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Hepatitis E virus (HEV) is the most common cause of acute viral hepatitis worldwide and it is able to
infect both humans and animals. Outbreaks have been reported in developing and industrialised coun-
tries and are mainly linked to consumption of contaminated food and water. Recently, raw milk con-
sumption has been identified as a potential foodborne pathway for HEV transmission. While raw pork
and wild boar meat are established sources of infection, milk remains a suspected source, strengthen-
ing the zoonotic nature of the virus. This study aimed to investigate the presence of HEV antibodies
and viral RNA in bulk sheep milk samples collected from 37 farms in Tuscany and Northern Lazio,
Italy, in 2023. Sampling included 73 bulk milk samples from farms across seven different provinces.
Anti-HEV antibodies were detected using an ELISA assay, with five samples showing optical density
values above the cut-off. Subsequent molecular analyses failed to detect HEV RNA. Our findings
support the use of bulk sheep milk as a valuable sample for HEV serological surveillance, highlight-
ing the need for additional research to evaluate the epidemiological and public health implications of
HEV presence in ovine milk.
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INTRODUCTION

Hepatitis E virus (HEV) is the most
common cause of acute viral hepatitis
worldwide. Transmission occurs through
various routes, including the faecal-oral
one from contaminated food or water
foodstuffs (Sooryanarain & Meng, 2019;
WHO, 2025). In humans, HEV infection
can be asymptomatic or characterised by
non-specific symptoms such as malaise,
fever, myalgia, nausea, and vomiting dur-

ing the initial phase. In rare cases, acute
hepatitis E can be severe and result in
fulminant hepatitis (acute liver failure).
Pregnant women with hepatitis E, particu-
larly those in the second or third trimester,
are at increased risk of acute liver failure,
foetal loss and mortality. Cases of chronic
hepatitis E infection, although rare, have
been reported in immunosuppressed peo-
ple, particularly those receiving organ
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transplants (Luo et al., 2024). HEV is a
quasi-enveloped RNA virus with a single
stranded genome positive sense of ap-
proximately 7.2 kb. The virus belongs to
the family Hepeviridae, which comprises
two subfamilies: Orthohepevirinae (in-
fecting mammals and birds) and Para-
hepevirinae (infecting fish). Within Or-
thohepevirinae, there are five recognised
genera, including two main genera of
clinical relevance: Paslahepevirus, pri-
marily affecting humans and mammals,
and Avihepevirus, which predominantly
infects avian species (Purdy et al., 2022).
Within the genus Paslahepevirus, 8 geno-
types have been identified. HEV1 and
HEV2 are widespread in developing
countries, where they are transmitted to
humans mostly via consumption of con-
taminated water (Rein et al, 2005).
HEV3, HEV4, and HEV7 are zoonotic
and are primarily transmitted through the
ingestion of contaminated food of animal
origin, such as raw or undercooked meat,
liver or sausages. HEVS5 and HEV6 have
been reported only in wild boars, while
HEV7 and HEVS8 have been identified in
dromedary and Bactrian camels, respec-
tively (Takahashi et al, 2011; Smith et
al., 2014; Rasche et al., 2016). Notably,
HEV7 was also detected in 2016 in a pa-
tient from the United Arab Emirates who
regularly consumed camel milk and meat
(Lee et al., 2016). Interestingly, Roca-
hepevirus ratti (RHEV), a species within
the Rocahepevirus genus, which primarily
infects rats, has recently been identified as
an emerging zoonotic agent capable of
infecting humans through the consump-
tion of contaminated food or water, caus-
ing both acute and chronic hepatitis
(Benavent et al., 2023; Santos-Silva et al.,
2025).

Although Suidae represent the primary
HEV reservoirs in domestic and wildlife
contexts, the virus has been detected in a

wide range of hosts, and the list of animal
species proven to be susceptible to infec-
tion is continuously growing, including
cattle, goats, donkey, rats, camels, sheep,
and rabbits contributing to the spread of
zoonotic HEV genotypes to humans
(Meng, 2010; Parisi et al., 2019; Sarchese
et al., 2019; Dziedzinska et al., 2020;
Mesquita et al., 2020; Batmagnai et al.,
2023; Tsachev, 2023).

Previous serological and virological
studies have revealed the presence of
HEV in sheep populations. Sarchese et al.
(2019) detected antibodies from 192 se-
rum samples (21.3%) and HEV RNA
from faecal samples (10.4%) from sheep
in Abruzzo region (South Italy), high-
lighting their possible role as reservoirs
for the virus. Similarly, Palombieri et al.
(2020) screened serum and faecal samples
from two domestic and four wild rumi-
nants species collected in Northwest Italy
and found HEV antibodies in sheep
(21.6%), goats (11.4%), red deer (2.6%),
roe deer (3.1%), and in Alpine ibex
(6.3%). confirming the circulation of the
virus in wild and domestic ruminants sug-
gesting a broader trend across species.
Additionally, some results from molecular
characterisation of HEV strains in wild
boar populations in Italy seem to indicate
possible interspecies transmission involv-
ing farmed animals, further emphasising
the epidemiological complexity of this
virus. In details, a virological survey per-
formed on 611 livers and 88 paired lungs
collected from hunted wild boar in Cen-
tral Italy, although indicating a lower
prevalence compared with previous stud-
ies (2.45%) revealed the presence of a
novel HEV subtype (Pierini et al., 2021).
The presence of HEV in wild boar was
also monitored in South-East Italy where
thirteen (10.4%) out of one hundred and
twenty-five wild boar samples tested posi-
tive for HEV. HEV prevalence was 12%
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in Apulia and 9.3% in Basilicata (La Bella
et al., 2023). Several studies have also
reported the presence of HEV in different
animal species in Southern Europe. A
study performed on different specimens
collected from 2010 to 2017 in Croatia
revealed the presence of HEV RNA was
in 216 swine (15.2%), 83 wild boar
(11.5%) (Jemersi¢ et al., 2019). In two
different serological studies performed in
Bulgaria in 2021, Tsachev et al. (2021a,b)
reported the presence of HEV in farmed
pigs (36%; 81/225) and in wild boar
(40%; 98/240) indicating the endemicity
of HEV in the country. Interestingly, in
2022 anti-HEV antibodies were detected
for the first time, although with low
prevalence, in household cats in Turkey
highlighting the zoonotic potential of the
virus (Cagirgan et al., 2022). Specifically
concerning the presence of HEV genome
in milk, recent studies have found the
virus excreted in bovine, donkey, ovine
and caprine milk, suggesting the possibil-
ity of HEV transmission to humans
(Huang et al., 2016; Demirci et al., 2019;
Dziedzinskd et al., 2020; Sayed et al.,
2020; Santos - Silva et al., 2022; Ferri et
al., 2024). In Europe, Dziedzinska et al.
(2020) found evidence of HEV RNA in
goat and sheep milk collected from sev-
eral farms in the Czech Republic reaching
a 2.80% prevalence. In a similar study
performed in Turkey, HEV RNA was
detected in 14 (29.16%) samples of cow
milk, 12 (18.46%) of goat milk, 8 of
sheep milk (12.3) and 13 of donkey milk
(24.5%) (Demirci et al., 2019). Although
the low viral load in milk samples repre-
sents a challenge for molecular charac-
terisation, those findings highlight a sig-
nificant risk of HEV transmission through
dairy products. On this aspect, Wong et
al. (2022) emphasised the need for testing
HEV RNA in milk to better assess its
public health impact. In addition, the
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presence of HEV in human breast milk
has also been reported, raising concerns
about its possible transmission during
breastfeeding (Rivero-Juarez et al., 2016).
Although no specific evidence exists re-
garding HEV-targeted immunoglobulins
in milk, the role of immunoglobulins in
viral immunity is well-established. For
example, IgM in serum is a diagnostic
marker for acute hepatitis E (Blasco-
Perrin et al., 2016; Rivero - Juarez et al.,
2021). This raises the possibility that
similar antibodies might be present in
milk, contributing to passive immunity
when consumed. Camel milk, noted for its
unique immunological properties, has be-
en studied for its antiviral potential, al-
though its specific effects against HEV re-
main unconfirmed (Mohammadabadi,
2020; Khan et al., 2021). For many years
the safety of dairy products has focused
on the presence of pathogenic bacteria
such as Salmonella and Listeria monocy-
togenes, however, we believe that insuffi-
cient attention has been reserved to possi-
ble wviral contamination. Particularly,
Regulation (EC) 2073/2005 on microbi-
ological criteria for foodstuffs does not
provide criteria for viruses of relevance to
food safety but covers only bacteria and
their metabolites and toxins (Anonymous,
2005). Analogously, Annex III, Section
IX (raw milk and dairy products) from
Regulation (EC) 853/2004 sets specific
hygiene rules on the hygiene of food-
stuffs, however, regarding raw milk com-
pliance at primary production, no refer-
ence is made to viruses (Anonymous,
2004). The detection of HEV in milk has
opened new concerns not only on the
safety of raw milk consumption and there-
fore its zoonotic potential, but also on the
transmission of the virus to other animals,
humans and environment. The potential
for zoonotic transmission through milk
consumption is particularly concerning in
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areas where raw or unpasteurised dairy
products are common. This aspect has
been supported by Mesquita et al. (2020),
who identified an increased risk of HEV
infection among individuals occupation-
ally exposed to sheep, such as farmers and
cheesemakers. In Italy, there are several
regions, including Tuscany and Lazio,
where free ranging farming of sheep and
goats is traditionally adopted, increasing
the chance of contact with wildlife espe-
cially wild boars, in which HEV preva-
lence has been reported (Forzan et al.,
2021; Sabato et al., 2022). These findings
underscore the importance of regional
surveillance, as seroprevalence rates and
transmission dynamics vary based on
geographic location, animal husbandry
practices, and environmental conditions
(Caruso et al., 2014). Monitoring live-
stock for HEV and implementing strin-
gent food safety measures are essential to
mitigate the risk of zoonotic transmission
(Santos - Silva et al., 2022). Further re-
search into serological and virological
aspects of HEV in livestock, as well as its
transmission dynamics, is crucial to safe-
guard public health.

The aim of this study was to investi-
gate the presence of HEV antibodies and
RNA in unpasteurised bulk sheep milk
collected from different farms in Tuscany
and Northern Lazio Regions (Italy).

MATERIALS AND METHODS

Sampling

The study involved only the analysis of
sheep bulk milk samples collected at the
dairy farm. No experimental procedures
or interventions were performed on the
animals. Therefore, according to current
regulations, ethical approval was not re-
quired. Sampling was carried out in 2023
at a cheese-making facility located in the

province of Pisa (Tuscany, Italy). Sam-
pling originated from 37 farms located in
Tuscany and Lazio regions, specifically in
the provinces of Pisa (2), Siena (5) and
Grosseto (12) in Tuscany, and Viterbo
(17) and Rome (1) in Lazio. Sampling
was conducted during three different pe-
riods: 26 samples were collected in July
2023 (first sampling), 21 in October 2023
(second sampling), and 26 samples were
taken in November 2023 (third sampling).
In total, 73 bulk milk samples were col-
lected (Table 1). From each bulk milk
tank, 100 mL of milk was collected,
which is the amount generally used for
microbiological analysis Out of the 37
farms, 10 were sampled only once, 18
were sampled twice, and 9 were sampled
in all three periods. Four farms were certi-
fied as organic while 25 produced milk
for Pecorino Toscano PDO cheese pro-
duction. The average flock size per farm
was 661 animals (ranging from 110 to
2,000 sheep). The farmed sheep were pre-
dominantly of the Sarda and Lacaune
breeds, with 29 farms exclusively raising
Sarda sheep, 6 exclusively raising La-
caune sheep, and 2 raising mixed flocks
(Table 1). Following collection, samples
were transported under refrigerated condi-
tions (4 °C) to the Department of Veteri-
nary Science in Pisa. Aliquots of each
sample were stored at —80 °C and —20 °C
until testing.

ELISA

The detection of antibodies against HEV
in milk was performed using the HEV Ab
ULTRA kit (Dia.Pro Diagnostic Biopro-
bes, Milan, Italy), a multispecies enzyme
immunoassay for the detection of total
antibodies against HEV in serum and
plasma, adapted for use with milk sam-
ples. The samples were centrifuged at
4000 g for 5 min to separate the fat, as
recommended by Geng et al. (2019), and
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processed following the kit manufac-
turer’s protocol. Microplates were coated
with a highly specific synthetic antigen
that encodes conserved and immunodomi-
nant determinants of HEV. During the
first incubation, the solid phase is first
treated with the sample, in which anti
HEV total antibodies (mostly IgG, IgM
and IgA) if present, are captured by the

antigens. Following a washing step to re-
move unbound components, a second
incubation is performed with the same
highly specific HEV-specific synthetic
antigen, this time conjugated to peroxi-
dase (HRP) which binds to the captured
antibodies. The HRP enzyme, in the pres-
ence of a substrate/chromogen solution,
produces a colorimetric reaction. The re-

Table 1. Geographical location and sampling schedule of the sheep farms

Farms  Location Breed Flock size July October November
1 Viterbo Sarda 400 X X
2 Viterbo Sarda 550 X X
3 Viterbo Sarda 400 X X
4 Rome Sarda 800 X X X
5 Viterbo Sarda 750 X X X
6 Viterbo Sarda 600 X X
7 Viterbo Sarda 2000 X X
8 Viterbo Sarda 700 X
9 Grosseto Sarda 400 X X X

10 Grosseto Sarda 600 X

11 Grosseto Lacaune 300 X X

12 Grosseto Lacaune 200 X

13 Viterbo Sarda/ Lacaune 1500 X

14 Grosseto Lacaune 600 X X

15 Grosseto Sarda 350 X

16 Grosseto Sarda 400 X

17 Grosseto Sarda 250 X

18 Grosseto Sarda 110 X

19 Viterbo Sarda 350 X

20 Grosseto Sarda 1600 X

21 Grosseto Sarda /Lacaune 300 X

22 Grosseto Sarda 2000 X X

23 Siena Lacaune 1650 X X

24 Siena Sarda 650 X

25 Pisa Sarda 200 X X X

26 Pisa Sarda 200 X X

27 Viterbo Lacaune 800 X X

28 Viterbo Sarda 400 X X

29 Viterbo Lacaune 800 X X

30 Viterbo Sarda 600 X X

31 Viterbo Sarda 500 X

32 Viterbo Sarda 500 X

33 Viterbo Sarda 800 X

34 Viterbo Sarda 600 X

35 Siena Sarda 450 X

36 Siena Lacaune 500 X

37 Siena Lacaune 650 X
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sulting optical signal is directly propor-
tional to the concentration of anti-HEV
antibodies in the sample. Finally, the en-
zymatic reaction is stopped, and the opti-
cal density is measured using Multiskan
FC ELISA reader (Thermofisher Scien-
tific, Waltham, Massachusetts, USA).
For interpretation of the results, as the
kit's provided cut-off values were based
on serum and plasma evaluations, they
could not be applied directly to milk sam-
ples. Therefore, in accordance with the
method described by Vercouter et al
(2018), the cut-off for determining posi-
tive samples was calculated as the mean
optical density (OD) value of the negative
controls (Mn) plus three times the stan-
dard deviation (SD) of the test results.
The test was validated each time through
a positive control and three negative con-
trols as provided by the manufacturer.

RNA extraction, one-step RT-PCR
and nested PCRs for HEV genome

RNA was extracted from those bulk milk
samples stored at —80 °C that tested posi-
tive or showed OD values close to the cut-
off in the ELISA assay, namely S37, S41,
S43, S44, S45. Prior to RNA extraction,
as process control and to evaluate the
presence of possible RNA inhibitors, a
representative number of samples was
spiked using the internal control RNA,
included in the QuantiFast® Pathogen
RT-PCR +IC (Qiagen, Hilden, Germany)
following the manufacturer’s instructions.
Subsequently, RNA extraction was car-
ried out using the QIAamp® Viral RNA
Mini Kit. After extraction, RNAs were
quantified by NanoDrop spectrophotome-
ter  (Thermofisher  Scientific  inc.,
Waltham, Massachusetts, USA) and
stored at —80 °C. The presence of the in-
ternal control RNA was assessed by re-
verse transcription real-time PCR follow-

ing the manufacturer instructions (Qiagen,
Hilden, Germany).

Specific HEV genome amplification
was performed using Luna® Universal
One-Step RT-PCR Kit (New England
Biolabs, Ipswich, Massachusetts, USA)
with a modified protocol excluding the
probe and using primers as described by
Meng et al. (1997) to detect part of the
conserved ORF-2 region. Briefly, a first
RT-PCR was performed with primers
HEV-Meng 3156 and HEV-Meng 3157.
The thermal profile was as follows: 55 °C
for 10 min and 95 °C for 1 min, followed
by 45 cycles of 95 °C for 10 s, 58 °C for
30 s and 60 °C for 30 s, with a final incu-
bation at 72 °C for 7 min. An aliquot of
the RT-PCR product was then used in a
nested PCR with a Wonder Taq Hot Start
DNA polymerase (Euroclone, Milan, It-
aly) with primers HEV-Meng 3158 and
HEV-Meng 3159. As a positive control, a
DNA swine sample previously tested
positive to HEV was used as a template.
The thermal profile consisted of 95 °C for
1 min and 35 cycles of 95 °C for 15 s, 55
°C for 15 s and 72 °C for 30 s, with a final
incubation at 72 °C for 7 min. PCR prod-
ucts were separated by electrophoresis on
a 2% agarose gel. To target the more con-
served RdRp region within ORF-1, RNAs
were retro-transcribed and amplified by
nested PCR using degenerate primers as
described by Johne et al. (2010). A first
RT-PCR was performed with primers
HEV-cs and HEV-cas using a Luna®
Universal One-Step RT-PCR Kit (New
England Biolabs, Ipswich, Massachusetts,
USA) by a modified protocol without
including the probe. The reaction was
conducted by an initial retro-transcription
at 55 °C for 10 min and 95 °C for 1 min,
amplification of HEV genes was per-
formed followed by 45 cycles of 95 °C for
10 s, 50 °C for 30 s and 60 °C for 30 s,
with a final incubation at 72 °C for 7 min.
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An aliquot of the RT-PCR product was
then used in a nested PCR using the Hot
Start Taq® Plus Master Mix Kit (Qiagen,
Hilden, Germany) in presence of primers
HEV-csn and HEV-casn. The thermal
profile consisted of 95 °C for 5 min and
35 cycles of 94 °C for 30 s, 50 °C for 30 s
and 72 °C for 45 s, with a final incubation
at 72 °C for 10 min. DNA products were
resolved by electrophoresis on a 2% aga-
rose gel.

RESULTS

HEYV antibodies in bulk milk samples

The milk samples collected showed OD
values between 0.066 and 0.403, with an
average value of 0.108 (red line in Fig. 1).
To establish the cut-off value, 3 standard
deviations (SD = 0.054) were added to the
mean OD value of the negative controls
(mean value = 0.079), following the pro-
cedure by Vercouter et al. (2018). The
sample cut-off was therefore 0.241 (green
line in Figure 1). Two samples (S44 and
S45, from farm 34 and 35, respectively),

JUNE 2023

oD

OCTOBER 2023

collected in October 2023 (red dots in Fig.
1) showed values higher than the cut-off
which could therefore indicate the pres-
ence of anti-HEV antibodies in milk.
However, results obtained for samples
S37, S41 and S43 (from farm 27, 31, and
33, respectively — yellow dots in Fig. 1)
were also higher than the cut-off calcu-
lated by adding 2 standard deviations
(0.054) to the average OD value of the
negative controls (0.079), equal to 0.187
(yellow line in Fig. 1). The five samples
taken into consideration belonged to
farms in the province of Viterbo (VT, 4)
and Siena (Pienza, SI, 1).

HEYV RNA detection

Milk samples showing OD value higher
than the threshold value (n=2) were sub-
jected to RNA extraction and subsequent
PCR tests using the protocols described
previously. In addition, those samples
(n=3) which, although falling within the
threshold value, deviated from the aver-
age, were included in the subsequent
steps, as they could fall within that 10%
of false negative samples compared to the

NOVEMBER 2023

723456 78 910111213141516 1718 1920 21 22 23 2425 2627 28 29 30 3332 3334 3538 3738 79 40 41 42 43 4545 46 47 4 40 50 5152 5354 55 56 57 58 50 60 61 67 &3 64 65 66 67 68 89 70 71 72 73

Samples

Fig. 1. ELISA results on bulk milk samples. On the X axis are indicated the bulk milk samples, on
the Y axis the OD values. The green line represents the cut-off value calculated by adding 3 standard
deviations to the mean OD value of the negative controls. The yellow line represents the cut-off va-
lue calculated by adding 2 standard deviations to the mean OD value of the negative controls. The
red line represents the mean value of the results (0.108). Red dots represent samples with OD values
that exceeded the calculated cut-offs. Yellow dots represent samples with OD values higher than the

cut-off calculated for negative samples.
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cut-off. The internal RNA control in-
cluded in the samples was detected by
Real Time PCR indicating that possible
inhibitors would not have compromised
the RNA extraction. Neither PCRs spe-
cific for the conserved ORF-2 region
(Meng et al., 1997) or for the amplifica-
tion of HEV ORF-1 (Johne et al., 2010)
scored positive results (data not shown).

DISCUSSION

Over the last decade, an increasing num-
ber of studies have reported the presence
of hepatitis E virus (HEV) not only in
wild and farmed animals but also in a
variety of food matrices (Treagus et al.,
2021). While HEV genotypes 1 and 2 are
primarily associated with the consumption
of contaminated water and are mostly
confined to developing countries, geno-
types 3 and 4 have been linked to the con-
sumption of raw or undercooked meat and
seafood. On this aspect, it is essential to
clarify that although pork and wild boar
products are intrinsically HEV-positive,
seafood may be contaminated secondarily
through fecal contamination of the water.
Several outbreaks have been reported
globally, raising concerns within the sci-
entific community about the zoonotic
potential of the virus and highlighting the
importance of food safety from a One
Health perspective. Moreover, he pres-
ence of infectious HEV-4 in cows was
reported in China in rural herds with low
hygienic standards (Huang et al., 2016),
suggesting that cross-faecal contamina-
tion may have occurred and therefore
highlighting the importance of adopting
proper biosafety measures within the
farm. HEV has been detected in multiple
countries in milk from ovine, caprine,
bovine, and in breast milk from a woman
affected by hepatitis E (Takahashi et al.,
2011; Smith et al., 2014; Lee et al., 2016;

Rivero-Juérez et al., 2016). The sale of
raw milk through vending machines,
which is legally permitted in Italy, could
pose an increased risk of zoonotic trans-
mission, particularly when consumers do
not comply with recommended practices
such as domestic boiling. A significant
portion of ovine milk produced in north-
ern Lazio and Tuscany is destined for the
production of Pecorino cheese. Sheep
farming in these areas is deeply rooted in
cultural tradition and shaped by regional
geography. In this study, sheep milk was
selected as the matrix of interest due to
the typical farming practices associated
with this species, particularly in the sur-
veyed regions. These practices often in-
volve extended periods of free-range
grazing, which increases the likelihood of
contact with wildlife, especially wild
boars. The estimated wild boar population
in Tuscany (2018) and Lazio (2022) was
approximately 122,000 and 75,000 indi-
viduals, respectively (Tuscany Regional
Council 2018; Lazio Regional Delibera-
tion 2024). Since HEV is primarily ex-
creted in faeces and remains stable in the
environment for extended periods, free-
range farming systems may promote viral
transmission through contact with con-
taminated environments and wildlife. The
presence of HEV in Italy has already been
documented in various domestic and wild
species, indicating widespread circulation
of the virus (Parisi et al., 2019; Palom-
bieri et al., 2020; Forzan et al., 2021; Di
Profio et al., 2022; Fonti et al., 2022; La
Bella et al., 2023).

In this study, a dairy processing facil-
ity that collects milk from multiple farms
within the same geographical area was
sampled. A total of 73 bulk milk samples
were collected from 37 farms across three
different time points in 2023. A dual di-
agnostic approach was used, including
both serological and molecular analyses.
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Serological screening was performed us-
ing a commercial ELISA kit for the detec-
tion of total anti-HEV antibodies. Among
the 73 samples, 5 yielded OD values
above the established cut-off. Molecular
analysis of the seropositive samples was
conducted by RT-PCR targeting two con-
served HEV genomic regions. Despite
serological evidence of HEV exposure, no
HEV RNA was detected in the milk sam-
ples. The presence of RNA in our samples
was investigated to support the zoonotic
potential of milk as suggested by previous
studies. In addition, since our sampling
was conducted in different months and
geographical locations, a possible positiv-
ity could have been linked to farming
methods. The absence of HEV RNA de-
spite seropositivity may be attributed to
several factors, including the transient
nature of viral shedding in milk, the tim-
ing of sample collection in relation to the
infection phase, or the dilution effect in
bulk milk. Although HEV has been de-
tected in various food matrices and in
domestic and wild animals, data on its
presence in milk remain limited. This is
likely due to the short duration of virae-
mia and viral shedding in infected ani-
mals, underscoring the importance of op-
timal sampling timing. In this study, the
potential degradation of viral RNA and
the presence of inhibitors were ruled out
by spiking samples with an internal RNA
control. Nevertheless, the results highlight
the need for further research on optimal
sampling strategies and analytical meth-
ods (Souza et al. 2012; Relova et al
2018; Shirazi et al. 2018; Cao, 2023; Po-
temkin, 2024). The detection of anti-HEV
antibodies confirms prior viral exposure
and immune response in the animals.
Upon further analysis, all antibody-
positive samples were found to have been
collected in October. The two samples
with the highest OD values, S44 (Viterbo)
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and S45 (Pienza, Siena), were from farms
with notable production patterns: the farm
of S44 had resumed milk production two
weeks after a dry period, while the farm
of S45 ceased production shortly after
sampling and could not be resampled in
November. Both farms delivered smaller
milk volumes after October, likely due to
reduced milk yield and fewer lactating
animals, a seasonal trend consistent with
the typical lactation cycle of Sarda sheep,
which usually exhibit low or no milk pro-
duction between October and December
(Sodi et al., 2024). These production dy-
namics also explain why not all farms
contributed samples at every time point.
A possible relationship between lactation
stage and antibody concentration in milk
was hypothesised. Three of the five anti-
body-positive farms in October (S37, S42,
S43) tested negative in November (Fig.
1). One plausible explanation is that milk
produced shortly after parturition contains
higher immunoglobulin levels, which
decrease over time (Navarro et al., 2018).
Therefore, antibody detection may be
influenced by both previous viral exposu-
re and physiological factors associated
with lactation. Additionally, the total vol-
ume of milk delivered by each farm de-
pends on per-animal yield and the number
of lactating ewes at the time of sampling.
A recent study reported for the first time
the detection of HEV RNA in milk from
220 individual sheep in Central Italy
(Ferri et al., 2024). Samples were col-
lected from three different farms in Italian
provinces located in the Abruzzo region,
following the traditional transhumance.
The peculiarity of this method is that
farmed animal can share grazing areas
with wild ruminants during a long period.
Although our study was conducted in a
different region, it is geographically adja-
cent to the sampling area in Abruzzo. In
our dataset, four of the five antibody-
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positive farms raised exclusively Sarda
sheep, a breed commonly associated with
rustic farming and extended free-ranging
periods throughout the year (Tuscany
Regional Council 2018; Lazio Regional
Deliberation, 2024; Sodi et al, 2024).
Farmers interviewed during the study
either confirmed or could not exclude the
possibility of contact between livestock
and wild animals. Furthermore, some
farms also raised other species, including
pigs, which are recognised reservoirs for
HEV genotypes 3 and 4 (Doceul et al.,
2016). It is therefore plausible that expo-
sure to HEV occurred during the
spring/summer grazing season, prior to
the October sampling, when animals may
have encountered the virus through conta-
minated water, feces, or contact with
wildlife.

This study has limitations that must be
acknowledged. The lack of a serological
assay specifically validated for milk
represents an important methodological
challenge. In this study, a multispecies
ELISA kit originally developed for the
detection of anti-HEV antibodies in serum
and plasma was adapted for use with milk
samples, and specific tailored cut-off was
established to optimise its applicability.
The HEV Ab Ultra ELISA kit (Dia.Pro
Diagnostic Bioprobes, Milan, Italy), al-
though primarily validated for serum and
plasma, was employed in this study for
the detection of anti-HEV antibodies in
milk samples as an exploratory research
approach, given its high sensitivity and
broad antibody detection profile. This
application, while not standardised, is
justified for epidemiological investiga-
tions following appropriate methodologi-
cal adaptations and cautious interpretation
of results.

In this study, ovine bulk milk samples
collected at the processing plant from
different geographical areas were ana-
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lysed to assess viral circulation within
farms without relying on individual ani-
mal data. Because the assay detects total
antibodies, it was not possible to identify
specific immunoglobulin classes or de-
termine the virological status of the ani-
mals and the timing of infection (i.e., re-
cent versus past exposure). To address
this limitation, serologically positive
samples were further tested for viral RNA
to assess the presence of active infection
at the time of sampling. Importantly,
ELISA-negative results do not exclude
viral presence. During the early phase of
infection, viral replication and shedding
may occur when immunoglobulin levels
particularly IgM in serum and even more
so in milk remain below the detection
threshold.

Moreover, a positive bulk milk result
likely reflects the contribution of multiple
seropositive animals within the herd. This
suggests that viral circulation is not at-
tributable to a recent or isolated case, but
rather that the pathogen has had sufficient
time to spread, allowing several animals
to mount a detectable immune response.

From a serological standpoint, future
studies should consider longitudinal sam-
pling across different seasons, as well as
variations in production and potential
herd movements that may increase wild-
life interactions. Together with previous
findings (Ferri et al., 2024), our results
support the potential of ovine milk as a
useful matrix for serological and molecu-
lar surveillance of HEV in sheep. This
approach presents significant advantages:
it can be implemented either at the farm
or dairy plant level, minimising the need
for invasive procedures and enhancing
animal welfare. In addition to serological
and molecular testing, future research
should integrate ecological and environ-
mental data to better elucidate how farm-
ing systems, grazing practices, and wild-
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life interactions contribute to HEV trans-
mission. This comprehensive approach
could help inform risk-based interventions
and promote sustainable livestock produc-
tion while mitigating zoonotic risks.

CONCLUSIONS

This study underscores the potential
zoonotic risk associated with the con-
sumption of unpasteurised ovine milk. In
this context, particular care should also be
taken during milk handling by farmers
and dairy plant workers. Although HEV
RNA was not detected in any of the bulk
milk samples, the presence of specific
antibodies indicates that the animals had
previously been exposed to the virus. No-
tably, seropositivity was observed exclu-
sively in samples collected in October,
suggesting a possible link with seasonal
farming practices or exposure dynamics.
These findings highlight the potential of
raw ovine milk as a non-invasive matrix
for HEV surveillance, as antibody detec-
tion can provide valuable insights into
viral circulation within flocks. Serological
testing of bulk milk offers a practical and
efficient method to screen a large number
of animals and flocks simultaneously, in
contrast to the logistical and economic
challenges of individual sampling. How-
ever, it is important to consider the possi-
ble dilution effect of positive samples
when mixed in bulk, which may reduce
test sensitivity. Despite this limitation,
bulk milk can serve as an effective start-
ing point for broader HEV surveillance
and in-depth virological investigations.
When seropositivity is identified through
bulk milk screening, follow-up testing on
individual animals is recommended to
assess within-flock seroprevalence. Addi-
tionally, longitudinal monitoring would
allow the identification of seroconversion
events over time, thereby helping to pin-
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point recent infections. Only after con-
firming serological evidence at the indi-
vidual level should molecular analyses be
performed on stool or milk samples, ena-
bling the detection of HEV RNA and fa-
cilitating subsequent phylogenetic studies.
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