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Hepatitis E virus (HEV) predominantly causes acute liver disease in humans
and is transmitted via the fecal-oral route. HEV infection in pregnant women
can result in grave consequences, with up to 30% fatality. The HEV strains
infecting humans mainly belong to four genotypes. Genotypes 1 and 2 are re-
stricted to human infection, while genotypes 3 and 4 are zoonotic. HEV geno-
type 3 (HEV-3) can cause both acute and chronic liver disease. Several cell
lines (mainly hepatocytes) have been developed for HEV propagation and bi-
ological study. However, HEV production in these cell lines is suboptimal and
inefficient. Here, we present methods for the isolation, propagation, and quan-
tification of HEV. © 2023 The Authors. Current Protocols published by Wiley
Periodicals LLC.

Basic Protocol 1: Isolation and propagation of hepatitis E virus in cultured
cells from clinical HEV specimens
Support Protocol 1: Quantification of HEV RNA by RT-qPCR
Basic Protocol 2: Recovery of HEV from infectious cDNA clones and purifi-
cation of the virus
Support Protocol 2: Quantification of HEV live particles by infectivity assay
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INTRODUCTION

Hepatitis E is a liver disease caused by the hepatitis E virus (HEV; Nan & Zhang, 2016).
According to the World Health Organization, hepatitis E caused ∼44,000 deaths in 2015,
accounting for 3.3% of the mortality caused by viral hepatitis (World Health Organiza-
tion, 2022). Among pregnant women with HEV infection, the case fatality rate can reach
up to 30%. The virus is transmitted by the fecal-oral route, principally through contami-
nated water. HEV is a single-stranded, positive-sense RNA virus with a genome of about
7.2 kb in length. HEV belongs to the Hepeviridae, which contains two subfamilies: Or-
thohepevirinae and Parahepevirinae (Purdy et al., 2022). The Orthohepevirinae consist
of four genera: Avihepevirus, Chirohepevirus, Paslahepevirus, and Rocahepevirus. The
Paslahepevirus genus includes two species: Paslahepevirus alci and Paslahepevirus bal-
ayani. There are eight genotypes in Paslahepevirus balayani, including the conventional
genotypes 1, 2, 3, and 4 (Smith et al., 2014; Sridhar, Teng, Chiu, Lau, & Woo, 2017).
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Table 1 HEV Genotypes and Cells Supporting HEVa Replication

Genotype Cells supporting HEV replication Supplier

1 Caco-2 ATCC #HTB-37, RRID: CVCL_0025

Huh7.5 RRID: CVCL_7927

A549 NCI-DTP #A549, RRID: CVCL_0023

PLC/PRF/5 ATCC #CRL-8024, RRID: CVCL_0485

Vero ATCC #CCL-81, RRID: CVCL_0059

HepG2/C3A (Emerson et al., 2004) ATCC #CRL-10741, RRID: CVCL_1098

2 Not reported -

3 Caco-2 ATCC #HTB-37, RRID: CVCL_0025

PLC/PRF/5 and A549 (Tanaka et al.,
2007)

ATCC #CRL-8024, RRID: CVCL_0485 and
NCI-DTP #A549, RRID: CVCL_0023

LLP-CK1 ATCC #CL-101, RRID: CVCL_0391

HepG2/C3A (Shukla et al., 2012) ATCC #CRL-10741, RRID: CVCL_1098

HepaRG (Xu et al., 2017) Millipore, cat. no. C103485, RRID: CVCL_9720

MRC5 (Xu et al., 2016) ATCC #CCL-171, RRID: CVCL_0440

4 A549 NCI-DTP #A549, RRID: CVCL_0023

PLC/PRF/5 (Okamoto, 2011) ATCC #CRL-8024, RRID: CVCL_0485

aHEV, hepatitis E virus.

Genotypes 1 and 2 have only been reported in humans, while genotypes 3 and 4 can infect
both humans and animals. Genotypes 5 and 6 are isolated from wild boars, and genotypes
7 and 8 are found in camels (Sridhar et al., 2017). A genotype 7 HEV strain was recently
found in a chronically infected liver transplant recipient who regularly consumed camel
meat (Lee et al., 2016). HEV can infect a series of cells experimentally, including hep-
atocytes, lung cells, and colon epithelial cells (Emerson et al., 2004; Tanaka, Takahashi,
Kusano, & Okamoto, 2007). However, it is hard to grow the virus robustly in cultured
cells. For example, HEV Sar55 strain (genotype 1) can replicate in several cell lines post-
transfection with full-length RNA of this virus (Table 1), but cell-to-cell spread cannot be
achieved, which restricts effective virus proliferation. Although infectious cDNA clones
have been established for the in vitro study of HEV (Emerson et al., 2001; Shukla et al.,
2012), efficient production and propagation of HEV genotype 1 strains in cultured cells
is still difficult. HEV strains of genotypes 3 and 4 appear to be able to infect cells in
culture and grow robustly (Montpellier et al., 2017; Okamoto, 2011, 2013; Shukla et al.,
2011). Using the HEV Kernow-C1 strain (genotype 3) as an example, the protocols pre-
sented here describe the isolation of HEV from clinical samples, recovery of virus from
the cDNA clone, and propagation in HepG2/C3A cells, as well as purification and quan-
tification of the virus.

CAUTION: Hepatitis E virus is a Biosafety Level 2 (BSL-2) organism and must be han-
dled under BSL-2 conditions, including use of a class II biological safety cabinet. See
Burnett, Lunn, & Coico (2009) and other resources (Current Protocols, 2005) for more
information.

BASIC
PROTOCOL 1

ISOLATION AND PROPAGATION OF HEPATITIS E VIRUS IN CULTURED
CELLS FROM CLINICAL HEV SPECIMENS

HepG2/C3A is the most frequently used cell line for persistent propagation of the HEV
Kernow-C1 strain, and the virus can persist in the cells for up to six passages without
significant titer drop (Table 1). Clinical fecal specimens to be tested should be kept at
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4°C if processing within 48 hr is possible. For long-term storage, the specimens should be
kept at –80°C for up to 1 year. Primary HEV specimens require the addition of antibiotics
prior to inoculation of the cultured cells (Tanaka et al., 2007).

Materials

Complete growth medium (see recipe)
HepG2/C3A cells (ATCC #CRL-10741)
75% (v/v) ethanol
0.05% trypsin-EDTA (e.g., Corning, cat. no. 25-053-CI)
Clinical HEV fecal specimen
10 mM Tris·Cl, pH 7.5 (see Current Protocols article: Moore, 1996)

37°C water bath
15-ml centrifuge tubes
Centrifuge
25-cm2 and 75-cm2 tissue culture flasks
37°C, 5% CO2 humidified incubator
Inverted phase contrast microscope
Vortex
0.22-μm microfilter (e.g., Millipore Millex-GV)

Additional reagents and equipment for reverse-transcription quantitative PCR
(RT-qPCR; see Support Protocol 1)

Prepare cell culture
1. Prewarm complete growth medium in a 37°C water bath.

2. Add 5 ml growth medium to a 15-ml centrifuge tube.

3. Remove a vial of HepG2/C3A cells from liquid nitrogen storage Dewar, and imme-
diately thaw in a 37°C water bath. Remove the vial from the water bath when there
is tiny piece of ice left in the vial.

4. Wipe the vial with 75% ethanol. Transfer the cell suspension from the vial to the
warm growth medium (5 ml) in the 15-ml centrifuge tube, one drop at a time.

5. Centrifuge the tube 5 min at 200 × g, room temperature. Decant supernatant.

This step is done to remove DMSO from the cell-freezing medium.

6. Resuspend the cell pellet with 5 ml warm complete growth medium, and transfer
the cells to a 25-cm2 flask. Incubate the flask in a humidified incubator at 37°C with
5% CO2 for 24 to 48 hr.

7. Observe cell confluence daily through an inverted phase-contrast microscope. When
cell monolayer reaches near complete confluence, detach the cells using trypsin in-
cubation at 37°C for 3 to 5 min, and transfer the cells to a 75-cm2 flask for expansion
of culture.

Isolate and propagate HEV from clinical specimen
8. For isolation of HEV, suspend 1.5 g stool sample in 2 to 3 ml of 10 mM Tris·Cl in a

15-ml tube, and vortex for 30 s (also see Tanaka et al., 2007).

9. Centrifuge the specimen 10 min at 6200 × g, 4°C. Aliquot the supernatant as virus
stocks, and store at –80°C.

10. Determine the HEV RNA copy numbers of the virus stock using RT-qPCR as de-
scribed in Support Protocol 1. Culture the HepG2/C3A cells at 37°C with complete
growth medium until the cell confluence reaches 60% to 70%.
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11. Purify the virus stock by passaging through 0.22-μm microfilters. Assess the con-
centration of the filtered HEV stock by RT-qPCR as described in Support Protocol
1. Inoculate the cells with the specimen at 10,000 HEV genomes/cell, and incubate
the flask for 5 hr at 37°C. Decant the inoculum and add fresh medium. Allow the
virus to proliferate for 5 days.

12. Expand the cells to a 75-cm2 flask and monitor the virus release into the medium by
RT-qPCR as described in Support Protocol 1.

Notably, the progeny virus released from cells is predominantly quasi-enveloped, while
the virus within the cells is mostly non-enveloped (Yin, Ambardekar, Lu, & Feng, 2016).
The enveloped virus has lower infectivity compared to the non-enveloped virus; therefore,
it is better to harvest the infected cells to get higher titer of infectious virus by freezing
and thawing the cells (Yin et al., 2016).

To improve the virus infection rate, substitute the culture medium of HEV-infected cells
with plain Dulbecco’s Modified Eagle Medium (DMEM) for 4 hr, and then replace the
plain DMEM with DMEM supplemented with 5% (v/v) fetal bovine serum (FBS) for 2
more days before passaging the cells. In addition, treatment with 10 nM rapamycin for
72 hr can also increase virus replication by ∼2-fold (Zhou et al., 2014).

SUPPORT
PROTOCOL 1

QUANTIFICATION OF HEV RNA BY RT-qPCR

Because HEV infection does not produce cytopathic effects in cultured cells, a plaque
assay for virus quantitation is not feasible. Due to the slow growth rate and low pro-
duction of HEV, indirect immunofluorescence assays for virus quantification may need
a relatively long period. In contrast, RT-qPCR is considered a convenient and quick tool
frequently used for virus quantification (Nan et al., 2015; Zhou et al., 2014).

Materials

HepG2/C3A cells infected with HEV (see Basic Protocol 1)
TRIzol Reagent (e.g., Thermo Fisher Scientific, cat. no. 15596018)
Chloroform
Isopropanol
Nuclease-free 75% (v/v) ethanol
Nuclease-free water
RevertAid First Strand cDNA Synthesis Kit (e.g., Thermo Fisher Scientific, cat. no.

K1691)
Random hexamer primers
HEV forward and reverse primers (HEV-F and HEV-R)
SYBR Green I master mix (e.g., Thermo Fisher Scientific, cat. no. 4309155)

Centrifuge
1.5-ml microcentrifuge tubes, nuclease-free
Low profile 8-strip PCR tubes
Thermal cycler
Real-time PCR detection system

RNA isolation
1. For detection of virus copies in infected HepG2/C3A cells, remove the growth

medium and add 0.3 to 0.4 ml TRIzol Reagent per 1 × 105 to 1 × 106 cells di-
rectly to the culture dish to lyse the cells.

The cell number in a 6-, 12-, and 24-well plate is about 1.2 × 106 cells/well,
4 × 105 cells/well, and 2 × 105 cells/well, respectively, when the cells reach full con-
fluence.
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Table 2 Primers for HEV Real-Time PCR

Primer Sequence

HEV-Fa 5′-CGTGTCGCTATCTCCACCTA-3′

HEV-R 5′-TGTCCTCAAGAACAGCAAGG-3′

aF, forward; HEV, hepatitis E virus; R, reverse.

2. Add 200 μl chloroform per 1 ml sample harvested by TRIzol and shake vigorously
for 15 s. Keep the mixture standing for 5 min at room temperature, and then cen-
trifuge 15 min at 14,000 × g, 4°C.

3. Transfer the top layer supernatant to a new 1.5-ml microcentrifuge tube. Add the
same volume of cold isopropanol, and then mix thoroughly. Centrifuge 15 min at
14,000 × g, 4°C. Carefully decant the supernatant.

4. Add 1 ml cold 75% ethanol, and then centrifuge 5 min at 14,000 × g, 4°C. Decant
the supernatant carefully, and aspirate remaining liquid in the tube. Let the RNA
pellet dry for 1 min.

5. Add 20 μl nuclease-free water to dissolve the RNA.

The RNA can be stored at –80°C for up to 1 month.

Reverse transcription and real-time PCR
6. Using 5 μl RNA as the template, perform reverse transcription using RevertAid First

Strand cDNA Synthesis Kit (according to kit instructions) with a random hexamer
primer or a specific primer (i.e., HEV-R; Table 2).

7. Mix the reaction of the reverse transcription in a PCR tube. Perform the reverse
transcription reaction on a thermal cycler using the following protocol:

1 cycle 5 min 25°C
60 min 42°C
5 min 75°C
5 min 4°C

The cDNA can be used directly in the following PCR or stored at –20°C for up to 2 weeks.

8. Dilute the product of reverse transcription (step 7) at a ratio of 1:10, and use the
diluted product as a template for real-time PCR with primer HEV-F and HEV-R
(Table 2). Add the following components to a PCR tube:

7 μl SYBR Green I master mix
1 μl of 2.5 μM primer HEV-F
1 μl of 2.5 μM primer HEV-R
5 μl diluted reverse transcription product.

9. Dilute DNA of linearized HEV cDNA infectious clone in a 10-fold series from 108 to
1 copies/μl for a standard curve in the real-time PCR. Compose the reaction volume
as described in step 8.

10. Perform the real-time PCR using the following protocol:

Pre-denature 5 min 95°C
40 cycles 10 s 95°C

40 s 60°C
Melting curve 5 s each 0.5°C increments from 65°C to 95°C
Final step 20°C

The RT-qPCR standard curve is shown in Figure 1. The linear correlation (R2) value for
HEV was 0.998, and the reaction efficiency was 95.2%. The cDNA copy numbers of HEV
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Figure 1 Amplification curve and a standard curve of RT-qPCR. (A) Amplification curve of ten-fold dilutions of
linearized HEV cDNA templates. The cycle number of the reaction is shown on the x-axis, and the corresponding
fluorescence intensity is shown on the y-axis. (B) Standard curve of the linearized HEV cDNA templates. The
log values of template concentrations are indicated on the x-axis, and the corresponding cycle threshold (Ct)
values are shown on the y-axis.

for unknown samples, in this case, were calculated using the equation Y = –3.442X +
35.935, where Y is the cycle threshold (Ct) and X is the log starting quantity. For example,
if the sample Ct readout is 20.46, according to the equation, X = (35.935–20.46)/3.442
= 4.50, then the cDNA copy number of the HEV is 104.5 copies × 10 (dilution factor) =
105.5 copies/μl.

BASIC
PROTOCOL 2

RECOVERY OF HEV FROM INFECTIOUS CDNA CLONES AND
PURIFICATION OF THE VIRUS

Infectious cDNA clones of HEV have been established for recovery of the virus and
study of its biology (Emerson et al., 2001; Shukla et al., 2012). Here, the Kernow-C1 p6
clone containing the full-length cDNA of the HEV Kernow-C1 strain (GenBank acces-
sion number JQ679013) is used as an example in the following protocol (Shukla et al.,
2011; Xu et al., 2017). For purification of the virus, density gradient centrifugation can
be used (Emerson et al., 2010).

Materials

cDNA clone of Kernow-C1 p6 (see Shukla et al., 2011)
20 U/μl MluI with 10× reaction buffer (e.g., New England BioLabs, cat. no.

R0198S)
Nuclease-free water
6× DNA loading dye (e.g., Thermo Fisher Scientific, cat. no. R1151)
1% (w/v) agarose Tris-acetate-EDTA (agarose-TAE) gel (see recipe)
1× TAE buffer (see recipe)
GeneJET PCR Purification Kit (e.g., Thermo Fisher Scientific, cat. no. K0701)
mMESSAGE mMACHINE T7 Transcription Kit (e.g., Thermo Fisher Scientific,

cat. no. AM1344)
TRIzol Reagent (e.g., Thermo Fisher Scientific, cat. no. 15596018)
Chloroform
Isopropanol
Nuclease-free 70% (v/v) ethanol
2× RNA loading dye
HepG2/C3A cells infected with HEV (see Basic Protocol 1)
Complete growth medium (see recipe)
0.05% trypsin-EDTA (e.g., Corning, cat. no. 25-053-CI)
Opti-MEM Reduced Serum Medium (e.g., Thermo Fisher Scientific, cat. no.

51985091)
Lin, Yang and
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TNE buffer (see recipe)
15%, 20%, 30%, 40%, and 50% sucrose buffer solutions (see recipe)

37°C, 5% CO2 incubator
75°C incubator
Centrifuge
1.5-ml microcentrifuge tubes, sterile
Spectrophotometer
25-cm2 flask
4-mm electroporation cuvette
Gene Pulser Xcell Electroporation System (e.g., Bio-Rad)
37°C, 5% CO2 humidified incubator
Ultracentrifuge with swinging bucket rotor (e.g., SW41 rotor)
Centrifuge tubes suitable for ultracentrifugation
Syringe with long needle
RNeasy Micro Kit (Qiagen, cat. no. 74004)

Additional reagents and equipment for gel electrophoresis (see Current Protocols
article: Voytas, 2001)

Plasmid preparation
1. Linearize the Kernow-C1 p6 plasmid with MluI restriction enzyme by adding the

following components to a 1.5-ml tube:

10 μg Kernow-C1 p6 plasmid
20 U MluI enzyme
2 μl 10× reaction buffer
Nuclease-free water to a final volume of 20 μl.

2. Incubate the reaction at 37°C for 4 to 8 hr.

3. After the incubation, take 2 μl of the reaction mixture and add 1/6 vol of 6× DNA
loading dye. Load the mixture onto a 1% agarose-TAE gel, and then run the gel in
TAE buffer. Include the same amount of undigested DNA plasmid as a control.

If digestion is complete, all digested DNA should be converted into a single linear frag-
ment of ∼10 kb, distinguishable from the circular DNA form of the undigested plasmid.
In this case, proceed to step 5.

4. Optional: If the plasmid is not fully linearized, add an additional 10 U MluI, and
continue the digestion.

5. Purify the linearized plasmid DNA with GeneJET Purification Kit following the
manufacturer’s instructions.

In vitro transcription and purification
6. Use the purified linear plasmid as the template to conduct in vitro transcription us-

ing the mMESSAGE mMACHINE in vitro RNA transcription kit according to the
manufacturer’s instructions to generate capped HEV RNA.

7. After RNA generation, digest the DNA in the reaction mixture with 2 μl DNase
provided in the kit for 15 min.

8. For purification of the RNA, add 900 μl TRIzol Reagent to the RNA product, and
invert the tube four times. Next, add 200 μl chloroform, and shake vigorously for
15 s. Keep the mixture standing for 5 min at room temperature, and then centrifuge
15 min at 14,000 × g, 4°C.
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After centrifugation, there will be three phases: a red organic phase containing the pro-
tein, an interphase (usually white) containing the DNA, and a colorless upper aqueous
phase containing the RNA.

9. Transfer the top liquid layer to a new 1.5-ml microcentrifuge tube. Add the same
volume of cold isopropanol, and mix thoroughly.

10. Centrifuge the mixture 15 min at 14,000 × g, 4°C. Carefully decant the supernatant.

11. Add 1 ml cold 70% ethanol, and then centrifuge 5 min at 14,000 × g, 4°C.

12. Decant the supernatant carefully, and aspirate any liquid residue. Let the RNA pellet
dry for 1 min.

13. Add 50 μl nuclease-free water to dissolve the RNA.

The RNA can be aliquotted and stored at –80°C.

Alternatively, the RNA can be purified with RNeasy Micro Kit (Qiagen, cat. no. 74004)
according to the manufacturer’s protocol.

14. To 3 μl RNA, add 3 μl of 2× RNA loading dye containing the denaturing agent.
Incubate the mixture for 5 min at 75°C, and then allow it to cool for 2 min on ice.
Perform electrophoresis of the RNA product using a 1% agarose-TAE gel to test the
integrity of the RNA. Add an RNA ladder to allow for size measurement of the pu-
rified RNA. Assess the concentration and purity of RNA using a spectrophotometer
at OD260/280.

The RNA product should yield one bright band around 7.2 kb without any smear in the
gel. Smear might indicate degradation of the RNA product. The OD260/280 of the purified
RNA should be between 1.8 and 2.1. Lower OD260/280 indicates protein contamination.

Cell electroporation with the HEV RNA
15. Culture the HepG2/C3A cells with complete growth medium in a 25-cm2 flask until

the cells reach confluence, and then detach the cells using trypsin and incubation at
37°C for 3 to 5 min.

16. Rinse the cells three times with Opti-MEM by centrifugation, and then resuspend
the cell pellet in 200 μl Opti-MEM.

17. Mix the cells with 10 μg p6 full-length HEV RNA (from step 13), and then transfer
the mixture to a 4-mm cuvette. Keep the mixture on ice before the electroporation.

18. Conduct electroporation of the HepG2/C3A cells in the 4-mm cuvette using the Bio-
Rad Gene Pulser Xcell Electroporation Systems (Bio-Rad).

The pulsing conditions are 600 V, pulse length 0.5 s, 1 pulse, and 0 intervals.

19. Add 5 ml complete growth medium to a 25-cm2 flask. Transfer the cells from the
cuvette after electroporation to the flask. Incubate the flask at 37°C with 5% CO2

for up to 1 week. Check for HEV-infected cells by immunofluorescence assay as
described in Support Protocol 2.

20. Expand the culture or inoculate fresh cells to propagate the virus as described in
Basic Protocol 1.

Concentration of the virus
21. Collect the supernatant that contains HEV viral particles from HEV-infected cells,

and then centrifuge 30 min at 8000 × g, 4°C, to remove cell debris.

22. Subject the supernatant to ultracentrifugation 2 hr at 100,000 × g, 4°C, to concen-
trate HEV virus particles.
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23. Decant the supernatant carefully. Resuspend the pellet with 1 ml TNE buffer.

The virus suspension at this stage is appropriate for long-term storage at –80°C.

Preparation of a sucrose gradient
24. Prepare five sucrose solutions (15%, 20%, 30%, 40%, and 50%).

This is for discontinuous sucrose centrifugation. If a gradient maker is available, a su-
crose gradient can be prepared and used in the purification. Other gradient solutions
such as CsCl can also be used.

25. Divide the total volume of a centrifuge tube by 5.

Here we use an SW41 rotor bucket of a Beckman ultracentrifuge as an example. The
total volume per tube is 13.2 ml. As 1 ml virus suspension will be added on top of the
sucrose gradient, a total of 12.2 ml will be for sucrose solutions. Therefore, 1/5 vol will be
2.44 ml.

26. Add 2.44 ml of the 15% sucrose buffer solution to every centrifuge tube.

27. Inject 2.44 ml of the 20% sucrose buffer solution underneath the 15% solution using
a syringe with a long needle.

28. Repeat step 27 for the 30%, 40%, and 50% sucrose buffer solutions.

Purification of the virus
29. Add 1 ml of concentrated virus suspension (from step 23) carefully on top of the

gradient. Balance the tubes by weight to within 1 mg using TNE buffer.

30. Insert the tubes carefully in the buckets and hang the buckets in the correct orienta-
tion in their appropriate place on the SW41 rotor.

31. Centrifuge 5 hr at 100,000 × g, 4°C.

32. After centrifugation, carefully remove the centrifuge tubes from each bucket.

33. Collect the band(s) in the tubes with a disposable syringe and needle. To do so, slide
the needle along the tube wall to just below the band, and withdraw the band slowly
into the syringe. Then, add the collected bands to separate tubes.

34. Dilute the virus with 35 ml TNE buffer, and centrifuge 2 hr at 100,000 × g, 4°C, to
remove the sucrose from the virus suspension. Remove the supernatant and resus-
pend the pellet in 1 ml TNE buffer.

35. Analyze 10 μl for the presence of the virus using RT-qPCR as described in Support
Protocol 1.

36. Dilute the virus with TNE buffer to 1 × 107 copies/ml. Aliquot and store at –80°C.

SUPPORT
PROTOCOL 2

QUANTIFICATION OF HEV LIVE PARTICLES BY INFECTIVITY ASSAY

It was previously reported that HepG2/C3A cells can be infected by the HEV Kernow-C1
strain at high efficiency (Shukla et al., 2012). Here, infected HepG2/C3A cells are used
to illustrate determination of HEV infectivity using an immunofluorescence assay.

Materials

HepG2/C3A cells infected with HEV (see Basic Protocol 1)
0.05% trypsin-EDTA (e.g., Corning, cat. no. 25-053-CI)
Complete growth medium (see recipe)
1:1 methanol:acetone
Phosphate-buffered saline (PBS; see recipe)
Mouse monoclonal antibody against HEV open reading frame 2 (ORF2; e.g.,

Millipore, cat. no. MAB8002, RRID: AB_11212382)
Lin, Yang and
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Goat anti-mouse IgG (H&L) antibody, Dylight 549–conjugated (e.g., Rockland
Immunologicals, cat. no. 610-142-002, RRID: AB_11182796)

SlowFade Gold antifade reagent containing DAPI (e.g., Thermo Fisher Scientific,
cat. no. S36939)

12-well cell culture plate
Circular cover glass (12 mm diameter)
37°C, 5% CO2 humidified incubator
37°C microbiological incubator
Glass microscope slides
Fluorescence microscope with 63× oil immersion lens

Inoculate HepG2/C3A cells with HEV
1. Prepare HepG2/C3A cells as described in Basic Protocol 1.

2. Detach confluent cell monolayer using trypsin and incubation at 37°C for 3 to 5 min,
and plate cells into 12-well culture plates with a cover glass. Incubate the plate at
37°C with 5% CO2 in a humidified incubator overnight.

3. Incubate cells with HEV samples to be tested at 37°C with 5% CO2 for 5 hr, and
replace the medium with complete growth medium. Incubate the plate for 5 to 6 days
at 37°C.

Indirect immunofluorescence assay
4. Fix cells with cold 1:1 methanol:acetone for 15 min.

The methanol/acetone solution should be stored at –20°C.

5. Rinse the cover glass with PBS once and add anti-HEV ORF2 antibody diluted with
PBS (at a working concentration recommended starting 1:200). Incubate the plate at
37°C for 35 min.

6. Rinse the cover glass three times with PBS, each time for 5 min, and add Dylight
549–conjugated goat anti-mouse IgG antibody diluted with PBS at 1:1000. Incubate
the plate at 37°C for 35 min.

7. Rinse the cells three times with PBS, each time for 5 min. Mount the cover glass onto
a slide with 5 μl SlowFade Gold antifade reagent.

8. Observe the cells under a fluorescence microscope with an oil-immersion lens.

Figure 2 Indirect immunofluorescence assay of HepG2 cells infected with the HEV Kernow-C1 strain. Im-
ages were taken with a 63× objective lens. The left image shows the ORF2-specific cells as red fluorescence.
The middle image is DAPI staining of nuclear DNA. The right image is an overlay of both the red and blue
fluorescence.
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The number of positive foci for ORF2 proteins can be counted. Because of low virus repli-
cation in HepG2/C3A cells, a 63× objective is recommended to better observe the TRITC-
conjugated secondary antibody (i.e., positive cells) with low background. The immunoflu-
orescence assay image should look like that shown in Figure 2.

REAGENTS AND SOLUTIONS

Agarose-TAE gels, 1%

1. Weigh 1 g agarose and mix agarose powder with 100 ml 1× TAE buffer (see
recipe) in a glass flask.

2. Microwave the flask for a few minutes until the agarose is completely dissolved,
but do not over-boil the solution, as some of the buffer will evaporate and thus
alter the final percentage of agarose in the gel.

Many people prefer to microwave in pulses, swirling the flask occasionally as the solution
heats up.

3. Let agarose solution cool down to about 50°C (∼5 min), and then pour the
agarose into a gel tray with a well comb in place.

4. Place newly poured gel at 4°C for 10 to 15 min, or let it sit at room temperature
for 20 to 30 min until it is completely solid.

Store gels at room temperature in 1× TAE buffer for up to 2 weeks

Complete growth medium

450 ml Dulbecco’s Modified Eagle Medium (DMEM; e.g., Corning, cat. no.
10-013-CV)

50 ml heat-inactivated fetal bovine serum (FBS; see recipe)
10 ml 100 mM sodium pyruvate (e.g., Thermo Fisher Scientific, cat. no. 11360070)
10 ml 10,000 IU/ml penicillin-streptomycin solution
29.2 mg/ml L-glutamine (e.g., Corning, cat. no. 30-009-CI)
Store at 4°C for up to 2 months

Add fresh L-glutamine to a final concentration of 0.292 mg/ml every 2 weeks.

Heat-inactivated FBS

Thaw a 500-ml bottle of FBS (e.g., Thermo Fisher Scientific, cat. no. 26140-079)
overnight at 4°C. If it is still frozen the next day, continue thawing at 37°C. Place the
bottle in a 56°C water bath for 30 min with occasional gentle shaking. Store 50-ml
aliquots at –20°C for up to 2 years.

Phosphate-buffered saline (PBS)

8 g NaCl (final concentration 137 mM)
1.44 g Na2HPO4 (final concentration 10 mM)
0.2 g KCl (final concentration 2.7 mM)
0.24 g KH2PO4 (final concentration 2 mM)
Dissolve in 900 ml ultrapure water
Adjust pH to 7.4 with dilute HCl if necessary
Bring volume to 1 L with water
Autoclave in 500-ml bottles for 20 min
Store at room temperature or at 4°C after opening for up to 1 month

Sucrose solutions

Add 1.5 g, 2 g, 3 g, 4 g, and 5 g sucrose to five 15-ml polypropylene centrifuge
tubes. Separately, prepare a buffer solution containing 50 mM Tris·Cl, pH 7.5; see
Moore, 1996), 1 mM EDTA, and 0.05% (w/v) lauryl maltoside. Fill each tube con-
taining sucrose to 10 ml with the buffer solution. Place the tubes on a tube rotator for
∼20 min until all sucrose is fully dissolved. Store solutions at 4°C for up to 2 months.
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TAE buffer, 50×
242 g Tris base
57.1 ml glacial acetic acid
100 ml 0.5 M sodium EDTA
Bring to 1 L with water
Store at room temperature for up to 6 months

To make 1× TAE from 50× TAE stock, dilute 20 ml of the stock into 980 ml of nuclease-free
water.

TNE buffer

50 mM Tris·Cl, pH 7.4 (Moore, 1996)
100 mM NaCl
0.1 mM EDTA
Store at 4°C for up to 2 months

COMMENTARY

Background Information
The hepatitis E virus (HEV) contains a

7.2-kb single-stranded positive-sense RNA
genome, which is capped and polyadenylated.
In Huh7 cells, a capped 2.2-kb bicistronic
subgenomic RNA is identified during HEV in-
fection. The subgenomic RNA is utilized for
translation of both open reading frame (ORF)
2 and ORF3 (Graff, Torian, Nguyen, & Emer-
son, 2006). The virus genome encodes three
conventional ORFs: ORF1, ORF2, and ORF3.
ORF1 is translated from the complete viral
genome, and the polypeptide contains the pu-
tative functional domains: a methyltransferase
domain (MT), a putative papain-like cysteine
protease (P), a hepevirus unique (or Z-) do-
main (HUD), a hypervariable polyproline re-
gion (PP), a macro domain (Macro), a helicase
domain (Hel), and an RNA-dependent RNA
polymerase domain (RdRp) (Purdy et al.,
2022). The ORF2 product is the structural
protein of HEV virions, and possesses virus-
neutralizing epitopes (Osterman et al., 2012).
There are multiple forms of ORF2 products
identified in the infected cells (Montpellier
et al., 2018; Yin et al., 2018), and the pro-
tein inhibits interferon production through the
N-terminal Arginine-rich domain (Lin et al.,
2019). The motif also regulates the subcellu-
lar location and function of ORF2 (Hervouet
et al., 2022). The ORF3 product is a small
regulatory protein that is necessary for virion
egress (Ding et al., 2017) and has other func-
tions (Lin & Zhang, 2021).

There are 8 genotypes classified for Pasla-
hepevirus balayani species HEV (Purdy et al.,
2022). HEV genotypes 1 and 2 cause acute
liver disease in clinical cases, while HEV
genotypes 3 and 4 cause both acute and
chronic infections, the latter of which are

thought to occur mainly in patients with im-
munosuppression when infected by genotype
3 HEV (Hoofnagle, Nelson, & Purcell, 2012;
Nan & Zhang, 2016). Among the four con-
ventional genotypes of HEV, genotype 1 is
mostly found in Asia (Okamoto, 2007), while
genotype 2 is found to circulate in Mexico
and Africa (Huang et al., 1992). Genotype
3 is mainly reported in developed countries
(Okamoto, 2007), and genotype 4 is frequently
reported in China and other Asian countries in
recent years (Nan & Zhang, 2016; Purcell &
Emerson, 2008). Genotypes 5 and 6 are iden-
tified from Japanese wild boars (Smith et al.,
2014). Genotypes 7 and 8 were identified in
dromedary and Bactrian camels, and genotype
7 is reported to present in an immunocom-
promised patient with chronic hepatitis (Lee
et al., 2016; Sridhar et al., 2017). Until now,
the vaccine against HEV infection has only
been available in China, and off-label use of
ribavirin is reported to be effective in clinical
cases but not in pregnant patients (Sayed, Ver-
couter, Abdelwahab, Vercauteren, & Meule-
man, 2015). The current strategy for the pre-
vention of HEV relies on sanitary measures,
such as providing clean water and appropri-
ately cooking food to avoid transmission from
undercooked food (Kamar et al., 2012; Nan &
Zhang, 2016).

Critical Parameters and
Troubleshooting

Tissue culture problems
A common issue for cell culture is contam-

ination by bacteria, mycoplasma, and fungi.
To avoid contamination, careful aseptic tech-
niques are required, and all cell culture ac-
tivities should be performed in a biosafety
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cabinet. Before using the cabinet, it must be
exposed to UV light for at least 15 min, and the
surface must be wiped with 70% ethanol. An-
tibiotics such as penicillin and streptomycin
may be used routinely in media. Mycoplasma
is a more difficult contaminant to detect and
treat, as it is not visible under microscopy, and
the antibiotics commonly used in cell culture
do not work against it. Mycoplasma can affect
both cell biology characteristics and propaga-
tion of the virus in cells, so it is important to
test cultures regularly.

A protocol for mycoplasma detection is
available (Uphoff & Drexler, 2002). PCR de-
tection of a positive sample would yield a
500-bp fragment in agarose gel analysis. If the
PCR test is positive, the antibiotic plasmocin
(InvivoGen) can be used at a concentration of
25 μg/ml for 2 weeks. A retest of the cells is
needed after antibiotic treatment. If the my-
coplasma test is still positive, the cells can be
treated with the antibiotic for 1 more week.
For prophylactic maintenance of cell culture,
plasmocin can be used at a concentration of
5 μg/ml.

Low virus yield
HEV grows poorly in cultured cells. The

initial inoculation amount of HEV seems to be
important for good viral propagation. There-
fore, the inoculum must have enough live HEV
virions and be free from inhibitors. Ampho-
tericin B, MgCl2, and DMSO were reported
to increase virus yield and can be used, as
described (Chew, Situ, Wu, Yao, & Sridhar,
2022). Other cell lines or primary cells may
support HEV proliferation [see review (Meis-
ter, Bruening, Todt, & Steinmann, 2019)].

The cell conditions are essential for a good
viral yield. The cultured cells must be main-
tained in good conditions before virus inocula-
tion. Activation of the cellular antiviral system
might be a reason for low virus yield, which
needs to be assessed and avoided if other pos-
sible reasons are excluded.

The virus yield is easily affected by my-
coplasma contamination of the cell culture.
The cultured cells should be tested routinely
to make sure the culture system is free of
mycoplasma. If the test is positive, the cells
should be treated with plasmocin as described
above.

Anticipated Results
In Basic Protocol 1, the number of HEV

RNA copies in the cell culture supernatant can
range from 102 to 106 copies/ml. In Basic Pro-
tocol 2, the RNA virus yield can reach up to

∼106 genomes/ml after electroporation for 5
to 6 days. The HEV virions from cell culture
should band at a density of 1.15 g/cm3, about
35% sucrose, during gradient centrifugation.
In Support Protocol 2, as HEV does not cause
cytopathic effects, the cells should look simi-
lar to non-infected cells.

Time Considerations
For Basic Protocol 1, the cell culture prepa-

ration can be ready within 4 days. Sample cen-
trifugation can be finished in 30 min, and viral
RNA extraction can be done within 4 hr. Quan-
tification by RT-qPCR can be finished within
3 hr. These steps can be performed within the
4 days during cell culture preparation. After
inoculation, the cells need to be cultured for
5 days to allow virus proliferation before being
expanded to a 75-cm2 flask. RNA virus levels
in the culture supernatant can be monitored ev-
ery day. The entire experiment should be com-
pleted within 2 to 3 weeks.

For Basic Protocol 2, digestion of the HEV
infectious cDNA clone needs at least 4 hr
and up to overnight, and electrophoresis needs
30 min, followed by DNA purification for
30 min. The in vitro transcription and RNA
purification steps take 4 to 6 hr. Transfec-
tion of viral RNA and virus propagation needs
∼2 weeks. Virus concentration takes about
4 hr, and RNA virus extraction and detection
take about 8 hr. In total, propagation of the
virus from cDNA clones needs ∼3 weeks.

Support Protocol 1 can be finished within
1 day. Support Protocol 2 includes prepara-
tion of the cell culture lasting 4 days, virus in-
fection and proliferation lasting 5 or 6 days,
and performing the immunofluorescence as-
say, which takes 3 hr. Collectively, Support
Protocol 2 needs about 10 days.
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