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Table 1 Clinical diagnosis of HCV carriers identified among blood donors at baseline

Features Total Men Women Differences
(n=1019) (n=478) (n=541) (men »s women)
Age 4531111 43.5%11.0 46.9+£114 P <0.01
Liver disease
No abnormalities 483 (47.4%) 174 (36.4%) 309 (57.1%) P <0.001
Chronic hepatitis 529 (51.9%) 299 (62.6%) 230 (42.5%) P<0.001
Treated 242 (45.7%) 136 (45.5%) 106 (46.1%)
Followed up 222 (42.0%) 133 (44.5%) 89 (38.7%)
Lost 65 (12.3%) 30 (10.0%) 35 (15.2%)
Cirrhosis 5 (0.5%) 3 (0.6%) 2 (0.4%) NS
HCC 1 (0.1%) 1 (0.2%) 0 NS
Acute hepatitis - 1 (0.1%) 1 (0.2%) 0 NS

HCC, hepatocellular cardinoma; HCV, hepatitis C virus; NS, not significant.

IFN treatment

IFN was used according to regular protocol. Types of IFN
were recombinant IFN-a2a, recombinant IFN-a-2b and
IFNc. For example, recombinant IFN-02a at a daily dose
of 6-9 million international units (MIU) was given
during the initial 2 weeks, followed by 3 MIU three
times a week until 24 weeks after the start of IFN (total
dose: 300-342 MIU). Sustained virological response
(SVR) to IFN was diagnosed 24 weeks after the comple-
tion of treatment by the elimination of HCV-RNA from
serum detectable by PCR. Biochemical response with
normalization of aminotransferases, without loss of
serum HCV-RNA, was not regarded as a response to
IFN.

Statistical analyses

Categorical variables were compared between groups by
the x* test or Fisher’s exact test. Kaplan-Meier life tables
were used in assessing the risk of developing HCC with
reference to gender, age and liver disease at the baseline,
as well as treatment with IFN, using UMP version 5
software {SAS Institute, Tokyo, Japan).

RESULTS

Liver disease in 1019 HCV carriers found at
biood donation

ABLE 1 LISTS liver disease diagnosed in 1019 HCV

carriers stratified by gender. Overall, they were
45.3 £ 11.1 years old and induded 478 (46.9%) men.
Less than half had no abnormalities in the liver (483
[47.4%)]), while cirthosis had already developed in five
(0.5% |[three men included]) and HCC in one (0.1%
|man]); acute hepatitis C was diagnosed in one (0.1%).

© 2007 The Japan Socdiety of Hepatology

Less frequent were no abnormalities in the liver (36.4%
v5 57.1%, P < 0.01) in men than in women, and chronic
hepatitis was found more often (62.6% vs 42.5%,
P <0.01) in men than in women. Among 529 carriers
who were diagnosed as chronic hepatitis, 242 carriers
(45.7%) were diagnosed as requiring a treatment at the
first medical consultation. There were no differences
between men and women in the ratio of treated HCV
carriers.

Differences were noted in the influence of age on
the baseline liver disease between men and women
(Table 2). Among HCV carriers aged <39 years and
40-49 years, chronic hepatitis was more common in
men than in women (P<0.01). For those aged
50-59 years and 260 years, however, clinical diagnoses
were no different between men and women.

Comparison of clinical outcomes between
HCV carriers with and without IFN
treatment

Of the 1019 HCV carriers, 408 (40.0%) were followed
for 5 years or longer with date of the last visit and final
diagnosis being specified. Among them, 197 (48.3%)
carriers received IFN therapy (one course of 24-weeks
IFN). There were no significant differences in the age
(46.01£10.2 vs 47.3 £ 11.2 years) or sex (men account-
ing for 41% vs 51%) between carriers with and without
IFN. However, the observation period was longer in
carriers with IFN than without IFN (9.2+1.7 [range:
5.0-11.7) vs 88+19 [5.1-11.9] years, P<O0.05).
Figure 1 compares dinical outcomes between HCV
carriers with and without IFN. HCV-RNA was not
detectable in serum 24 weeks after the completion of
treatment in the 61 (31.0%) carriers who had received



Hepatology Research 2007; 37: 994-1001

Disease and outcome of blood donors with HCV-RNA 997

Table 2 Baseline clinical diagnoses of the 476 men and 541 women found with serum HCV-RNA at blood donation stratified by

age
Age Men Women Differences
<39 years (n=180) (n=123) P<0.01
No abnormalities 64 (35.6%) 82 (66.7%)
Chronic hepatitis 116 (64.4%) 41 (33.3%)
Cirrhosis 0 0
40-49 years (n=146) (n=153) P<0.01
No abnormalities 51 (34.9%) 89 (58.2%)
Chronic hepatitis 94 (64.4%) 64 (41.8%)
Cirthosis 1 (0.7%) 0
50-59 years {(n=111)t (n=199) NS
No abnormalities 45 (40.5%) 104 (52.3%)
Chronic hepatitis 65 (58.6%) 94 (47.2%)
Cirrhosis 1 (0.9%) 1 (0.5%)
260 years (n=39)% (n=66) NS
No abnormalities 14 (35.9%) 34 (51.5%)
Chronic hepatitis 24 (61.5%) 31 (47.0%)
Cirrhosis 1 (2.6%) 1 (1.5%)
tCase of acute hepatitis excluded.

$Case of hepatocellular carcinoma exduded.
HCV, hepalitis C virus; NS, not significant.

IFN, including 13 of the 48 {27.1%) without abnor-
malities in the liver and 48 of the 148 (32.4%) with
chronic hepatitis at the baseline. In contrast, HCV-RNA
disappeared in only one of the 128 (0.8%) carriers
without IFN therapy; he did not have abnormalities in
the liver at the baseline Thus, HCV-RNA was cleared
from serum much more frequently with than without
IFN treatment (61/197 [31.0%] »s 1/211 [0.5%)].
P < 0.0001). :

Cirrhosis developed anew in 15 carriers including five
of the 211 (2.4%) without IFN and 10 of the 197 (5.1%)
with IFN (Table 3). All the 10 carriers developing cirrho-
sis, despite receiving IFN, were non-responders (one
partial responder included). Genotypes of HCV were 1b
in eight of the 11 (73%) cirthotics for whom they were
determined, and 2a or 2b in the remaining three. Like-
wise, HCC developed in 14 carriers including six of the
211 (2.8%) without IFN and eight of the 197 (4.1%)
with IFN (Table 4). Of the eight carriers developing
HCC, in spite of IFN treatment, six were non-responders
(one partial responder included) and one did not com-
plete the full course of IFN. The remaining one (case 13)
developed HCC 6 years after he achieved complete
response to IFN; he received partial hepatectomy. Of
the 10 carriers developing HCC for whom genotypes
were examined, eight (80%) were infected with HCV of
genotype 1b.

Factors influencing the development of HCC

Hepatocellular cardnoma developed in 14 of the 408
(3.4%) HCV carriers who had been followed for 5 years
or longer, including six without and eight with IFN
therapy (Table 4). As most carriers developing HCC did
not respond to IFN, they were analyzed collectively with
the carriers in whom HCC occurred in the absence of
IFN therapy. By analysis of Kaplan-Meier life tables
(Fig. 2a—c), baseline drrhosis (P < 0.0001), age at the
detection of HCV carrier state (P < 0.002) and the male
gender (P<0.01) enhanced the development of HCC.
IFN did not significantly influence the development of
HCC, however (data not shown).

Risk of developing HCC in carriers who were initially
diagnosed with chronic hepatitis, stratified by the age,
is shown in Figure 3. Cumulative HCC risk during
10 years was estimated at 18.7% (95% confidence inter-
val: 1.9-35.5%) for carriers aged 60 years or older, 8.7%
(0-17.5%) for those in their fifties and 7.2% (0-15.5%)
for those in their forties when they presented with
chronic hepatitis at blood donation.

DISCUSSION

N PREVIOUS STUDIES, we have identified HCV car-
riers at the time of blood donation in the Japanese

© 2007 The Japan Society of Hepatology
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128
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81

HCV R1NA lost

Figure 1 (a) Clinical outcomes of the 197 hepatitis C virus
(HCV) carriers with interferon (IFN) therapy during follow ups
of 5 years or longer stratified by the baseline dinical state. (b)
Clinical outcomes of the 211 carriers without IFN therapy
during follow ups of 5 years or longer stratified by the baseline
clinical state.

Red Cross (JRC) Hiroshima Blood Center and followed
them for evolution of liver disease at local hepatology
centers.'’* Here we report the final results on 1019
HCV carriers compiled during the past 15 years. Such
attempts may shed light on the morbidity of HCV car-
riers in the community who have no symptoms or
knowledge of their infection. Unlike patients with HCV
infection who visit hospitals'®" or pregnant women
accidentally infected by contaminated anti-D gamma-
globulin,”*’* who account for only a minority of total
HCV infection, asymptomatic carriers represent the
great majority of HCV infection in the community.
Asymptomatic HCV carriers were incidentally identified
at blood donation; the present study clarified the dini-

© 2007 The Japan Society of Hepatology
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cal natural course of HCV carriers who were found
without symptoms at the occasion of blood donation.
This study is a population-based study by contrast with
a hospital-based case stdy.

First, more than half of the 1019 HCV carriers {mean
age 45.3 £ 11.1 years) identified at blood donation had
liver disease; no abnormalities in the liver were diag-
nosed in 483 (47.4%) of them. Chronic hepatitis was
more frequent in men than in women (62.6% [299/
478] vs 42.5% [230/541), P<0.01). Cirrhosis had
developed already in three (0.6%) men and two (0.4%)
women, and HCC in one (0.1%) man. Subjectively, they
were healthy enough to offer blood donation. Liver
disease would have progressed to chronic hepatitis
insidiously in many HCV carriers in their forties. Distri-
bution of chronic hepatitis was age dependent. Among
HCV carriers aged <39 and 40-49 years, it was more
frequent in men than in women (64.4% vs 38.0% and
64.4% vs 41.8%, respectively, P < 0.01 for each); gender
differences were smaller in those aged 50-59 and
260 years (58.6% vs 47.2% and 61.5% vs 47.0%, respec-
tively), however.

Second, IFN can improve the course of asymptomatic
HCV infection. HCV-RNA was deared from the circula-
tion in 61 of the 197 (31.0%) carriers who had received
IFN, as against only one of the 211 (0.5%) who had not.
Responders to IFN included 48 of the 148 (32.4%)
carriers with chronic hepatitis and 13 of the 48 (27.0%)
without abnormalities in the liver at the baseline. It
remains debatable whether or not IFN should be given
to HCV carriers without liver disease.® Loss of
HCV infection would be auspicious, by any standard,
and may deserve consideration unless IFN is
conua-indicated.

Third, drrhosis developed in 15 (3.6%) and HCC in
14 (3.4%) of the 408 HCV carriers during follow ups for
5 years or longer; genotype 1b predominated in carriers
who developed with cirrhosis (8/11 [73%]) or HCC
(8/10 [80%]). Carriers who developed dirrhosis or HCC
despite receiving IFN were largely non-responders.
During the study period, the standard IFN for 24 weeks
was approved in Japan. With recent remarkable
advances in antiviral therapy, represented by pegylated
IFN combined with ribavirin, the response has been
improved to 50% even in patients infected with HCV of
genotype 1b.2* There is a possibility, therefore, that
cirrhosis and HCC in the 29 HCV carriers would have
been prevented, at least in part, should they have
received sophisticated antiviral treatment.

Fourth, nisk factors for the development of HCC were
identified in the followed HCV carriers. The initial diag-
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Table 3 Development of cirthosis in 15 HCV cariers during follow ups for 5 years or longer

Case no. Age/Sex Baseline diagnosis Cirrhosis (years elapsed) IEN therapy HCV genotype
1 52/M No abnormalities 4 No 1b
2 50/F No abnormalities 8 No 1b
3 49/F Chronic hepatitis 10 No 1b
4 63/F Chronic hepatitis 3 No 1b
5 59/M No abnormalities 9 No 1b
6 36/M Chronic hepatitis 10 Yes (NR) 1b
7 40/M Chronic hepatitis 6 Yes (NR) ND
8 41/M Chronic hepatitis 5 Yes (NR) ND
9 42/M No abnormalities 5 Yes (NR) ND

10 45/F Chronic hepatitis 3 Yes (NR) 2b

11 48/F Chronic hepatitis 3 Yes (NR) 2a

12 51/F Chronic hepatitis 0 Yes (NR) 1b

13 S5/F Chronic hepatitis 5 Yes (PR) ND

14 56/M Chronic hepatitis 7 Yes (NR) 1b

15 59/F No abnormalities 7 Yes (NR) 2a

HCV, hepatitis C virus; IFN, interferon; ND, not determined; NR, no response to IFN; PR, partial response with the normalization of

alanine aminotransferase without loss of HCV-RNA.

nosis of drrhosis, old age at detection of HCV-RNA and
male risk factor were significant risk factors for HCC, in
corroboration with previous reports.** Among carriers
presenting with chronic hepatitis, the cumulative
incidence of HCC during 10 years was significantly
higher (P < 0.01) in those aged 260 years at the baseline
(18.7% [95% confidence interval: 1.9-35.5%]) than
in those aged 50-59years (8.7% [0-17.5%]} or
40-49 years (7.2% [0-13.3%)]) by analysis in Kaplan-

Meier life tables. Hence, it would be imperative to detect
HCV infection early in life and treat liver disease before
it has progressed, espedially in men.

Finally, the present results would justify the campaign
for preventing HCC arising in asymptomatic carriers.
Encouraged by these results on HCV carriers identified
at blood donation, the Japanese government started a
5-year program since the fiscal year 2002 to identify
ongoing HCV infection in the recipients of health check-

Table 4 Development of HCC in 14 HCV carriers during follow ups of 5 years or longer

Case no. Age/Sex Baseline diagnosis Years until HCC IFN therapy HCV genotype
1 46/M Chronic hepatitis 7 No 1b
2 41/M Chronic hepatitis 19 No 1b
3 58/M Chronic hepatitis 4 No ND
4 62/F Chronic hepatitis 5 No 1b
5 61/M Cirrhosis 7 No ND
6 60/M Chronic hepatitis 11 No 1b
7 40/M Chronic hepatitis 10 Yes (NR) 2b
8 52/M Cirthosis 9 Yes (NR) 1b
9 53/M Chronic hepatitis 10 Yes (PR) ND

10 52/F Chronic hepatitis 10 Yes (NR) 1b

11 59/M Chronic hepatitis 5 Yes (NR) 1b

12 61/M Chronic hepatitis 7 Yest 1b

13 63/M Chronic hepatitis 8 Yes (CR) 2b

14 65/F Chronic hepatitis 10 Yes (NR) ND

+Did not receive the full course of interferon (IFN).

CR, complete response with the loss of HCV-RNA from serum; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; ND, not
determined; NR, no response to IEN; PR, partial response with the normalization of alanine aminotransferase without loss of

HCV-RNA.

© 2007 The Japan Society of Hepatology
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Figure 3 Risk of hepatocellular carcinoma (HCC) increasing
with time in the HCV carriers (n=498) identified at blood
donation who were diagnosed with chronic hepatitis at the
baseline.

ups offered to individuals older than 40 years at a 5-year
interval until they enter their seventies.’® In the present
study, however, only 1097 of the 3377 (32.5%) indi-
viduals found with HCV infection at blood donation
visited hepatology spedalists in Hiroshima Prefecture
during 1991-2001. Further efforts are crucial for orient-
ing the general population to take tests for HCV infec-
tion, and when found with it, consult specialists and
receive IFN treatument as required. The results of the
present study promise that such endeavors are reward-
ing, by deceasing morbidity and mortality of persistent
HCYV infection, along with lessened economic burdens
on the nation.
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Abstract. The objective of our study was to evaluate the
natural history of oral lichen planus (OLP) and other extra-
hepatic manifestations in the inhabitants of an area in Japan
that is hyperendemic for hepatitis C virus (HCV) infection.
Over 4 years, 224 adult inhabitants with HCV infection were
examined for OLP by a single oral surgeon. All subjects were
interviewed regarding the natural history of other extrahepatic
manifestations they had developed. The antibodies to HCV
(anti-HCV) and serum HCV RNA were determined. Anti-
HCV were detected in sera from 224 subjects (100%); HCV
RNA in 210 (93.8%). Of the 224, 88 had at least 1 oral
examination for OLP during the 4-year period. In 2000,
2001, 2002 and 2003, OLP was observed in 8.5 (5/59), 14.8

(8/54), 20 (11/55) and 21.4% (12/56) of subjects, respectively.
OLP prevalence increased as the subjects grew older. The
incidence of OLP over the 4 years among all subjects with
HCYV infection was 17.0% (15/88, 2 men and 13 women).
None experienced natural healing or the development of
malignant transformations. Between 2000 and 2003, there
was an increase in the prevalence of type 2 diabetes mellitus
(DM), thyroid dysfunction, skin disease, renal disease and
hypertension. Screening for extrahepatic manifestations
should be conducted in patients with risk factors for HCV
infection.

Correspondence to: Dr Yumiko Nagao, Department of Digestive
Disease Information and Research, Kurume University School of
Medicine, 67 Asahi-machi, Kurume 830-0011, Japan

E-mail: nagao@med kurume-u.ac.jp

Abbreviations: HCV, hepatitis C virus; OLP, oral lichen planus;
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Introduction

Hepatitis C virus (HCV) infection is a major health problem
in Japan. It is highly prevalent in subjects with chronic liver
disease and is strongly associated with hepatocellular
carcinoma (HCC). HCV-related HCC accounts in large part
for the recent increase in HCC and now constitutes about 80%
of all HCC cases in Japan. HCV also incites many extrahepatic
manifestations (1,2) of which lichen planus is the most
common (3,4). Other associated diseases include cryoglob-
ulinaemic nephropathy and glomerulonephritis (5), thyroid
dysfunction (6), porphyria cutanea tarda (7) and type 2
diabetes mellitus (DM) (8).

We previously reported that the incidence of oral lichen
planus (OLP) in subjects with HCV infection was significantly

‘higher than in those without HCV. We reached this conclusion

by mass screening 685 inhabitants of a hyperendemic area, H
town, located in the Fukuoka prefecture of Northern Kyushu,
Japan (Fig. 1) for HCV infection (9). The prevalence of other
extrahepatic manifestations in subjects with antibodies to HCV
(anti-HCV) was higher than in those without HCV (10).

We also conducted an epidemiological study of another
HCV hyperendemic area, O town, in the northwest of the
Hiroshima prefecture in Honshu, Japan (Fig. 1). The presence
of HCV-associated extrahepatic manifestations was found in
66.1% (39/59) of those screened (11). These findings suggest
that the high prevalence of various extrahepatic manifestations
among HCV-infected subjects is not unique to specific areas.

In the present investigation, we annually examined
extrahepatic manifestations in the inhabitants of O town from
2000 to 2003. The aim of this study was to evaluate the natural
history of OLP and other extrahepatic manifestations in
individuals with HCV infections.

Patients and methods

Patients. From 2000 to 2003, we studied a total of 224 adult
inhabitants of O town, a hyperendemic area of HCV
infection. All were HCV carriers, though the causes of viral
transmission were unknown. In 2000, 2001, 2002 and 2003,
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Figure 1. The research area. The location of O town in the northwest region
of the Hiroshima prefecture in Honshu, Japan.

we examined 59, 54, 55 and 56 inhabitants, respectively
(Table I). A single oral surgeon examined subjects for oral
membrane diseases. A topographic classification of the oral
mucosa, with location codes indicated, is shown in Fig. 2
(12). The diagnosis of OLP was made based on clinical and
histopathological features.

All subjects were interviewed in person by 2 trained
interviewers. We inquired about the following: cigarette
smoking habits, present health condition and the presence of
extrahepatic manifestations of HCV infection such as type 2
DM, rheumatoid arthritis, thyroid dysfunction, skin disease,
renal disease, hypertension and extrahepatic malignant tumors.

Informed consent was obtained from all subjects once the
purpose and methods of the study were explained.

Examination for anti-HCV and HCV RNA in serum. Sera were
examined for the presence or absence of HCV. Anti-HCV
were measured by a second-generation, enzyme-linked
immunosorbent assay (Abbott HCV PHA 2nd Generation,
Dainabot Co., Ltd., Tokyo, Japan). HCV RNA in the sera was
detected using the Amplocore HCV test (Nippon Roche,
Tokyo, Japan).

Examination of the prevalence of extrahepatic manifestations
Jrom 2000 to 2003. We have previously reported on the
prevalence of extrahepatic manifestations in HCV infection,
including OLP, for inhabitants of the same town (11).
We now examined the prevalence of these extrahepatic
manifestations from 2000 to 2003.

Results

Anti-HCV were detected in the sera of 224 subjects (100%)
and HCV RNA in 210 subjects (93.8%), as shown in Table I.
Of the 224, 88 had at least 1 oral examination over the course
of the 4 years of the study (34 men and 54 women).

Table I shows the prevalence of OLP in all subjects. In
2000, 2001, 2002 and 2003 it was 8.5 (5/59), 14.8 (8/54),
20 (11/55) and 21.4% (12/56), respectively. The prevalence

of OLP in HCV RNA positive subjects in 2000, 2001, 2002
and 2003 was 8.8 (5/57), 16 (8/50), 21.6 (11/51) and 23.1%
(12/52), respectively. The prevalence of OLP increased with
age. The incidence of OLP among all subjects with HCV
infection over the 4-year period was 17.0% (15/88, 2 men and
13 women). A history of smoking was found in 1/15 OLP
cases (6.7%) among inhabitants. Of the 15 cases, 2 had
medical checkups once a year, 3 had them 3 times a year, 9
had them twice a year and 1 had a checkup just once in the 4-
year period from 2000 to 2003 (Table II). No one had visited a
clinic for the treatment of their OLP prior to our discovery of
their OLP lesions. By far the most common site for OLP was
the buccal mucosa. The predominant type in 53.3% of the 15
cases (8/15) was the reticular form of the disease. In 46.7%
(7/15) it was the erosive form. Fig. 3 shows the erosive form
(inhabitant No. 6 in Table II). Reticular lesions were generally
asymptomatic. Two of the 15 cases had aggravated oral
symptoms during the 4-year period. None experienced natural
healing or developed malignant transformation.

From 2000 to 2003, there was an increase in the prevalence
of type 2 DM, thyroid dysfunction, skin disease, renal disease
and hypertension (Table I).

Discussion

HCV carriers in Japan are presumed to number 2 million (13).
The growing incidence of HCC is expected to reach a plateau
by around the year 2015. However, there are many people
who are not aware that they are infected, some of whom will
advance to liver cirrhosis or HCC (14). The incidence of
HCC varies greatly among different regions. Epidemiological
studies conducted by the Japanese Ministry of Health, Labour
and Welfare showed that the mortality rate associated with
HCC was high in several prefectures in Western Japan. Areas
with high rates of anti-HCV, such as the Saga prefecture
(3.9%), Hiroshima (1.8%), Fukuoka (1.7%) and Kagawa
(1:7%), had high death rates for primary liver cancer of 43.1,
39.6, 39.8 and 31.9 per 100,000 people, respectively. These
rates were higher than the national average (15).

HCYV is associated with a wide range of extrahepatic
manifestations. Zignego et al classified the extrahepatic
manifestations of HCV into 4 main categories (16). The
first category (A) includes extrahepatic manifestations
characterised by a very strong association to HCV and
supported by both epidemiological and pathogenetic
evidence. Category A comprises mixed cryoglobulinaemia.
The second category (B) includes disorders which are
significantly associated with HCV infection, supported by
adequate data. Category B comprises B-cell non-Hodgkin's
Iymphoma, monoclonal gammopathies, porphyria cutanea
tarda and lichen planus. The third category (C) includes
manifestations whose association with HCV still requires
confirmation and/or a more detailed characterisation of
similar pathologies of different aetiology or idiopathic
nature. Finally, the fourth category (D) includes only
anecdotal observations.

Lichen planus is a chronic inflammatory disease of the
skin and mucous membranes that frequently involves the oral
mucosa. In Japan, the age-adjusted incidence rate of OLP is
59.7 per 100,000 males and 188.0 per 100,000 females (17).
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Table I. Prevalence of extrahepatic manifestations in adult inhabitants with HCV infection.
2000 2001 2002 2003
Subjects 59 54 55 56
Age (mean years + SD) 70.7£72 712472 720465 73.4+6 8
Sex (M/F) 21/38 22/32 23/32 24/32
% with history of smoking 18.6 (11/59) 11.1 (6/54) 12.7 (7/55) 143 (8/56)
% positive for anti-HCV 100 (59/59) 100 (54/54) 100 (55/55) 100 (56/56)
% positive for HCV RNA 96.6 (57/59) 92.6 (50/54) 92.7 (51/55) 92.9 (52/56)
Extrahepatic manifestations
% positive for oral lichen planus 85 (5/59) 14.8 (8/54) 20.0 (11/55) 21.4 (12/56)
Age (mean years + SD) 74.8+52 74.3+5.7 73.145.1 74.7+5.8
Sex M/F) 1/4 2/6 2/9 2/10
" % positive for anti-HCV 8.5 (5/59) 14.8 (8/54) 20.0 (11/55) 21.4 (12/56)
% positive for HCV RNA 8.8 (5/57) 16.0 (8/50) 21.6(11/51) 23.1 (12/52)
% positive for DM 15.3 (9/59) 24.1 (13/54) 20.0 (11/55) 19.6 (11/56)
Age (mean years + SD) 67.9+7.2 68.8+7.9 69.5+79 68.6+7.4
Sex (M/F) 5/4 10/3 8/3 7/4
% positive for anti-HCV 15.3 (9/59) 24.1 (13/54) 20.0 (11/55) 19.6 (11/56)
% positive for HCV RNA 14 (8/57) 20.0 (10/50) 15.7 (8/51) 15.4 (8/52)
% positive for rheumatoid arthritis 1.7 (1/59) 1.9 (1/54) 5.5 (3/55) 5.4 (3/56)
Age (mean years + SD) 67.9+7.2 70.0+0 70.010.8 73.0+2.9
Sex (M/F) 5/4 0/1 172 172
% positive for Anti-HCV 15.3 (9/59) 1.9 (1/54) 5.5 (3/55) 5.4 (3/56)
% positive for HCV RNA 14 (8/57) 2.0 (1/50) 5.9 (3/51) 5.8 (3/52)
% positive for thyroid dysfunction 0 3.7 (2/54) 3.6 (2/55) 8.9 (5/56)
Age (mean years + SD) - 67.0+1.0 68.0x1.0 72.0+33
Sex (M/F) - 171 171 1/4
% positive for anti-HCV - 3.7 (2/54) 3.6 (2/55) 8.9 (5/56)
% positive for HCV RNA - 4.0 (2/50) 39 (2/51) 9.6 (5/52)
% positive for skin disease 5.1(3/59) 11.1 (6/54) 7.3 (4/55) 16.1 (9/56)
Age (mean years £ SD) 70.3£7.3 71.3+5.8 70.8+5.2 74.1+59
Sex (M/F) 0/3 1/5 1/3 4/5
% positive for anti-HCV 5.1(3/59) 11.1 (6/54) 7.3 (4/55) 16.1 (9/56)
% positive for HCV RNA 5.3 (3/57) 12.0 (6/50) 7.8 (4/51) 15.4 (8/52)
% positive for renal disease 1.7 (1/59) 5.6 (3/54) 0 1.8 (1/56)
Age (mean years + SD) 76.0+0 76.0+£2.2 - 86.0+0
Sex (M/F) 1/0 172 - 1/0
% positive for anti-HCV 1.7 (1/59) 5.6 (3/54) - 1.8 (1/56)
% positive for HCV RNA 1.8 (1/57) 6.0 (3/50) - 1.9 (1/52)
% positive for hypertension 28.8 (17/59) 40.7 (22/54) 437 (24/55) 55.4 (31/56)
Age (mean years + SD) 71.0£6.9 70.9+6.3 72.6+6.0 74.4+6.7
Sex (M/F) 6/11 7/15 10/14 13/18
% positive for anti-HCV 28.8 (17/59) 40.7 (22/54) 43.6 (24/55) 55.4 (31/56)
% positive for HCV RNA 26.3 (15/57) 42.0 (21/50) 418 (13/51) 57.7 (30/52)
% positive for extrahepatic malignant tumor 11.9 (7/59) 13 (7/54) 9.1 (5/55) 7.1 (4/56)
Age (mean years + SD) 74435 76.3+3.7 772442 79.3+22
Sex (M/F) 2/5 3/4 3/2 31
% positive for anti-HCV 11.9 (7/59) 13 (7/54) 9.1 (5/55) 7.1 (4/56)
% positive for HCV RNA 12.3 (7/57) 14 (7/50) 9.8 (5/51) 7.7 (4/52)
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Figure 2. Topography of the oral mucosa modified from Roed-Petersen ef al (12). The numbered locations are referred to in Table II.

“Table II. Site involvement and clinical form of oral lichen planus (OLP) in subjects with HCV infection.

Smoking Course
No. Sex Type history 2000 2001 2002 2003 of OLP
F Reticular  Negative 30 30 24,30 24,30 No change
2 Reticular  Negative 20 20 20 20 No change
3 F Erosive Negative 15,16, 19-21, 15,16,19-21,  Not screened Liver Unknown
23,25,27,28, 23,25,27,28, cirrhosis
31,33,34,37, 31,33,34,37, death
39,40,46,47  39,40,46,47
4 F Erosive Negative 14,19,20 Not screened Not screened 14,19,20 Exacerbation
F Erosive Negative 20, 45 Not screened 20,45 Not screened Unknown
6 F Erosive Negative Not screened 19, 20, 47 Not screened 14,19, 20, Exacerbation
46,47,51
7 Reticular ~ Negative ND 19,55 Not screened 19,55 No change
8 F Reticular  Negative  Not screened 20, 26,30 20,26, 30 20,26, 30 No change
9 M Reticular  Negative ND 46 29,30, 35, 29,30, 35, No change
36,46 36,46
10 F Reticular  Negative  Not screened 26, 30 26,30 26,30 No change
11 F - Erosive Negative ND ND 14 14 No change
12  F Erosive Negative Not screened  Not screened 17 17 Alleviation
13 F Reticular  Negative ND Not screened 30 30 No change
14 F Reticular  Negative ND ND 29 29 No change
15 F Erosive Positive Not screened Not screened 14-16,19,20, Not screened Unknown
24,26,32,44,
45,51,52

ND., not detected. The numbers below the dates refer to locations in the oral mucosa as seen in Fig. 2.
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Figure 3. A representative oral erosive lichen planus on the right buccal
mucosa.

We conducted an epidemiological investigation to ascertain

the possible correlation between OLP and HCV infection in
patients living in Western Japan (9-11,18), where the
prevalence of HCV infection is the highest in the country
(15,19). We found the incidence of OLP in our patients to be
higher than in the general population. OLP aside, the preva-
lence of other extrahepatic manifestations in subjects with
anti-HCV was also higher than in those without HCV (10).

We previously reported a study on an HCV hyperendemic
area, O town, with a population of approximately 3,900 in the
northwest region of the Hiroshima prefecture in Honshu, Japan
(11). The incidence there of subjects with 1 or more extra-
hepatic manifestations of HCV was 66.1%. In the present
investigation, we examined extrahepatic manifestations in the
same place over a 4-year period. Inhabitants with HCV
infection had various extrahepatic manifestations, including
OLP. The prevalence of OLP increased with the age of the
subjects. This is consistent with an earlier study of inhabitants
of the Fukuoka prefecture (20).

Patients with HCV-associated HCC in Japan are aging.
People with chronic HCV infection should be monitored and
followed carefully for extrahepatic manifestations. It is
necessary for physicians and dentists to have an increased
awareness of OLP in order for it to be detected at an early
stage and treated promptly.
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TRANSFUSION COMPLICATIONS

Minimum infectious dose of hepatitis B virus in chimpanzees
and difference in the dynamics of viremia between genotype A
and genotype C

Yutaka Komiya, Keiko Katayama, Hisao Yugi, Masaaki Mizui, Harumichi Matsukura,
Tetsushi Tomoguri, Yuzo Miyakawa, Ayako Tabuchi, Junko Tanaka, and Hiroshi Yoshizawa

BACKGROUND: In planning optimal hepatitis B virus
(HBV) blood screening strategies, the minimum infec-
tious dose and early dynamics of HBV need to be
determined for defining the window period for HBV
DNA as well as for hepatitis B surface antigen
(HBsAg).

STUDY DESIGN AND METHODS: Pairs of chimpan-
zees were inoculated with preacute-phase inocula con-
taining HBV of genotype A or genotype C to determine
the minimum infectious dose, and two pairs of chimps
infected with the lowest infectious dose of genotypes A
and C were followed for HBV markers.

RESULTS: The minimum 50 percent chimpanzee infec-
tious dose (CIDs,) was estimated to be approximately 10
copies for genotype A and for genotype C. In the two
chimps inoculated with the lowest infectious dose, the
HBV DNA window was 55 to 76 days for genotype

A and 35 to 50 days for genotype C, respectively. The
HBsAg window was 69 to 97 days for genotype A and 50
to 64 days for genotype C, respectively. The doubling
times of HBV DNA were 3.4 days (95% confidence inter-
val [CI], 2.6-4.9 days) for genotype A and 1.9 days (95%
Cl, 1.6-2.3 days) for genotype C. When comparing the
replication velocity of HBV DNA between the two geno-
types, the doubling time of genotype C was significantly
shorter than that of HBV genotype A (p < 0.01).
CONCLUSION: Although the CIDs, of approximately 10
copies was similar for the two HBV genotypes, the
doubling time and pre-HBV nucleic acid amplification
technology (<100 copies/mL) window period in chimps
infected with the lowest infectious dose seemed to be
shorter for genotype C than for genotype A.
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ostransfusion infection with hepatitis B virus
(HBV) has decreased dramatically since screen-
ing for hepatitis B surface antigen (HBsAg) was
introduced in the early 1970s. The number
of reported posttransfusion hepatitis B cases has been
further reduced after screening for antibody to HBV core
(anti-HBc) was implemented in the late 1980s in the
United States and Japan.'? Japan introduced HBV DNA
screening by nucleic acid amplification technology (NAT)
in minipools (MPs) in 1999. Since introduction of MP-NAT,
more than 500 seronegative donations with detectable
HBV DNA have been interdicted, although there are still
units of blood in an early or late phase of HBV infection

ABBREVIATIONS: CID;, = 50 percent chimpanzee infectious
dose; CLIA = chemiluminescent immunoassay; JRC = Japanese
Red Cross; MP(s) = minipool(s).
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with low viral load that can escape detection by NAT?
Interestingly, the lookback program of the Japanese Red
Cross (JRC) demonstrated that low viral load donations in
the window phase were more than 10-fold more often
implicated in HBV transmission reports than were occult
carriers with anti-HBc titers below the exclusion limit of
the anti-HBc hemagglutination inhibition screening
assay.® Bearing in mind the relatively high infectivity of
HBV in the window phase, exact knowledge on early
dynamics of HBV replication is important for residual risk
estimations.*” It will determine the threshold of NAT
in identifying blood donors during the preacute phase
of HBV infection, which is important for planning and
executing evidence-based hepatitis B blood screening
strategies.™® In this context, the relative infectivity of HBV
in the early window phase is an important factor for mea-
suring the effect of NAT screening systems on the residual
risk of HBV transmission by blood transfusion.™
Chimpanzees are the only experimental animals sus-
ceptible to human hepatitis viruses and have been very
useful in transmission studies.!® As early as the mid-1970s,
it was demonstrated that blood units from HBV carriers,
especially those positive for the presence of hepatitis B
e antigen (HBeAg), have a tremendously high infectious
potential and can transmit infection to chimps by intrave-
nous inoculation with 1 mL of plasma diluted to 1:108.!!
Now that NAT enables detection of HBV DNA in blood
donors even in individual-donation format, it can be esti-
mated by mathematical modeling what the residual risk
would be depending on the minimum copy number
required for infection.® More conservative risk modeling
assumes that a single copy of HBV, if it successfully
reaches a hepatocyte in susceptible hosts, may be enough
1o establish infection.® To pursue strategies for preventing
HBVinfections by blood transfusions, additional informa-
tion on the infectivity of HBV is crucially required. It is
imperative to define not only the minimum copy number
of HBV DNA or number of virions

MINIMUM INFECTIOUS DOSE OF HBV AND GENOTYPE

MATERIALS AND METHODS

Chimpanzees

Six chimps entered this study. Their age, sex, and weight,
as well as the HBV inocula that they received are listed in
Table 1 along with the infection outcome. Every chimp
was kept in an individual cage and received humane care
in accordance with all relevant requirements for the use of
primates in an approved institution. None of the six
chimps had serologic or molecular biologic evidence of
past or present HBV infection prior to the inoculation.
They were also not infected with hepatitis C virus (HCV)
and human immunodeficiency virus type-1. Chimps were
inoculated intravenously while they were under anesthe-
sia by intramuscular injection with ketamine hydrochlo-
ride. After the inoculation, serum samples were obtained
once a week or more frequently as required, until 16 weeks
or longer. They were tested for HBV DNA, HBsAg, ant-
HBc, anti-HBs, and alanine aminotransferase as well as
aspartate aminotransferase.

Inocula containing HBV

The chimpanzees received four kinds of inocula (Table 1).
Inocula I and Il were fresh-frozen plasma (FFP) units
from blood donors acutely infected with HBV genotypes A
and C, respectively. Inocula IT and IV were plasma samples
from chimps infected with inoculum I of genotype A and
inoculum III of genotype C, respectively (see Figs. 1A and
1B). Inocula IT and IV were: 1) recovered in the preacute
phase of HBV infection before immune responses of the
host had developed; 2) positive for the presence of HBV
DNA in the highest titer before anti-HBc developed; and 3)
taken with utmost care to maintain the infectious activity
and avoid attenuation during serial processing from blood
collection until storage. Immediately after blood drawing

required for transmission of HBV, but
also the early dynamics of HBV replica-

TABLE 1. Six chimpanzees and HBV inocula and HBV

infection outcomes

tion in the circulation of infected hosts. Chimpanzee

Age, sex, weight HBV DNA copies Outcome

This can be established more accurately
in chimpanzee experiments. In this
report on experimental transmission of
hepatitis B in chimps, the minimum

genotype A
1 Chimp 246

2 Chimp 272
infectious dose was determined sepa- 3 Chimp 279
rately for HBV of genotypes A and C, 3 Chimp 279
4 Chimp 280

and the copy number of HBV DNA for
establishing infection was defined for
each of them. Moreover, the doubling
time and logarithmic time of HBV DNA

genotype C
2 Chimp 272

were determined by following the viral 5 Chimp 269
d . in th t h f 6 Chimp 285
ynamics in the preacute phase o 5 Chimp 269
chimpanzees who had received the 6 Chimp 285

minimum infectious dose of HBV.

Inoculum I: FFP from a human donor in the preacute phase of HBV infection of

13 years, male, 60.7 kg

Inocutum H: Preacute-phase plasma of Chimp 246 containing HBV (2.6 x 10° copies/mL)
9 years, male, 58.7 kg

8 years, male, 51.4 kg 1 mL (1:10° dilution) Not infected
Reinoculation 1 mL (1:10° dilution) Infected
8 years, male, 39.4 kg 1 mL (1:10° dilution) Infected

Inoculum HI: FFP from a human donor in the preacute phase of HBV infection of

Reinoculation
Inoculum 1V: Preacute-phase plasma of Chimp-272 containing HBV (3.0 x 10° copies/mL)

11 years, male, 62.5kg 1 mL (1:10° dilution) Not infected
7 years, male, 41.1 kg 1 mL (1:10° dilution) Not infected
Reinoculation 1 mL (1:10° dilution) Infected
Reinoculation 1 mlL (1:10° dilution) Infected

1 mL (6.9 x 10° copies/mL)  Infected

1 mL (1:10° dilution) Not infected

5mL (5.3 x 105 copies/mL)  Infected
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Fig. 1. Time course of HBV serum markers in chimps used as a source of inoculation

RESULTS

of HBV genotype A and genotype C. (A) Chimp 246 was inoculated with human

plasma of HBV genotype A. Inoculum II for chimp infectivity studies was harvested
in the ramp-up phase of viremia before anti-HBc seroconversion at the time HBV
DNA had reached a concentration of 2.6 x 10° copies per mL and the HBsAg
response had increased to a signal-to-noise (S/N) ratio of 216.5 (cutoff S/N = 2.0).
(B) Chimp 272 was inoculated with human plasma of HBV genotype C. Inoculum IV
was harvested in the ramp-up phase of viremia before anti-HBc seroconversion at
the time HBV DNA had reached a concentration of 3.0 x 10° copies per mL and

HBsAg had increased to an S/N ratio of 34.0.

from chimps, plasma samples were separated. They were
divided into 15 tubes in 1-mL aliquots, snap-frozen in
liquid nitrogen, and kept in a deep freezer at —80°C until
used for transmission experiments. For each experiment,
the plasma in one tube was thawed gently by immersing it
in a water bath at 37°C, and the required amounts were
used.

Laboratory tests

HBsAg, anti-HBc, and antibody to HBsAg (anti-HBs)
were determined by chemiluminescent immunoassay
(CLIA) with commercially available kits (AXSYM, Abbott
Japan, KK, Tokyo, Japan), with the index of 2.0 (signal-to-
noise [S/N}), 50 percent inhibition, and 5.0 mIU per mL
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Inocula and copy numbers of HBV
genotype A or genotype C
recovered from chimpanzees in the
preacute phase of infection

Chimp 246 was injected intravenously
with 1 mL of FFP from a blood donor in
the preacute phase of HBV infection
(Table 1); the donor had been screened
by NAT at a JRC Blood Center. His
plasma sample contained 6.9 x 10* copies per mL of HBV
DNA genotype A and was positive for the presence of
HBsAg but negative for the presence of anti-HBc (inocu-
lum I). Plasma was harvested from Chimp 246, in the
preacute phase of HBV infection 57 days after inoculation
(inoculum II). It contained 2.6 x 106 copies per mL HBV
DNA and was positive for the presence of HBsAg but still
negative for the presence of anti-HBc and anti-HBs
(Fig. 1A).

Likewise, Chimp 272 was injected intravenously with
5 mL of FFP from a blood donor in the preacute phase of
HBV infection who had been screened by NAT at JRC
(Table 1). It contained 5.3 x 10° copies per mL of HBV DNA
genotype C and was positive for the presence of HBsAg
but negative for the presence of anti-HBc and anti-HBs
(inoculum III). Thus, Chimp 272 was inoculated with



2.7 x 10° copies of HBV genotype C. The preacute plasma
sample was collected from Chimp 272 29 days after chal-
lenge (inoculum IV). It contained 3.0 x 10° copies per mL
HBV DNA and was positive for the presence of HBsAg but
still negative for the presence of anti-HBc and anti-HBs
(Fig. 1B).

Estimates of HBV DNA copy numbers in serial
1-in-10-fold dilutions and inocuia below the HBV
NAT detection limit

Serial 1-in-10 dilutions of inocutlum II of genotype A were
prepared in preinoculation serum sample from each
chimp (e.g., Chimp 272, Chimp 279, and Chimp 280,
respectively). Dilutions were delivered to three tubes each
in 1-mL aliquots and snap-frozen in liquid nitrogen. Con-
centration of HBV DNA was determined in one of the
three tubes in each dilution so as to guarantee copy
numbers of HBV DNA in the other two vials that were
inoculated into chimps. These samples had been stored in
a deep freezer at —80°C until inoculation. '

Table 2 shows the measured HBV DNA concentra-
tions in 1-in-10 dilutions of inoculum II (genotype A). The
quantitative HBV DNA results starting from 2.6 x 10°
copies per mL in the undiluted sample varied between
2.0x10° to 23x 105 2.0x10* to 24x10% 1.6x10° to
2.0 x 10% and 1.7 x 10? to 2.8 x 10? copies per mL, respec-
tively, in the 1:10, 1:10%, 1:10% and 1:10* dilutions. These
quantitative results are an indication of the accuracy of
the dilution and assay procedure. On the premise that
dilutions beyond 1:10* had been performed properly,
further dilutions to 1:10° and 1:10° would have contained
16 to 28 and 1.6 to 2.8 HBV DNA copies per mL (ranges
estimated by variations of HBV DNA measurements in
fower dilutions), respectively, although they were below
the detection limit of the PCR method used.
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Likewise, serial 1-in-10 dilutions of inoculum IV
(genotype C) were prepared in the plasma sample from
Chimp 269 and Chimp 285. HBV DNA in 3.0 x 105,
3.5x10° to 3.8x10% 3.6x 10" to 3.9x10% 3.6x10° to
4.6 x10% and 4.3 x 10? to 4.6 x 10* copies per mL were
detected in the original serum samples at 1:10, 1:10?, 1:10%,
and 1:10* dilutions thereof, respectively (Table 3). Thus,
further experiments were performed on the assumption
that serial dilutions of 1:10° and 1:10° of inoculum IV
would have contained 35 to 46 and 3.5 to 4.6 HBV DNA
copies per mL, respectively.

Determination of the minimum copy number
required for transmission of HBV genotype A or
genotype C to chimpanzees
When Chimp 272 and Chimp 279 were inoculated intra-
venously with 1.0 mL of inoculum 11 diluted 1:108 (equiva-
lent to 1.6 to 2.8 copies of HBV DNA in an in vitro assay),
HBV infection did not develop in either of them during
monitoring for 119 days (17 weeks) and thereafter.
Chimp 279 was then rechallenged with 1.0 mL of inocu-
lum 11 diluted 1:10° (equivalent to 16-28 copies). He then
became infected and developed HBV DNA in his serum
55 days (8 weeks) after the inoculation. Chimp 280 was
also inoculated intravenously with 1.0 mL of inoculum II
diluted 1:10° (equivalent to 16 to 28 copies of HBV DNA).
He developed HBV DNA in the circulation 76 days
(11 weeks) after infection. In view of the incubation period
of 55 to 76 days (8-11 weeks) for 1:10° dilution of inocu-
lumn II, HBV infection would probably not have occurred
in chimps who received 1:10° dilution if they had been
followed longer than 119 days (17 weeks).

Chimp 269 and Chimp 285 were inoculated with
1.0 mL of inoculum IV diluted 1:10° (equivalent to 3.5-4.6
copies of HBV DNA in an in vitro assay). During fellow-up

TABLE 2. Quantification of HBV DNA in serial 1-in-10 dilutions of the standard serum for HBV genotype A
(inoculum If)*

Serial dilutions in preinoculation serum samples of each chimpanzee

Chimpanzee Undiluted 1:10 1:102 1:10° 1:104 1:10° 1:10°
272 2.6 »x 10° 2.3x10° 2.0x10* 2.0 x 10° 1.7 x 10? Not done <100
279 26x10° 2.0 10° 2.4 x 104 20 x10° 2.4 %102 <100 <100
280 26 x10° 2.3x10° 23x10* 1.6 x 10° 2.8 x 102 <100 Not done

* Data are reported as copies per mL.

TABLE 3. Quantification of HBV DNA in serial 1-in-10 dilutions of the standard serum for HBV genotype C
(inoculum IV)*

Serial dilutions in preinoculation serum of each chimpanzee

Chimpanzees Undiluted 1:10 1:10% 1:10° 1:10* 1:10° 1:10°
Chimp 269 3.0 x 108 3.8x10° 3.9 x 104 36 x 10° 46 x10? <100 <100
Chimp 285 3.0 x 10° 3.5x% 10° 3.6 x 10* 46 x 10° 43x10? <100 <100

* Data are reported as copies per mL.
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for 112 days (16 weeks), however, no HBV infection
occurred in either of them. Subsequently, they were
rechallenged with 1.0 mL of inoculum IV diluted 1:10°
(equivalent to 35-46 copies of HBV DNA) 17 weeks after
the initial inoculation. They developed HBV DNA in the
circulation 35 and 50 days thereafter, respectively, indicat-
ing that both of them were infected. Therefore, the
50 percent chimp infectious dose (CIDsq) for both geno-
type A and genotype C lies between the lowest infectious
dose of approximately 30 copies and the subinfectious
dose of approximately 3 copies or at approximately 10
HBV DNA copies.

HBV infection resolved in all six chimps and they
never became carriers. Within a few weeks after the peak

HBV DNA titer was reached, serum levels of transaminase
increased slightly, within 3 times the upper limit of
normal.

Replication velocity of HBV DNA in the preacute
phase of infection

Doubling time and logarithmic time of HBV genotype A
Figure 2A illustrates the appearance of HBV genotype A in
the circulation, when HBV DNA reached more than 10*
copies per mL, as well as its early dynamics in Chimp 246,
Chimp 279, and Chimp 280 during the preacute phase of
exponential replication. HBV DNA emerged in the circu-
lation earlier in Chimp 246 than the other two chimps, but

(A) Genotype A (B) Genotype C
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: 4 . H . .
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Days after the Inoculation

Fig. 2. Log-linear increase of HBV DNA in the circulation of chimpanzees during the early exponential replication phase. (A)
Dynamics in the early ramp-up phase of viral DNA for three chimps inoculated with HBV genotype A: one chimp (Chimp 246)
received 1 mL of human plasma containing 6.9 x 10* copies and the other two chimps (Chimps 279 and 280) received 1 mL of a
100,000 dilution of chimp plasma taken in the HBsAg ramp-up phase just before appearance of anti-HBc, which dilution contains
a measured amount of 16 to 28 coplies. (B) Graph summarizes the viral load dynamics for three chimpanzees inoculated with HBV
genotype C: one chimp (Chimp 272) received 5 mL of human plasma with 2.7 x 10° copies of HBV DNA and the two other chimps
(Chimps 269 and 285) received a measured amount of 35 to 46 copies (1:100,000 dilution) of preacute-phase chimpanzee plasma.
Shaded areas are below the detection limit of NAT (<100 copies/mL)}. Only the phase of exponential replication is shown, and HBV
DNA decreased after it reached peak values of 5.7 x 10° to 2.8 x 10° copies per mL in three chimps inoculated with HBV genotype A
and 1.1 x 107 to 4.6 x 10° copies per mL in three chimps inoculated with HBV genotype C.
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this animal had received more than a
1000-fold larger amount of copies of
HBV than the other two chimps. Despite
the 1000-fold higher infectious dose,
the log-linear increase of HBV DNA
in Chimp 246 was the same as in
Chimp 279, who had received the mini-
mum infectious dose. In Chimp 246,
HBV DNA replicated exponentially from
21 to 97 days (3-13 weeks) until it
peaked and then declined. Even though
the same minimum infectious dose
of HBV was inoculated, Chimp
279 developed detectable HBV DNA
about 21 days (3 weeks) earlier than
Chimp 280, in whom HBV replicated
slightly slower. Despite differences in
HBV doses and individual variation, the
replication velocity was constant for
HBV genotype A in the preacute phase
of infection, before innate immune

MINIMUM INFECTIOUS DOSE OF HBV AND GENOTYPE

TABLE 4. Estimated doubling times and logarithmic times for HBV
genotypes A and C with log-linear and growth-curve analysis

Doubling time Logarithmic time y =axexp(b xx)

Genotype (days) (days}) a b R?
Genotype A

Chimp 246 2.71 9.01 0.8491 0.2556 0.997

Chimp 279 3.05 10.14 0.0015 0.2271 0.998

Chimp 280 4.43 14.73 0.0022 0.1563 0.999
Genotype C

Chimp 272 1.68 5.58 0.2074 0.413 0.998

Chimp 269 1.79 5.96 0.0002 0.3863 0.899

Chimp 285 25 8.31 0.0009 0.2771 0.997

TABLE 5. Comparing the replication velocity of HBV DNA between the
two genotypes estimated by a growth curve

Doubling time  Logarithmic time y=axexpb xx)
Genotype  (95% Cl), days (95% CI), days a* b (95% Ci) p Value
A 344 (264-4.89) 11.42(8.80-16.26) 2299 0.2017 (0.14-026) -
c 19(1.63-2.27) 63(541-754) 2299 0.3654 (0.31-0.43) :

* To evaluate the difference of ‘d” (that is, slope) between the two genotypes, the growth
curve model is assuming that “a” is identical.’®

responses of the host developed, while
the virus replicated at an exponential
rate. The doubling time and the loga-
rithmic time, in the early exponential viral replication
phase, were calculated to be 2.7 to 4.4 and 9.0 to 14.7 days,
respectively (see Table 4).

Doubling time and logarithmic time of HBV genotype C
The replication velocity in the preacute phase of infection
in chimpanzees inoculated with genotype C inocula was
faster than in the chimps infected with HBV of genotype A
(Fig. 2B). Again, slight variation in log-linear increase of
HBV DNA was found, and HBV DNA appeared in serum
earlier in Chimp 272 who was inoculated with a 100,000-
fold higher infectious dose than was administered to
Chimps 269 and 285. As seen in the chimps inoculated
with HBV genotype A, HBV genotype C increased in a log-
linear fashion in the absence of host immune responses.
Doubling times of HBV DNA in the circulation of
Chimp 272, Chimp 269, and Chimp 285 were calculated to
be 1.7 to 2.5 days and logarithmic times were 5.6 to
8.3 days as determined with the regression formula shown
in Table 4.

When comparing the replication velocity of HBV DNA
between the two genotypes estimated by a growth curve,
the difference was significant (p < 0.01, Table 5). That is,
the doubling time of replications of HBV DNA with geno-
type A was estimated to be 3.44 days (95% confidence
interval [CI], 2.64-4.89 days) and the logarithmic time was
estimated to be 11.42 days (95% CI, 8.80-16.26 days). By
contrast, those with HBV genotype C were estimated to be
1.90 days (95% Cl, 1.63-2.27 days) and 6.30 days (95% CI,
5.41-7.54 days), respectively.

TABLE 6. Window periods before HBV DNA and
HBsAg developed in the circulation of
chimpanzees inoculated with the minimum
infectious dose of genotype A or genotype C

Chimp Markers of HBV infection
HBV inoculated infected HBV DNA (days) HBsAg (days)
Genotype A 279 55 69
280 76 97
Genotype C 269 35 50
285 50 64

Window periods of HBV DNA and HBsAg in
chimpanzees inoculated with the minimum
infectious dose of HBV

After inoculation, the time before HBV DNA becomes
detectable in the circulation by the single-sample NAT
(with a sensitivity of 10? copies/mL) and the time before
HBsAg was detected by CLIA after inoculation are listed in
Table 6. The HBV DNA (<100 copies/mL) NAT window was
55 and 76 days, respectively, in Chimp 279 and Chimp 280
inoculated with the lowest infectious dose of HBV genoty-
pe A (approx. 30 copies). These NAT window periods were
longer than the 35 and 50 days, respectively, found in
Chimp 269 and Chimp 285 inoculated with the lowest
infectious amounts of HBV genotypeC (approx. 30
copies). Likewise, the HBsAg window was longer in
Chimp 279 and Chimp 280 infected with genotype A
than in Chimp 269 and Chimp 285 infected with geno-
type C (69 and 97 days, respectively, vs. 50 and 64 days,
respectively).
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DISCUSSION

Animal models sensitive to human hepatitis viruses offer
robust advantages in obtaining basic data of viral infec-
tivity.*® By experimental infection of chimps with HCV,
we have been able to determine the minimum infectious
dose of HCV required for establishing infection.'*!® The
doubling time of HCV was determined to be 6.3 to
8.6 hours in two chimps inoculated with the minimum
infectious dose of approximately 10 copies of HCV RNA.
During the first 5 days after inoculation, HCV RNA did
not increase above the NAT detection limit of 10? copies
per mL in the circulation.'® It would not be possible to
detect HCV infection during the initial few days after
exposture, even if 1-mL samples were used for individual
NAT.

In this study, we have determined the minimum

infectious dose for two standardized inocula containing
defined copy numbers of HBV DNA. They were plasma
passages of HBV in chimps harvested during the preacute
phase of infection and had been processed with the
utmost care for maintaining infectious activity. The
minimum infectious dose of HBV or the dose where
50 percent of the chimps would be infected lies between
1-in-1 million and 1-in-100,000 dilution of the original
inocula and is estimated to be of the order of 10 copies, as
was the case for HCV.!s On the basis of HBV DNA concen-
trations measured in serial dilutions of inocula (Tables 2
and 3), the minimum infectious dose can be determined
to be 16 to 28 copies for HBV genotype A and 35 to 46
copies for HBV genotype C.

There are two definitions of the minimum infectious
dose of HBV. Theoretically, it is a single copy of HBV. Not all
HBV virions entering the circulation of recipients,
however, will succeed in reaching hepatocytes, because
some of them are phagocytized by circulating macroph-
ages and Kupffer cells in the sinusoids of the liver. In a
mathematical window-phase risk model, Weusten and
colleagues® have proposed a minimum infectious dose
approximately 10 copies of HBV, on the basis of the
CIDso.'"1* Recently the inocula derived from chronic
HBV carriers used in older chimpanzee studies'™'®
were requantified by Hsia and coworkers® with real-time
TagMan PCR. The estimated HBV copy number per CIDso
(geq) was 169 for genotype A adw, 78 for genotype D ayw,
and 3 for genotype C adr, calculated by mathematical
division, respectively. These viral load data, performed on
cryopreserved aliquots from an inocula derived from a
chronic HBV carrier (i.e., HBsAg- and anti-HBc-positive),
were derived retrospectively several decades after the
chimp titration studies. These results are different from
the results obtained in our study, where the inocula was
derived from the early ramp-up phase of viremia (HBsAg
is positive but anti-HBc is negative) and the chimp titra-
tion and viral load analyses were performed prospectively.
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Hence, the minimurmn infectious dose defined as a single
copy, proposed on a theoretical basis, would deserve
revisiting in practical HBV infections. The window period
of HBV infection changes with the size of the inoculum.
The more copies of HBV inoculated therefore the shorter
the incubation period in experimental transmission
studies in chimps.!” An inverse correlation is reported,
also, between time before HBsAg appears in serum and
the HBV dose in human beings.? In accordance with these
reports, we also found that the NAT window was shorter in
chimps receiving larger sizes of inocula both for geno-
types A and C (Fig. 2). The NAT (<100 copies/mL) window
period was approximately 1 week with an inoculum of
2.7x10° copies of genotype C, approximately 3 weeks
with 6.9 x 10* copies of genotype A, 5 to 7 weeks when
inoculating 35 to 46 copies of genotype C, and 8 to
11 weeks when inoculating 16 to 28 copies of HBV geno-
type A, while no infection was observed during 16 to
17 weeks of observation with an inocula of approximately
3 copies of genotype A or B. Theoretically, HBV infection
might have become detectable after 17 weeks, but this is
unlikely when extrapolating the data above. Inoculation
with HBV in large amounts, as happens with transfusion
with HBsAg-positive blood units, has been largely
excluded since introduction of HBsAg testing in 1972.
Barker and Murray?! have shown that inoculation of lower
infectious doses of HBV in the range of 10* to 107 diluted
icteric plasma no longer caused clinical hepatitis in
healthy individuals, while infection still occurred with up
to a 107 diluted inoculum, as detected by an HBsAg
complement fixation test. Our study showed that HBV
DNA levels increase 6.5 x 10% to 2.2 x 10° copies per mL at
the time of the first HBsAg-reactive sample in six chim-
panzees in whom blood samples were taken at intervals of
2 to 7 days. These amounts are enough to cause clinical
hepatitis B.2! Indeed, Satake and coworkers® found that
transmission of 5,000 to 50,000 copies of HBV by blood
components with a low viral load in the pre-MP-NAT
window phase could cause clinical hepatitis B.
Transfusion-transmitted HBV after introduction of
individual-donation or small-pool NAT (<10) is still pos-
sible, but would involve relatively low infectious doses of
HBYV of approximately 10 to 100 CIDsq.

In the chimps inoculated with approximately 30
copies of HBV, the NAT window was determined by
individual-donation NAT having a sensitivity of 102 copies
per mL, while the HBsAg window was established by CLIA
with the highest sensitivity presently available.>!? The NAT
window was 55 to 76 days and HBsAg window was 69 to
97 days, respectively, in Chimp 279 and Chimp 280 who
had been inoculated with approximately 30 copies of
HBV genotype A. In contrast, the NAT window was 35 to
50 days and the HBsAg window was 50 to 64 days, respec-
tively, for Chimp 269 and Chimp 285 inoculated with
approximately 30 copies of HBV genotype C. Thus, neither



the NAT nor the HBsAg window phases overlapped
between minimum-dose infections of HBV genotypes A
and C; they were longer for genotype A than genotype C. It
may be that the NAT window is longer for genotype A,
prevalent in Western countries, than genotype C common
in Japan. It cannot be excluded, however, that the results
observed in our inoculation studies with a limited number
of chimpanzees were influenced by the host rather than
the genotype of the virus. The duration of the NAT and
HBsAg windows are influenced at least by three factors: 1)
the infectious dose, 2) individual variation among recipi-
ents, and 3) distinct HBV genotypes.

We found the replication velocity of HBV in the
preacute phase of infection remarkably different between
genotypes A and C. From three chimps infected with HBV
genotype A, the doubling time was estimated to be
3.44 days (95% Cl, 2.64-4.89 days) and the logarithmic time
11.42 days (95% CI, 8.80-16.26 days). From three chimps
infected with HBV genotype C, the doubling time was esti-
mated to be 1.90 days (95% CI, 1.63-2.27 days), and the
logarithmic time 6.30 days (95% Cl, 5.41-7.54 days). Also in
chimeric mice with the liver replaced by human hepato-
cytes, genotype A was found to replicate much slower than
genotype C in the initial weeks of HBV infection.?

The replication velocity of HBV in the circulation,
indicated by the viral doubling time, is an important factor
when calculating the window-period reduction provided
by NAT screening systems. Biswas and colleagues® calcu-
lated a doubling time of 2.56 days (95% Cl, 2.24-2.97 days)
based on a seroconversion panel of 23 HBV infections.
Yoshikawa et al.* followed 93 donors in preacute phase
HBYV infections who had been identified by the routine
NAT screening program on 50-MPs at JRC Blood Centers.
They estimated a median doubling time of HBV at 2.6 days
(range: 1.3-15.2).

Kleinman and Busch’ have assessed the HBsAg
window period based on the HBV doubling time of 2.56
days documented by Biswas and colleagues.® They esti-
mated an HBsAg window at 38.3 days (95% CI, 33.0-
43.7 days) by the CLIA HBsAg seroconversion point at a
concentration of 1650 copies per mL, while Minegishi and
coworkers!? determined the HBsAg seroconversion point
at 2100 copies per mL. We found the HBsAg seroconver-
sion with AxXSYM occurred when the HBV DNA concen-
tration reached a level of 6.5x 10° to 2.2x10° in six
chimpanzees. The differences in HBV levels at HBsAg
seroconversion in CLIA may be related to the genotype,
but also could reflect differences in the calibration of HBV
quantitative assays in genome copies.

It is not known if the chimpanzee model is as suscep-
tible for HBV infection as human beings. As a result, the
minimum dose of HBV for transmitting infection to man
is, in fact, not precisely known. Nevertheless, a minimum
human infectious dose of approximately 10 HBV' DNA
copies, as indicated by our chimpanzee infectivity experi-
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ments, seems a reasonable assumption for modeling the
HBV transmission risk in the pre-HBV-NAT window
period.
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