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Abstract:

Accurate genotyping is important to improve the treatment of hepatitis C virus (HCV) infection. We herein
report a 44-year-old Japanese man with hemophilia A and coinfection of HCV and human immunodeficiency
virus (HIV) who was diagnosed with HCV genotype 4 by direct sequencing. Two genotyping tests based on
the nested polymerase chain reaction method that we used misdiagnosed his genotype as 2b and 1b. Although
several HCV genotyping tests are available in Japan, it is important to recognize that some cannot detect
genotype 4. Care should be taken when genotyping HCV patients who have received non-heated coagulation

factor preparations or were infected abroad.
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Introduction

Hepatitis C virus (HCV) infection is a worldwide health
problem because it frequently leads to liver cirrhosis and he-
patocellular carcinoma. Recent advances in direct-acting an-
tiviral agents (DAAs) have markedly improved the antiviral
efficacy in patients with HCV infection (1). Although the
latest combination therapy with an HCV protease inhibitor
[glecaprevir (GLE)] and an HCV NS5A inhibitor [pibrentas-
vir (PIB)] is available for several genotypes (2), it is impor-
tant to determine the genotypes or serotypes of HCV in pa-
tients before DAA treatment, as the effects of DAAs differ
among genotypes.

Several methods for HCV typing are clinically available,
but only serotyping (3), not genotyping, is approved for cov-
erage by the public health insurance program in Japan. The
serotyping method can distinguish type 1 (group 1) and type
2 (group 2) with high accuracy (4), but there are a few dis-

crepancies between serotypes and genotypes in some pa-
tients that can lead to treatment failure (5-7).

We herein report a patient with HCV and human immu-
nodeficiency virus (HIV) co-infection who initially showed
a mismatch between his serotype and the HCV genotype.
This is a very rare case, as genotype 2b was first determined
using one of the nested polymerase chain reaction (PCR)-
based assays, whereas genotype 1b was determined by an-
other genotyping assay. We eventually confirmed the pa-
tient’s genotype to be genotype 4 by direct sequencing. We
discuss the cause of the discrepancy in genotyping results.

Case Report

A 44-year-old Japanese man was diagnosed with hemo-
philia A and co-infected with HIV and HCV by the admini-
stration of non-heat concentrated coagulation factor prepara-
tions in Japan. Although a liver biopsy was not performed
because of the patient’s hemophilia, chronic hepatitis C was
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Figure 1. The patient’s clinical course. ABC: abacavir, ALT: alanine aminotransferase, HCV: hep-

atitis C virus, 3TC: lamivudine, LDV: ledipasvir, RAL: raltegravir, RBV: ribavirin, SOF: sofosbuvir

clinically diagnosed due to liver dysfunction with a persis-
tent elevation of alanine aminotransferase (ALT). He had no
splenomegaly and had a liver fibrosis-4 (FIB-4) index of
1.22 (8), so the fibrosis considered non-
progressive.

At the patient’s first diagnosis in August 2008, HCV sero-
typing (3) and HCV ribonucleic acid (RNA) quantitative
test results led to a diagnosis of serogroup 1, and the HCV
RNA titer was 6.40 log IU/mL. In February 2010, we
started antiviral treatment with pegylated interferon alfa 2a
(Peg-IFNo2a; 180 pg/day) and ribavirin (RBV; 600 mg/
day). However, even at 16 weeks after the initiation of this
treatment, there was no significant decrease in the patient’s
HCV-RNA titer (5.90 loglU/mL), and the treatment was dis-
continued as a non-response case. The patient’s IL28B ge-
netic polymorphism turned out to be heterozygous (rs
8099917 T/G, rs11881222 A/G, rs8103142 T/C) in 2012 (9).

In January 2012 the patient received a combination an-
tiretroviral therapy with abacavir (ABC; 600 mg/day)/lami-
vudine (3TC; 300 mg/day) and raltegravir (RAL; 800 mg/
day) (10). His HIV viral load remained undetectable, and
his CD4-positive (CD4+) cell count was over 500/uL.

We considered introducing IFN-free treatment with DAA,
and we first used the core region nested PCR method (11)
(HCV Genotype Primer Kit; Institute of Immunology, To-
kyo, Japan) to determine the patient’s HCV genotype; this
method indicated genotype 2b. Although the possibility of a
mixed infection of multiple HCV genotypes could not be
completely ruled out, we treated the patient with sofosbuvir
(SOF; 400 mg/day) and RBV (600 mg/day) for 12 weeks
beginning in February 2016. He tested negative for HCV
RNA at the end of the 12-week period, but he was positive
for HCV RNA at 4 weeks following that treatment’s com-
pletion (Fig. 1).

At the relapse, the patient’s HCV genotype was deter-
mined again by the same method, and the result was again
genotype 2b. To confirm the genotype, we performed HCV

liver was

genotyping using both pre- and post-treatment serum sam-
ples with another genotyping system (HCV RNA Core
Genotype Kit; SRL, Tokyo, Japan) (12). Surprisingly, the
genotype was genotype 1b in both samples with this test,
differing from the previously identified genotype.

To investigate the cause of the discrepancy in HCV geno-
type test results, we performed direct sequencing of the 5°-
untranslated region (5’-UTR) and core gene region (-116 to
+343; 459 bp) using the following primers: sense 5’-
CTCCCGGGAGAGCCA TAG-3’ and antisense 5’-
ATGTACCCCATGAGRTCGGC-3’. A molecular phyloge-
netic tree analysis for the viral genotype led to a diagnosis
of genotype 4 (Fig. 2). In June 2016 we treated the patient
with SOF (400 mg/day) and ledipasvir (LDV; 90 mg/day)
for 12 weeks with the patient’s fully informed consent, since
SOF/LDV was reported to be effective for patients with
HCV genotype 4 (13, 14), and pan-genotype DAAs, such
as GLE/PIB, were not available at that time. The patient
tested negative for HCV RNA at 4 weeks of SOF/LDV
treatment, and he achieved a sustained virological response
(SVR).

Discussion

We treated a patient with a rare HCV and HIV co-
infection for whom it was difficult to determine the HCV
genotype by two different nested PCR-based genotyping
methods; the genotype was finally determined as genotype 4
by direct sequencing. Since pan-genotype DAAs, such as
GLE/PIB, have become available, the importance of geno-
type determination has diminished. However, accurate geno-
typing is still useful for determining the appropriate duration
of treatment for chronic hepatitis in Japan, as the duration
differs between genotype 1/2 and other types according to
the current guidelines for the treatment of HCV issued by
the Japanese Society of Hepatology (15). Accurate genotyp-
ing of HCV can achieve a high SVR.

3240



Intern Med 60: 3239-3243, 2021

DOI: 10.2169/internalmedicine.7132-21

genotype

,_: 4s/JF735138
4vIJX227959

40/FJ452440

4arv'11804
4k/EU392173

{ 4d/DQ418785
Test virus strain

[ 4fEF589161

L anruss2ezs .

8a/MH590698
3d/KJ470619
3e/KJ470818
3a/D17763 3

6/D84263
’—’_E 6C/EF424529 6
GaIAYE59526
| 6biD84262
—

3b/D49374
3gIFT35123

3hIJFT735121 -

2a/AB047839
_i E 2a/D00%44
2¢/D50409

{ 2b/AB030907
2b/D10988

ThiKX092342

Ta/EF108306
[ 5a/AF054430

L sav13184

1b/D90208
1b/M58335
1a/M62321
1a/ME7463

{ 1c/AY051292
1¢/D14853

Figure 2. A molecular phylogenetic tree that analyzes whether or not a test virus strain belongs to

a known hepatitis C virus genotype strain. The genetic distance was estimated using the Kimura two-

parameter method, and the tree was constructed using a neighbor-joining method.

In Japan, an HCV serotyping assay using non-structural
protein 4 (NS 4)-specific antibodies is commonly used (3),
as an HCV genotyping assay based on the nested PCR
method is not approved for coverage by the national health
insurance program. When determining HCV genotypes, the
frequency of discrepancy between the serotype and genotype
is reported to be low (4, 16, 17), but some clinically prob-
lematic cases have been reported (5-7). Such discrepancies
may be caused by coinfection of different genotypes of
HCV (6) or infection with an intergenotypic recombinant vi-
rus (7).

The genotype reportedly cannot be accurately determined
even when performing genotyping using nested PCR meth-
ods targeting the core region, such as genotyping with an
HCV genotype primer kit (5). In the present case, we used
two types of genotyping test kits based on nested PCR tar-
geting the core region: an HCV genotype primer kit based
on Okamoto’s method (11), and an HCV RNA core geno-
type kit based on Ohno’s method (12). The first kit can de-
tect genotypes la, 1b, 2a, 2b, and 3a, but not 4, as the kit
does not include the setting of PCR primers for genotype 4.
With this kit, our patient was misidentified as genotype 2b.
The HCV genotyping system that was originally reported by
Ohno et al. can detect genotypes la, 1b, 2a, 2b, 3a, 3b, 4, 5
a, and 6a (12), but the commercially usable diagnostic kit
(HCV RNA Core Genotype Kit) has no setting of PCR

primers for genotypes 4, 5a, and 6a. This assay also pro-
vided an incorrect result (genotype 1b) for our patient.

Direct sequencing performed to determine the patient’s
exact genotype revealed genotype 4, which was not initially
expected (Fig. 2, 3). The mistaken results with the first two
methods may have been due to the corresponding site of
this HCV strain having a relatively high homology for each
specific primer (Table) and there being no suitable primer
for genotype 4. Because ultra-deep and whole genome se-
quencing was not performed, the possibility of a mixed
HCV genotype infection or an intergenotypic recombinant
viral infection could not be completely ruled out. This is a
limitation of this case report.

HCV genotype 4 accounts for up to 13% of all HCV in-
fections worldwide and is found frequently in North and
Central Africa and the Middle East (18). Hayashi et al. re-
ported that the prevalence of genotype 4 was very low in Ja-
pan (0.4%) and that all of the individuals with genotype 4
were male hemophiliacs who received concentrated coagula-
tion factor preparations from abroad (19). Our patient was
also diagnosed with hemophilia A and had previously been
given non-heat concentrated coagulation factor preparations.

The guidelines from the European Association for the
Study of the Liver (EASL) recommend several DAA combi-
nation therapy regimens as anti-HCV therapy for patients
with HCV genotype 4 infection (1). Since SOF/LDV has
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Figure 3. Nucleotide sequence of the 5’-UTR and core gene region of the test virus strain deter-

mined by direct sequencing. The arrows indicate target regions of the genotype-specific primers for
the nested PCR. Region (1: the second-round PCR sense primer, (2): the anti-sense primer for geno-
type 2b, and (®: genotype 1b of Okamoto’s method (11). Region (: the second-round PCR sense
primer, (®: the anti-sense primer for genotype 4, and (6): genotype 1b and (D: genotype 2b of Ohno’s

original method (12).

Table.

Comparison of Nucleotide Sequences of Nested PCR Primers and the Test Virus Strain.

Second-round PCR primer

Sequence (5’- 3°) Nucleotide position

Okamoto’s method

(D sense primer for genotyping 5’-AGGAAGACTTCGGAGCGGTC-¥ 148 - 167
the test virus strain . _ .. ._..._.. Cemmmmem

(2) anti-sense primer for genotype 2b  5’-GAGCCATCCTGCCCACCCCA-3’ 270 - 257
the test virus strain . ____ ... [ ol G-

(3 anti-sense primer for genotype 1b 5~ ACCCTCGTTTCCGTACAGAG-3’ 291 - 271
the test virus strain G-=--- A- -G ===« A- - - -

Ohno’s method

(@) sense primer for genotyping 5’-AGACCGTGCACCATGAGCAC-¥ -12-8
the test virus strain L L. ........

(6 anti-sense primer for genotype 4 5’-CCCGGGAACTTAACGTCCAT-3 87 - 58
the test virus strain .. _._..._......

(6) anti-sense primer for genotype 1b 5’-CCTGCCCTCGGGTTGGCTA-3 222-204
the test virus strain . _ . . ... .. ....... GC

(D anti-sense primer for genotype 2b  5>-GGCCCCAATTAGGACGAGAC -3’ 325-306

the test virus strain

PCR: polymerase chain reaction

been reported to be effective in patients with HCV genotype
4 (13), we have administered SOF/LDV to patients who re-
lapsed after treatment with SOF/RBV.

In conclusion, we reported a rare case of a patient with an
HCV genotype 4 infection in whom two usable nested PCR
genotyping assays failed to determine the exact genotype.
Several HCV genotyping assays are currently available in

Japan, but it is important to recognize that some testing kits
cannot detect genotype 4. Care should be taken when geno-
typing HCV-infected patients who have been given non-
heated coagulation factor preparations or were infected
abroad.
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