intestine at the
time of slaughter. A Swiss study, aiming at determining the risk of foodborne transmission
by analysing retail meat products [10], concluded that successful HEV human infection
may occur by ingestion, as 1% of all servings investigated contained high HEV loads. The
authors estimated the number of cases in the whole Switzerland in one year to be 1500,
considering that acute illness develops in approximately 5% of susceptible consumers. In
Southern Switzerland, the annual burden of hepatitis E, estimated in terms of Disability
Adjusted Life Years (DALY), increased from <5 DALY per 100,000 inhabitants before 2012
to >50 DALY per 100,000 inhabitants in 2015 [10].

Our study has some limitations. The retrospective nature of the study is prone to bias.
For instance, we identified only symptomatic cases that were tested; thus, we may have
missed additional symptomatic cases. In addition, many cases of HEV infection may occur
asymptomatically, thus being undetected. Our observations may have underestimated the
efficacy of the intervention, and the true amount of circulating HEV in humans may be
higher. The second main limitation is the lack of a standardized method for serology. The
different sensitivity and specificity of the available kits [24] may yield different results even
in the same population. For example, the seroprevalence in Swiss blood donors varied
from 4.9% to 21% depending on the kit used [25]. A large meta-analysis [24] concluded
that the observed heterogeneity in seroprevalence rates in Europe is mainly a consequence
of the assay employed. With the choice of the testing assay, we may thus have over- or
underestimated the true positivity rates. On the other hand, the consistent use of the same
serology and PCR tests during the whole study period in all laboratories may have, at least
to some extent, reduced this risk of bias.

In summary, our study provides evidence that a public health intervention aimed
at educating the population and modifying the production of the traditional sausages
made with raw pork liver effectively reduced the number of human HEV cases in Southern
Switzerland. Further research, based on international collaborations (such as the “HEV-net”
network [26]) and multimodal campaigns (such as the one recently started in Portugal [27]),
is required to confirm our findings in other geographical locations and in a broader setting.

4. Materials and Methods

We retrospectively analysed data obtained from three clinical Microbiology labo-
ratories that serve public and private hospitals, family physicians, and private health
institutions and cover the whole geographical area of Southern Switzerland (350,000 in-
habitants as of 2020). We included subjects tested for acute hepatitis E by IgM serology
and/or real-time quantitative HEV RNA reverse transcriptase PCR (RT-PCR) between
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1 January 2014 and 31 December 2019. Subjects were considered true positive only if
they had increased liver enzymes and reactive serum anti-HEV IgM and anti-HEV IgG,
and/or HEV RNA detected in serum by RT-PCR. Subjects with low HEV IgM positivity
not confirmed by a repeated serology test after 1 month, or subjects with reactive serum
anti-HEV IgM and anti-HEV IgG but suffering from another concomitant infection, were
considered negative.

4.1. Laboratory Analysis

Sera from patients with suspected HEV infection were tested for HEV IgG and IgM
using Dia.Pro kits (Diagnostic Bioprobes srl, Italy). The sensitivity of this kit is 98% for
IgG and 72% for IgM, and its specificity is 96% for IgG and 100% for IgM [28]. Real-
time quantitative PCR and HEV genotype determination were performed as previously
described by Fraga et al. [23].

4.2. Statistical Analysis

A Chi-square test for independence was used to investigate any association between
the number of positive cases and period of testing. Boxplots were used to display positivity
rates, and a local polynomial regression smoothing, weighted according to the number
of positive cases, was used to display the time course of the positivity. All statistical tests
were carried out using Stata ver. 16 (StataCorp, College Station, TX, USA).
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