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� HEV is highly resistant to inactivation by alcohols and commercially
available alcohol-based disinfectants.

� Phosphoric acid as a supplement in alcohol-based disinfectants plays
an important role in virucidal activity against HEV.

� Ethanol disrupts the quasi-envelope of HEV while leaving the in-
fectious naked virions intact.
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Hepatitis E virus is highly resistant to alcohol-based disinfectants
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Background & Aims: Hepatitis E virus (HEV) is the most com- alcohol-based disinfectants disrupt the quasi-envelope struc-

mon cause of acute viral hepatitis worldwide and is mainly
transmitted via the fecal-oral route or through consumption of
contaminated food products. Due to the lack of efficient cell
culture systems for the propagation of HEV, limited data
regarding its sensitivity to chemical disinfectants are available.
Consequently, preventive and evidence-based hygienic guide-
lines on HEV disinfection are lacking.
Methods: We used a robust HEV genotype 3 cell culture model
which enables quantification of viral infection of quasi-
enveloped and naked HEV particles. For HEV genotype 1 in-
fections, we used the primary isolate Sar55 in a fecal suspension.
Standardized quantitative suspension tests using end point
dilution and large-volume plating were performed for the
determination of virucidal activity of alcohols (1-propanol, 2-
propanol, ethanol), WHO disinfectant formulations and 5
different commercial hand disinfectants against HEV. Iodixanol
gradients were conducted to elucidate the influence of ethanol
on quasi-enveloped viral particles.
Results: Naked and quasi-enveloped HEV was resistant to alco-
hols as well as alcohol-based formulations recommended by the
WHO. Of the tested commercial hand disinfectants only 1
product displayed virucidal activity against HEV. This activity
could be linked to phosphoric acid as an essential ingredient.
Finally, we observed that ethanol and possibly non-active
words: hepatitis E virus (HEV); disinfection; alcohol; suspension assay; inactivation.
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ture of HEV particles, while leaving the highly transmissible and
infectious naked virions intact.
Conclusions: Different alcohols and alcohol-based hand disin-
fectants were insufficient to eliminate HEV infectivity with the
exception of 1 commercial ethanol-based product that included
phosphoric acid. These findings have major implications for the
development of measures to reduce viral transmission in clin-
ical practice.
Lay summary: Hepatitis E virus (HEV) showed a high level of
resistance to alcohols and alcohol-based hand disinfectants.
The addition of phosphoric acid to alcohol was essential for
virucidal activity against HEV. This information should be used
to guide improved hygiene measures for the prevention of
HEV transmission.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of Euro-
pean Association for the Study of the Liver. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Introduction
Hepatitis E virus (HEV), genus Orthohepevirus, family Hepevir-
idae, is the most common cause of acute viral hepatitis world-
wide. The mode of transmission varies greatly and is dependent
on the circulating virus genotype in each region.1 Overall, 4
major human-pathogenic genotypes (gt) exist: HEV-1 and HEV-2
circulate mainly in resource-limited countries and can lead to
large outbreaks due to fecal-oral transmission. Humans are the
only reservoir for these genotypes. One risk group for infection
are pregnant women, in whom HEV is associated with relatively
high mortality.2 Conversely, HEV-3 and HEV-4 are zoonotic
pathogens circulating mainly in developed regions, which have
their main reservoir in domesticated pigs/wild boars and other
animals.1 In contrast to HEV-1 and HEV-2, they can cause spo-
radic infections transmitted by consumption of contaminated
meat products or transfusion of HEV-positive blood products.
22 vol. 76 j 1062–1069
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Additionally, individuals with close contacts to infected animals
such as hunters, veterinarians and farmers are at risk for
acquiring HEV infection.3

Currently, the World Health Organization (WHO) as well as
national health authorities recommend the implementation of
water, sanitation and hygiene (WASH) interventions for HEV
outbreaks.4 In developed countries with autochthonous in-
fections hygiene measures are usually improved by, for example,
use of personalized toilets for patients, decreased or restricted
person-to-person contact and improved hand hygiene. However,
until now it is unclear which measures need to be taken for
efficient disinfection. Commonly, reference viruses are used to
reflect and extrapolate disinfection measures in national and
international guidelines (e.g. German Guidelines DVV/RKI, Eu-
ropean Norm EN 14476, U.S. Methods ASTM E1052-11).5 HEV is
usually circulating in the environment as naked virus and is
assumed to have a higher stability and resistance to chemical
disinfectants compared to enveloped viruses. However, in the
blood, HEV circulates as a quasi-enveloped viral particle wrap-
ped by a cellular membrane which might influence the activity of
disinfectants.6 Due to the lack of efficient cell culture systems for
HEV, evidence-based hygiene guidelines and prevention mea-
sures are incomplete, and no data are available regarding HEV’s
sensitivity to chemical disinfectants. The quasi-enveloped nature
of HEV complicates the implementation of guidelines as the
enveloped and naked particles must be inactivated.

In this study, we utilized a recently developed robust HEV-3-
based cell culture system for the evaluation of commonly used
hand disinfectants and their principal components (e.g. alcohols)
against the naked and quasi-enveloped form of HEV.7 To verify
translation of the results to a fecal-orally transmitted HEV ge-
notype, pivotal experiments were conducted with a HEV-1-
based primary isolate from stool samples (Sar-55).8
Materials and methods
Cell culture
The human liver cell line HepG2 were cultured in DMEM (Gibco,
Thermo Fisher Scientific, Schwerte, Germany) supplemented
with 10% FCS (GE Healthcare, Munich, Germany (Ref A15-151, Lot
A15111-2028) or Capricorn Scientific, Ebsdorfergrund, Germany
(Ref FBS11-A, Lot CP16-1377) or Gibco (Ref 10270-106, Lot
41Q1820K), 100 lg/ml of streptomycin and 100 IU/ml of peni-
cillin (Gibco), 2 mM L-glutamine and 1% nonessential amino
acids (Gibco) (DMEM complete). The HepG2/C3A subclone was
cultured in Eagle’s minimal essential medium (MEM with
glutamine, Gibco), 10% ultra-low IgG FCS (Gibco, Ref 16250-078,
Lot 1939770), 2 mM L-glutamine, 100 lg/ml gentamicin, 1 mM
sodium pyruvate and 1% nonessential amino acids (Gibco) (MEM
low IgG FCS medium).
HEV construct and in vitro transcription
A plasmid construct containing the full-length HEV genome
(Kernow-C1 p6 clone, HEV-3; GenBank accession no. JQ679013)
with a point mutation in open-reading frame (ORF)-1 (G1634R)
was used to generate HEV in vitro transcripts as previously
described.7,9,10 Capping of the constructs was performed using
Ribo m7G Cap Analog (Promega, Madison, WI, USA).
Journal of Hepatology 20
Infectious cell culture-derived HEV-3 production assays
For transfection we used the electroporation technique in
accordance with previous reports.7,9 In brief, 9×106 HepG2 cells
were resuspended in 400 ll cytomix containing 2 mM ATP and
5 mM glutathione, mixed with 5 or 10 lg of HEV RNA and sub-
sequently electroporated. Cells were immediately transferred to
13.6 ml DMEM complete and the cell suspension was seeded in
respective plates. After 24 hours the medium was changed to
fresh medium. Viral particle production was determined at 7
days post transfection by harvesting the extracellular particles
(which are quasi-enveloped virus particles) in the filtered
(0.45 lm) supernatant. The intracellular virus (naked virus) was
generated by resuspension of the cells in a 5 times lower volume
of the respective supernatant and lysed by 3 repeated freeze and
thaw cycles. After a high-speed centrifugation step, which sep-
arates the cell debris, the supernatant was harvested.

HEV-1 primary isolate
PrimaryHEV-1 strain Sar55 isolate in 10% fecal suspension from an
infected macaque was kindly provided by Suzanne U. Emerson.8

HEV titration
To quantify the HEV infectivity titers, a serial dilution infection
assay was performed using HepG2/C3A as target cells. The cells
were seeded the day before with 2×104 cells/well in MEM low
IgG FCS medium. Virus was serially diluted 3-fold and used for
inoculation of the respective target cells. Seven days later viral
titers were determined by indirect immunofluorescence staining
of the viral capsid and counting the number of focus-forming
units (FFUs) containing ORF-2 positive cells. FFUs were counted
in 3 wells of highest dilutions where about 2-30 foci were
detectable. The average of the counted numbers of the respective
FFUs was calculated per milliliter. The lower limit of quantifica-
tion (LLOQ) of respective titration assays was set to the lowest
dilution with no cell death visible.

Indirect immunofluorescence assay
Cells were fixed at 7 days post transfection/infection, with 3%
paraformaldehyde (PFA) in PBS, and stained as described previ-
ously.7 Briefly, cells were stained for the ORF2-encoded capsid
protein with an HEV capsid protein-specific rabbit hyperimmune
serum and using a goat anti-rabbit antibody (AlexaFluor 488 or
568 for the trans-complementation assay, Life Technologies,
Darmstadt, Germany) as secondary antibody. The rabbit hyper-
immune serum was raised against a Escherichia coli-expressed
and affinity chromatography-purified His-tagged HEV-3 capsid
protein derivative, harboring amino acid residues 326–608, via
subcutaneous immunizations at 4-week intervals.11 This serum
has been successfully used in immune electron microscopy and
immunofluorescence assays.12–14 DNA was labelled with DAPI
(40,60-diamidino-2- phenylindole, Life Technologies).

Tested disinfectants
The principle components of the tested disinfectants were as
follows: WHO formulation I: ethanol (80%), hydrogen peroxide
(0.125%), glycerol (1.45%); WHO formulation II: 2-propanol (75%),
hydrogen peroxide (0.125%), glycerol (1.45%); Hand disinfectant
I: 78.2% (w/w) ethanol (96%), 0.1% (w/w) biphenyl-2-ol; Hand
22 vol. 76 j 1062–1069 1063
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disinfectant II: 45.0% (w/w) 2-propanol, 30.0% (w/w) 1-propanol,
0.2% (w/w) mecetroniumetilsulfate; Hand disinfectant III: 57.6%
(w/w) ethanol (96%), 10% (w/w) 1-propanol; Hand disinfectant
IV: 70% (vol/vol) 2-propanol; Hand disinfectant V: 95.0% (w/w)
ethanol (99%). Tested acids were titrated in distilled aqua to pH
2.5 using either 37.5% HCl, 80% H3PO4, or 100% HCH3COOH and
respective volumes were used analogously to acidify 100%
ethanol or PBS. All solutions were sterile filtered before use.

Heat inactivation
For heat inactivation, virus stocks or primary stool suspensions
were prepared as described and subsequently incubated at 85 �C
for 20 minutes before suspension or large-volume plating
(LVP) assays.

Quantitative suspension assays
End point dilution method: For in vitro inactivation of HEV, ex-
periments were carried out by mixing 1 part of test virus sus-
pension with 1 part of organic load (BSA 0.3%, clean conditions)
and 8 parts of the different kinds of alcohol, WHO formulations,
commercially available hand disinfectants or water as control.
After a short exposure time of 30 seconds, test mixtures were
immediately diluted in DMEM (to stop the activity of the bio-
cides) and then used for inoculation of target cells.

LVP represents an accepted method to increase the overall
measuring window as well as sensitivity for tests when evalu-
ating activity of disinfectants against different pathogens.15 For
HEV-3 inactivation, experiments were carried out by mixing 1
part of test virus suspensionwith 1 part of organic load (BSA0.3%)
and 8 parts of the different hand disinfectants. For HEV-1 inac-
tivation, experiments were carried out by mixing 15 ll HEV pri-
mary isolate HEV-1 strain Sar55 stool suspensionwith 60 ll 100%
ethanol or PBS. After 30 seconds, these mixtures were immedi-
ately diluted 1:100 (ethanol, disinfectant III), 1:200 (disinfectant
II), 1:1,000 (disinfectant IV, HEV-1) or 1:2,000 (disinfectant II) in
medium to stop action of disinfectants and transferred onto
target cells in up to 1.5-2.5×96 well plates (3 plates for HEV-1)
with 100 ll (200 ll for HEV-1) volume per well. Thereby, the di-
lutions ensured no cytotoxic effects on the target cells.

Seven days later, FFUs were determined by immunofluores-
cence staining as described above. In case residual infection
could be detected, the following equation was used to deter-
mined infectious virus particles:15

c¼ D
Vw

�
−ln

n−np
n

�

where: c = concentration of the infectious virus particles;
D = dilution; Vw = volume per well; n = number of inoculated wells;
np = number of virus-positive wells

In case no residual infection was detected, the Poisson for-
mula was applied to determine the limit of detection at a 95%
probability:15

c¼ lnp=−V

where: p = probability of not detecting a virus (here, the probability
of not finding a virus must not be higher than 5% (p =0.05));
c = concentration of infectious virus particles; V = test volume
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Iodixanol density gradient fractionation
Density gradient centrifugation was performed as recently
described.16 In brief, samples were divided into 2×1 ml aliquots.
Fractionation was performed by overnight centrifugation
through an iodixanol step gradient (0–40%) at 154,000×g in a TH-
641 swing-out rotor at 4 �C using a Sorvall Ultra WX80 centri-
fuge. Thereafter, 10×1 ml fractions were collected and levels of
viral RNA and viral infectivity of each fraction were determined.
Buoyant densities were analysed using a refractometer.

Quantitative real-time PCR
For detection of cell-free viral RNA in gradient fractions, we used
the QIAamp Viral RNAMini Kit (QIAGEN Inc, Valencia, CA, USA) for
extraction, followedbydetectionofHEVRNAby the FTDHepatitis E
RNA kit (FTD, Fast-track Diagnostics Sàrl, Esch-sur-Alzette,
Luxembourg) according to manufacturer’s instructions on a Light-
Cycler 480 (Roche,Mannheim, Germany) as previously described.17

Results
Susceptibility of HEV to 1-propanol, 2-propanol and ethanol
The tested alcohols 1-propanol, 2-propanol and ethanol, which
either differ in total number of carbons (ethanol vs. propanol) or
positioning of the hydroxy group (1-propanol vs. 2-propanol), are
most widely used for commercially available hand disinfectants.
In order to assess whether these components have virucidal ac-
tivity towards naked and quasi-enveloped HEV, a standardized
suspension assay (European Norm EN 14476) was used to eval-
uate liquid disinfectants. Briefly, the tested alcohol (8 parts) was
mixed with a cell culture-derived virus stock (1 part) and BSA (1
part) as soil load (clean conditions). This mixture was incubated
for 30 seconds and afterwards the residual virus was determined
by titration on the target cells. As depicted in Fig. 1A, HEV infec-
tivity was not affected by concentrations of 1-propanol ranging
from 20-80% (Fig. 1A, left panel). This was also the case for the
quasi-enveloped particles (Fig. 1A, right panel). Similar results of a
resistant phenotype of HEV infectivity were obtained for 2-
propanol (Fig. 1B) and ethanol (Fig. 1C). At higher concentra-
tions of ethanol, a 5-fold reduction of HEV infectivity could be
observed. However, infectivity of titers of 105 FFUs/ml could still
be detected. As a control, effective inactivation of naked HEV
particles could be demonstrated by heat treatment at 85 �C for
20 minutes (Fig. S1). To confirm this observed ethanol tolerance
with another genotype, we next tested a HEV-1-based Sar55
primary isolate from a stool suspension derived from an infected
rhesus macaque in a LVP suspension test. The use of LVP was
necessary due to the expected lower titers not exceeding cell
toxicity of the tested ethanol. Here, the test mixture was incu-
bated for 30 seconds and then immediately diluted by the addi-
tion of medium. As depicted in Fig. 2, HEV-1 infectivity in the
control was almost 103 FFUs/ml. Only a 5-fold reduction of HEV-1
infectivity was observed upon ethanol treatment, with detectable
residual infectivity above the detection limit confirming the
ethanol tolerance of HEV-1 (Fig. 2). Heat inactivation abolished
HEV-1 infectivity completely. In summary, these results show that
HEV demonstrated a high resistance to different alcohols.

Virucidal activity of WHO disinfectant formulations
against HEV
In 2009, the WHO published 2 formulations for alcohol-based
disinfections to be used in healthcare settings where
22 vol. 76 j 1062–1069
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Fig. 1. Suspension test of alcohols against HEV-3. Cell culture-derived naked (left) and quasi-enveloped virus particles (right) were used in a standard sus-
pension test to evaluate the virucidal activity of 1-propanol (A), 2-propanol (B) and ethanol (C) at different concentrations. Sterile water was used as negative
control. Coloured bars represent infectious titer, white bars represent the LLOQ, the dotted line represents the detection limit of the assay (n = 3-4, means ± SD).
FFUs, focus-forming units; LLOQ, lower limit of quantification.
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Fig. 2. Large-volume plating assay of ethanol against HEV-1. HEV primary
isolate HEV-1 strain Sar55 stool suspension was used in a large-volume plating
assay to evaluate the virucidal activity of ethanol. Sterile PBS served as nega-
tive control; heat inactivation for 20 minutes (min) at 85 �C was used for total
inactivation. Coloured bars represent infectious titer, the dotted line represents
the detection limit of the assay (n = 3, means ± SD). FFUs, focus-forming units;
LLOQ, lower limit of quantification.
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commercial hand rubs are too expensive or not available.18

Formulation I is based on ethanol, whereas formulation II con-
sists of 2-propanol. The original WHO formulations failed to
meet the efficacy requirements of European Norm 1500 in pre-
vious tests.19 However, Suchomel et al. suggested modified ver-
sions with increased concentrations of ethanol and 2-propanol,
which we used in our study.20 To determine the activity of these
modified WHO formulations I and II against HEV, we incubated
quasi-enveloped and naked viral particles for 30 seconds with
the respective formulations (Fig. 3). In line with the results
outlined above, no relevant reduction of HEV infectivity could be
observed for the modified WHO formulations I and II in the
suspension test (Fig. 3).
Virucidal activity of commercially available hand
disinfectants against HEV
Next, we aimed to analyse the susceptibility of HEV to
commercially available hand disinfectants. Therefore, we evalu-
ated 5 different alcohol-based hand disinfectants (I-V). The main
composition and the virucidal spectrum according to EN 14476
determined by reference viruses of the disinfectants are
22 vol. 76 j 1062–1069 1065
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delineated in the materials and methods section. As depicted in
Fig. 4A, a complete inactivation for the naked HEV particles to
the limit of detection was only observed for product III (Fig. 4A,
left panel). In all other cases HEV infectivity could still be
detected (Fig. 4A). The evaluation of the quasi-enveloped virus
particles revealed similar results, however, the measuring win-
dow was decreased because of the lower viral titers and high
cytotoxicity of the disinfectants. To reduce cytotoxicity, we next
performed LVP assays (Fig. 4B). Disinfectant V, which consists
almost exclusively of ethanol, showed no effect on HEV infec-
tivity in the standard suspension assay and was therefore not
tested in the LVP. As a substitute, pure ethanol was used in LVP,
which results in a final concentration of 80% in the assay solution
(1-part BSA, 1-part virus and 8 parts ethanol). HEV infectivity
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comparable to the water control was detectable for ethanol and
disinfectants I, II and IV using both types of viral particles
(Fig. 4B). Only hand disinfectant III was able to completely
disrupt viral infectivity of the naked and quasi-enveloped vi-
ruses, implicating only a selected susceptibility of HEV to
commercially available alcohol-based hand disinfectants. Addi-
tionally, we evaluated 1-propanol, ethanol and 2-propanol as
well as the 5 commercial hand disinfectants against hepatitis A
virus – a liver-tropic virus that is transmitted via the fecal-oral
route, known for a high environmental stability and quasi-
enveloped nature like HEV. Naked hepatitis A virus was resis-
tant to all 3 tested alcohols and all hand disinfectants (Fig. S2). In
conclusion, of the 5 alcohol-based hand disinfectants tested, only
a single product displayed virucidal activity against HEV.
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Different disinfectant formulations reveal phosphoric acid as
an important ingredient for virucidal activity against HEV
Alongside alcohol, the different hand disinfectants include other
compounds (e.g. acids, perfume etc.), which reconstitute less
than 0.1% of the final product. These are usually not considered
principal components of disinfectants, but may have an impact
on their action against HEV. To elucidate the virucidal mode of
action of product III, we next tested different formulations,
lacking selected ingredients (Table 1). These formulations were
evaluated in the quantitative suspension test using the LVP assay.
The results showed that HEV infectivity could only be detected
when phosphoric acid was depleted (Fig. 5A). To further evaluate
the virucidal effect of phosphoric acid together with alcohols, we
reversed the assay and instead of depleting phosphoric acid,
phosphoric acid was combined with ethanol only. As depicted in
Fig. 5B, the addition of phosphoric acid could improve the
virucidal activity of 80% ethanol 10-fold. Next, we evaluated if
other acids could improve the inactivation of HEV. The addition
of acetic acid or hydrochloric acid to ethanol also resulted in an
improved virucidal effect (Fig. S2). In summary, these results
indicate that, in combination with alcohol, acids play an impor-
tant role in virucidal activity against HEV.

Ethanol disrupts the quasi-envelope structure of
HEV particles
While naked HEV demonstrated high resistance to ethanol and
ethanol-based hand disinfectants, the quasi-enveloped particles
even displayed a moderate increase in infectivity under certain
conditions (Fig. 1A-C and Fig. 4A-B). To analyse if ethanol de-
stroys the quasi-envelope structure and thereby generates naked
intact HEV particles, we subjected ethanol-treated HEV particles
to a density gradient analysis. As shown in Fig. 6, in the water-
treated sample, viral RNA of quasi-enveloped particles peaked
at a density of 1.15 g/ml (Fig. 6). After detergent NP40 (positive
control) or ethanol treatment, these quasi-enveloped viruses
were disrupted and shifted to the fractions of the naked form of
HEV with densities above 1.2 g/ml (Fig. 6). Together, these results
indicate that ethanol destroys the quasi-envelope of HEV parti-
cles and generates naked HEV particles.

Discussion
The recent establishment of an efficient HEV cell culture system
allowed us to analyse the virucidal activity of alcohols and
commercially available hand disinfectants against HEV.7 We
observed that HEV was not susceptible to the different compo-
nents of commonly used disinfectants (1-propanol, 2-propanol
and ethanol) with a proven activity against enveloped viruses
and non-enveloped viruses following the European guideline.
Three of the 5 commercially available ethanol-based products
claim - according to testing with the European Norm – to be
effective against enveloped and non-enveloped viruses. How-
ever, only one out of these tested hand disinfectants showed
substantial activity against HEV. Interestingly, we could reveal
that the addition of phosphoric acid was essential for the
Table 1. Tested formulations of disinfectant III.

Formulations Main ingredients

VP-2069 Ethanol (50-60%); 1-propanol (9-
VP-2070 Ethanol (50-60%)
VP-2071 Ethanol (50-60%); 1-propanol (9-
VP-2072 Ethanol (50-60%); 1-propanol (9-
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virucidal activity of the tested hand disinfectant. In a previous
study, it was shown the basic formulation of the product, with
ethanol 55% (w/w) and phosphoric acid 0.7% in combination
with propan-1,2-diol and butan-1.3-diol, was responsible for its
virus-inactivating activity against the stable poliovirus.21 By
utilizing a primary HEV-1 isolate (Sar55) we were able to
demonstrate that this fecal-orally transmitted genotype was
similarly resistant to the virucidal activity of ethanol.8

These findings need to be put into perspective according to
the different lifecycle and risk for infection of the distinct ge-
notypes of HEV. HEV-3 and HEV-4 are zoonotic infections in
humans, usually transmitted via contaminated food products.
However, individuals with close contact to possibly infected
animals are at increased risk of acquiring HEV infection.3 The
use of gloves could reduce the risk of acquiring the infection in
this setting.22 Therefore, it is very likely that virucidal hand
disinfectants including an activity against HEV also protect
from infection in this risk group. On the flip side, HEV-1 and
HEV-2 only circulate in humans and can cause large outbreaks
in less-developed areas through waterborne transmission.
Given that HEV-1 is highly resistant to ethanol inactivation, the
development of hand disinfectants is highly relevant in addi-
tion to other measures in breaking the transmission chain.
Therefore, we expect that the combination of different pre-
vention measures (e.g. Swiss cheese model) like vaccine, food
safety, sanitary hygiene and hand disinfectants will all
contribute to the reduction of secondary infections indepen-
dent of the HEV genotype. Proper hygiene measures to prevent
virus spread are of utmost importance to reduce the overall
burden of such outbreaks. The WHO has recommendations for
disinfectant formulations which can be easily prepared and are
available in more rural areas. Although we have recently
observed strong virucidal activity against different enveloped23

as well as non-enveloped stable viruses like poliovirus,24,25 we
show that these formulations are not able to disrupt the viral
infectivity of HEV in the standard quantitative suspension assay
– for both the naked and quasi-enveloped form of the virus
particle. Therefore, knowing which components contribute to
virucidal action against HEV is important and could be imple-
mented into future recommendations.

Our cell culture model enabled the distinct evaluation of the
naked and quasi-enveloped state of the virus particles. While in
infected humans the naked virus is excreted via the faeces, the
quasi-envelope virus circulates in the bloodstream. This type of
particle in the blood seems to be protected from neutralizing
antibody responses.26 We observed no striking differences in
terms of the virucidal activity of the tested disinfectants and
principal components on the different forms of HEV particles.
However, treatment with ethanol led to the destruction of the
viral quasi-envelope structure. Intriguingly, the naked virus has a
higher infectivity compared to the quasi-enveloped virus,
possibly owing to a different mode of target cell entry.27 There-
fore, it is important to understand the mode of action and to test
the effect of virus-inactivating components and solutions against
Changes to general formulation

11%) Left out: butandiol-1,3; propylene glycol
Left out: 1-propanol

11%) No changes
11%) Left out: phosphoric acid
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Fig. 5. Large-volume plating assay of different formulations of disinfectant III. Different formulations (VP) of disinfectant III were tested in a large-volume
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HEV to exclude a possible enhancement of viral infectivity. For
HEV-3 and HEV-4 it is still unclear whether patient to patient
transmission is possible.28 However, previous studies have
clearly shown that viral particles which are secreted by infected
individuals are infectious and can be transmitted to others via
ingestion.29 Due to the fecal-oral transmission of HEV-1 and
HEV-2, which can cause waterborne outbreaks, the identification
of active disinfectants to reduce HEV transmission is essential.
Although we used a HEV-3-based model, our data can be
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Fig. 6. Ethanol disrupts the quasi-envelope structure of HEV. Cell culture-
derived quasi-enveloped virus particles were treated in the quantitative sus-
pension test for 30 seconds with addition of ethanol (80% final concentration).
After 30 seconds of incubation, the mixture was diluted with medium and
subjected to an iodixanol gradient centrifugation. Ten fractions were harvested
from the bottom and HEV RNA content was determined for each fraction.
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respective fraction measured by refractometry. Sterile water was used as a
negative control. As a positive control, virus was incubated with the detergent
NP40 to disrupt the quasi-envelope of HEV. One representative experiment out
of 3 independent experiments is shown.
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translated to other genotypes as HEV circulates as 1 serotype
with similar properties.30 Additionally, until now, efficient cell
culture models for other genotypes are lacking robustness in
order to evaluate disinfectants.31

Overall, we provide evidence that HEV has strong stability
against alcohols and alcohol-based hand disinfectants with the
identification of 1 active product. These results can be used to
improve hygiene measures for patients with an ongoing HEV
infection. In particular, in cases of an HEV outbreak, all pre-
cautions should be made to reduce spread of the virus.
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