were stored at —70° until tested. Demographic data of patients
such as age, sex, nationality, habitat and risk factors were also col-
lected.

DNA Extraction and Sequencing

Viral RNA was extracted from 356 anti-HCV-positive serum
specimens by using guanidine thiocyanate extraction [31]. Reverse
transcription was performed using M-MLYV reverse transcriptase
(Promega, Medison, Wisc., USA). Partial core and NS5B regions
were amplified by RT-PCR using specific primer pairs (core: prim-
ers 410/951 and 953/951, NS5B: primers NS5BF1/R1 and NS5BF2/
R2) as previously described [32]. The resulting cDNA fragments
were purified (HiYield Gel/PCR DNA Fragment Extraction Kit,
RBC Bioscience, Taipei, Taiwan) and subjected to direct sequenc-
ing (First BASE Laboratories, Selangor, Malaysia). Nucleotide se-
quences were edited and assembled using Chromas LITE (v.2.0.1),
BioEdit (v.5.09; Ibis Therapeutics, Carlsbad, Calif., USA) and Seq-
Man (DNASTAR, Madison, Wisc., USA).

HCV Genotyping

The genotype of each sample was determined by phylogenetic
analysis of both the core and NS5B sequences. All sequences were
aligned with reference genotypes retrieved from the Los Alamos
HCV database [33] using CLUSTALW v1.83. Neighbor-joining
trees of partial core and NS5B sequences were constructed using
the Gojobori-Ishi-Nei 6-parameter method with bootstrap resam-
pling tests using 1,000 replicates (http://clustalw.ddbj.nig.ac.jp).
Sequences clustering on the same branch as the reference strain
were assigned the reference genotype. Some of the samples with
HCV genotype 6 had been previously published elsewhere [32].
The core region represents nucleotide positions 377-669 and the
NS5B region represents nucleotide positions 82828591 relative to
the sequence M62321.There were discrepant subtypes between the
core and NS5B trees; therefore, we reanalyzed all sequences by us-
ing another method. All sequences were subjected to FindModel
(http://hev.]anl.gov/content/sequence/findmodel/findmodel.
html) to find the best substitution model. Then, the HCV genotype
classification was confirmed by constructing maximum likelihood
trees with the GTR+T model and bootstrapped 1,000 times using
MEGA version 5.05.

Phylogenetic Analysis of HCV Subtype 3a

Intotal, 136 core sequences and 132 NS5B sequences clustering
in subtype 3a were obtained. To analyze subtype 3a of Thailand,
the available subtype 3a sequences of the core and NS5B genes
were retrieved from the Los Alamos HCV database and aligned
with the respective subtype identified in this study [33]. Redun-
dant sequences originating from the same individual or from an
individual with unknown nationality were excluded as were those
of insufficient length in nucleotide sequence. Multiple alignments
were calculated using CLUSTALW v.1.83 and the phylogenic re-
lationships of the core and NS5B were constructed using the neigh-
bor-joining method based on the 6-parameter model with a boot-
strap test performed on 1,000 replicates (http://clustalw.ddbj.nig.
ac.jp). Particular clusters originating from Thai subtype 3a strains
were investigated.

Evolutionary Analysis of HCV Subtype 3a
The HCV subtype 3a sequences of the partial core and NS5B
regions originating from the same sample, which grouped in the
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Thai cluster, were selected for further analysis. This left 74 se-
quences of the NS5B dataset which was 325 nucleotides long (rep-
resenting nucleotide positions 8286-8610 relative to the sequence
M62321) and subjected to evolutionary analysis. The most appro-
priate nucleotide substitution model for the NS5B sequences data-
set was determined using the jModeTest version 0.1. The best-fit-
ting model of these data sets was GTR+I". HCV subtype 3a popula-
tion dynamics were estimated using the strict molecular clock and
the uncorrelated lognormal model under the substitution model
mentioned above. Since the samples were not systemically collect-
ed and contained insufficient temporal data to directly estimate the
evolutionary rate, the external rate was used in both the strict and
relaxed clock model. The previously estimated substitution rate of
5.8 x 107 substitutions per site per year obtained from the NS5B
gene was applied as a prior to generate an evolutionary timescale
ofyears [34]. The most appropriate clock model was selected based
on the Bayes factors computed by Tracer v.1.5. The bayesian sky-
line plot approach implemented in BEAST (Bayesian Evolutionary
Analysis by Sampling Trees) v.1.5.4 (http://evolve.zoo.ox.ac.uk/
beast/) was used to calculate the epidemic history. Each Markov
chain Monte Carlo analysis was run for 50,000,000 states and sam-
pling every 5,000 states. Markov chain Monte Carlo convergence,
effective sample size, the date of the most common ancestor of the
cluster and Bayes factors were computed and investigated using
Tracer v1.5, and annotated phylogenetic trees were displayed by
FigTree v. 1.2.2 (http://evolve.zoo.ox.ac.uk/beast/).

Nucleotide Accession Number

All nucleotide sequences were submitted to the GenBank data-
base. The accession numbers of partial core and NS5B sequences
were HQ229038 and HQ229604, respectively. HCV genotypesin this
study were classified according to the reference strains as follows: la:
NC004102, EF407419,AB301742, AF511950, EU234064, DQ155558,
EU256041, EU781772, D10749;1b: HMO041987, HMO041997,
EF032894, AB016785, EU155228, U16362, D11355, FJ217354,
EF032894, AF145454, EU155305, AB429050, AY587016, D90208,
AF176573; 1c: AY051292; 2a: AB047639; 2b: D10988; 3a: D17763,
AF046866, X76918, AF525902, AB472164, D14308, D10079,
EF543248, AMA423015, EF543249, X76918, AY003973, AF506583,
D10078, AB327107, AB444431, AB444489; 3b: D37840, HM 042021,
D37854, D49374, D37853; 3k: D63821; 4a: NC009825, DQ418788;
4d: DQ418786; 5a: Y13184, NC009826; 6a: DQ480513, AY859526;
6b: D84262; 6¢: EF424629; 6d: D84263; 6¢: DQ314805; 6f: DQ835760,
DQ835764; 6g: D63822, DQ314806; 6h: D84265; 61: DQ835770,
DQ835762; 6j: DQ835761, DQ835769; 6k: DQ278893, D84264; 6l:
EF424628; 6m: DQ835765, DQ835763; 6n: AY878652, DQ835768;
60: EF424627; 6p: EF424626; 6q: EF424625; 6r: EU408328; 6s:
EU408329; 6t: EF632071; 6u: EU246940, and 6w: DQ278892.

Results

Clinical Data and Patient Background

A total of 356 serum samples collected from patients
with detectable HCV-RNA were subjected to RT-PCR
amplification and sequencing of the core and NS5B re-
gions. Subject age ranged between 17 and 73 years and
the mean age was 43.01 + 10.9. Out of 187 patients with
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Tabie 1. Genotype of HCV determined in this study

la 75 75 (21.1)
1b 1 43 49 (13.8)
2a 2 2(0.6)
3a 130 1 5 136 (38.2)
3b 17 1 18 (5.1)
6e 1 1(0.3)
6f 37 2 39 (11)
6i 7 7(2.0)
& 7 7(2.0)
6n 17 17(4.8)
ND 1 2 2 5(1.4)
Total, n (%) 76 (21.3) 49(13.3) 2(0.6) 132(37.1) 20(5.6) 1(0.3) 37(10.4) 7(2.0) 7(2.0) 17(4.8) 8(2.2) 356(100)

Values are given as n (%). Genotypes are classified based on core and NS5B sequences. ND = not detected.

clinical reports, 92% were diagnosed with chronic liver
disease, 5.3% with cirrhosis and 2.7% with HCC. The
mean age of the patients in the HCC group was higher
than in the chronic hepatitis and cirrhosis group (57,43.7
and 46.3 years, respectively). Among patients in the
chronic hepatitis group, males were predominant with a
2:1 male-to-female ratio. Approximately 92% of the pa-
tients lived in the central area of Thailand. One hundred
and thirty (36.5%) subjects had known risk factors such
as blood transfusion (33.1%), tattooing (27.7%), intrave-
nous drug use (26.9%), unsafe medical injection (23.8%),
shaving by a barber (23.1%), prostitution (13%), needle
stick injury (11%), HIV coinfection (1.5%) and a spouse
with HIV/HCV (1.5%) (see online supplementary tables
1, 2; for all online suppl. material, see www.karger.com/
doi/10.1159/000351621). Among all risk factors, intrave-
nous drug use incurred the greatest diversity of HCV
genotypes identified (genotypes 1, 2, 3 and 6). In cases
where the patient’s background showed that more than
one risk factor could be associated with multiple routes
of transmission, the exact route could not be specified in
this study (suppl. table 3).

HCV Genotype

Phylogenetic analysis based on partial core and NS5B
sequences (n = 356 sequences) showed that most Thai
patients carried subtype 3a (n = 137, 38.5%), followed by
subtype la (n =75, 21.1%), 1b (n = 49, 13.8%), genotype
6(n=71,19.9%) and subtype 3b (n =20, 5.6%). Genotype

Genetic History of HCV Subtype 3a in
Thailand

6 was classified as 6e (n = 1, 0.3%), 6f (n = 39, 11%), 6i
(n=7,2.0%),6j(n=7,2.0%) and 6n (n =17, 4.8%) (sup-
pl. fig. 1). Genotype 2 was detected in only 2 cases. Two
samples, CUTH45 and CUTH233, showed discordant
subtypes based on the core and NS5B, in that one sample
was 1b/1a and the other was 3a/3b, respectively (table 1).
To test that the discordant core and NS5B genotypes were
not an artifact of a selected substitution model, the geno-
type was reclassified by other phylogenetic and nucleo-
tide substitution models. The results showed the same
classification was given to both discordant samples by the
maximum likelihood trees and the neighbor-joining trees
(suppl. fig. 2, 3).

HCV genotype 3 could be detected in all regions of the
country; genotype 2 was identified in 2 patients residing
in the central area, while genotypes 1 and 6 were not
found in the southern and western regions, (suppl. table
2). These results may be due to the fact that most of the
patients in this study were recruited from Chulalongkorn
Hospital, hence central Thailand. In addition, HCV ge-
notypes 1 and 3 were found in all stages of liver disease,
while genotype 2 was found only in chronic hepatitis and
genotype 6 was not detected in any HCC patients (suppl.
table 1).

Phylogenetic Analysis of HCV Subtype 3a

HCV subtype 3a isolated in this study was analyzed in
comparison with reference sequences available from the
Los Alamos HCV database. Figure 1 shows the neighbor-
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joining tree estimated from the partial core and NS5B se-
quences. In total, 136 core and 132 NS5B sequences clus-
tered together and were classified as subtype 3a (table 1).
In this clade, subbranches exhibited a phylogeographic
structure by grouping samples from the same origin to-
gether, e.g. HCV strains from the former Soviet Union,
Pakistan and Thailand (fig. 1a, b).

The phylogenetic tree of partial core sequences isolat-
ed in this study had 92 isolates in the Thai cluster, while
the tree constructed from NS5B sequences had 82 isolates
(fig. 1a, b). To define these Thai clusters more clearly, 74
samples from both the core and NS5B sequences from
these same clusters were selected for further evolutionary
analysis.

Evolutionary Analysis of HCV Subtype 3a

The NS5B dataset was analyzed using BEAST under a
strict and uncorrelated lognormal relaxed molecular clock
with a coalescence bayesian skyline plot model. Model
comparison was undertaken through comparison of esti-
mated marginal likelihoods of each model calculated by
the Tracer v. 1.5 program. The results show that the re-
laxed molecular clock had a higher marginal likelihood
than the strict model, In P (model|data) was -3,028.84 and
-3,039.35, respectively (log10 Bayes factor of >4.5). Using
the data from the relaxed clock model, the origin of the
most recent common ancestor of the HCV subtype 3a
strains in Thailand existed around 200 years ago (95%
credible interval, 573-15 years ago). The mean rate under
relaxed clock (ucld.mean) was 9.28 x 107# (95% credible
region: 1.23 x 107 to 2.04 x 10~) and the standard devia-
tion (ucld.stdev) was 0.29 (95% credible region: 6.51 x
1072to 0.49). If the ucld.stdev is zero, it means no variation
in the rate among branches. Rate heterogeneity among the
site (o) of NS5B was 0.267 while the coefficient of variation
(COV) was 0.3 (95% credible region: 0.05-0.49), which
showed heterogeneity among branches. COV measures
the rate variation among lineages. A small value of COV
represents less rate variation and close to clock-like evolu-
tion. So, the evolution will be the strict molecular clock if
the COV is equal to zero. Our COV was close to the previ-
ous reported value for HCV genotype 6 and Dengue virus
[35, 36]. Covariance parameter of the relaxed clock was
-0.0079 (95% credible region: —0.1642 to 0.151).

Figure 2 shows the bayesian skyline plot estimated from
the NS5B dataset. The effective population size was rela-
tively constant from the early 20th century before changing
to exponential growth in the mid-1970s. From the early
1980s to the present the rate has been on a relatively slow
decline and seems to be steady after the year 1990.
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Discussion

In this study, we have described the genotypic and evo-
lutionary analysis of HCV-infected patients in Thailand.
While the severity of liver disease was associated with ad-
vanced age, the number of cirrhotic and HCC cases re-
mained small. However, previous studies have found that
the mean age of patients with HCC is significantly higher
than that of chronic hepatitis patients, suggesting that
protracted infection may increase the likelihood of severe
complications [13, 15, 30].

In Thailand, HCV genotype 3 was the predominant
genotype with subtype 3a being the most common sub-
type. Genotype 1 and 6 variants were also prevalent, fol-
lowed by subtype 3b and subtypes 2a and 2c [12, 37].
However, although the genotypic distribution of HCV
found in this study is similar to previous reports, these
results likely do not accurately represent Thailand’s over-
all genotype distribution because most of the examined
samples were obtained from patients living in the central
region of Thailand. Also, two samples, 1b/1a and 3a/3b,
showed discordance between subtypes based on the core
and NS5B regions (table 1, suppl. fig. 1, 2). Intragenotyp-
ic recombination of HCV has been reported before, thus
additional analysis should be performed to identify the
recombination breakpoint of these discrepant samples to
confirm the recombination event [38].

Some of the HCV genotypes show phylogeographic
distribution, e.g. genotype 2 is common in Africa and
genotype 6 is common in East Asia [29, 35]. Phylogenet-
ic analysis indicated that there was a HCV subtype 3a-
specific cluster for Thai strains (fig. 1), which may be at-
tributable to a specific route of transmission. In addition,
these strains shared a most recent common ancestor that
existed approximately 200 years ago. Based on our phy-
logenetic trees (fig. 1), the Thai subtype 3a strains did not
form a monophyletic cluster, thus various 3a strain ances-
tors may have been introduced into the country in vary-
ing regions and at different time points. However, be-
cause most of the HCV subtype 3a stains were collected
from central Thailand, we were unable to analyze the pos-
sible entry point of the original HCV strain into Thailand,
while the emergence of subtype 3a in Thailand may be
related to the introduction of Western medical practices
such as vaccinations and operations [39].

Phylogenetic reconstruction (fig. 1) showed the Thai
and Indian/Pakistani clusters in close proximity, which
supports the argument of a close relationship between the
HCV subtype 3a viruses circulating in those countries.
Historically, the Indian culture has had a profound influ-

Akkarathamrongsin et al.

National Center for Global Health and Medicine

203.181.236.75 - 5/8/2014 11:49:53 AM

Downloaded by:



Color version available online

1a

CuTHg
U u
CUTHIE!

L)
Cuist

Emmn\

e

Mt
S

cunon
o

i
CUnR

e

cutraal

AYISE4ET.
CUTHIED

B

'ﬁwn

gynan

Ey
O

Thailand

India
Thailand and
China

Europe and
India

Cyprus; EE = Estonia;
= Iran; JP = Japan;
Pakistan; RU
Taiwan; US

China; CY
United Kingdom; IN = India; IR

Lithuania; NL

Switzerland; CN

= Canada; CH =
Spain; FR = France; GB

CA

Fig. 1. Phylogenetic tree constructed based on the core (a) and NS5B (b) region of
HCYV subtype 3a. Thai isolates identified in this study are labeled in red. The red  ES

= Rus-
United

Tunisia; TW

The Netherlands; PK

Thailand; TJ = Tajikistan; TN
Uzbekistan.

Sri Lanka; LT
sia; TH
States; UZ

Brazil;

Australia; AZ = Azerbaijan; BR =

branches represent a particular cluster of Thai which subjected to evolutionary LK

analysis. Isolates of the same origin tend to cluster together and their countries are

shown as abbreviation names. AU

Genetic History of HCV Subtype 3a in Intervirology 2013;56:284-294 289
Thailand DOTI: 10.1159/000351621

National Center for Global Health and Medicine
203.181.236.75 - 5/8/2014 11:49:53 AM

Downloaded by:



1b

,% Former
=== |Soviet
I£&~ |Union ’

Europe,
Former
Soviet
Union and
America

= | Pakistan

Thailand

290

Intervirology 2013;56:284-294
DOI: 10.1159/000351621

(For legend see page 289.)

Akkarathamrongsin et al.

ef
203.181 75 - 5/8/2014 11:49:53 AM



1,000,000
100,000 1
10,000

1,000

Effective population size

Year (CE)

Fig. 2. Bayesian skyline plot for HCV subtype 3a of the Thai cluster.
The black line indicates the estimated median of effective numbers
of infection based on the NS5B gene and the dotted lines represent
95% highest posterior density confidence interval.

ence on Thai culture, language, ceremony and food. In
addition, there has been a history of trade migration be-
tween both countries, which may have resulted in a long
period of mutual HCV transmission. The widespread in-
troduction of HCV subtype 3a in the Thai population oc-
curred around the mid-1970s and was later introduced to
Pakistan [11]. A prior study suggested that the subtype 3a
population in Pakistan is older than it is in other coun-
tries, and helps contribute to the high number of HCC
patients in that country. Khan et al. [11] estimated that
the 3a subtype was introduced to the Pakistani population
around the 1950s and thus prior to its emergence in the
former Soviet Union (ca. 1960s) [30] and Thailand (ca.
1970s). So, it is possible that the most recent common an-
cestor may have existed in this area.

While 81% of HCV patients in Pakistan carry HCV
subtype 3a [11], the prevalence of subtype 3a in India var-
ies upon the sampling population and location. For ex-
ample, in the northeastern part of India, HCV subtype 3a
constitutes around 8% of all genotypes [40]; however, in
North and Central India the prevalence of genotype 3 is
around 80% [41]. Also, in Bangladesh, an analysis of 168
samples showed that subtype 3b was most prevalent
(45.5%), followed by subtype 3a (18.7%) [42]. The preva-
lence of HCV subtype 3a in the Indian subcontinent is in
contrast to reports on Southeast Asian countries — except
Thailand - in which the most prevalent genotypes are
genotypes 1 and 6 [25, 32, 43-46].

Genetic History of HCV Subtype 3a in
Thailand

Bayesian phylogeography has provided evidence that
HCV subtype 3a was transmitted via heroin trafficking
and IDU stemming from the Golden Triangle and Gold-
en Crescent to the Chinese provinces of Yunnan in 1981
and Xinjiang in 1990, which are adjacent to the Golden
Triangle and Golden Crescent, respectively. Those two
provinces served as a hub for the drug trade and also
played an important role in the viral transmission of vi-
ruses such as HIV and HCV to other regions of China and
Asian [47]. In addition, subtypes 1a and 3a were proposed
to have been introduced from an endemic area to the in-
dustrial nations by IDU [18]. According to all of these
studies, HCV subtype 3a may circulate in an endemic area
for a long period and then migrate to other parts of the
world through trading, population migration and drug
trafficking with subsequent IDU.

As evidenced by our molecular clock estimation, Thai
HCV subtype 3a strains have experienced a rapid expan-
sion of their effective population from the mid-1970s to
the early 1980s (fig. 2). This time period of expansion is
consistent with an influx of IDUs in Thailand as a result
of US Army deployment in Southeast Asia during the
course of the Vietnam War (1955-1975). At that time, the
US Army set up camp at several locations throughout the
North and Northeast of Thailand, and the use of stimu-
lants via intravenous administration was widespread
[48]. More recently, however, the trend of drug adminis-
tration has changed from needle to noninjection (non-
IDU) practices such as inhaling or oral uptake. Specifi-
cally, methamphetamine use has dramatically risen since
the 1990s and has largely replaced intravenous drug use.
HCV prevalence among IDUs (approx. 86%), however, is
still proportionally much higher than non-IDUs (approx.
5%) [21, 49].

Thus, even though we propose that needle sharing
may be implicated as the major route of transmission of
subtype 3a in Thailand, other factors may have a part in
maintaining the present day transmission rates. Risk fac-
tor profiles of our patients showed that blood transfusion
represented the most profound risk factor in this study
(suppl. table 3). Thus, we hypothesize that while intrave-
nous drug use may have been the major cause of the viral
expansion in the Thai population during the mid-1970s
through the 1980s, contaminated blood products likely
play a role in maintaining the current and new viral
strains in the population.

In the past, anonymous blood donation was not a
popular practice among Thai people, who traditionally
preferred to receive blood from their friends or relatives
(http://www.blooddonationthai.com/, in Thai). Howev-
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er, by 1985 this behavior had changed and blood transfu-
sions from anonymous donors gradually replaced the old
tradition. In 1986, donors from convicts were excluded,
and in 1990 the National Blood Bank, Thai Red Cross
Society implemented universal screening for anti-HCV.
At this time, it was found that 2% of first-time donors
were positive for HCV antibodies, though this gradually
declined to 0.5% by 2009 [50]. Presently, the blood
screening policy of the National Blood Center consists of
questionnaires to exclude high-risk donors, anti-HCV
serology screening of all blood units using chemilumi-
nescent immune assay with some negative samples being
further screened by nucleic acid amplification technol-
ogy [50]. Furthermore, coverage of nucleic acid amplifi-
cation technology testing throughout the country has
been increased from 34% in 2009 to 80% in 2012 (The
21st Academic Annual Meeting of National Blood Cen-
tre 2013, Bangkok, Thailand). However, even though the
rate of HCV infection among current donors in Thailand
is low due to the blood screening policy implemented,
the HCV seroprevalence survey was still as high as 2.2%
in 2004 [12].

In 2007, the Bureau of Epidemiology reported that
HCV was endemic in Thailand’s Phetchabun Province
and proffered that the route of transmission was due to
an unhygienic medical injection procedure [51] given
by inadequately trained medical personnel [52]. The in-
fection rate was 70% for intravenous drug users com-
pared to a rate of 0.98% in new blood donors [21]. Thus,
initially, needle sharing combined with receiving con-
taminated blood products significantly escalated the
risks of HCV transmission; however, transfusion-relat-
ed HCV infection has been under control since the im-
plementation of the screening program in 1990. In ad-
dition, the first 2 cases of HIV were first reported in
Thailand in 1984, and since then health and biosafety
education concerning HIV includes information on
HCV also [53].

In 2009, the Thailand National Cancer Institute re-
ported that liver and bile duct cancer was the third most
common cause of cancer in Thailand, ranking as the third
most common cause in males (12.4%) and as the fifth
most common cause in females (4%) [54]. The report also
showed that most hepatitis cases were the result of infec-
tion with HBV (approx. 51.9%), followed by HCV (ap-
prox. 11.8%) and, to a lesser extent, HAV, HDV, HEV
and others [55]. Therefore, although HCV is generally the
major cause of new HCC cases in developed countries
[13], HBV is the most predominant cause of HCC in
Thailand [56]. Due to the course of disease progression,
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HCV-related liver disease may take 20-30 years before
progressing to liver cirrhosis or HCC [2, 3, 27]. Thus, the
spread of HCV in Thailand during the 1970s and 1980s
may soon manifest itself phenotypically. Fortunately,
however, since 2012 the National Health Security Office
(NHSO) has launched a policy of free HCV treatment by
registered specialists for chronic hepatitis patients with
HCYV genotype 2 or 3, which are the genotypes most like-
ly to be cured by the standard viral therapy of pegylated
interferon plus ribavirin. Accordingly, if most of the fa-
vorable HCV genotype patients can be accessed and re-
ceive treatment, the incidence of HCV-related diseases
may not be as high as expected in the future.

Similar to previous reports, our study indicates that
HCV subtype 3a is the most prevalent strain in Thailand
followed by genotypes 1 and 6. Evolutionary analysis
based on the coalescence theory estimated that common
HCV subtype 3a was introduced and spread into the Thai
population during the mid-1970s to the early 1980s. This
event coincided with the Vietnam War period which is
also when intravenous drug use and needle sharing was

widespread. Sharing needles may have been a primary -

source of the HCV epidemic in the country, and receiving
contaminated blood products may have been the primary
factor for high HCV prevalence in the Thai population.
However, HCV prevalence seems to have steadily de-
clined since anti-HCV antibody screening was imple-
mented in blood donation centers. Our results suggest
that the cirrhosis and HCC incidence of this population
may increase in the future unless effective treatment and
public health policy is introduced to help prevent further
disease progression.
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Hepatitis C virus kinetics by administration
of pegylated interferon-o in human and chimeric
mice carrying human hepatocytes with variants

of the IL28B gene

Tsunamasa Watanabe, ' Fuminaka Sugauchi,? Yasuhito Tanaka,' Kentaro Matsuura,

Hiroshi Yatsuhashi,* Shuko Murakami," Sayuki lijima," Etsuko lio,* Masaya Sugiyama,
Takashi Shimada,® Masakazu Kakuni,® Michinori Kohara,” Masashi Mizokami

ABSTRACT

Objective Recent studies have demonstrated that
genetic polymorphisms near the /L28B gene are
associated with the clinical outcome of pegylated
interferon o (peg-IFN-c) plus ribavirin therapy for
patients with chronic hepatitis C virus (HCV). However,
it is unclear whether genetic variations near the /L28B
gene influence hepatic interferon (IFN)-stimulated gene
(ISG) induction or cellular immune responses, lead to the
viral reduction during IFN treatment.

Design Changes in HCV-RNA levels before therapy, at
day 1 and weeks 1, 2, 4, 8 and 12 after administering
peg-IFN- plus ribavirin were measured in 54 patients
infected with HCV genotype 1. Furthermore, we
prepared four lines of chimeric mice having four different
lots of human hepatocytes containing various single
nudleotide polymorphisms (SNP) around the /L28B gene.
HCV infecting chimeric mice were subcutaneously
administered with peg-IFN-o for 2 weeks.

Results There were significant differences in the
reduction of HCV-RNA levels after peg-IFN-o plus
ribavirin therapy based on the /L28B SNP rs8099917
between TT (favourable) and TG/GG (unfavourable)
genotypes in patients; the first-phase viral dedcline slope
per day and second-phase slope per week in TT
genotype were significantly higher than in TG/GG
genotype. On peg-IFN-co, administration to chimeric mice,
however, no significant difference in the median
reduction of HCV-RNA levels and the induction of
antiviral ISG was observed between favourable and
unfavourable human hepatocyte genotypes.
Conclusions As chimeric mice have the characteristic
of immunodeficiency, the response to peg-IFN-a
associated with the variation in /L28B alleles in chronic
HCV patients would be composed of the intact immune
system.

INTRODUCTION

Hepatitis C is a global health problem that affects a
significant portion of the world’s population. The
WHO estimated that, in 1999, 170 million hepa-
titis C virus (HCV)-infected patients were present
worldwide, with 34 million new cases appearing
per year.!

5

The standard therapy for hepatitis C still consists
of pegylated interferon-o. (peg-IFN-o)), adminis-
tered once weekly, plus daily oral ribavirin for 24—
48 weeks in countries where protease inhibitors are
not available.? This combination therapy is quite
successful in patients with HCV genotype 2 or 3
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infection, leading to a sustained virological response (SVR) in
approximately 80-90% of patients treated; however, in patients
infected with HCV genotype 1 or 4, only approximately half of
all treated individuals achieved a SVR.® *

Host factors were shown to be associated with the outcome of
the therapy, including age, sex, race, liver fibrosis and obesity.®
Genome-wide association studies have demonstrated that genetic
variations in the region near the interleukin-28B (IL28B) gene,
which encodes interferon (IFN)-A3, are associated with a chronic
HCV treatment response.®™!° Furthermore, it was demonstrated
that genetic variations in the IL28B gene region are also asso-
ciated with spontaneous HCV clearance 11712

Interestingly, a recent report showed the effect of genetic poly-
morphisms near the IL28B gene on the dynamics of HCV during
peg-IFN-o plus ribavirin therapy in Caucasian, African American
and Hispanic individuals;'® HCV-infected patients with the
IL28B homozygous favourable allele had a more rapid decline of
HCV in the first phase, which is associated with the inhibition of
viral replication as well as the second phase associated with
immuno-destruction of viral-infected hepatocytes.** However, it
is unknown how a direct effect by the IL28B genetic variation,
such as the induction of IFN-stimulated genes (ISG) or cellular
immune responses, would influence the viral kinetics during IFN
treatment. Over recent periods, engineered severe combined
immunodeficient (SCID) mice transgenic for urokinase-type plas-
minogen activator (uPA) received human hepatocyte transplants
(hereafter referred to as chimeric mice)'*™7 and are suitable for
experiments with hepatitis viruses in vivo.’® ¥ We have also
reported that these chimeric mice carrying human hepatocytes
are a robust animal model to evaluate the efficacy of IFN and
other anti-HCV agents.?® %!

The purpose of this study was to reveal the association
between genetic variations in the IL28B gene region and viral
decline during peg-IFN-o treatment in patients with HCV, and
to clarify the association between different IL28B alleles of
human hepatocytes in chimeric mice and the response to
peg-IFN-o without immune response. These studies will eluci-
date whether the immune response by the IL28B genetic vari-
ation affects the viral kinetics during peg-IFN-a treatment.

MATERIALS AND METHODS

Patients

Fifty-four Japanese patients with chronic HCV genotype 1
infection at Nagasaki Medical Center and Nagoya City
University were enrolled in this study (table 1). Patients received
peg-IFN-02a (180 ug) or 2b (1.5 pglkg) subcutaneously every

week and were administered a weight-adjusted dose of ribavirin
(600 mg for <60 kg, 800 mg for 60-80 kg, and 1000 mg for
>80 kg daily), which is the recommended dosage in Japan.
Patients with other hepatitis virus infection or HIV coinfection
were not included in the study. The study protocol conformed
to the ethics guidelines of the 1975 Declaration of Helsinki as
reflected by earlier approval by the institutions’ human research
committees.

Laboratory tests

Blood samples were obtained before therapy, as well as on day 1
and at weeks 1, 2, 4, 8 and 12 after the start of therapy and
were analysed for the HCV-RNA level by the commercial
Abbott Real-Time HCV test with a lower limit of detection of
12 IU/ml (Abbott Molecular Inc., Des Plains, Illinois, USA).
Genetic polymorphism in the IL28B gene (rs8099917), a single
nucleotide polymorphism (SNP) recently identified to be asso-
ciated with treatment response,”® was tested by the TagMan
SNP genotyping assay (Applied Biosystems, Foster City,
California, USA).

HCV infection of chimeric mice with the liver repopulated

for human hepatocytes

SCID mice carrying the uPA transgene controlled by an albumin
promoter were injected with 5.0-7.5x10° viable hepatocytes
through a small left-flank incision into the inferior splenic pole,
thereafter chimeric mice were generated. The chimeric mice
were purchased from PhoenixBio Co, Ltd (Hiroshima, Japan).'”
Human hepatocytes with the IL28B homozygous favourable
allele, heterozygous allele or homozygous unfavourable allele
were imported from BD Biosciences (San Jose, California, USA)
(table 2). Murine serum levels of human albumin and the body
weight were not significantly different among four chimeric
mice groups, providing a reliable comparison for anti-HCV
agents.”> Three different serum samples were obtained from
three chronic HCV patients (genotype 1b).*' ?* Each mouse
was intravenously infected with serum sample containing 10°
copies of HCV genotype 1b. Administration of peg-IFN-a2a
(Pegasys; Chugai Pharmaceutical Co., Ltd., Tokyo, Japan) at the
dose formulation (30 pg/kg) was consecutively applied to each
mouse on days 0, 3, 7 and 10 (table 3).

HCV-RNA quantification

HCV-RNA in mice sera (days 0, 1, 3, 7 and 14) was quantified
by an in-house real-time detection PCR assay with a lower quan-
titative limit of detection of 10 copies/assay, as previously
reported.”?

Quantification of IFN-stimulated gene-expression levels

For analysis of endogenous ISG levels, total RNA was isolated
from the liver using the RNeasy RNA extraction kit (Qiagen,
Valencia, California, USA) and complementary DNA synthesis
was performed using 2.0 pg of total RNA (High Capacity
RNA-to-cDNA kit; Applied Biosystems). Fluorescence real-time
PCR analysis was performed using an ABI 7500 instrument
(Applied Biosystems) and TagMan Fast Advanced gene expres-
sion assay (Applied Biosystems). TagMan Gene Expression
Assay primer and probe sets (Applied Biosystems) are shown in
the supplementary information (available online only). Relative
amounts of messenger RNA, determined using a FAM-Labeled
TagMan probe, were normalised to the endogenous RNA levels
of the housekeeping reference gene, glyceraldehyde-3-phosphate
dehydrogenase. The delta Ct method (2@ ©9) was used for
quantitation of relative mRNA levels and fold induction.?® #*
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Statistical analyses

Statistical differences were evaluated by Fisher’s exact test or the
x> test with the Yates correction. Mice serum HCV-RNA and
intrahepatic ISG expression levels were compared using the
Mann-Whitney U test. Differences were considered significant
if p values were less than 0.05.

RESULTS

Characteristics of the study patients

Genotypes (rs8099917) TT, TG and GG were detected in 34,
19 and one patient infected with HCV genotype 1, respectively.
SVR rates were significantly higher in HCV patients with geno-
type TT than in those with genotype TG/GG (50% vs 11%,
p=0.012). The initial HCV serum load was comparable
between genotypes TT and TG/GG (6.0+0.7 vs 5.8+0.8 log IU/
ml). There were no significant differences in sex (male%, 70%
vs 50%), age (55.6+10.1 vs 54.7%+11.3 years), serum alanine
aminotransferase level (100.3+80.8 vs 79.3+45.0 IU/L), plate-
let count (17.1£9.0 vs 16.5+5.8x10%ul) and fibrosis stages
(F3/4%, 42% vs 40%) between HCV patients with the favour-
able (rs8099917 TT) and unfavourable (rs8099917 TG/GG)
IL28B genotypes (table 1).

Changes in serum HCV-RNA levels in patients treated by
peg-IFN-a. plus ribavirin

Figure 1 shows the initial change in the serum HCV-RNA level
for 14 days after peg-IFN-o plus ribavirin therapy in patients
infected with HCV genotype 1 based on the genetic polymorph-
ism neat the IL28B gene. The immediate antiviral response (viral
drop 24 h after the first IFN injection) was significantly higher in
HCV patients with genotype TT than genotype TG/GG (—1.08
vs —0.39 log IU/ml, p<0.001). Figure 2 also shows the subse-
quent change in the serum HCV-RNA reduction after peg-IFN-o
plus ribavirin therapy in patients infected with HCV genotype 1.

Similarly, during peg-IFN-o plus ribavirin therapy, a statistically
significant difference in the median reduction in serum
HCV-RNA levels was noted according to the genotype (TT vs
TG/GG). The median reduction in the serum HCV-RNA levels
(log IU/ml) at 1, 2, 4, 8 and 12 weeks between genotypes TT and
TG/GG was as follows: —1.58 vs —0.62, p<0.001; —2.35 vs
—-0.91, p<0.001; —3.48 vs —1.56, p<0.001; —4.53 vs —2.37,
p<0.01; —4.93 vs —2.86, p<0.001. Furthermore, the initial first-
phase viral decline slope per day (Phl/day) and subsequent
second-phase viral decline slope per week (Ph2/week) in TT
genotype were significantly higher than in genotype TG/GG
(Phl/day 0.94+0.83 vs 0.38+0.40 log IU/ml, p<0.001; Ph2/
week 0.08+0.06 vs 0.04+0.03 log IU/ml, p<0.001) (figure 3).

Changes in serum HCV-RNA levels in chimeric mice treated

by peg-IFN-a

In order to clarify the association between IL28B alleles of
human hepatocytes and the response to peg-IFN-o, we prepared
four lines of uPA/SCID mice and four different lots of human
hepatocytes containing various rs8099917, rs8103142 and
rs12979860 SNPs around the IL28B gene (table 2). The chi-
meric mice were inoculated with serum samples from each
HCV-1b patient, and then HCV-RNA levels had increased and
reached more than 10° copies/ml in all chimeric mice sera at
2 weeks after inoculation. After confirming the peak of
HCV-RNA in all chimeric mice, they were subcutaneously admi-
nistered with four times injections of the bolus dose of
peg-IFN-02a for 2 weeks (table 3). Figure 4 shows the change in
the serum HCV-RNA levels for 14 days during IFN injection
into chimeric mice transplanted with IL28B favourable or
unfavourable human hepatocyte genotypes. On peg-IFN-o
administration, no significant difference in the median reduction
in HCV-RNA levels in the serum A-infected®* chimeric mice
sera was observed between favourable (n=7) and unfavourable
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rs8099917
TG+GG (n =20)
——TT (n=34)

-0.91

Reduction in HCV-RNA level (log IU/mI)

P<0.001
-1.54 P<0.001
2.0
25 ' , -2.I35
0 1 7 14
Time (days)
Figure 1 Rapid reduction of median hepatitis C virus (HCV)-RNA

levels (log 1U/ml) at 1, 7 and 14 days between /L288 single nucleotide
polymorphisms rs8099917 genotype TT (n=34) and TG/GG (n=20) in
HCV genotype 1-infected patients treated with peg-IFN-o. plus ribavirin,

(n=6) IL28B genotypes on days 1, 3, 7 and 14 (=1.2 vs —1.3,
-1.4 vs —1.4, —1.8 vs —=1.7, and —2.3 vs —1.9 log copies/ml)
(figure 4A). Moreover, we prepared two additional serum
samples from the other HCV-1b patients (serum B and C)?! to
confirm the influence of IL28B genotype in early viral kinetics
during IFN treatment. After establishing persistent infection
with new HCV-1b strains in all chimeric mice, they were also
administered four times injections of the bolus dose of
peg-IFN-02a for 2 weeks (figure 4B,C). In a similar fashion, no
significant difference in HCV-RNA reduction in chimeric mice
sera was observed between favourable and unfavourable IL28B

genotypes.

Expression levels of ISG in chimeric mice livers
Because chimeric mice have the characteristic of severe com-
bined immunodeficiency, the viral kinetics in chimeric mice sera
during IFN treatment could be contributed by the innate
immune response of HCV-infected human hepatocytes.
Therefore, ISG expression levels in mice livers transplanted with
human hepatocytes were compared between favourable and
unfavourable IL28B genotypes (figure 3).

As shown in figure 5A, ISG expression levels in mice livers
were measuted at 8 h and 24 h after IFN treatment. The levels

rs8099917
—— TG+GG (n=20)
——TT (n=34)

-2.86
P<0.001 =

P<0.001

Reduction in HCV-RNA level (log 1U/ml)
&

Time (weeks)

Figure 2 Weekly reduction of median hepatitis C virus (HCV)-RNA
levels (log 1U/ml) at 1, 2, 4, 8 and 12 weeks between /L28B single
nucleotide polymorphisms rs8099917 genotype TT (n=34) and TG/GG
(n=20) in HCV genotype 1-infected patients treated with pegylated
interferon o plus ribavirin.

of representative antiviral ISG (eg, myxovirus resistance protein
A, oligoadenylate synthetase 1, RNA-dependent protein kinase)
and other ISG for promoting antiviral signalling (eg, Toll-like
receptor 3, retinoic acid-inducible gene 1) were significantly
induced at least 8 h after treatment, and prolonged at 24 h. No
significant difference in ISG expression levels in HCV-infected
livers was observed between favourable and unfavourable IL28B
genotypes. The other inoculum for persistent infection of
HCV-1b also demonstrated no significant difference in ISG
expression levels between favourable and unfavourable IL28B
genotypes (figure 5B,C). Interestingly, IFN-A expression levels
by treatment of peg-IFN-o. were significantly induced in
HCV-infected human hepatocytes harbouring the favourable
IL28B genotype (figure 5 A-C).

DISCUSSION

Several recent studies have demonstrated a marked association
between the chronic hepatitis C treatment response® and SNP
(rs8099917, rs8103142 and rs12979860) near or within the
region of the IL28B gene, which affected the viral dynamics
during peg-IFN-a plus ribavirin therapy in Caucasian, African
American and Hispanic individuals.

It has been reported that when patients with chronic hepatitis
C are treated by IFN-a or peg-IFN-o plus ribavirin, HCV-RNA
generally declines after a 7-10 h delay.>® The typical decline is
biphasic and consists of a rapid first phase lasting for approxi-
mately 1-2 days during which HCV-RNA may fall 1-2 logs in
patients infected with genotype 1, and subsequently a slower
second phase of HCV-RNA decline.*® The viral kinetics had a
predictive value in evaluating antiviral efficacy.™ In this study,
biphasic decline of the HCV-RNA level during peg-IFN-¢ treat-
ment was observed in both patients and chimeric mice infected
with HCV genotype 1; however, in the first and second phases
of viral kinetics, a difference between IL28B genotypes was
observed only in HCV-infected patients; a more rapid decline in
serum HCV-RNA levels after administering peg-IFN-a. plus riba-
virin was confirmed in patients with the TT genotype of
rs8099917 compared to those with the TG/GG genotype.

On the other hand, in-vivo data using the chimeric mouse
model showed no significant difference in the reduction of
HCV-RNA titers in mouse serum among four different lots of
human hepatocytes containing IL28B favourable (rs8099917
TT) or unfavourable (rs8099917 TG) genotypes, which was con-
firmed by the inoculation of two additional HCV strains. These
results indicated that variants of the IL28B gene in donor hepato-
cytes had no influence on the response to peg-IFN-a under
immunosuppressive conditions, suggesting that the immune
response according to IL28B genetic variants could contribute to
the first and second phases of HCV-RNA decline and might be
critical for HCV clearance by peg-IFN-o-based therapy.

Two recent studies indeed revealed an association between the
IL28B genotype and the expression level of hepatic ISG in
human studies.?” 2® Quiescent hepatic ISG before treatment
among patients with the IL28B favourable genotype have been
associated with sensitivity to exogenous IFN treatment and viral
eradication; however, it is difficult to establish whether the
hepatic ISG expression level contributes to viral clearance inde-
pendently or appears as a direct consequence of the IL28B geno-
type. Another recent study addressed this question and the
results suggested that there is no absolute correlation with the
IL28B genotype and hepatic expression of ISG.*? Our results on
the hepatic ISG expression level in immunodeficient chimeric
mice also suggested that no significant difference in ISG expres-
sion levels was observed between favourable and unfavourable
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IL28B genotypes. However, these results were not consistent
with a previous report using chimeric mice that the favourable
IL28B genotype was associated with an early reduction in
HCV-RNA by ISG induction.?® The reasons for the discrepancy
might depend on the dose and type of IFN treatment, as well as
the time point when ISG expression was examined in the liver. In
addition, although IFN-A transcript levels measured in peripheral
blood mononuclear cells or liver revealed inconsistent results in
the context of an association with the IL28B genotype,” ® our
preliminary assay on the IL28A, IL28B and IL29 transcripts in
the liver first indicated that the induction of IFN-A on peg-IFN-o
administration could be associated with the IL28B genotype.
Therefore, the induction of IFN-A followed by immune response

—
)
~—

Serum A

might contribute to different viral kinetics and treatment out-
comes in HCV-infected patients, because no difference was
found in chimeric mice without immune response.

It has also been reported that the mechanism of the associ-
ation of genetic variations in the IL28B gene and spontaneous
clearance of HCV may be related to the host innate immune
response.’? Interestingly, participants with seroconversion illness
with jaundice were more frequently rs8099917 homozygous
favourable allele (TT) than other genotypes (32% vs 5%,
p=0.047). This suggests that a stronger immune response
during the acute phase of HCV infection among patients with
the IL28B favourable genotype would induce more frequent
spontaneous clearance of HCV,
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Figure 4 Median reduction of hepatitis C virus (HCV)-RNA levels (log copies/ml) after administering pegylated interferon o. to chimeric mice
having human hepatocytes containing various single nucleotide polymorphisms around the /L28B gene as favourable (rs8099917 1T) and
unfavourable (rs8099917 TG) genotypes. Data are represented as mean+SD. Chimeric mice infected with a) serum A (n=7; favourable genotype,
n=6; unfavourable genotype), (B) serum B (n=2, each genotype), and (C) serum C (n=2, each genotype). All serum samples were obtained from

HCV-1b patients.
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Taking into account both the above results in acute HCV
infection and our results conducted on chimeric mice that have
the characteristic of immunodeficiency, it is suggested that the
response to peg-IFN-o associated with the variation in IL28B
alleles in chronic hepatitis C patients would be composed of the
intact immune system.
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Key point
In acute HBV infection, genotype A is associated with the development of persistent
infection, presumably determined by positive HBsAg at 12 months from the onset.

Persistent infection may be predicted by measuring HBsAg at 12 weeks from the onset.
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Abstract

Background. Some patients with acute HBV infection develop chronic infection.
However, the method for identifying them has not been established.

Methods. We followed 215 Japanese patients with acute HBV infection until the
clearance of HBsAg or the development of chronic infection. Levels of HBsAg and
HBV DNA were serially monitored from the onset.

Results. Of the 215 patients, 113 (52.5%) possessed HBV genotype A, 26 (12.0%)
genotype B, and 73 (34.0%) genotype C. Twenty-one of the 215 (9.8%) developed
chronic infection, with the persistence of HBsAg for > 6 months. The rate of chronicity
of genotype A, B, and C was 12.4%, 3.8%, and 8.2%. Of the 21 patients, only six
(2.8%) patients, including five with genotype A, failed to clear HBsAg within 12
months. Levels of HBsAg at 12 weeks and HBV DNA at 4 weeks were useful for
distinguishing the patients who became chronic from those who did not (P <.001 and P
<.001, respectively). Likewise, the levels of HBsAg at 12 weeks and HBV DNA at 8
weeks were useful for discriminating between the patients who lost HBsAg within 12
months and those who did not (P.< .01 and P <.05, respectively).

Conclusions. In acute HBV infection, clearance of HBV may happen between 6 and
12 months from the onset. Only those who fail to clear HBV within 12 months from the

onset may really develop chronic infection.
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The clinical outcome of acute hepatitis B is self-limited in the majority of
immunocompetent adults. However, some patients run a prolonged or even chronic
course, or are complicated by acute liver failure. Several factors are implicated in
different clinical courses.

Hepatitis B virus (HBV) genotypes and subtypes are known to influence the
clinical outcome of acute hepatitis B. For instance, HBV subgenotype B1 is associated
with fulminant hepatic failure in acute hepatitis B [1]. On the other hand, genotype A is
associated with chronic sequellae [2-5]. Furthermore, patients with subgenotype C2 are
more likely to develop chronic infection than those with subgenotype B2 [6]. These
characteristics may reflect viral kinetics in acute HBV infection that would be different
among HBYV infections with distinct genotypes/subgenotypes, but little is known about
them.

Quantitation of hepatitis B surface antigen (HBsAg), in addition to HBV DNA,
has been introduced to analysis of viral kinetics in patients with chronic hepatitis B in
recent years. HBsAg levels are useful, also, for estimating viral loads and predicting the
response to antiviral treatments [7-9], and for figuring out the natural history of chronic
hepatitis B [10, 11]. Therefore, HBsAg and HBV DNA would be instrumental in
foretelling the outcome of acute hepatitis B. However, the clinical utility of these
markers in patients with acute hepatitis B is largely unknown.

Therefore, the aim of the present study was to examine differences in viral
kinetics among patients with acute hepatitis B, who were infected with HBV of different
genotypes, and evaluate the usefulness of quantifying HBsAg and HBV DNA for

predicting the clinical outcome.
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PATIENTS AND METHODS

Patients

This was a retrospective study of patients who were diagnosed as acute hepatitis B in
our institutions during 1994 through 2010. Criteria for the diagnosis of acute hepatitis B
were: (i) acute onset of liver injury without a previous history of liver dysfunction; (ii)
detection of HBsAg in the serum; (iii) IgM antibody to HBV core (anti-HBc) in high
titers (detectable in sera diluted 10-fold) [3]; (4) absence of a past or family history of
chronic HBV infection; and (5) exclusion of co-infection with hepatitis A virus,
hepatitis C virus or other hepatotropic viruses by serological tests. Among the 232
patients who met these criteria, 215 patients (159 men and 56 women with a mean age
of 31.8 £ 10.0 years) whose serum samples were available for virological analyses were
included in the study. No patient developed liver failure.

No patient received antiviral treatment. Of the 215 patients, 159 (74.0%) patients
could be regularly followed up until the confirmation of clinical outcomes. Based on the
duration of HBsAg (defined as the interval between the onset [defined by the first visit]
and the last visit with detectable HBsAg), we classified the 159 patients into the
following four groups (the duration of HBsAg indicated in parentheses): Group I (<3
months); Group II (3—6 months); Group III (> 6-12 months); and Group IV (> 12
months). Changes in virological parameters were analyzed in relation with clinical
characteristics.

The study was approved by the Ethics Committees of our institutions, and a

written informed consent on the purpose of this study was obtained from each patient.

Quantification of Serological Markers for HBV Infection and HBY DNA
HBsAg had been measured quantitatively by the chemiluminescent enzyme-linked
immunosorbent assay (Sysmex JAPAN Co., Ltd., Kobe, Japan) every 2—4 weeks, until

the clinical outcome was known. It has a dynamic range of 0.03—2, 500 IU/mL. Sera
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