Influence of HAV load on disease severity
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Figure 2 Scattered plots according to disease severity. (a)
Correlation berween the serum hepatitis A virus (HAV) RNA
level and prothrombin time. Mild acute hepatitis (m-AH; @):
r=~0.400; P = 0.0059; n = 46. Severe acute hepatitis (s-AH;
O): r=0.285; P=0.3693; n=12. (b) Correlation between
the serum HAV RNA and alanine aminotransferase (ALT)
levels. m-AH: r= 0.462; P=0.0012; n = 46. s-AH: r=0.183;
P=0.5699; n=12. (}), quantification limit of serum HAV
RNA level.

were significantly correlated with the peak viral load and
divided the patients into two groups according to their
peak viral load, that is, the low-viral-load group consist-
ing of patients having less than 4.00 log copies/mL and
the high-viral-load group consisting of patients having
more than 4.00log copies/mL. The high-viral-load
group showed a significantly high ALT level
(4255 + 2262 vs 1849 + 2085; P= 0.0002) and a signif-
jcantly low PT level (54.7%22.1 vs 73.4%28.9;
P=0.0054) (Fig.3). It also showed a significantly
high C-reactive protein level (2.8:+2.5 vs 1.2+ 1.3;
P=0.0073) and a significantly low platelet count
(15.1 5.6 vs 20.1 £9.3; P=0.0141) (Fig. 4). How-
ever, there was no significant difference in the FDP level
between the high-viral-load group and the low-viral-
load group (19.8 +26.4 vs 8.3+ 10.0; P=0.0667). We
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also found no significant differences in variables associ-
ated with anemia and renal function between the two
groups.

DISCUSSION

The study on how the load of the HAV influences dis-
ease severity in humans was difficult because many
patients with severe AH-A including FH were treated
with immunosuppressive agents such as corticosteroids
or with plasma exchange and thus the viral load was
modified by these therapies. Therefore, the serum sam-
ples obtained after receiving corticosteroid therapy or
plasma exchange were excluded from the present study.
As a result, we could obtain serum samples at only one
time point, that is, on admission in a patient with FH,
whereas in other patients, we could obtain serum sam-
ples at more than two time points.

In the analysis of serial change of the viral load, the
mean period from the clinical onset to the time point of
the peak viral load did not differ between the m-AH and
s-AH groups. This result indicates that the immune
response to viral replication might be at its maximum in
the same time from the clinical onset regardless.of the
disease severity. To assess the influence of viral load on
disease severity, we investigated the clinical findings
according to disease severity determined on the basis of
PT. The data showed that s-AH was more common in
patients who were more than 40 years old and also in
patients who had a history of alcohol intake that was
more than 50 g of ethanol daily, which was compatible
with a previous report.? Heavy alcohol drinkers might
have underlying liver disease and appeared to be linked
to increased severity in the present study. Recently, it
has been reported that FH was related to female gender
and acetaminophen intake.'® There was no difference in
gender or acetaminophen intake (data not shown)
between the m-AH and s-AH groups. Therefore, these
factors did not appeared to be related to severity in the
present study. Furthermore, laboratory findings indi-
cated that in the s-AH group, bilirubin, AST and ALT
levels were significantly high.

Although there was no significant difference in the
peak viral load between the two groups classified
according to disease severity, we found a significant
negative correlation with the minimal PT levels in the
m-AH group and a significant positive correlation with
the maximal ALT levels in the m-AH group. However,
we did not find a correlation between the peak viral load
and the maximal ALT level, or a correlation with the
minimal PT in the s-AH group. These results indicate
that the viral load of the HAV strongly affects hepatic
injury, but it is necessary for severe AH including FH to
have other factors such as older age or alcohol intake in
addition to the viral load Recently, a conflicting obser-
vation has been reported, that is, a low or undetectable
HAV viral load is associated with both low factor V level
and FH.'® However, it was difficult to investigate the
peak viral load precisely because almost all of the
patients had already reached the peak viral load on
admission, as shown in Fig. 1. Therefore, the peak viral
load might be underestimated in such patients, as in FH
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Figure 3 Comparison of (a) prothrombin time and (b) alanine aminotransferase (AL'T) level between the serum hepatitis A
virus (HAV) RNA levels <4.00 and 24.00. (==}, mean value for each group.

patients assayed only on admission. Furthermore, it is
difficult to evaluate the viral load at only one time point,
even in the acute phase of AH, because there are two
reasons for a low viral load. First, it might be due to a
low infectious dose of HAV or a low viral replication,
which results in mild hepatitis. Second, it might be
caused by a host hyper immune response, which exac-
erbated hepatitis.

In a previous study of acute hepatitis B, a low level
replication of hepatitis B virus (HBV) in patients with
FH has been detected in the serum and liver tissue.?%*
In addition, it was reported that the HBV DNA
detected by two-step PCR was present before or after
liver transplantation in seven out of 17 patients with FH
lacking the serological evidence of HBV infection.?
Thus, HBV-related FH is considered to be caused by an
excessive host immune response associated with a
marked decrease in viral load. To assess the direct influ-
ence of the immune response on viral load decrease, we
analyzed changes in the viral load. In the present study,
there were no significant differences in the decrease in
the viral load between the m-AH and s-AH groups
in the sequential analysis of the viral load. In contrast, in
the multiple linear regression analysis the IgM level and
ALT level were significantly associated with PT
(P=0.0098). These results show that the enhanced
immunological reaction might affect the disease severity

and that liver damage is closely associated with disease
severity.

Furthermore, to compare the viral load results with
humoral immunity, we analyzed the maximal IgM HA
and IgM levels because the increase in IgM or IgM HA
level reflects the interplay between the viral load and
humoral immune response. As consistently described in
the literature, the IgM HA level is high in the acute
phase of the infection and decreases in the convales-
cence phase. In addition, the time course of the IgM
level is the same as that of the IgM HA level. Interest-
ingly, these two markers do not correlate with viral load.
Thus, the results in the present study suggest that the
development of severe hepatitis in AH-A is multifacto-
rial, and the host immune reaction is not always strong
in severe AH but might be responsible for disease sever-
ity to some extent. Recently, a novel CD4+ T-helper
lymphocyte epitope in the VP3 region at position 102—
121 has been identified in vitro,?® whereas the sequence
110-121 of the VP3 protein of HAV is considered a B-
cell epitope.”® In a later report, antibodies generated by
the VP3 (110-121) peptide bind to intact HAV and
neutralize its infectivity and antipeptide antibodies
inhibit serum binding to HAV in the convalescence
phase. Thus, further studies of genetic factors affecting
the immune response are required to analyze the mech-
anism underlying disease severity.
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As for the HAV genotype, few studies have shown the
influence of the HAV genotype on viral replication and
very few data have been published on disease severity
according to the genotype. In the analysis of 47 Japa-
nese patients with AH-A, including eight FH, it was
reported that there is no apparent association between
disease severity and the sequence of the genotype-
determining region.”” However, a study of 11 German
patients suggested that the longest duration of viremia
was found in patients infected with genotype IA."” In
contrast, conflicting data from a French study group
showed that the proportions of genotypes other than
genotype IA were significantly high in FH.'® The ques-
tion on whether the peak viral load depends on the gen-
otype, or whether disease severity depends on genotype,
must be clarified in further studies because there was
only a small number of patients with genotypes other
than IA in the present study.

As for extrahepatic manifestations according to dis-
ease severity, laboratory findings such as increases in the
white blood cell count, levels of BUN, creatinine and C-
reactive protein, or decreases in the red blood cell
count, hemoglobin level, hematocrit, platelet count and
ATHII level, were more common in the s-AH group.
The results are reasonable because severe hepatitis is
characterized by severe coagulopathy and can rapidly
deteriorate to coma and death due to cerebral edema
and multiorgan dysfunction. Interestingly, in the anal-
ysis of the correlation of the peak viral load with the
peak values of variables a significant negative correla-
tion with the minimal platelet count and a significant
positive correlation with the maximal C-reactive protein

level regardless of the disease severity were also noted.
Thrombocytopenic purpura was reported as a manifes-
tation of AH-A.>**?? As for the mechanism underlying
thrombocytopenia in AH-A, it was reported that throm-
bocytopenic purpura might occur due to an autoim-
mune mechanism accompanied by antiphospholipid
antibodies and a good response to steroid therapy or
might be the initial finding of virus-associated hemoph-
agocytosis diagnosed by bone marrow aspiration,>?32
However, previous experimental data indicated that
inoculation of the human bone marrow with the HAV
results in a dose- and duration-of-incubation-depen-
dent suppression of hematopoietic progenitor growth
in vitro.>® In this previous report, hematopoietic sup-
pression seemed to be independent of human inter-
feron-alpha, -beta, -gamma and tumor necrosis factor.
Although none of the patients had associated thromb-
ocytopenic purpura in the present study, the result indi-
cates that thrombocytopenia as a manifestation of
AH-A depends on the load of the HAV, which is con-
sistent with previous data. These findings support the
concept that the direct infection of progenitor cells by
HAV in the bone marrow might be responsible for
thrombocytopenia.

An increased C-reactive protein level was previously
reported to be useful for identifying AH-A among acute
hepatitis.** In a previous report, C-reactive protein
was stained in the cytoplasm of hepatocytes under light
microscopy and immunoreactive products were
observed in the rough endoplasmic reticulum by elec-
tron microscopy. In the acute phase, the intensity of
staining was slightly greater in AH-A than in any other
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forms of acute hepatitis, decreasing during the conva-
lescence phase in AH-A.** Furthermore, the increase in
C-reactive protein level was observed consistently
during the first week of AH-A similar to other acute
inflammatory proteins, such as alpha I-antitrypsin,
orosomucoid, haptoglobin and alpha 1-antichymot-
rypsin.*® Therefore, it is noted that the increase in
C-reactive protein level is not always accompanied by
bacterial infection or sepsis in AH-A. An analysis of our
data shows a fairly good correlation between the peak
viral load and C-reactive protein level, which was not
influenced by disease severity. Although the increase in
C-reactive protein level closely correlated with AH-A,
the mechanical basis for the relationship between HAV
and C-reactive protein level is not well understood.
However, it was considered that the viral load is respon-
sible for the increase in the C-reactive protein level in
the acute phase and thrombocytopenia, which are the
extrahepatic manifestation of AH-A.

Interestingly, although acute renal failure and aplastic
anemia or pure red cell aplasia are common extrahe-
patic manifestations, we found no significant associa-
tion between the viral load and renal dysfunction or
anemia. On the basis of our results, we considered that
these complications emerged in accordance with disease
severity. Further studies are required to determine why
the viral load affects different hematological disorders.

In summary, we showed that the load of HAV affects
both hepatic damage and disease severity determined
on the basis of ALT and PT in m-AH, but not in s-AH.
Furthermore, viral load is closely correlated with an
increase in the C-reactive protein level and enhance-
ment of thrombocytopenia, which is the extrahepatic
manifestation. Agents that inhibit viral replication
would probably have an effect on this extrahepatic man-
ifestation. Hence, it was considered that the assay of the
viral load of HAV could help elucidate clinical manifes-
tations and management of AH-A
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Serum samples collected from 68 patients (age, mean * the standard deviation [SD], 56.3 = 12.8 years) at
admission who were subsequently molecularly diagnosed as having hepatitis E and from 2,781 individuals who
were assumed not to have been recently infected with hepatitis E vivus (HEV; negative controls; 52.9 = 18.9
years), were tested for immunoglobulin M (IgM) and IgA classes of antibodies to HEV (anti-HEV) by in-house
solid-phase enzyme immunoassay with recombinant open reading frame 2 protein expressed in the pupae of
silkworm as the antigen probe. The 68 patients with hepatitis E had both anti-HEV IgM and anti-HEV IgA.
Among the 2,781 controls, 16 (0.6%) had anti-HEV IgM alone and 4 (0.1%) had anti-HEV IgA alone: these
IgA/IgM anti-HEV-positive individuals were not only negative for HEV RNA but lack IgG anti-HEV antibedy
as well (at least in most of the cases). Periodic seram samples obtained from 15 patients with hepatitis E were
tested for HEV RNA, anti-HEV IgM, and anti-HEV IgA. Although HEV RNA was detectable in the serum until
7 to 40 (21.4 = 9.7) days after disease onset, both IgM and IgA anti-HEV antibodies were detectable until 37,
55, or 62 days after disease onset in three patients and up through the end of the observation period (50 to 144
days) in 12 patients. These results indicate that detection of anti-HEV IgA alone or along with anti-HEV IgM
is useful for serological diagnosis of hepatitis E with increased specificity and longer duration of positivity than

that by RNA detection.

Hepatitis E, the major form of enterically transmitted
non-A, non-B hepatitis, is caused by hepatitis E virus (HEV).
HEV is transmitted primarily by the fecal-oral route. Water-
borne epidemics are characteristic of hepatitis E in developing
regions of Africa, the Middle East, and Southeast and Central
Asia, where sanitation conditions are suboptimal; one epi-
demic has also been documented in North America (Mexico)
(32). HEV-associated hepatitis also occurs among individuals
in industrialized countries with no history of travel to areas
where HEV is endemic (6, 9, 18, 25, 36, 37, 39, 41, 52, 54).
Recently, accumulating lines of evidence indicate that hepatitis
E is a zoonosis, and pigs or other animals may act as reservoirs
for HEV infection in humans (9, 15, 20-24, 27, 39, 42, 45, 56).
A significant proportion of healthy individuals in industrialized
countries where hepatitis E is not endemic are seropositive for
HEYV antibodies (8, 19, 46). Therefore, several epidemiological
questions remain unanswered. The success of future studies on
clinical and subclinical HEV infection not only in developing
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countries but also in industrialized countries will greatly de-
pend on the availability of assays that are sensitive and specific.

HEV was recently classified as the sole member of the genus
Hepevirus in the family Hepeviridae. The genome of HEV is a
7.2-kb, positive-sense, single-stranded RNA. Tt contains a short
5" untranslated region, three open reading frames (ORFs;
ORFI, ORF2 and ORF3), and a short 3’ untranslated region
terminated by a poly(A) tract (12, 34, 44, 53). ORF1 encodes
nonstructural proteins, ORF2 encodes the capsid protein, and
ORF3 encodes a cytoskeleton-associated phosphoprotein. Ex-
tensive diversity has been noted among HEV isolates, and
HEYV sequences have been classified into four major genotypes
(genotypes 1 to 4) (37). In Japan, polyphyletic HEV strains of
genotype 3 or 4 or both have been isolated from patients with
sporadic acute or fulminant hepatitis E who had no history of
travel to countries where this virus is endemic (1, 25, 30, 40, 41,
56).

The immunoglobulin M (IgM) class of antibody against
HEV (anti-HEV IgM) is used as a reliable and sensitive
marker of recent HEV infection (2-4, 38). However, the spec-
ificity of the solid-phase assay for anti-HEV IgM has been
questioned in some cases, particularly in patients with IgM-
rheumatoid factors in the serum, which have activity against
the Fc portion of IgG directed to HEV antigen and may elicit
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a false-positive result (10). Virus-specific IgA class antibodies
have been detected during the acute stage of infection with
hepatitis A virus (HAV) (57) or hepatitis B virus (HBV) (28).
The IgA class of antibodies has also been detected in sera from
patients with hepatitis E (2, 14, 47). Although a few previous
studies reported that anti-HEV IgA could be utilized as an
additional confirmatory antibody for recent HEV infection (2,
47), the clinical and epidemiological implications of positivity
for anti-HEV IgA remain to be clarified.

Therefore, in the present study, we compared the sensitivity
and specificity of the anti-HEV IgA and anti-HEV IgM assays
and evaluated their ability to diagnose hepatitis E by using
serum samples from 68 patients who were subsequently mo-
lecularly diagnosed as having hepatitis E and from 2,781 indi-
viduals who were assumed to not have been recently infected
with HEV as negative controls in an attempt to improve the
serological diagnosis of recent HEV infection that is occurring
epidemically in developing countries and more frequently than
previously thought in industrialized countries, including Japan.

MATERIALS AND METHODS

Serum samples. The present study included serum samples obtained from 68
patients (56 males and 12 females; age, mean = the standard deviation [SD], 56.3
+ 12.8 [range, 25 to 86] years) at admission who had detectable HEV RNA and
who were subsequently diagnosed as having sporadic acute or fulminant hepatitis
E. Thirty of the 68 patients had been included in our previous siudies for
detection of HEV RNA and phylogenetic analysis of HEV isolates (1, 17, 25, 40,
41, 55, 56). The present study also included periodic serum samples collected
from 15 of the HEV-infected patients, from whom one or more serum samples
had been obtained during each of the following periods: between 0 and 10 days,
between 20 and 40 days, and between 50 and 70 days after the onset of the illness.
In addition, serum samples obtained from 2,781 individuals who were assumed to
not have been recently infected with HEV (1,282 males and 1,499 females; 52.9
+ 18.9 [0 to 97] years) were used as negative controls, and they included 675
samples from voluntary blood donors with normal alanine aminotransferase level
(328 males and 347 females; 39.0 = 16.0 [16 to 64] years), 127 samples from
patients with type A, type B, or type C acute hepatitis (77 males and 50 females;
35.7 = 12.4 [16 to 78] years), 274 samples from patients with type B or type C
chronic liver disease (158 males and 116 females; 55.0 = 13.6 [23 to 83] years),
472 samples from patients on maintenance hemodialysis (262 males and 210
females; 59.0 + 12.4 [24 to 94] years), 147 samples from patients with primary
biliary cirrhosis (27 males and 120 females; 59.7 = 10.7 [31 to 79] years), 186
samples from patients with rheumatoid arthritis (21 males and 165 females; 63.8
+ 13.2 [26 to 91] years), and 900 samples from patients (409 males and 491
females; 58.5 = 20.7 [0 to 97] years) who reccived a routine health examination
or care for various disorders at one of our hospitals.

The presence of IgM class antibodies to HAV (anti-HAV IgM), antibodies to
HBV core IgM, hepatitis B surface antigen (HBsAg), and antibodies to hepatitis
C virus (HCV) (anti-HCV) was determined by commercially available kits
(HAVAB-M and CORZYME-M [Abbott Laboratories, Abbott Park, IlL.], My-
cell 11 HBsAg [Institute of Immunology Co., Ltd., Tokyo, Japan], and Abbott
HCV PHA Second Generation [Abbott Japan, Tokyo, Japan]). The presence of
HBV DNA and HCV RNA was determined by the methods described previously
(29, 43). The study protocol conformed to the ethical guidelines and was ap-
proved by the ethics committees of the institutions. Informed consent was ob-
tained from each patient.

ELISAs for detecting anti-HEV antibodies. Our previously described in-house
enzyme-linked immunosorbent assays (ELISAs) methods for detection of IgM
and IgA anti-HEV antibodies using purified recombinant ORF2 protein (25)
were performed with the following modifications. Wells of microplates (part no.
762071; Greiner Bio-One GmbH, Frickenhausen, Germany) were coated with 50
wl of the recombinant ORF2 protein (5 pg/ml in phosphate-buffered saline [pH
7.5]) and incubated at room temperature overnight. After removal of the coating
buffer, 100 wl of 10 mM Tris-buffered saline (pH 7.5) containing 2.5% (vol/vol)
Block Ace (Dainippon Pharmaceutical Co., Ltd.,, Osaka, Japan) and 0.18%
Tween 20 was added. The microplates were incubated at room temperature for
4 k. The blocking buffer was discarded, and each well was washed five times with
saline containing 2% lactose (Kanto Chemical Co., Inc,, Tokyo, Japan) and then
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freeze-dried. To test for anti-HEV IgM, 50 pl of each sample was added to each
well at a dilution of 1:100 in 10 mM Tris-buffered saline containing 40% Block
Ace, 0.18% Tween 20, and a mock protein (optical density [OD] at 280 nm =
0.1) that had been obtained from the pupae of silkworm infected with nonre-
combinant baculovirus. The microplates were incubated at room temperature for
1 h and were then washed five times with washing buffer (saline with 0.05%
Tween 20). A total of 50 pl of phosphate-buffered saline containing 25% (vol/
vol) fetal bovine serum (Sigma Chemical, St. Louis, Mo.) and peroxidase-con-
jugated mouse monoclonal anti-human IgM (M-49; Institute of Immunology Co.,
Ltd.) (50) was added to each well. The microplates were incubated at room
temperature for 1 h and then washed five times with washing buffer. Then, 50 pl
of tetramethylbenzidine-soluble reagent (BioFX Laboratories, Inc., Owings
Mills, Md.) as a substrate was added to each well. The plate was incubated at
room temperature for 30 min in the dark, and then 50 wl of tetramethylbenzidine
stop buffer (BioFX Laboratories, Inc.) was added to each well. The OD value of
each sample was read at 450 nm. For the anti-HEV IgA assay, peroxidase-
labeled mouse monoclonal anti-human IgA (A-13; Institute of Immunology Co.,
Ltd.) (28) was used in place of the enzyme-labeled anti-human IgM. Test sam-
ples with OD values equal to or greater than the cutoff value were considered to
be positive for anti-HEV IgM or anti-HEV IgA.

In addition, anti-HEV IgG was assayed according to the method described
previously, and the cutoff value used for the anti-HEV IgG assay was 0.152 (25).

The specificity of the anti-HEV assays was verified by absorption with the same
recombinant ORF2 protein (50 pg/ml at the final concentration for anti-HEV
IgG or anti-HEV IgA assay; 150 pg/ml at the final concentration for anti-HEV
IgM assay) that was used as the antigen probe. Briefly, prior to testing, the serum
sample was diluted 1:100, 1:300, 1:1,000, 1:3,000, 1:10,000, or 1:30,000 to adjust
its OD value to <1.5. If the OD value of the tested sample was reduced by =50%
in the anti-HEV IgM assay or =270% in the anti-HEV IgA or IgG assay after
absorption with the recombinant ORF2 protein, the sample was considered to be
positive for anti-HEV.

Detection of HEV RNA. Reverse transcription-PCR (RT-PCR) was performed
for detection of HEV RNA in serum. Total RNA was extracted from 100 pl of
serum, reverse transcribed, and then subjected to nested PCR with ORF2 prim-~
ers as described previously (25, 42). The size of the amplification product of the
first-round PCR was 506 bp and that of the second-round PCR was 457 bp. The
nested RT-PCR assay used had the capability of amplifying all four known
genotypes of HEV strains reported thus far (25, 42, 56). The RT-PCR assay was
performed in duplicate, and the reproducibility was confirmed. The specificity
and sensitivity of the RT-PCR assay were assessed as described previously (25,
42).

RESULTS

Determination of the cutoff values for the anti-HEV IgM
and anti-HEV IgA assays. Since the prevalence of HEV infec-
tion in the southern part of Japan is low (8, 30), it was assumed
that voluntary blood donors in Yamaguchi Prefecture, which is
located in the southern part of mainland Honshu of Japan,
were highly unlikely to have been infected with HEV in the
period just prior to their donating blood. Therefore, to deter-
mine the cutoff values for the anti-HEV IgM and anti-HEV
IgA assays, serum samples from 675 donors with a normal
alanine aminotransferase level who donated blood at the Jap-
anese Red Cross Blood Center in Yamaguchi Prefecture were
used as a panel in the present study. In the anti-HEV IgM
assay, the OD values ranged from 0.001 to 0.542, and the value
of 0.440, which was calculated as 7 SD above the mean value
(0.072), was used as the tentative cutoff value. In the anti-HEV
IgA assay, OD values ranging from 0.000 to 1.754 were ob-
tained from the 675 control sera; the OD value of 0.642
(mean + 7 SD) was used as the cutoff value for anti-HEV IgA.

Although 16 (2.4%) of the 675 serum samples were positive
for anti-HEV IgG (Table 1), the 16 samples tested negative for
HEV RNA, and their OD values ranged from 0.036 to 0.161
(below the cutoff value) in the anti-HEV IgM assay and from
0.019 to 0.180 (below the cutoff value) in the anti-HEV IgA
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TABLE 1. Prevalence of anti-HEV IgM and anti-HEV IgA among various groups of subjects
No. (%) of subjects with:
No. of Age (yr) :
Group subjects (mean * $D) Anti-HEV Anti-HEV Anti-HEV Both anti-
studied I5G° IgM IgA HEV IgM and
anti-HEV IgA

Blood donors with normal ALT 675 39.0 = 16.0 16 (2.4) 1(0.1) 1(0.1) 0
Patients with acute hepatitis 127 357+ 124 11(8.7) 4(3.1) 2(1.6) 0
Type A 57 351+93 7(12.3) 4 (7.0) 1(1.8) 0
Type B 61 34.6 =129 3(4.9) 0 1(1.6) 0
Type C 9 47.6 + 20.4 1(11.1) 0 0 0
Patients with chronic liver diseases 274 550+ 136 26 (9.5) 2(0.7) 0 0
Chronic hepatitis 182 512+ 134 15(8.2) 1(0.5) 0 0
Liver cirrhosis 57 62.9 £ 10.2 7(12.3) 1(1.8) 0 0
Hepatocellular carcinoma 35 61.7 £11.2 4(11.4) 0 0 0
Hemodialysis patients 472 59.0 = 12.4 60 (12.7) 2(04) 0 0
Patients with primary biliary cirrhosis 147 59.7 = 10.7 15 (10.2) 42.7) 0 0
Patients with rheumatoid arthritis 186 63.8 2132 6(3.2) 3(1.6) 0 0
Hospital patients” 900 58.5 = 20.7 24 (2.7) 0 1(0.1) 0
Total of control subjects® 2,781 529 = 18.9 158 (5.7) 16 (0.6) 4(0.1) 0

Patients with hepatitis E 68 56.3 = 12.8 68 (100) 68 (100) 68 (100) 68 (100)

@ Positivity for anti-HEV IgG was confirmed in all 226 samples by the absorption test (see Materials and Methods).
> They received a routine health examination or care for various disorders at one of our hospitals.

¢ They were assumed not to have been recently infected with HEV.

assay, suggesting the absence of present HEV infection in the

studied population.

Detection of anti-HEV IgM and anti-HEV IgA in individuals

who were assumed not to have been infected recently with
HEV. Among the serum samples obtained from the above-
mentioned 6§75 donors, only one sample was positive for anti-
HEV IgM with an OD value of 0.542, and a different sample
was positive for anti-HEV IgA alone with an OD value of 1.754
(Table 2). However, these two serum samples were negative

for anti-HEV IgG and HEV RNA, suggesting that the anti-
HEYV IgM or IgA was falsely detected in these two samples.
Using the cutoff values described above, the remaining 2,106
serum samples obtained from 127 patients with type A, type B,
or type C acute hepatitis, 274 patients with type B or type C
chronic liver disease, 472 patients on maintenance hemodial-
ysis, 147 patients with primary biliary cirrhosis, 186 patients
with rheumatoid arthritis, and 900 patients who received rou-
tine health examination or medical care for various disorders

TABLE 2. Serum samples that were falsely positive for anti-HEV IgM or IgA in the in-house ELISAs used in the present study

OD at 450 nm”

Sample

Age

ID ro. Diagaosis (yr)/sex” Anti-HEV IgM Anti-HEV [gA Anti-HEV 1gG HEVRRA
389 Blood donor 59/M 0.542 (8) 0.038 0.075 -
674 Blood donor S5/F 0.024 1.754 (5) 0.025 -
868 Health check-up 62/M 0.078 0.946 (9) 0.034 -
1614 Hemodialysis 55/F 2.541 (8) 0.056 0.089 -
1761 Hemodialysis 84/M 1.018 (23) 0.194 0.259 (83) (+) -
2110 Acute hepatitis (type A) 21/F 1.986 (—7) 0.173 1.824 (92) (+) -
2136 Acute hepatitis (type A) 28/F 1.509 (—6) 0.042 0.036 -
2113 Acute hepatitis (type A) 43(F 0.559 (25) 0.046 0.089 -
2102 Acute hepatitis (type A) 31/F 0.445 (5) 0.079 0.388 (—1) -
2099 Acute hepatitis (type A) 34/M 0.286 0.731 (6) 0.037 -
2061 Acute hepatitis (type B) 55/M 0.055 0.692 (—6) 0.028 -
2201 Primary biliary cirrhosis 48/F 1.215 (20) 0.068 0.049 -
2229 Primary biliary cirrhosis 61/F 0.545 (—6) 0.072 0.054 -
2232 Primary biliary cirrhosis 60/F 0.470 (9) 0.083 0.068 -
2257 Primary biliary cirrhosis 52/F 0.462 (17) 0.081 0.023 -
2463 Rheumatoid arthritis 70/M 0.933 (8) 0.106 0.071 -
2496 Rheumatoid arthritis 83/F 0.785 (22) 0.038 0.022 -
2545 Rheumatoid arthritis 71/F 0.522 (18) 0.103 0.024 -
2919 Liver cirrhosis (type C) 61/M 0.594 (28) 0.325 0.265 (86) (+) -
3007 Chronic hepatitis (type B) 44/M 0.488 (2) 0.020 0.008 -

M, male; F, female.
b If the OD value of the tested sample was reduced by only <50% in the anti-HEV IgM assay or < 70% in the anti-HEV IgA or IgG assay after absorption with
the recombinant ORF2 protein, the result was considered to be false positive, and such samples are indicated in boldface. Numbers in parentheses are percent values.
¢ —, no HEV RNA. was detected.
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FIG. 1. Distribution of OD values from two ELISAs for anti-HEV IgM and anti-HEV IgA among patients with hepatitis E and among the
control subjects. Serum samples from 2,781 subjects who were assumed not to have been infected recently with HEV and from 68 patients with
hepatitis E were concurrently tested by the solid-phase ELISAs for anti-HEV TgM and anti-HEV IgA. Horizontal and vertical lines represent the

cutoff values for anti-HEV IgA and anti-HEV IgM, respectively.

at one of our hospitals, were tested for anti-HEV IgM and
anti-HEV IgA (Table 1). Among the 2,781 subjects who were
assumed not to have been infected recently with HEV, includ-
ing the 675 blood donors described above, anti-HEV IgM was
detected in the serum samples from 16 subjects (0.6% or 16 of
2,781), including 4 patients with acute hepatitis A (7.0% or 4 of
57). Anti-HEV IgA was detected in the serum samples from
four other patients (0.1% or 4 of 2,781) (Table 1), the differ-
ence being statistically significant (P = 0.0139 [x*-test]). Al-
though the 16 samples had OD values of anti-HEV IgM
greater than the cutoff value, with the OD value ranging from
0.445 to 2.541, and the other four samples had OD values of
anti-HEV IgA greater than the cutoff value, with the OD value
ranging from 0.692 to 1.754, positivity for HEV antibodies
could not be confirmed by the absorption test in any of the 20
samples (Table 2). Furthermore, none of these 20 serum sam-
ples with anti-HEV. IgM or anti-HEV IgA alone had detect-
able HEV RNA, indicating that these serum samples were
falsely positive for anti-HEV IgM or anti-HEV IgA in the
ELISAs used.

Of note, among the 2,781 samples from subjects who were
assumed not to have been recently infected with HEV in the
present study, no serum sample was positive for both IgM and
IgA anti-HEV antibodies (Fig. 1).

Detection of anti-HEV IgM and anti-HEV IgA in patients
with hepatitis E. Serum samples obtained from 68 patients
with sporadic acute or fulminant hepatitis E were tested for the
presence of IgM and IgA anti-HEV antibodies. All 68 patients
had anti-HEV IgM with OD values ranging from 0.486 to >3.0
and anti-HEV IgA with OD values ranging from 1.146 to >3.0
(Fig. 1). The presence of anti-HEV IgM and anti-HEV IgA
was confirmed by the absorption test in the serum samples

from all 68 patients, indicating that patients with virologic
evidence of the early phase of HEV infection are positive for
both anti-HEV IgM and anti-HEV IgA, in sharp contrast to
the 20 patients in the control group who had anti-HEV IgM or
IgA alone. This finding suggests that the combinatorial detec-
tion of both classes of antibodies (IgM and IgA) is efficient for
serological diagnosis of hepatitis E with increased accuracy.
Among the 68 patients with hepatitis E, four patients (5.9%)
had an OD value of <1.000 in the anti-HEV IgM assay, and
only one patient had an OD value of <1.500 in the anti-HEV
TgA assay. All 68 patients had high levels (1.235 to >3.000) of
anti-HEV 1gG, 59 (86.8%), of whom had an OD value of
>2.000.

Detection of anti-HEV IgM, anti-HEV IgA, and HEV RNA in
follow-up serum samples from infected patients. Figure 2
shows the HEV RNA, anti-HEV IgM, and anti-HEV IgA
profiles associated with the HEV infection in 15 patients (pa-
tients 1 to 15). From these 15 patients, in addition to the serum
sample obtained at admission, 3 to 30 other serum samples,
including those obtained between 20 and 40 days and between
50 and 70 days after the disease onset, were available. HEV
RNA remained detectable in the serum until 7 to 40 (21.4 *
9.7) days but disappeared 15 to 59 (32.7 = 13.4) days after the
onset of the disease. Anti-HEV IgM and IgA antibodies were
both detectable up through the end of the observation period
(50 to 144 [72.8 = 28.5] days after disease onset) in 12 of the
15 patients. In the remaining three patients (patients 1, 3, and
5), both IgM and IgA anti-HEV antibodies were detectable
until 37, 55, and 62 days, respectively, after disease onset, but
either the IgM or IgA class of anti-HEV antibodies disap-
peared at 44, 62, and 104 days, respectively, after the disease
onset. The presence of anti-HEV IgM and anti-HEV IgA was
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FIG. 2. Detection of HEV RNA, anti-HEV IgM and anti-HEV IgA in initial and follow-up serum samples from 15 patients (patients 1 to 15)
with hepatitis E. For each patient, closed and open circles in the top row represent positivity or negativity for HEV RNA, respectively; closed and
open boxes in the middle row represent positivity or negativity for anti-HEV IgM, respectively; and closed and open triangles in the bottom row
represent positivity or negativity for anii-HEV IgA, respectively. The number in parentheses at the end of each row indicates the final day on which
HEV RNA, anti-HEV IgM, or anti-HEV IgA was detectable. Patients 1 and 9 contracted fulminant hepatitis E and died 56 and 54 days,

respectively, after onset of the illness.

also confirmed by the absorption test in the follow-up serum
samples from all 15 patients, including the last two specimens
from patients 1 and 3, who became positive for only anti-HEV
IgA and IgM, respectively. The IgG antibody level was as high
as 3.0 OD at admission in all 15 patients and persisted at a high
level. There was no discernible reduction in the IgG antibody
level up through the end of the observation period.

DISCUSSION

The diagnosis of acute or fulminant hepatitis E is based on
detection of the HEV genome in serum or feces by RT-PCR
(3, 5, 13, 25) or detection of newly elicited antibodies to HEV
(3,4, 14,19, 25, 38, 49, 59). The presence of a specific antibody
of the IgM class is diagnostic of recent or ongoing infection. As
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is our in-house ELISA, a solid-phase (sandwich or indirect)
ELISA method for detecting anti-HEV IgM is simple and is
currently used in the majority of reported in-house ELISAs (3,
4,14, 19,25, 38,49, 59), aswell as in a commercial kit marketed
in Asia by Genelabs Diagnostics (Singapore). One of the weak-
nesses of the solid-phase ELISA format is reduced sensitivity
due to competition among virus-specific IgM, IgA, and IgG for
antigen-binding sites. It has been pointed out that sensitivity is
compromised when corresponding IgG titers are dispropor-
tionately higher than those of the IgM antibodies (16). An-
other potential weakness of the solid-phase test for IgM anti-
body is that IgM-rheumatoid factor in sera from patients with
rheumatoid arthritis may elicit a false-positive result (10). Re-
cently, to overcome these weaknesses in the solid-phase
ELISAs, an IgM class capture system was introduced by Yu et
al. (58). In the class capture system, competing IgG antibodies
(also TgA antibodies) in the sample are eliminated at the be-
ginning of the assay, thus enhancing the reaction between
anti-HEV IgM and the HEV antigen, although its efficiency
depends on the capacity of solidified antibodies against total
human IgM molecules containing anti-HEV IgM to capture
the HEV antigen. The class capture assay developed by Yu et
al. (58) provided a reliable method for detecting anti-HEV
IgM and had specificities comparable to those determined by
the solid-phase assay when acute-phase sera with high anti-
HEV IgM levels were tested and had higher sensitivity for
samples with a low anti-HEV IgM concentration or with a high
anti-HEV IgG concentration. However, as described by Seri-
watana et al. (38), we had to stop developing an IgM class
capture ELISA after initial experiments demonstrated poor
sensitivity despite the use of substantially greater amounts of
the recombinant HEV antigen and several monoclonal anti-
bodies raised against recombinant HEV antigen with distinct
specificities to detect the recombinant HEV antigen captured
by anti-HEV IgM (unpublished observations). Therefore, in
the present study, we chose the solid-phase ELISA format for
detecting anti-HEV antibodies.

It has been reported that anti-HEV IgA can be utilized as an
additional confirmatory antibody for recent HEV infection (2).
Although the presence of a specific antibody of the IgA class is
diagnostic for recent infection in several viral or nonviral dis-
eases, including type A, type B, or type C acute hepatitis (28,
35, 57), as well as Chlamydia trachomatis infection, Chlamydia
pneumonige infection, and cholera (26, 33, 51), the clinical and
epidemiological significance of positivity for anti-HEV IgA
remains to be fully verified. In the present study, we used the
IgM and IgA anti-HEV tests together to characterize serum
specimens from 68 patients with acute or fulminant hepatitis E
and from 2,781 subjects who were assumed to not have been
recently infected with HEV as negative controls. With this dual
testing, we obtained the following results. (i) Both anti-HEV
IgM and anti-HEV IgA were detectable in serum samples
obtained at admission from all 68 patients tested who were
subsequently diagnosed molecularly as having hepatitis E (es-
timated sensitivity rate of the assay: 100% and 100%, respec-
tively). (i) Among the 2,781 serum samples collected from
subjects who were assumed to not have been recently infected
with HEV as negative controls, 16 samples (0.6%) were falsely
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positive for anti-HEV IgM alone and four samples (0.1%)
were falsely positive for anti-HEV IgA alone, indjcating that
the false-positive rate was significantly lower in the anti-HEV
IgA assay than in the anti-HEV IgM assay used (P = 0.0139)
(the estimated specificity rates of the assays were 99.4 and
99.9%, respectively). (iii) Of the 2,781 serum samples collected
from the subjects who were assumed to not have been recently
infected with HEV, none was positive for both anti-HEV IgM
and anti-HEV IgA (estimated specificity rate of the dual assay:
100%), indicating that an erroneous diagnosis of hepatitis E
based on serological assay can be minimized by performing the
anti-HEV IgM assay on samples that show positive results by
the anti-HEV IgA assay or by performing combinatorial assay
for anti-HEV IgA and anti-HEV IgM.

Regarding the duration of seropositivity for anti-HEV IgM,
it has been reported that sera collected from patients during
various hepatitis E outbreaks 3 to 4 months and 6 to 12 months
after the onset of jaundice, 50 and 40%, respectively, were
positive for anti-HEV IgM (7). In three cases of imported
hepatitis E in Japan, the duration of seropositivity for anti-
HEV IgM was 66, 112, and 154 days, respectively, from
disease onset (19). Little is known about the duration of
seropositivity for anti-HEV IgA in HEV-infected patients.
Although the duration of observation was limited in the
present study, anti-HEV IgA was detectable up through the
end of the observation period (50 to 144 days after disease
onset) in 14 of the 15 patients with hepatitis E and until 55
days after disease onset in the remaining one patient, sug-
gesting that the durations of seropositivity for anti-HEV IgA
and anti-HEV IgM, as determined by the assays that were
used, are similar (Fig. 2).

In the circulation, IgA occurs in both monomeric and poly-
meric forms. Antibodies of the IgA class are unique in that
they are produced in response to antigenic stimuli applied
locally (48) and have distinct molecular forms. As for anti-
HEV IgA, it is unclear whether our assay is detecting both
dimeric secretory IgA and monomeric IgA, since the mono-
clonal antibody to IgA (A-13) that is used as an enzyme-
labeled antibody in the present study can bind to various IgA
species, such as secretory IgA and two subclasses of IgA (IgAl
and IgA2) (11, 28). However, it seems likely that only poly-
meric IgA antibody of either the IgAl or the IgA2 subclass
against HEV can be detected as described for IgA antibodies
to hepatitis B core in type B acute hepatitis (11). Although an
individual may have IgA deficiency, which may elicit a false-
negative result in the anti-HEV IgA test, it has been reported
that absence or deficiency (<1/100 of the average of normal
controls) of total IgA was observed in only 4 (0.004%) of
93,020 apparently healthy blood donors and in 1 (0.01%) of
6,800 hospital patients in Japan: the absence of IgA was found
at a frequency of 0.001% (31), indicating that false-negative
results in the anti-HEV IgA assay due to the absence or defi-
ciency of IgA in the circulation may be negligible.

Based on the results obtained in the present study, we con-
clude that, in solid-phase ELISA, the anti-HEV IgA assay is
significantly more specific than the anti-HEV IgM assay with
regard to ability to diagnose hepatitis E; that anti-HEV IgA
could be the first-choice marker as a diagnostic indicator of
recent HEV infection when the solid-phase ELISA method is
used; and that the diagnostic accuracy increases when positive
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results obtained by the anti-HEV IgA assay are confirmed by
additional or simultaneous detection of anti-HEV IgM. How-
ever, due to the limited number of patients with hepatitis E
enrolled in the present study, further studies are needed to
verify our conclusions in larger cohorts.
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Abstract

Recent studies indicate that genotypes of hepatitis
B virus (HBV) are closely associated with pathogenesis
and clinical outcome in HBV related liver diseases.
However, the prevalence of these HBV genotypes and
clinical features in HBV carriers remain unclear, From
1977 to 2004, a health-screening program in Iwate
Prefecture identified 6,711 HBV carriers. A sample of
661 cases (male, 343; female, 318) was extracted
using a stratified random sampling method. In
addition, further 30 HBV carriers complicated with
HCC during long-term follow-up were identified from
the registration system for cancer patients of Iwate
Prefecture, and they were enrolled in the study. HBV
genotypes were determined using an enzyme linked
immunosorbent assay kit. Distribution of HBV
genotypes showed 19 (2.9%) with genotype A, 297

(44.9%) with genotype B, and 345 (52.2%) with
genotype C. In 30 cases with HCC, genotype B and
genotype C were 30% and 70%, respectively. HBV
genotypes are closely associated with age, positive
rate of HB e antigen (HBeAg), and fluctuation of
serum alanine aminotransferase (ALT) levels during
a follow-up. Cases that developed HCC with genotype
B were found to be significantly older compared to
genotype C. In conclusion, the prevalence of
genotypes B and C were equal in HBV carriers residing
in Iwate Prefecture. Differences between HBV
genotypes, in particular genotypes B and C, were
closely associated with positive rate of HBeAg,
fluctuating serum ALT levels, and clinical outcomes of
these carriers.

Key words : health-screening, HBV carrier residents, HBV genotype,
HB e antigen, hepatocellular carcinoma

1. Introduction
In Asian and African countries, Hepatitis B
virus (HBV) infection is still a major cause of

acute hepatitis (AH) and various forms of
chronic infection, including asymptomatic
HBYV carrier state, chronic hepatitis (CH),



420 7 Yukiho Kasal, et al.

liver cirrhosis (LC), and hepatocellular
carcinoma (HCC), because infection occurs
predominantly through perinatal transmission
to babies from carrier mothers who are
" positive for hepatitis B e antigen (HBeAg)
in serum or through horizontal spread during
infancy. Eight genotypes of HBV from A to H
are currently recognized'' ?’ and have
distinct geographical distributions® "), In
general, while genotypes B and C frequently

4-6)

occur in Asia , genotypes A and D are

common in Western countries .

In Japanese
patients with chronic HBV infection, the
geographic distribution of genotypes B and C

also differs among regions of JapanG). I

n
particular, genotype B is relatively frequent in
the Tohoku region (the northern part of
mainland Japan), which includes Iwate
Prefecture, compared to other regions except
the Okinawa region. Many recent studies
have shown that HBV genotypes are closely
agsociated with clinical manifestations and
outcome in patients with acute or chronic

liver diseases®%.

Furthermore, recent
reports have also demonstrated that the
differences between genotypes B and C, and
subtypes of genotype B are considered as
causative agents of HCC® 1*'® However,
these data were primarily obtained from
inpatients and outpatients who visited one
hospital.

Approximately one million people are
estimated to be HBV carriers in Japan. The
majority of these HBV carriers are receiving
no medical treatment or follow-up care. A
small number of these HBV carriers who are
HBeAg positive or have abnormal levels of
serum alanine aminotransferase ALT are
recognized as a high-risk group for developing
CH and LC or HCC® 9 However, to ensure

precise health management for all HBV
carriers, it is important to clarify the
differences between clinical characteristics of
all HBV carriers with different genotypes.

In the present study, we clarify: 1) the
prevalence of HBV genotypes in HBV carriers
identified during a health-screening program
in Iwate Prefecture; 2) the relationship
between HBV genotypes and age; 3) the
relationship between HBYV genotypes and rate
of positive HBeAg and changes of serum
transaminase levels during long-term follow
up; and 4 ) the prevalence of HBV genotypes
and the clinical profiles of HBV carriers
complicated with hepatocellular carcinoma
during a long-term follow-up.

I1. Subjects and Methods

1. Subjects

From 1977 to 2004, a total of 381,601
Japanese residents (male: 172,961; female:
208,640) of Iwate Prefecture received a
health screen at the institute of Iwate Healthy
Science Association. Among these individuals,
6,711 residents (male: 3,576; female: 3,135)
were diagnosed as HBV carriers. Using the
stratified random sampling method, 661 HBV
carriers (male: 343, female: 318) were
recruited into samples of approximately equal
age and number of individuals for a follow-up
every six months or annually by the Iwate
Healthy Science Association until 2004.
Further 60 HBV carriers complicated with
HCC during a follow-up were also recruited
from the Registration System for Cancer
Patients of Iwate Prefecture. However, only
30 cases with HCC were examined in this
study because blood samples could not be
obtained from all cases.

Demographic information for HBV carriers
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Table 1. Demographics of HBV carriers with or without HCC

Cases without HCC Cases with HCC
Total number of HBV carriers 661 30
Sex (male:femnale) 343:318 21:9
Median age (years, range) 41.9 (16~80) 474 (35~67)
Male 413 (16~75) 470 (35~65)
Female 42.9 (19~80) 486 (35~67)
Median follow-up period (years, range) 10 2~26) 8 (2~15)
Male 9 (2~26) 8 (2~15)
Female 10 (2~26) 9  (4~13)
Serum fransaminase levels (mean #+ SD)
AST (IU/L) 24.2 £ 23.0% 54.3 & 41.2
ALT (IU/L) 29.9 + 23.6+ 383 + 333

#*p<0.05 (compared to cases with HCC)

with or without HCC are shown in Table 1.

The study protocol was approved by the
Human Ethics Review Committee of Iwate
Medical University, and was permitted by the
Committee of Iwate Health Service
Association and Iwate Medical Association.

2 . Methods

We used the initial serum samples for
determination of HBV genotypes which were
stored at —20°C in the institute of Iwate
Health Service Association.

HBYV genotypes were determined using an
enzyme linked immunosorbent assay (ELISA)
kit (Institute of Immunology Co., Ltd., Tokyo,
Japan) according to the method previously
reported by Usuda, et al.'”. Briefly, 10 21 of a
serum sample was placed on a plate fixed
with monoclonal antibodies against. epitope b
(located in the pre-S antigen of HBV, and
common to all genotypes) , epitope m
(specific to genotype B), and epitopes k, s
and u (associated with several genotypes) . A
reactive enzyme was then added for color
development, and absorbency was measured
to determine HBV genotype.

HBsAg was determined using commercial

hemagglutination assay kits (MyCell, Institute
of Immunology Co. Ltd., Tokyo, Japan)
HBeAg and anti-HB e antibody (anti-HBe)
were also defermined using commercial
enzyme immunoassay kits.

Serum levels of ALT, asparate aminotransferase
(AST) and y -glutamyltransferase (y -GTP)
were examined using a routine automatic
analyzer.

3. Statistical analysis

Data are expressred as meantstandard
deviation (SD) or median (range) . Comparisons
between the groups were performed by Chi-
square test of Fisher’s exact test.
Probabilities of less than 0.05 were considered
statistically significant.

III. Results
1. Distribution of HBV genotypes and
their relationship with age
Of 680 cases, 19 (2.9%) were genotype A,
297 (44.9%) were genotype B, and 345
(5242'%) were genotype C. The 30 cases with
HCC showed 9 (30%) cases of genotype B
and 21 (70%) cases of genotype C. Genotype
A was not detected in HCC cases.
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Table 2. The relationship between positive rate of HBeAg in each genotype and age at first examination

Genotype A Genotype B Genotype C

Total numbers 19 297 345

Sex (male:female) 13:6 157:140 173:172
Numbers of HBeAg positive (%) # 0 (0) 11(3.7) 115(33.3)

Sex (male:female) 0:0 8:3 66:49

>29 years 0 (0) 7(24.1) 29 (43.9)

30 ~39 0 (0) 2(3.3) 37 (33.0)

40 ~49 0 (0) 0(0) 28 (28.9)

50 ~59 0 (0) 1(1.2) 13(26.5)

60 ~69 0 (0) 1(2.9) 7(36.8)

70< 0 (0) 0(0) 1(50.0)
Liver function tests

AST (IU/L) 224 = 11.1 258 +12.7 33.8 £ 29.9% =

ALT (U/L) 29.3 & 221 277+ 175 40.8 = 50.0

g-GTP (IU/L) 294 + 223 28.9 + 409 36.2 =472

+ #p<0.01 (compared to genotypes A and B, respectively)

*F #r p<<0.001 (compared to genotypes A and B, respectively)
# Percentage is the rate of HBeAg positive cases among the total number of HBV carriers in each age group

The relationship between each HBV
genotype and age is shown in Figure 1. When
the age of HBV carriers was compared based
on age in 2003, genotype A was found only in
the 20~ 30-year-old carriers. The rate of
genotype B gradually increased as age
increased and was the highest in carriers over
70 years old. The rate of genotype C was
higher in 40 te 60 years old, but lower in

carriers over 70 years old.

2. Positive rate of HBeAg in each HBV

genotype

The positive rate of HBeAg for each |
genotype of HBV was 0% in genotype A, 3.7%
in genotype B and 33.3% in genotype C. The
positive rate of HBeAg in genotype C was
significantly higher (p<0.001) than that in
genotypes A and B. The relationship between

B oenotypeA

|| genotypeB

-

[ genotypeC

1 t 1 1 1 d
~28  30~39 40~49 50~B9 60~69 70~79 80~89 90~09(year)

Fig. 1. The relationship between each HBV genotype and age
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Table 3. Profiles of HCC cases with genotype B or C
Genotype B (9) Genotype C (21)
Age developed to HCC (years) 64 £ 13* 52.7+9
Numbers of HBeAg positive (%) 0(0%) 6(27.3%)
Serum ALT levels during follow-up 394 + 228 65.5 + 52.8

*p<0.05 (compared to genotype C)

the positive rate of HBeAg in genotypes B and
C and age is shown in Table 2. In 20- to 30-
year-old genotype B carriers, 11 carriers
exhibited a relatively higher positive rate of
HBeAg. On the other hand, in genotype C,
the percentages of HBeAg positive cases were
higher than genotype B at all ages, in
particular, in the carriers in their 20s.

3. Changes in the HBeAg/anti-HBe
system in genotype B and C carriers
during follow-up

Six (54.5%) of 11 genotype B carriers who

were positive for HBeAg at the first
examination seroconverted to anti-HBe
during follow-up, while 5 (45.5%) carriers
remained HBeAg positive during follow-up.
Of the 115 genotype C carriers who were
positive for HBeAg at the first examination, 24
(20.9%) carriers seroconverted to anti-HBe
and 12 (10.4%) carriers were positive for
alternately between HBeAg and anti-HBe,
while 79 (68.7%) carriers remained HBeAg
positive during follow-up. Duration until the
seroconversion from HBeAg to anti-HBe was
45423 years (range; 2 ~ 8 years) in
genotype B, and 6.0+ 4.2 years ( 1 ~15 years)
in genotype C.

4. Relationship between HBV genotypes
and serur ALT levels during follow-up

Serum ALT levels during a long-term

follow-up were compared among the three
HBV genotypes. Serum ALT levels of each
HBYV genotype were 29.3+ 22.1 [U/L in

genotype A, 27.74:17.5 TU/L in genotype B,
40.8+50.0 IU/L in genotype C. The levels of
serum ALT in the genotype C were
significantly higher (p<0.05) than those of
genotype B, but no significant differences
were observed between genotypes A and B.

5. Analysis of HBV carriers complicated

with HCC

Comparison between HCC cases with
genotype B or C is shown in Table 3. Cases
with genotype B were significantly older
compared to-the cases with genotype C. All
cases with genotype B exhibited a negative
rate of HBeAg at the start of follow-up, while
HBeAg was positive in 27.3% of cases with
genotype C. Serum ALT levels during follow-
up were significantly higher in genotype C
than in genotype B.

IV. Discussion

In Iwate Prefecture, the immunoprophylaxis
of perinatal transmission of HBV was started
in 1981 and covered more than 60% of all
babies by 1986 when it became a mandatory
national program'®. Briefly, 20.7% of HBV
carrier mothers were positive for HBsAg and
their babies received immunoprophylaxis. As
a result of this program, the prevalence of
HBsAg decreased from 0.75% in children born
between 1978 and 1980 to 0.23% in those born
between 1981 and 1985, and further to 0.04%
In those born between 1986 and 1990.
Therefore, it is believed that the prevention of
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perinatal HBV transmission influences not
only mother-to-baby transmission but also
horizontal transmission from HBV carrier
children who might be infected during
infancy. However, there are still many HBV
carriers who have not received
immunoprophylaxis under the national
program for prevention of HBV infection.

Among the HBV carriers residing in Japan,
a small number of HBeAg positive carriers or
carriers with abnormal levels of serum ALT
are recognized as a high-risk group for
developing CH and LC or HCC® 19,
However, clinical features and outcome in the
majority of HBV carriers with different HBV
subtypes remain unclarified.

In this large-scale survey three genotypes
were found among HBV carriers residing in
Iwate Prefecture who were identified during a
health-screening program between 1977 and
2004. HBV genotypes B and C were the most
common, followed by genotype A. In a
previously published report by Orito and
colleaguesﬁ), concerning the geographic
distribution of HBV genotypes among patients
with chronic liver disease in Japan, the
prevalence of genotype B in the Tohoku area
including Iwate Prefecture was reported to be
higher (22.9%) than that of the other
mainland areas. However, the rate of HBV
genotype B in this study was higher than
expected (44.5%), even if a high rate of HBV
genotype B was considered to be endemic in
the Tohoku area. A possible reason for this is
that our subjects lived without any medical
management.

Generally, in HBV carrier residents with
genotype B, seroconversion from HBeAg to
anti-HBe occurs at a young age (10-20 years
after birth) , resulting in stabilization of liver

function. Therefore, the majority of HBV
genotype B carriers live as asymptomatic
carriers who do not require medical

management or follow-up'®.

Actually, the
positive rate of HBeAg in carrier residents
with genotype B was extremely low compared
to carrier residents with genotype C at the
start of follow-up. On the other hand, it has
been found that seroconversion from HBeAg
to anti-HBe at a young age is not frequent in
genotype C carriers, and in most patients
abnormal serum ALT levels remain® ° 16,
Therefore, the HBV carriers with genotype C
have many opportunities to visit the hospital
and receive the medical management,
resulting in high prevalence of genotype C. In
the present study, the prevalence in every age
group of genotype C carriers were
significantly lower than rates of anti-HBe of
genotype B carriers, while the serum AST and
ALT levels were higher in genotype C.
Ishikawa, et al.’® previously showed that the
seroconversion from HBeAg to anti-HBe was
less likely to occur in genotype G carriers,
especially in carriers in their 40s. These
subjects were also more likely to develop
chronic liver disease, because their serum
transaminase levels fluctuated and their HBV-
DNA levels were high.

Interestingly, in the present study we found
that the prevalence rate of genotype A was
relatively high among young people from 20 to
30 years old. Genotype A is the predominant
genotype in Europe and the United States?.
A previous report concerning the geographic
distribution of HBV genotypes in Japan
showed a low prevalence rate (1.7%) of HBV
genotype A% A recent report has suggested
that acute hepatitis patients infected with
HBV genotype A often transfer to a persistent
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HBV carrier state'®.

HBYV infections are genotypes A and D, and

Also, in Europe, most

significantly more genotype A carriers
developed chronic liver disease when
compared with genotype D carriers®. The
reason for the increased prevalence rate of
genotype A in Iwate Prefecture among the
young generation is unclear, and it is
therefore necessary to follow these carriers
over the long term.

HBV is one of the major causative agents of
HCC in Japan. In particular, HBV genotypes
B and C are frequently seen in patients with
HCC. Previous reports in Japan showed that
the mean age is higher in HCC patients with
genotype B than in those with genotype C,
although results in Taiwan and another Asian

5, 11-13)
1 . In general,

countries are controversia
genotype B is less prevalent than genotype C
among patients with liver cirrhosis, because
HBV genotype B is associated with earlier
seroconversion from HBeAg to the
corresponding anti-HBe and with lower
histological activity scores. In the present
study, we also demonstrated that HBV
carriers with genotype B and HCC were
significantly older than cases with genotype
C. In addition, genotype B carriers showed
lower serum ALT levels during follow-up than
genotype C carriers. Therefore, these results
suggest that genotype C carriers might have a
tendency for persistent fluctuation of
abnormal serum ALT levels over the long-
term, accelerating the development of HCC.
Recently, lamivudine, an oral cytosine
nucleoside analogue, which potently inhibits
HBV replication by interfering with HBV
reverse transcriptase activity, has been used
clinically for the treatment of chronic HBV
21-23)

infection This therapy for chronic HBV

infection induced a marked decrease in HBV-
DNA and ALT levels, resulting in histological
improvement, although lamivudine iresistant
HBV strains have appeared in long-term

lamivudine therapy? 2.

Therefore, this
therapy is expected to change the natural
course of HBV carriers with persistent
abnormal liver function.

In conclusion, the prevalence of genotypes
B and C were equal in HBV carriers residing
in Iwate Prefecture. Differences between
HBV genotypes, in particular genotypes B and
C, were closely associated with positive rate
of HBeAg, fluctuating serum ALT levels, and
clinical outcomes of these carriers.
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