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ARTICLE INFO ABSTRACT

Keywords: Hepatitis E virus (HEV) is the causative agent of foodborne infections occurring in high income countries mainly
Hepatitis E virus by consumption of undercooked and raw pork products. The virus is zoonotic with pigs and wild boars as the
HEV . main reservoirs. Several studies proved the presence of HEV-RNA in pork liver sausages, paté and other pork by-
:::tzi?gg products. However, the detection of HEV nucleic acids does not necessary correspond to infectious virus and

information on the persistence of the virus in the food is still limited. To which extent and how long the virus can
survive after conventional industrial and home-made conservation and cooking procedures is largely unknown.
In the present study, we investigated the persistence of two subtypes of HEV-3, by measuring the viral RNA on
cell supernatant of infected A549 cells, after long-term storage at +4 °C and —20 °C and after heating for short or
long-time span. Results confirmed that either low temperature storage (+4 °C) or freezing (—20 °C) do not in-
fluence the survival of the virus, and only a moderate reduction of presence of its RNA after 12 weeks at +4 °C
was observed. To the other side, heating at 56 °C for long time (1 h) or at higher temperatures (>65 °C) for
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shorter time inactivated the virus successfully.

1. Introduction

The hepatitis E virus (HEV) is one of the main cause of hepatitis in
humans worldwide. Depending on the genotypes, the symptoms and
sequelae can be different, with high mortality rate in pregnant women,
mainly in low income countries, and with chronic hepatitis and extra-
hepatic manifestations in high-income countries. The genotypes HEV-1
and HEV-2 only infect humans and circulate in low-income countries.
Zoonotic genotypes HEV-3 and HEV-4 infect both humans and several
animal species, including pigs, wild boars and other less frequent hosts,
such as deer and rabbits (Ruggeri et al., 2013; Smith et al., 2020). In the
European countries, the HEV-3 genotype is prevalent in both domestic
pigs and wild boars, causing most human sporadic cases and small
clusters, which have been reported in several countries (Ricci et al.,
2017; Dalton and Izopet, 2018). In several cases, molecular and epide-
miological investigations accounted for the foodborne origin of the in-
fections establishing a link between the infection and the consumption
of pork liver sausages (e.g. figatelli), undercooked food containing swine
liver, deer sashimi and wild boar meat (Tei et al., 2003; Adlhoch et al.,

2016; Rivero-Juarez et al., 2017). The link between the infections and
food consumed was confirmed by the detection of the same viral genome
nucleotide sequence from patients and food (Colson et al., 2010).
Furthermore, HEV RNA was detected in food at the point of sale
including liver paté, liver sausages and less frequently in meat sausages
(Di Bartolo et al., 2012; Pavio et al., 2014; Moor et al., 2018; Boxman
et al., 2019; Pallerla et al., 2021; Mykytczuk et al., 2017; Chatonnat
et al., 2023). In the food safety risk ranking pork liver sits frequently at
the top (Muller et al., 2017; Moro et al., 2021), which is to be expected
since it is the organ of HEV replication, being present raw and/or dry in
sausages, or partially cooked, as in paté and other food preparations.
The consumption of muscle may represent a lower risk of HEV infection,
even if undercooked, since HEV does not replicate in muscles. So far, a
complete foodborne risk analysis has not been conducted for HEV, given
the scarce report of human cases, the unknown infectious dose, and the
lack of estimation of the risk associated with the detection of the viral
genome in food.

Due to the lack of an efficient cell culture system for virus cultivation
and to ethical limitations for use of in vivo experiments, little
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information is available on HEV resistance and persistence on food after
conventional industrial treatments, such as storage at room tempera-
ture, refrigeration, freezing, cooking, and other procedures involved in
food preparation, such as salting, acidification and curing (Johne et al.,
2016, 2021; Wolff et al., 2020a, 2020b, 2022). Some studies were
conducted on HEV-3 and HEV-4 strains, proving their resistance to long
storage within the temperature range of 4-10 °C (Stunnenberg et al.,
2023) and up to 37 °C (Johne et al., 2016; Tanaka et al., 2007; Schielke
et al., 2011). The virus can be either totally or partially inactivated by
heating depending on temperature and holding time.

In vivo experiments conducted on heating effect on HEV-3 reported
that depending on food preparation, if the virus was either in liver used
for paté suspensions or in liver itself, at least 72 °C for 15 min and 71 °C
for 5 min, respectively were needed for total inactivation (Barnaud et al.,
2012; Feagins et al., 2008). Some differences were also observed be-
tween the HEV-3 and HEV-4 genotypes, with the latter being slightly
more resistant and requiring a treatment at 80 °C for 1 min for the
inactivation (Imagawa et al., 2018). No data are available on differences
among the different HEV-3 subtypes. A recent study observed some
differences on the residual infectivity after heating between HEV-3c and
-3e, but the authors highlighted the difficulty to measure little variations
of residual viral infectivity (Stunnenberg et al., 2023).

In the present study, the persistence of HEV-3 during long storage at
4 °C and —20 °C was assayed, and the effect of heating at different
combinations of time and temperature was evaluated on two different
subtypes of HEV-3 (subtypes -3c and -3e) originated from pigs. The
scope was to add a piece of information on the ability of the HEV-3
strains to persist after conventional storage or cooking conditions,
assessing if any differences in the ability to survive would exist among
different subtypes.

2. Materials and methods
2.1. Viral stocks, cell lines and virus propagation

Viral stocks of HEV-3 strains belonging to subtypes 3e (strain IT-12
Acc. No. OP558160) and 3c (IT-13; Acc. No. OP558157) isolated as
previously described (Schemmerer et al., 2019; Ianiro et al., 2023) in

Minimum Essential Medium (MEM) without FBS (MEM-M), were used in
this study.
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Lung carcinoma epithelial A549 cells (ATCC® CCL-185TM, Mana-
ssas, Virginia, USA) were propagated in Minimum Essential Medium
(MEM) supplemented with 10% heat-inactivated fetal bovine serum
(FBS; Gibco, Life Technologies, Grand Island, NY, USA), 2 mM 1-gluta-
mine, 1% non-essential amino acids (NEAA), 100 U/mL of penicillin,
and 100 mg/mL of streptomycin (P/S; Gibco Life Technologies), at 37 °C
in a 5% CO; atmosphere.

The growth medium was removed, and cell monolayers were inoc-
ulated with treated and untreated HEV viral stocks and incubated at
34.5 °C in 5% COs.

The medium was removed and changed every 3-4 days (Ianiro et al.,
2023).

2.2. Thermal treatments and long storage

Five hundred pL aliquots of the viral stocks of strains IT-12 (HEV-3e
subtype) and IT-13 (HEV-3c subtype) containing 2.54 x 10° and 1.02 x
108 genome copies per mL (GC/mL), respectively, were conserved in 0.5
mL tubes (Eppendorf, Hamburg, Germany) and held at room tempera-
ture for 30 min. For heat treatments, a pre-warmed heat block (Ther-
momixer Comfort 1.5-mL, Eppendorf, Germany) filled with water for
rapid heat transfer was used. The viral stocks were subjected to tem-
peratures of 56 °C, 65 °C, and 72 °C for different treatment times (3, 6,
12 and 60 min). Heating at 93 °C was conducted for 1 and 3 min. The
temperature was checked and registered using a conventional digital
thermometer in control tubes containing virus free medium (Fig. 1). Two
aliquots of each viral stock were added to the preheated heat block and
incubated for the aforementioned time. Subsequently, they were
promptly cooled in ice prior to cell infections.

For long-term storage, the virus aliquots were stored in a light pro-
tected box either in the 4 °C fridge or in the —20 °C freezer (KW,
Monteriggioni, Siena, Italy). After 3, 6 and 12 weeks the aliquots were
removed and stored at room temperature for 30 min and used for cell
infection. For each experiment, aliquots of viral stocks not subjected to
any treatments were used as positive controls (NT control virus).

Monolayers of A549 (ATCC® CCL-185TM, Manassas, Virginia, USA)
in T12.5 cm? vented flasks were infected either with aliquots of control
virus (untreated) at MOI 0.1 GC/cells or with an equal volume
(approximately 0.5 mL) of treated viral stocks. After the inoculum,
monolayers were rinsed and filled with MEM-M and incubated at 34.5 °C

Temperature
© 56°C
65°C
72°C
93°C

Fig. 1. Monitoring of heating of samples. It was achieved using a digital thermometer (ThermoPro) in a negative control (growth medium) simultaneously during

heating of viral stocks.
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in 5% CO4 for 3-7 weeks depending on the experiments, as described
below. The cell supernatants collected at 0, 1 and 3 weeks post-infection
(p.i.), were centrifuged at 10,000 xg for 30 min and stored at —80 °C, or
immediately used for RNA extraction and Real-Time RT-PCR.

2.3. HEV-RNA quantification in the cell supernatant

After each thermal treatment, RNA was extracted from treated and
untreated control viruses and subjected to quantitative Real-Time RT-
PCR to establish the HEV GC/mL. Afterward, the HEV-RNA was also
quantified in the cell supernatant of cells infected with treated and un-
treated viruses after 1 week, and 3 weeks and, if negative results were
obtained at 3 weeks p. i., monolayers were maintained and further
tested at 7 weeks p. i.

RNA was recovered using the Qiamp-Viral mini kit with the QIAcube
automated sample prep platform (Qiagen, Monza, Italy), 5 pL of viral
RNA were used to quantify the HEV GC/mL by Real-Time qRT-PCR
(RNA UltraSense One-Step qRT-PCR System, Thermofisher Scientific,
Waltham, MA, USA) on the AriaMx real-time PCR system (Agilent, Santa
Clara, CA). The primers (JVHEVF; 5-GGTGGTTTCTGGGGTGAC-3}
JVHEVR; 5-AGGGGTTGGTTGGATGAA-3), and probe (JVHEVP; 6-car-
boxyfluorescein [FAM]-5-TGATTCTCAGCCCTTCGC-3'-6-black hole
quencher [BHQ-1]) were those described previously (Jothikumar et al.,
2006). For quantitative estimation of GC/mL, a standard curve was built
as previously described (De Sabato et al., 2020a).

To evaluate the effect of treatments on the reduction of HEV RNA,
the viral log GC reduction was calculated as follows: Log reduction =
log10(A) - log19(B) where A is the number of RNA GC/mL of the control
(untreated NT viral stocks) and B is the number of RNA GC/mL after
treatment, collected from the cell supernatants 3 weeks p. i.

Cold treatments at 4 °C and —20 °C and heating at 93 °C for 3 min
were performed in duplicate. For the other treatments 3 replicates were
conducted.
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2.4. Statistical analysis

The Kolmogorov-Smirnov (K-S) test for goodness of fit was used to
verify the normality of the distribution of mean log10 reduction values.
According to the results of the K-S test, the Mann-Whitney U test was
used to compare the mean log;o reduction values between NT and each
treatment duration in which HEV RNA was still present.

3. Results
3.1. Effect of long-term cold storage on HEV

Viral stocks of HEV-3 strains belonging to subtypes 3e (strain IT-12)
and 3c (strain IT-13) were stored at +4 °C for 3 and 6 weeks, and a
decrease of the viral RNA was only observed for HEV-3c strain IT-13
after 6 weeks (logio reduction: <1.00). The reduction was more rele-
vant when the viruses were incubated at 4 °C for 12 weeks, showing
logio reduction 1.42 for IT13 and log; g reduction 2.05 for IT12 (Fig. 2A).
In all these cases, the log; reduction was not statistically significant (p
> 0.05).

No reduction of HEV RNA was observed at —20 °C after 12 weeks of
storage (Fig. 2C and D).

3.2. Effect of heat treatments on HEV at 56 °C, 65 °C and 72 °C

Heating at temperatures of 56 °C, 65 °C, and 72 °C for durations of 3,
6, 12, and 60 min resulted in progressively higher levels of inactivation,
measured as reduction of viral RNA in the cell supernatant 21 days p. i.,
proportionally with higher temperature and longer incubation times
(Figs. 3, 4A and 4B).

Heat treatment at 56 °C for 3, 6 and 12 min did not influence the in
vitro infectivity of HEV-3c strain IT-13 (Fig. 3B), as indirectly proved by
the presence of viral RNA 21 days p. i., while a decrease of viral RNA was
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Fig. 2. Quantification of viral RNA levels in the supernatants of A549 cells inoculated with HEV after long-term cold storage at 4 °C (panel A for strain IT-12 and
panel B for strain IT-13) and —20 °C (panel C for strain IT-12 and panel D for strain IT-13).
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Fig. 3. Quantification of viral RNA levels in the supernatants of A549 cells inoculated with HEV after heat treatment at 56 °C (panel A for strain IT-12 and panel B for

strain IT-13) and 65 °C (panel C for strain IT-12 and panel D for strain IT-13).
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Fig. 4. Quantification of viral RNA levels in the supernatants of A549 cells inoculated with HEV after heat treatment at 72 °C (panel A for strain IT-12 and panel B for

strain IT-13) and 93 °C (panel C for strain IT-12 and panel D for strain IT-13).



M. Monini et al.

only observed for the HEV-3e strain IT-12 when treated at 56 °C for 6
min (log;o reduction: 1.09; p > 0.05) and 12 min (log;o reduction: 1.45,
p = 0.016; Fig. 3A).

Treatments at 65 °C showed a significant log;o reduction of 0.72 (p
= 0.008) and 1.97 (p = 0.016) of HEV-3e and -3c strains, respectively,
when heated for 3 min, confirmed by the presence of viral RNA after the
heat treatment. Conversely, both strains resulted totally inactivated
when treated at 65 °C for 6 and 12 min (Table 1; Fig. 3C and D), as
proven by the absence of detectable viral RNA in the supernatants of the
infected cells even after 7 weeks of in vitro cultivation.

Heat treatment of viral stocks at 72 °C resulted in the total inacti-
vation of both strains after 3, 6 and 12 min, as revealed by absence of
detectable HEV-RNA in the cell supernatant 3 weeks p. i. (Table 1;
Fig. 4A and B). To confirm the complete inactivation of the virus, when
no residual HEV-RNA was observed on cell culture supernatants har-
vested 3 weeks p. i., additional test on cell supernatants was conducted
at 7 weeks p. i. (data not shown) always confirming the absence of
detectable HEV-RNA.

As showed in Table 1, no residual viral RNA was observed either for
HEV-3e or HEV-3c after incubation at 56 °C, 65 °C and 72 °C for 60 min
(log1o reduction range: 4.46-5.90), neither after 7 weeks p. i. (data not
shown).

3.3. Heat inactivation of HEV at 93 °C

The viral strains were also subjected to heating at 93 °C for 1 and 3
min (Fig. 4C and D). No residual HEV-RNA was observed from both
strains treated for 1 and 3 min at 93 °C (log;o reduction: 4.86 for IT-13
strain and 5.03 for IT-12). The assays further confirmed absence of
detectable viral RNAfor both strains even at 7 weeks p. i..

3.4. Effect of heat treatments on HEV-RNA

HEV-RNA was also estimated as GC/mL in all samples after treat-
ments before inoculation on cell monolayers (Figs. 2-4, 0 days p. i.) and
from cell supernatants harvested 7 days p. i. (Figs. 2-4). The quantity of
HEV-RNA was stable (no differences with the NT control virus) after
each treatment before inoculation (Figs. 2-3A, 3B; 0 days p. i), only after
1 h at 65 °C and 72 °C and after 3 min at 93 °C a reduction of the HEV-
RNA was observed, ranging between 1 and 2 logjo reduction (Fig. 3C
and D, 4).

Data on HEV-RNA estimation at 7 days p. i. showed a decrease in the
HEV-RNA quantity (GC/mL in the cell supernatants) in the first 7 days of
cultivation (Figs. 2-4; 7 days p. i). The reduction observed at 7 days post-
infection was evident in both the control virus and cells infected with
treated viruses. This reduction was either followed by a subsequent
decrease, resulting in the absence of detectable HEV-RNA in the infected
cell supernatant at 21 days p. i. (i.e. 93 °C for 1 and 3 min, as shown in
Fig. 4C and D), or by an increase in viral RNA levels measured in the cell

Table 1
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supernatant at 21 days p. i., indicating viral growth (Figs. 2-3).
4. Discussion

HEV-3 has recently been recognized as an emerging virus causing
foodborne infections in high-income countries. The wide detection of
HEV-RNA in pork and pork preparations, like paté and liver sausages
(Muller et al., 2017; Moro et al., 2021), poses the serious questions on
the ability of the virus to persist in food, subsequently representing a risk
for consumers.

The main question is how long and to which extent the virus persists
in/on contaminated food after conventional food processing procedures
applied by food industry and at home, mainly concerning cooking and
refrigeration. Pork is mostly consumed cooked and its by-products, such
as liver sausages or salami, are stored for long time under refrigeration
and have mostly long expiration date. So far, little information is
available on the HEV persistence in food since the scientific studies have
been hampered by the lack of an efficient cell culture system to cultivate
the virus. Recently, some studies reported survival of the viruses at
+4 °C for a long period of time of up to 4 weeks (Stunnenberg et al.,
2023) and even longer as assayed by measuring virus encapsidated RNA
(Schielke et al., 2011).

In the present study, the ability of HEV-3e and -3c strains to survive
for long time at +4 °C was confirmed with only moderate decrease of
viral titer after 12 weeks storage at +4 °C. These findings are in line with
the hypothesis that HEV could persist for long time in foods such as
salami because the virus after salting is still stable (Wolff et al., 2020a).

In this study, no reduction in HEV- RNA level was observed at —20 °C
even after long storage (12 weeks). This was expected since it is well
known that viruses without envelope can persist even for longer time
under freezing conditions, and, in general, low-temperature storage may
not significantly decrease viral loads in food (Schemmerer et al., 2019).

This study showed that heating has a different effect on HEV-3 sur-
vival depending on combinations of time and temperature. Results ob-
tained in this study highlighted how the increasing of temperature
during heating proportionally reduces the time required to achieve the
inactivation of HEV. As expected, the effect of heating on the reduction
of HEV-RNA level of both virus post cultivation on cells is higher
compared to refrigeration, and increases with temperature, or with the
treatment duration. In our study, total inactivation was observed heat-
ing up to 93 °C, even after 1 min, as previously reported (Tanaka et al.,
2007; Schielke et al., 2011).

Comparison with results from previous studies on the effects of
heating resulted variable, probably due to different experimental
methods to measure residual infectivity, including measurements of
nucleic acids, infectivity via immunostaining, or nucleic acid measure-
ments following cell culture. Despite these variations in outcomes, it
appears that at least 55-56 °C for 60 min is needed for virus inactivation,
shorter time can be also suitable at 71 °C but 20 min are the time

Measures of viral RNA after thermal treatments by RT-qPCR on infected cell supernatants 3 weeks p.i.

Temp °C Viral RNA Log GC + SD (Log GC reduction)®
Time (min)
NT” 1 3 6 12 60
IT-12 HEV-3e 56 5.90 £ 0.21 npb 5.78 + 0.04 (0.12) 4.81 £ 0.10 (1.09) 4.46 + 0.10 (1.45) 0(5.9)
65 5.15 £ 0.16 np 4.44 + 0.13 (0.72) 0(5.15) 0(5.15) 0(5.15)
72 5.14 £0.11 np 0(5.14) 0(5.14) 0(5.14) 0(5.14)
93 5.03 + 0.03 0 (5.03) 0 (5.03) np np np
IT-13 HEV-3c 56 4.65 £ 0.18 np 4.68 + 0.04 (0) 4.52 £+ 0.01 (0.13) 4.49 + 0.12 (0.15) 0 (4.65)
65 4.46 £ 0.18 np 2.49 £+ 0.30 (1.97) 0 (4.46) 0 (4.46) 0 (4.46)
72 4.97 £+ 0.05 np 0 (4.97) 0 (4.97) 0 (4.97) 0 (4.97)
93 4.86 + 0.03 0 (4.86) 0 (4.86) np np np

# The logarithmic reduction was determined according to follow formula: Log reduction = log;o (number of RNA GC/mL of the control virus) — log;o (number of

RNA GC/mL after treatments).

Y NT: control, virus untreated; np: not performed.
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recognized as safer for total inactivation (Ricci et al., 2017). In our ex-
periments, total inactivation of HEV was obtained with a treatment at
56 °C for 60 min and at 65-72 °C for 3 and 6 min, respectively,
consistent with previous studies (Rogee et al., 2013), and demonstrating
that this temperature can reduce the viral RNA, but may not achieve
total inactivation if applied for shorter time (i.e. 56 °C for <12 min and
65 °C for 3 min). Conversely, in previous studies it was observed that,
after exposure to 56 °C for 60 min, HEV-1 remained infectious in cell
culture (Emerson et al., 2005) and in liver homogenate (Schielke et al.,
2011), similarly during in vivo experiments HEV-3 was only partially
inactivated on paté-like preparation at 62 °C for 120 min, at 68 °C for up
to 20 min (Barnaud et al., 2012). Thus far confirming that the effect of
temperature is influenced by the matrix where the virus is embedded,
being more resistant in the presence of fat or in the liver (Imagawa et al.,
2018; Stunnenberg et al., 2023).

In this study, two subtypes of HEV-3e and -3c were cultivated and
subjected to analyses. In Italy, differently from other European coun-
tries, HEV-3f is predominant in humans and pigs, followed by HEV-3e
and HEV-3c (De Sabato et al., 2020b). So far, the meaning in terms of
infectivity or pathogenicity between subtypes is still controversial (Li
et al., 2020; Minosse et al., 2020) and we aimed to examine if any dif-
ference in their resistance to thermal treatments existed.

Differences between HEV-3e and 3c in our study were limited and
did not lead one of the subtypes as more resistant. Indeed, after heating
at 65 °C for 3 min the titer of HEV-3c was reduced and HEV-3e was not,
confirmed by replicating 5 times the experiments. On the other side,
treatments at 56 °C for 12 min showed the HEV-3c strain as more
resistant with respect to HEV-3e. Instead, after other treatments, the
effect on the two subtypes was similar. Overall, the fluctuating results in
differences between the two subtypes do not allow us to determine if any
difference among them exists.

As observed in our previous research (laniro et al., 2023), the im-
munostaining of infected cells succeed if at least log 6 GC/mL viral RNA
is present in the cell supernatant. However, to achieve this titer, 9-week
growth period for infected cells is needed, making the experiments
impractical. Additionally, the observed marginal differences of 1-2 logs
in GC/mL between supernatants of cells infected with treated or un-
treated (NT) viruses are insufficient for reliable distinctions in the im-
munostaining of cells.

This study has some limits. The virus stocks used were recovered
from cell culture supernatants collected without FBS, which could have
diminished the resistance of the virus, but at the same time avoided to
interfere with heating by the presence of the protein fraction of serum.
Nevertheless, it is important to note that the results from our experi-
ments could represent a relatively conservative scenario. In fact, the
resistance of the virus in the liver or food could potentially be higher
than observed. The temperatures assayed had been achieved by heating
samples which resembles cooking procedures, but which may be
different if longer or shorter time is needed to reach the same temper-
atures which largely depends on instruments used or volumes assayed
(Gamble et al., 2021).

Future experiments could be designed to explore factors linked to
procedures used to assess heat effects in more detail, to achieve a more
comprehensive understanding of the impact of different treatment
conditions.

For each treatment, the quantity of viral RNA remained unvaried
immediately after treatment before inoculation on cells, despites its
absence at 3 weeks p. i.. However, three weeks post-infection, residual
HEV-RNA was undetectable in the cell supernatants of cells infected
with the heated virus. This could be overcome by RNAse treatments
before testing, that could allow to measure encapsidated RNA, as
already observed (Schielke et al., 2011). However, this result confirms
that the viral RNA does not correspond to infectious virus and assessing
growth of the virus on cells is more suitable for establishing the HEV-3
ability to persist.

The viral RNA present in the supernatant of cells infected with the

Food Microbiology 121 (2024) 104529

virus does not totally correspond to the viral titer, meaning that a
genome copy (GC) is not necessary equivalent to a viral particle. FFUs
(Focus-Forming Units) would be the appropriate measure of infectivity.
However, 21 days after the virus inoculation onto the cells and subse-
quent washes, RNA is still found in the cell supernatant, suggesting
presence of viral replication. The Real-Time RT-PCR Ct values can be
regarded as a surrogate marker for the viral load, given the limitation
described above of immunostaining, favoring the use of HEV RNA
measures which are easily standardized and highly sensitive. The
cultivation methods need to be implemented to be less troublesome and
allowing to reach higher viral titer in a shorter time.

5. Conclusions

The correct manipulation of food plays a central role in the pre-
vention of foodborne infections. Concerning HEV, the main risk, in
terms of foodborne transmission, is represented by pig liver and pork
products containing liver, and the manipulation procedure (Ricci et al.,
2017; Moro et al., 2021). At the basis of the risk reduction, the use of the
correct cooking time and temperature to inactivate adequately the in-
fectious virus play an important role. Understanding the effect of tem-
perature on virus inactivation is also important to evaluate HEV
environmental persistence and consequently its effect on virus
transmission.
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