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ABStRAct
Hepatitis E virus (HEV) is considered to be an emerging zoonotic disease, which causes numerous cases of 

hepatitis and deaths worldwide each year. Pigs are a host reservoir of HEV, but numerous other wild and domestic 
species can be infected. The aim of this study was to carry out serological screening of anti-HEV antibodies in cattle 
in the Sicily region (Southern Italy). Between April and December 2018, 231 serum samples were collected from 
cows and analysed with enzyme-linked immunosorbent assay (ELISA), for detection of HEV antibodies (IgG). The 
overall prevalence of anti-HEV antibodies was 36.36% (84/231; 95% CI 30-43). There were statistically significant 
differences in the HEV seroprevalence in animals of different ages (<11 months: 11.41%; >12 months: 39.30%; >24 
months: 54.10%) (P<0.05). No statistically significant differences were detected between genders (31.37% in male 
and 37.38% in female) (P >0.05). This study shows that further investigation of HEV in cattle is required to understand 
better the epidemiology in farm animals and the potential zoonotic risks for humans. This is the first report of HEV 
seroprevalence for cows in Italy, which provides baseline data for further studies and for control of HEV infection in 
cattle. 
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al., 2014; SAyED et al., 2015). They only affect 
humans and are associated with large epidemics 
due to poor hygienic conditions (REIN et al., 
2012; KAMAR et al., 2017). Genotypes 3 and 
4 are considered zoonotic (PérEz-GrACIA 
et al., 2014; SAyED et al., 2015) and can infect 
humans, pigs, rabbits, cows, deer and mongoose 
(SPAHr et al., 2018; XIA et al., 2015). Genotypes 

Introduction
Hepatitis E is a zoonosis caused by a positive-

sense, single stranded, non-enveloped RNA 
virus, belonging to the Hepeviridae family, genus 
Orthohepevirus, and species Orthohepevirus 
A (SMITH et al., 2014). Orthohepevirus A is 
classified into seven genotypes. Genotypes 1 and 2 
are endemic in many developing countries in Asia, 
South America and Africa (PérEz-GrACIA et 
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Southern Italy), were enrolled for the collection 
of blood samples, in the period of time from April 
2018 to December 2018. The cattle were divided 
into three age groups:

Group 1: <11 months
Group 2: >11<23 months
Group 3: >24 months
Typically, each farm consisted of cows, goats, 

sheep, and pigs in variable numbers. Moreover, 4/11 
farms examined offered 7 months (from 1st of April 
to the 31st of October) of daily pasture access with 
possible contact with wild boars. All farms were 
free from tuberculosis, brucellosis and leucosis.

Sample collection. All samples were collected 
from the jugular vein of the cattle and centrifuged at 
the laboratory of the Veterinary Teaching Hospital of 
the Department of Veterinary Sciences of Messina.

Serological tests. Sera were analyzed for 
the presence of IgG antibodies against HEV 
by the commercially available enzyme-linked 
immunosorbent assay (ELISA), developed by 
Wantai Biological Pharmacy (Beijing, China). All 
procedures were conducted in accordance with 
the manufacturer’s instructions. The serum was 
diluted to 1:10 and incubated at 37 degrees for 
30 minutes. The conjugate (peroxidase-labeled 
protein A) was then added and incubated at 37° for 
30 minutes. Plates were washed and the substrate 
(100 μL of tetramethylbenzidine) was added. 
The reaction was then stopped after 15 minutes, 
and analysis by absorbance was then performed 
using a spectrophotometer. Values above +0.16 of 
absorbance were recorded positive for anti-HEV 
antibodies (GARCIA-HERNANDEZ et al., 2017).

Statistical analysis. All analysis were performed 
using a software package (Version 17.0, SPSS, Inc., 
Chicago, USA). Descriptive analysis was done 
for the study population. The prevalence of HEV 
seropositive was statistically analyzed by age and 
sex, using Fisher's exact test. The mean percentage 
of HEV-seropositive animals and confidence 
interval (CI) values were calculated using the 
binomial exact test. A P value ≤0.05 was considered 
statistically significant.

5 and 6 have been identified in wild boar, and 
are responsible for locally acquired infection in 
developed industrialized countries. Genotype 
7 has been detected in camel (LEE et al., 2016). 
Transmission is mainly related to consumption of 
raw or undercooked meat from infected animals 
(COLSON et al., 2010). Transmission has also 
been documented by leafy green vegetables and 
field-grown strawberries irrigated by contaminated 
water and/or manure (BrASSArD et al., 2012; 
KOKKINOS et al., 2012). HEV is considered 
the major cause of viral hepatitis worldwide, that 
infects humans with animal reservoirs (PérEz-
GrACIA et al., 2014). In recent years, an important 
increase has been observed in the incidence in 
Europe, suggesting there has been a change in the 
risk of acquiring the disease (KAMAR et al., 2017). 
Despite the fact that the infection is clinically silent 
in animals, in humans the clinical aspect varies from 
asymptomatic forms of acute hepatitis to severe 
liver disease, with higher hepatic and extra hepatic 
complications including renal and neurological 
disorders (DALTON et al., 2016), and liver failure in 
immunosuppressed patients (LENGGENHAGER 
and WEBEr, 2017). Some studies suggest that 
HEV may be present in cow's milk and survive the 
pasteurization process (EMERSON et al., 2005; 
HUANG et al., 2016; LEE et al., 2016). The aim 
of this study was to analyze HEV prevalence in 
cows reared in rural areas of Southern Italy (Sicily) 
in order to evaluate whether cows should be 
considered an additional HEV reservoir.

Materials and methods
Ethics statement. The study was performed 

during the official sanitary routine inspection on 
farms when sampling of blood is usually included. 
All procedures were carried out in accordance with 
the standards recommended by the Guide for the 
Care and Use of Laboratory Animals, and Directive 
2010/63/EU, and Italian and European rules on 
animal welfare. A form was given to the farmers to 
explain the procedures. 

Animals. 231 adult mestizos (180 females/51 
males) cows in good clinical condition, aged 
between two and five years, from 11 livestock farms 
located in the municipality of Messina (Sicily, 
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Results
There were 84 out of 231 (36.36%; 95% CI 30-

43) overall positive serum samples with anti-HEV 
IgG in the farmed cattle (Table 1). The highest 
seropositivity rate was detected in cows belonging 
to Group 2 (54.10%; 95% CI 44-64). No statistically 
significant difference in HEV seroprevalence 
was recorded between Groups 2 and 3 (P>0.05). 

The seroprevalence of anti-HEV antibodies was 
statistically significantly different between Group 1 
(11.41%, 95% CI 6-20) and Group 2 (39.30%; 95% 
CI 28-53) (P<0.04), and Groups 1 and 3 (54.10%; 
95% CI 44-64) of farmed cows (P <0.01). A non-
significantly higher seropositivity rate was detected 
in females (37.78%; 95% CI 20-45) than in males 
(31.37%, 95%; CI 20-45).

Table 1. Prevalence of antibodies against HEV in cows examined, divided by age and gender

Variable HEV seropositive/total Prevalence % 95% CI for prevalence
Group 1 (< 11 months) 9/79 11.39 6-20
Group 2 (> 11 and < 23 months) 22/56 39.28 28-53
Group 3 (> 24 months) 53/96 55.20 44-64
TOTAL 84/231 36.36 30-43
Males 16/51 31.37 20-45
Females 68/180 37.77 31-45

Discussion
HEV is considered an emerging zoonotic 

disease in western countries due to the increase 
in cases of illness every year (ADLHOCH et al., 
2016; CORNELIA et al., 2016). The World Health 
Organization (WHO) estimated the annual incidence 
of HEV infection is 20 million, leading to an 
estimated 3.3 million symptomatic cases of hepatitis 
E, with about 44,000 deaths in 2015 alone (WHO, 
2019). It represents one of the five major human 
hepatotropic viruses, in addition to hepatitis A, B, C 
and D viruses. The mortality rate in healthy humans 
is generally low (0.2-0.3%), but can rise to 20-30% 
in pregnant women, and in immunocompromised 
patients (HUANG et al., 2015). In Europe, HEV 
seroprevalence estimates in the general population 
range from 7.5% to 31.9%, with the average rate 
being 19.16% (MAUCErI et al., 2018). In Italy, 
HEV positivity varies widely between regions, 
from 49% in Abruzzo (an endemic region) to 0.4% 
in Molise. Sicily is in an intermediate position with 
4.7% positivity. The epidemiology of HEV in Italy 
is however incomplete, as data are still lacking for 
some regions today (MAUCErI et al., 2018). 

For many years, pigs have been considered 
the host reservoirs of HEV (SPAHr et al., 2018) 
but the cross-species infectivity of HEV has been 

well documented in cattle, sheep, and goats (DI 
MARTINO et al., 2016). HEV-specific antibodies 
have been found in breeds of domestic cattle (Bos 
taurus primigenius), such as yellow cattle (YAN 
et al., 2016), Holstein Frisian cattle (HUANG et 
al., 2016) and other dairy cattle (EL-TrAS et al., 
2013) as well as in domesticated wild animals, such 
as yak (Bos grunniens), buffalo (Syncerus caffer) 
(EL-TrAS et al., 2013) or bison (Bison bison) 
(DONG et al., 2011). In northern and central Italy, 
HEV infection in animals has been demonstrated in 
domestic pigs (LA rOSA et al., 2016), wild boars 
(MAzzEI et al., 2015), rabbits (DI BArTOLO 
et al., 2016), wild deer (DI BArTOLO et al., 
2017), and goats (DI MARTINO et al., 2016). In 
Sicily, HEV is found in 1.2% of shellfish, but still 
no epidemiological data exist for farm animals 
(PUrPArI et al., 2018). 

The prevalence of anti-HEV antibodies detected 
overall in Sicilian cows in the present study was 
36.36%, which was higher than in other countries, 
such as China (14.87%) which is considered endemic 
for HEV (GENG et al., 2011; HUANG et al., 2002; 
SPAHr et al., 2018). It should be considered that 
in Sicily mixed farming is a common practice. 
Family-based, small-sized farms host many 
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different domestic animals, including horses, cows, 
goats, sheep, pigs, chicken and ducks, which can be 
a suitable environment for cross-infection of HEV 
between pigs and cattle. This study also shows that 
the positivity with anti-HEV antibodies is greater 
with the increasing age of the enrolled cattle, up to 
a percentage of 54.1% in the adult cattle in group 
3. The higher seroprevalence detected in adults 
compared to young animals, can be explained by 
the fact that adult animals often graze outside the 
farm. Grazing provides the possibility of cross-
species HEV infection through cattle interactions 
with different types of domestic and, sometimes, 
wild animals such as boar or through contact with 
faeces from HEV infected animals (GENG et al., 
2011; SPAHr et al., 2018).

This high seroprevalence rate suggests a 
possible zoonotic risk for humans (LIANG et 
al., 2014). In fact, it is important to consider that 
serological tests for diagnosis of HEV may give 
some false negatives, and therefore can lead to 
underdiagnoses. In an English study performed on 
human blood donors, a high rate of positives was 
detected by rT-PCr tests, while they were negative 
in serological tests (HEWITT et al., 2014). For 
now, HEV is not considered endemic in Sicily, but 
further studies should be focused on establishing 
the source of human HEV infections.

conclusion
This study has two main limitations: the ELISA 

test used does not have a sensitivity comparable to 
direct virus detection techniques. In addition, the 
kit used is designed for humans, although it is also 
widely used in veterinary medicine. Other future 
developments could be HEV screening of milk, 
faeces and other animal secretions to investigate 
the actual transmission of the virus. Nevertheless, 
this present study showed the serological evidence 
of HEV in cattle farmed in Sicily (Southern Italy), 
which indicate the need for continued surveillance 
of HEV as a possible viral zoonosis. The data 
obtained may be considered a baseline for the 
strategic control and prevention of HEV in farms in 
Southern Italy.
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SažEtak
Virus hepatitisa E (HEV) smatra se emergentnom zoonozom koja uzrokuje brojne slučajeve hepatitisa i uginuća 

širom svijeta svake godine. Svinja je rezervoar HEV-a, no mogu se zaraziti i brojne druge divlje i domaće vrste. Cilj 
ovog istraživanja bio je provesti serološki probir anti-HEV protutijela u goveda na Siciliji (južna Italija). Od travnja 
do prosinca 2018. prikupljen je ukupno 231 uzorak seruma krava i analiziran testom ELISA za detekciju protutijela 
na HEV (IgG). Prevalencija anti-HEV protutijela bila je 36,36 % (84/231; 95 % CI 30 – 43). Pronađena je statistički 
znakovita razlika (P < 0,05) u seroprevalenciji HEV-a u životinja različite dobi (< 11 mjeseci: 11,41 %; > 12 mjeseci: 
39,30 %; > 24 mjeseci: 54,10 %). Nije zabilježena statistički znakovita razlika (P > 0,05) s obzirom na spol (31,37 
% u mužjaka i 37,38 % u ženki). Rezultati ukazuju na potrebu daljnjih istraživanja HEV-a u goveda kako bi se 
bolje razumjela epidemiologija u farmskih životinja i potencijalan zoonotski rizik za ljude. Ovo je prvo izvješće o 
seroprevalenciji HEV-a u krava u Italiji, kojim se pružaju referentni podaci za daljnja istraživanja i kontrolu infekcije 
HEV-om u goveda.
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