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We carried out a molecular characteristic-based epidemiological survey of various hepatitis viruses, includ-
ing hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis E virus (HEV), and GB virus C (GBV-C)/hepatitis
G virus (HGV), in Myanmar. The study population of 403 subjects consisted of 213 healthy individuals residing
in the city of Yangon, Myanmar, and the surrounding suburbs and 190 liver disease patients (155 virus-related
liver disease patients and 35 nonviral disease patients). The infection rates of the viruses among the 213
healthy subjects were as follows: 8% for HBV (16 patients), 2% for HCV (4 patients), and 8% for GBV-C/HGV
(17 patients). In contrast, for 155 patients with acute hepatitis, chronic hepatitis, liver cirrhosis, or hepato-
cellular carcinoma, the infection rates were 30% for HBV (46 patients), 27% for HCV (41 patients), and 11%
for GBV-C/HGV (17 patients). In the nonviral liver disease group of 35 patients with alcoholic liver disease,
fatty liver, liver abscess, and biliary disease, the infection rates were 6% for HBV (2 patients), 20% for HCV (7
patients), and 26% for GBV-C/HGV (9 patients). The most common viral genotypes were type C of HBV (77%),
type 3b of HCV (67%), and type 2 of GBV-C/HGV (67%). Moreover, testing for HEV among 371 subjects re-
sulted in the detection of anti-HEV immunoglobulin G (IgG) in 117 patients (32%). The age prevalence of anti-
HEV IgG was 3% for patients younger than 20 years and 30% or more for patients 20 years of age or older.
Furthermore, a high prevalence of anti-HEV IgG (24%) was also found in swine living together with humans
in Yangon. These results suggest that these hepatitis virus infections are widespread in Myanmar and have led
to a high incidence of acute and chronic liver disease patients in the region.

Viral hepatitis exists throughout the world and is a major
global public health problem. Although sensitive and specific
tests for the detection of known hepatitis viruses are available,
other as-yet-unidentified hepatitis viruses may also be respon-
sible for acute and chronic hepatitis. These viruses may or may
not be related to known agents of hepatitis virus types A
through E. In 1996, novel RNA viruses were identified from
the sera of patients with liver disease by two American groups:
these possible agents have been named hepatitis GB virus type
C (GBV-C) and hepatitis G virus (HGV), respectively (8, 25).
Molecular characterization of these two agents has shown
them to be different isolates of the same virus (26). Although
there have been extensive investigations of GBV-C/HGV since
its discovery, the nature of GBV-C/HGV and its real patho-
genic role remain controversial. To approach these problems,
we are working on the molecular characteristic-based epide-
miology of hepatitis viruses and their pathogenesis in different
geographic regions. Here we report the prevalence of hepatitis
viruses, including types B, C, and E, and GBV-C/HGV, in
Myanmar, where there has been no detailed epidemiological
information obtained on these hepatitis virus infections in the
past. In addition, the prevalence of antibody to hepatitis E
virus (HEV) was also determined for swine to gain an under-
standing of the modes of HEV transmission in Myanmar.

MATERIALS AND METHODS

Study population. We used serum samples obtained from 213 healthy blood
donors and 190 liver disease patients in Myanmar. All were Myanmarese ranging
in age from 7 to 80 years. The male/female ratio was 2.5:1. Most individual blood
donors who received a health checkup did not appear to have any serious health
problems. The patients with liver diseases were examined at the Yangon General
Hospital, Yangon, Myanmar. The clinical diagnosis for these patients was based
on the findings of ultrasound, serology, and liver histopathology. They were
residents of Yangon, Myanmar, or its suburbs. Informed consent for participa-
tion in this study was obtained from each individual. The serum samples were
collected from 1998 to 2000 and stored at 240°C or below until analysis.

Serum samples from swine. We collected serum samples for anti-HEV assay
from 86 swine livestock housed in a slaughterhouse located in Yangon.

Extraction of nucleic acids and detection of HBV DNA, HCV RNA, and
GBV-C/HGV RNA by multiplex PCR method. Both DNA and RNA were ex-
tracted simultaneously from 100-ml volumes of serum by using the SepaGene
RV-R kit (Sanko Junyaku Co., Ltd., Tokyo, Japan), precipitated with isopropa-
nol, and washed in ethanol. The resulting pellet was resuspended in 50 ml of
RNase-free water. The sequences of PCR primers were as follows: (i) for hep-
atitis B virus (HBV) (X region), 59-TGCCAACTGGATCCTTCGCGGGACG
TCCTT-39 (MD24, sense primer, nucleotide [nt] 1392 to 1421) and 59-GTTCA
CGGTGGTCTCCATG-39 (MD26, antisense primer, nt 1625 to 1607) for the
outer primer pairs (233 bases) and 59-GTCCCCTTCTTCATCTGCCGT-39
(HBx1, sense primer, nt 1487 to 1507) and 59-ACGTGCAGAGGTGAAGCGA
AG-39 (HBx2, antisense primer, nt 1604 to 1584) for the inner primer pairs (118
bases); (ii) hepatitis C virus (HCV) (59-untranslated region), 59-GCGACACTC
CACCATAGAT-39 (19, sense primer, nt 2 to 20) and 59-GCTCATGGTGCAC
GGTCTA-39 (20, antisense primer, nt 312 to 330) for the outer primer pairs (329
bases) and 59-CTGTGAGGAACTACTGTCT-39 (21, sense primer, nt 28 to 46)
and 59-ACTCGCAAGCACCCTATCA-39 (22, antisense primer, nt 277 to 295)
for the inner primer pairs (268 bases); and (iii) for GBV-C/HGV (59-untrans-
lated region), 59-GGTCGTAAATCCCGGTCACC-39 (HG1, sense, nt 139 to
158) and 59-CCCACTGGTCCTTGTCAACT-39 (HG1R, antisense, nt 381 to
400) for the outer primer pairs (262 bases) and 59-TAGCCACTATAGGTGG
GTCT-39 (HG2, sense, nt 163 to 182) and 59-ATTGAAGGGCGACGTGGAC
C-39 (HG2R, antisense; nt 331 to 350) for the inner primer pairs (188 bases). The
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nucleotide positions were deduced from HBVadr4 isolate (5) for HBV, HC-J1
isolate (21) for HCV, and HGV-PNF2161 isolate (8) for GBV-C/HGV.

To obtain simultaneous detection of hepatitis B and C and GBV-C/HGV viral
genomes, we used the multiplex PCR method as described previously (6). In fact,
the multiplex PCR was performed in a one-step process that combines cDNA
synthesis and PCR in a single tube. That is, for HCV and GBV-C/HGV RNA,
the first PCR was combined with the reverse transcriptase (RT) step in one tube
containing 50 ml of a reaction buffer containing 10 U of RNase inhibitor (Pro-
mega, Madison, Wis.), 100 U of Moloney murine leukemia virus RT (Promega),
40 ng of outer primer for (each) HBV, HCV, and GBV-C/HGV, a 300 mM
concentration of each of the four deoxynucleotides, 2 U of AmpliTaq Gold DNA
polymerase (Perkin-Elmer, Norwalk, Conn.), and 13 reaction buffer containing
1.5 mM MgCl2. To obtain an automatic hot-start reaction, we used AmpliTaq
Gold DNA polymerase instead of regular thermostable DNA polymerase. The
thermocycler was programmed to incubate the samples for 50 min at 37°C for the
initial RT step and then preheat at 95°C for 10 min to activate the AmpliTaq
Gold polymerase; these preliminary steps were followed by 40 cycles of 94°C for
30 s, 50°C for 45 s, and 72°C for 1 min using a model no. 2400 or 9700 thermal
cycler (Perkin-Elmer). For the second reaction, 2ml (1/25 volume) of the first
PCR product was added to a tube containing the inner primer, deoxynucleotides,
AmpliTaq Gold DNA polymerase, and PCR buffer as described for the first
reaction mixture, but the RT was omitted, as was the initial 50 min of incubation
at 37°C. Amplification was performed for 40 cycles with the following parame-
ters: preheating at 95°C for 10 min; 20 cycles of amplification at 94°C for 30 s,
annealing at 53°C for 45 s, and extension at 72°C for 1 min; and an additional 20
cycles of 94°C for 30 s, 55°C for 45 s, and 72°C for 1 min. The PCR products were
electrophoresed on a 3% agarose gel, stained with ethidium bromide, and eval-
uated under UV light. The sizes of the PCR products were estimated according
to the migration pattern of a 50-bp DNA ladder (Pharmacia Biotech, Piscataway,
N.J.). To avoid the risk of false-positive results, PCR assays were done with strict
precautions against cross-contaminations. Furthermore, all PCR assays were
performed in duplicate to confirm reproducibility.

Genotyping by PCR assay. The genotyping of each virus was determined by
PCR method using type-specific primers as reported previously (15, 18, 20).

Assay for antibody to HEV in human and swine. Immunoglobulin G (IgG) and
IgM antibodies to HEV were measured by enzyme-linked immunosorbent assay.
The enzyme-linked immunosorbent assay to detect anti-HEV using virus-like
particles expressed by a recombinant baculovirus was performed as reported
previously (7), except that the secondary antibody was replaced with alkaline
phosphatase-conjugated goat anti-swine IgG and IgM (Bethyl Laboratories, Inc.,
Montgomery, Tex.).

RESULTS

Prevalence of HBV, HCV, and GBV-C/HGV infections.
Among 213 healthy individuals, HBV DNA, HCV RNA, and
GBV-C/HGV RNA were detected in 16 (8%), 4 (2%), and 17
(8%) subjects, respectively (Table 1). In contrast, these viruses
were detected in 46 (30%), 41 (27%), and 17 (11%) subjects,
respectively, among 155 liver disease patients with acute hep-
atitis, chronic hepatitis, liver cirrhosis, or hepatocellular carci-
noma. In particular, hepatocellular carcinoma patients were
most often infected with HBV (56%), followed by HCV (24%)
and GBV-C/HGV (16%). On the other hand, these viruses
were present in 2 (6%), 7 (20%), and 9 (26%) patients, re-
spectively, among nonviral liver diseases patients, including
alcoholic liver disease, fatty liver, liver abscess, and biliary dis-
ease. In particular, HCV RNA was detected in 31% of patients
(4 of 13 tested patients) who were diagnosed clinically as hav-
ing alcoholic liver diseases.

Prevalence of anti-HEV antibodies in humans and swine.
The overall seroprevalences of anti-HEV antibodies were 31.5%
(117 of 371 persons) for IgG and 1% (4 of 371 persons) for
IgM among tested human individuals. The age-specific preva-
lence reached 32% (49 of 151 persons) among persons 21 to 40
years of age, 33% (45 of 138 persons) among persons 41 to 60
years of age, and 42% (22 of 52 persons) among persons over
61 years old but was only 3% (1 of 30 persons) among those
under 20 years old. On the other hand, anti-HEV IgG and
anti-HEV IgM were also detected in 21 (24%) and in 5 (6%)
of 86 tested swine, respectively.

Genotypic distribution of each virus. As shown in Table 2,
genotype C of HBV (77%) was the most prevalent, followed by
type A (8%), among 64 patients tested. For HCV, the most
common genotype among the 24 patients examined was type

TABLE 1. Prevalence of HBV, HCV, and
GBV-C/HGV in Myanmar

Subject group and
disease n

No. of subjects witha:

HBV
DNA

HCV
RNA

HGV
RNA

Coinfec-
tion

Patients with:
Acute hepatitis 21 3 (14) 2 (10) 1 (5) 1 (5)
Chronic hepatitis 28 9 (32) 4 (14) 3 (11) 2 (7)
Liver cirrhosis 81 20 (25) 29 (36) 9 (11) 6 (7)
Hepatocellular carcinoma 25 14 (56) 6 (24) 4 (16) 3 (12)

Subtotal 155 46 (30) 41 (27) 17 (11) 12 (8)

Patients with:
Alcoholic liver disease 13 1 (8) 4 (31) 3 (23) 3 (23)
Fatty liver 11 0 1 (9) 0 0
Liver abscess 7 1 (14) 2 (29) 2 (29) 0
Biliary system disease 4 0 0 4 (100) 0

Subtotal 35 2 (6) 7 (20) 9 (26) 3 (9)

Healthy individuals 213 16 (8) 4 (2) 17 (8) 0

Total 403 64 (16) 52 (13) 43 (11) 15 (4)

a Values in parentheses indicate percentages.

TABLE 2. Genotypic distribution of HBV, HCV, and
GBV-C/HGV in Myanmar

Virus (no. of persons tested)
and genotype

No. of
subjectsa

HBV (64)
A............................................................................................. 5 (8)
B ............................................................................................. 0 (0)
C ............................................................................................. 49 (77)
D............................................................................................. 0 (0)
E ............................................................................................. 0 (0)
F.............................................................................................. 0 (0)
B 1 Cb ................................................................................... 2 (3)
Unclassified ........................................................................... 8 (13)

HCV (24)
1a ............................................................................................ 3 (13)
1b............................................................................................ 1 (4)
3a ............................................................................................ 2 (8)
3b............................................................................................ 16 (67)
Unclassified ........................................................................... 2 (8)

GBV-C/HGV (43)
1 .............................................................................................. 0 (0)
2 .............................................................................................. 29 (67)
3 .............................................................................................. 5 (12)
4 .............................................................................................. 7 (16)
2 1 3b..................................................................................... 2 (5)

a Values in parentheses are percentages.
b Coinfection of more than one genotype.
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3b (67%), followed by types 1a (13%) and 3a (8%). For GBV-
C/HGV, type 2 (67%) was the most widespread, followed by
type 4 (16%) and type 3 (12%), for the 43 patients tested.
Interestingly, 13% of the HBV cases and 8% of the HCV cases
were unclassified for these populations.

DISCUSSION

Viral hepatitis is an important public health and economic
problem. However, information on infectious diseases in de-
veloping countries, and particularly in isolated communities, is
scarce. In Myanmar, an adequate level of information on the
epidemiology of HBV, HCV, HEV, and GBV-C/HGV infec-
tions has not been available so far. In this study, we performed
molecular characteristic-based seroepidemiology of these virus
infections in Myanmar and found that these hepatitis viruses
are widespread in Myanmar and have led to a high incidence of
acute and chronic liver disease patients in this region. How-
ever, the prevalence of GBV-C/HGV among healthy individ-
uals (8%) was not significantly different from that found for the
viral liver disease group (11%) including acute or chronic hep-
atitis, liver cirrhosis, and hepatocellular carcinoma patients.
Genotype C of HBV was previously found to be the most
widespread in Asia (9), but no information on HCV genotypes
in Myanmar has been available until now. Our investigation
(this study) showed that the genotypes prevailing in this coun-
try were type C for HBV and type 3b for HCV. In addition,
13% of HBV cases and 8% of HCV cases were unclassified in
these populations. These findings suggest that there are some
variants of HBV and HCV in Myanmar. In fact, we obtained
several HBV isolates (from Myanmarese subjects) recently
that have a deletion mutant in the pre-S gene (data not shown).
Characterization of the genome and genotyping of HBV are
important, because a vaccination plan against HBV is to be
advanced in the future in Myanmar. A relevant study is in
progress, and we plan to report it elsewhere. In general, the
route of viral infection in tropical areas is not clear. In fact, the
routes and factors involved were not identified in the present
study. There was only a little evidence of the massive use of
intramuscular and/or intravenous injection or blood transfu-
sion. We are presently conducting an investigation to clarify
the transmission route of these viruses.

GBV-C/HGV, a recently discovered human RNA virus (8,
25), which may be transmitted by transfusion of blood or blood
products, is distributed worldwide. The presence of GBV-C/
HGV has been detected in the blood of asymptomatic individ-
uals and in the blood of patients with liver diseases (1, 8, 12,
19). On the other hand, it has also been reported that GBV-
C/HGV infection does not induce significant liver damage;
hence, the nature of GBV-C/HGV and its real pathogenic role
remain controversial (2, 3). GBV-C/HGV is not characterized
by a great genome variability as great as that of HCV, but
several studies have suggested the existence of three different
genotypes (13, 14, 22, 24). Recently, we reported the existence
of a novel genotype of GBV-C/HGV in Southeast Asian coun-
tries and designated it genotype 4 (16, 17). Therefore, GBV-
C/HGV can be classified now into four different genotypes
corresponding to geographic distribution. Based on this clas-
sification, we found that the major genotype of GBV-C/HGV
in infected Myanmarese is genotype 2, followed by genotype 4.

HEV, previously referred to as enterically transmitted non-
A, non-B hepatitis, is a major cause of epidemic hepatitis and
of acute, sporadic hepatitis in developing countries (23). Many
outbreaks of HEV-induced hepatitis have been reported in
India, Southeast and Central Asia, Africa, and Mexico (4). Our
results indicated that although there was a high prevalence of
anti-HEV antibodies among persons over 21 years old, the
prevalence of these antibodies was very low among persons
younger than 20 years old. This suggests that a mass outbreak
of HEV infection has not occurred in the last 20 years in
Myanmar. It is noteworthy that we also found a high preva-
lence of anti-HEV antibodies in swine living together with hu-
mans in Yangon. Recently, Meng et al. (10, 11) reported iso-
lating, from swine, a novel virus closely related to the human
HEV, which they named swine HEV. Although the sequence
analysis of swine HEV remains to be investigated, our findings
may help to provide an understanding of the modes of HEV
transmission and may also raise potential public health con-
cerns for zoonosis in Myanmar.

In conclusion, hepatitis virus infections are widespread in
Myanmar and have led to a high incidence of acute and chronic
liver disease in the region. In particular, more than half of the
hepatocellular carcinoma patients in Myanmar were found to
be infected with HBV, followed in frequency by HCV. Estab-
lishment of defense measures against hepatitis virus infection
is an important and urgent matter for Myanmar.
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