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Infection with the hepatitis B virus (HBV) remains a 
very important disease, with 400 million people chroni-
cally infected and 50 million new cases diagnosed an-
nually  (WHO 2000).

Most of the information on the clinical significance 
of HBV genotypes has been based on studies from Asia 
countries and is restricted to comparisons between geno-
types B and C  (Lindh et al. 1999, Chu et al. 2002, Kao et 
al. 2002, Kobayashi et al. 2002, Sakugawa et al. 2002, Wai 
et al. 2002, Lee et al. 2003, Nakayoshi et al. 2003, Sumi 
et al. 2003). Few studies have evaluated the role of geno-
types in non-Asian population and the infection outcomes  
(Mayerat et al. 1999, Sanchez-Tapias et al. 2002, Thakur 
et al. 2002, Chu et al. 2003, Gandhe et al. 2003, Kumar et 
al. 2005, Halfon et al. 2006, Madan et al. 2009).

In Brazil, the prevalence of chronic HB infection 
varies greatly owing to its continental dimensions with a 
great ethnic diversity. The majority of Brazilian regions, 
which includes Rio de Janeiro (RJ), in Southeast Brazil, 
has a low prevalence of chronic HBV infection, with a 
positivity for HB surface antigen (HBsAg) less than 1%  
(Pereira et al. 2009), in contrast to a higher endemicity, 
up to 3%, at the Amazonian Basin  (Viana et al. 2005). 
Mello et al. (2007) among others have already shown 
that genotype A is the most prevalent genotype in Brazil 

followed by genotypes D and F  (Araujo et al. 2004, Vi-
ana et al. 2005, Ribeiro et al. 2006).

So far, the association between genotypes non-B and 
non-C and severity of liver disease is unclear. The aim 
of this study was to compare the non-B and non-C geno-
types in RJ, according to demographic features, clinical 
status, serum HBV-DNA levels and liver histology.

PATIENTS, MATERIALS AND METHODS

This is a cross-sectional study of adults with chronic 
HBV infection in RJ. Consecutive chronic HBV-infected 
patients seen in Federal University of Rio de Janeiro, dur-
ing a two-year period from January 2007-January 2009, 
were enrolled. This is the main reference centre for the 
study of HB in RJ. Inclusion criteria were chronic HBV 
infection defined as presence of HBsAg for more than six 
months and detectable serum HBV-DNA levels. Patients 
previously treated or ongoing antiviral treatment were ex-
cluded. For the comparative analysis, patients with hepa-
titis Delta, human immunodeficiency virus (HIV) and 
hepatitis C virus (HCV) co-infection were also excluded. 

The study was approved by the Research Ethical 
Committee and eligible patients were asked to sign a 
written consent form before participating in this study.

Demographic, clinical and laboratorial data were 
collected during clinical visits. Demographic data in-
cluded gender, age and race. Clinical information in-
cluded presumed source of infection (vertical, horizontal 
and unknown). Laboratory data included serum alanine 
aminotransferase (ALT) levels, HBsAg, HB “e” antigen 
(HBeAg) status, HBV-DNA levels, HBV genotyping, 
anti-HCV, anti-HDV, anti-HIV and liver histology.
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Data concerning the relationship between hepatitis B virus (HBV) genotypes and liver histology are scarce. 
The aim of this study was to compare HBV non-B and non-C genotypes according to demographic features, clinical 
status, HBV-DNA levels and liver histology in Rio de Janeiro. One hundred twenty one consecutive chronic HBV-
infected patients were enrolled during two-year period and data were prospectively collected. Sera were tested for 
HBV genotyping using restriction fragment length polymorphism. Liver biopsy was obtained from patients with 
either increased alanine aminotransferase (ALT) or HBV-DNA levels. Genotype A was the most common, found in 
82 (68%) patients, followed by F in 19 (15%), D in 17 (14%), B in one (1%) and C in two (2%). There was no associa-
tion between HBV genotypes A, D and F and gender (p = 0.37), age (p = 0.78), race (p = 0.22), mode of infection (p 
= 0.94), HB “e” antigen status (p = 0.37) and HBV-DNA levels (p = 0.47). The ALT levels were lower in genotype D 
(75%) compared with A (47%) and F (55%) (p = 0.05). Liver biopsy showed lower inflammation [histological activ-
ity index (HAI) = 4] and fibrosis (F) (= 0) scores in genotype D than in genotypes A (HAI = 5, p < 0.001; F = 2, p 
= 0.008) or F (HAI = 5, p = 0.009; F = 2, p = 0.01). Genotype A was the most prevalent in chronic HBV-infected 
patients and genotype D patients presented with less intense liver disease.
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ALT levels - Three ALT values were performed at two 
months intervals. Based on ALT values, patients were 
classified as follow: normal ALT [≤ 1 x upper limit of 
normal values (ULN) in the 3 determinations] or elevated 
ALT (> 1 x ULN in at least 1 of the 3 determinations). 

Determination of serological markers - The serologic 
profile was evaluated based on the detection of HBsAg, 
HBeAg, anti-HBe, anti-HCV and anti-HIV by enzyme 
immunoassay (Abbott, North Chicago, IL, USA). Anti-
body to hepatitis D virus was tested with enzyme-linked 
immunosorbent assay (Abbott, Abbott Park, IL, USA).

Quantitative detection of serum HBV-DNA - Serum 
HBV-DNA levels were determined by a sensitive PCR 
quantitative method, Cobas Taqman, HBV assay (Roche) 
(range 29-110,000,000 IU/mL).

HBV genotyping - HBV genotyping was determined 
by a restriction fragment length polymorphism (RFLP). 
Serum HBV-DNA was extracted and amplified using 
polymerase chain reaction (PCR) with pre-S and S gene 
primers. The PCR products containing genotype-specif-
ic regions were digested by restriction enzymes and the 
fragments were submitted to electrophoresis on agarose 
gel stained with ethidium bromide (Roche Molecular 
Biochemicals, Mannheim, Germany). The patterns of 
DNA fragments were then examined under ultraviolet 
light and compared with published patterns to ascertain 
HBV genotypes  (Mizokami et al. 1999).

Histological analysis - Liver biopsy was obtained 
from patients with either increased ALT or HBV-DNA 
levels > 2,000 IU/mL or both. The histological lesions 
were graded according to the classification proposed by 
Ishak et al.  (1995). Stage of fibrosis (F) and grade of 
inflammation [histological activity index (HAI)] were 
converted into binomial variables of advanced fibrosis 
(stage 3-6) vs. mild fibrosis (stage 0-2) and moderate/
severe inflammation (grade 7-18) vs. mild inflammation 
(grade 0-6). The diagnosis of liver cirrhosis was defined 
when the staging score of the Ishak system was ≥ 5.

Statistical analysis - Data were analyzed with the 
SPSS for Windows version 11 (SPSS, Inc, Chicago, IL, 
USA). Numerical variables were expressed as mean and 
standard deviation and the median was used when the 
variable did not show a Gaussian distribution. Categori-
cal variables were reported as absolute and relative fre-
quency. The χ2 test and Fisher exact test were used for 
comparison of the categorical variables. Numerical vari-
ables were compared by the Student t test, Mann-Whit-
ney and Kruskal-Wallis tests. A level of significance of 
0.05 (a = 5%) was adopted.

RESULTS

Demographic, clinical, biochemical and virological 
characteristics - The main characteristics of the 121 pa-
tients are provided in Table I. 

The study population included 89 (74%) male pa-
tients and mean age was 38.3 ± 12.8 years (range 12-68). 
The proportion of race in the study was 50% of white 
patients, 47% of black and only 3% were Asian. The 
presumed mode of infection was known in 68 (56%) 

patients; 36% were presumed to have acquired HBV in-
fection through sexual or parenteral exposure and 20% 
with a history of maternal-infant route. ALT levels were 
elevated in 62 (51%), the median value was 0.9 x ULN.

Among the 121 patients with chronic HBV infection 
enrolled, eight (6%) were HBV-HIV coinfected patients, 
all of them currently receiving antiretroviral therapy. 
Neither HCV nor HDV coinfection was shown in any 
patient. Eighty (66%) patients were HBeAg-negative.

Serum HBV-DNA level was detected in all cases, the 
median value was 15,754 IU/mL (range 68-66,444,954 
IU/mL).

Histological analysis - Among the 82 patients who 
met the established criteria for liver biopsy, the median 
of HAI was 4.0 (1-18) and the median of fibrosis stage 
was 1.5 (1-6). Sixty-eight patients (83%) had mild in-
flammation (HAI < 7) and 59 (72%) had mild fibrosis  
(< 3). Liver cirrhosis was observed in 10 (12%) patients.

HBV genotypes - HBV genotypes could be identified 
by RFLP assay in all patients and five HBV genotypes 
(A-D, F) were found. Genotype A as the most common, 
being present in 82 (68%) patients, followed by genotype 
F found in 19 (15%) and genotype D in 17 (14%). Geno-
types B and C were rare, identified in only three (3%) of 
the patients who were born in China. 

Comparative analysis according to HBV genotypes 
- Demographic, clinical, biochemical and virological 
characteristics - Eleven patients were excluded from the 
comparative analysis: eight receiving antiviral therapy 
(HBV-HIV), two patients with genotype B and 1 patient 

TABLE I
Demographic, biochemical and virological characteristics  

of the 121 chronic hepatitis B (HB) patients

Male sex [n (%)] 89 (74)
Mean age (years, SD) 38.3 ± 12.8 (12-68)
Race [n (%)]

White 61 (50)
Black 57 (47)
Asian 3 (3)

Presumed mode of infection [n (%)]
Unknown 53 (44)
Sexual or parenteral exposure 44 (36)
Maternal-infant route 24 (20)

Genotype [n (%)]
A 82 (68)
B 1 (1)
C 2 (2)
D 17 (14)
F 19 (15)
HBeAg (-) 80 (66)
Elevated ALT 62 (51)

HBV-DNA level (median-IU/mL) 15,754 (68-66,444,954)

ALT: alanine aminotransferase; HBeAg: HB “e” antigen; 
HBV: HB virus; SD: standard deviation.
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with genotype C infection. Thus, 110 patients infected 
with genotypes A (76), F (18) and D (16) were included 
in the comparative study. The population’s characteris-
tics by genotype are provided in Table II.

In the present study, there was no difference between 
gender (p = 0.37), age (p = 0.78), race (p = 0.22), pre-
sumed mode of infection (p = 0.94) and HBV genotypes. 
As shown in Table II, patients with HBV genotype D 
were most likely to have lower ALT values (75%) com-
pared with genotypes A (47%) and F (55%) and these 
differences were significant (p = 0.05). 

There was not significant association between HBV 
genotypes and the HBeAg status (p = 0.37) or HBV-
DNA levels (p = 0.47). 

Histological analysis - Although the large proportion 
of patients had mild histological changes with minimal 
liver damage, we observed an association between the in-
flammation score (p = 0.001) and the fibrosis stage (p = 
0.01) with HBV genotypes. Pairwise comparisons showed 
significant lower scores of inflammation (HAI = 2) and 
fibrosis (0) in genotype D compared with genotype A 
(HAI = 4, p < 0.001; F = 2, p = 0.008) or genotype F (HAI 
= 5, p = 0.009; F = 2 p = 0.01), as shown in Table II.

DISCUSSION

There is growing evidence that HBV genotypes may 
influence the outcomes and the severity of HBV, mainly 
in Asian studies, with more serious disease observed in 
patients infected with genotype C  (Lindh et al. 1999, 
Kao et al. 2000, 2002, Chu et al. 2002, Kobayashi et al. 

2002, Sakugawa et al. 2002, Sugauchi et al. 2002, Wai 
et al. 2002, Chan et al. 2003, Lee et al. 2003, Nakayoshi 
et al. 2003, Sumi et al. 2003). Nevertheless, the infor-
mations about differences in the clinical, virological and 
histological characteristics among patients with geno-
types non-B and non-C, prevailing in Western countries, 
are scarce and controversial.

Data are conflicting, with some groups reporting se-
vere liver disease in patients with genotype A  (Lindh et 
al. 1996, Mayerat et al. 1999, Kumar et al. 2005, Tonet-
to et al. 2009) compared with genotype D, while other 
groups found no significant differences between geno-
types A or D, concerning the severity of liver disease, 
observed in liver specimens  (Sanchez-Tapias et al. 2002, 
Halfon et al. 2006, Madan et al. 2009). The present study 
is the first to describe less intense histological liver dis-
ease in genotype D patients. The clinical significance 
of genotype A and D and the outcomes of chronic HBV 
infection remain to be determined so far.

The present study is the largest cross-sectional study 
that evaluated the clinical significance of HBV geno-
types in RJ, the second most populous city in Brazil. In 
accordance with previous reports  (Moraes et al. 1996, 
Araujo et al. 2004, Ribeiro et al. 2006, Mello et al. 2007, 
Tonetto et al. 2009), this study showed that HBV geno-
type A was the most prevalent in RJ, followed by geno-
types D and F. The predominance of genotype A may be 
the result of the influx of African population during the 
slavery colonial period and the influence from European 
immigration that occurred during the 20th century.

TABLE II
Hepatitis B virus (HBV) genotypes in relation to the demographics, laboratorial and histological characteristics

Genotypes

pA D F

Patient population (n = 110) [n (%)] 76 (70) 16 (14) 18 (16) -
Age (mean, SD, years) 36.9 ± 13.6 39.1 ± 11.2 38.5 ± 11.7 0.78a

Male sex [n (%)] 57 (75) 10 (63) 11 (61) 0.37b

Race [n (%)]
White 36 (47) 11 (69) 11 (61) 0.22b

Presumed mode of infection [n (%)] 0.94c

Unknown 35 (46) 9 (56) 9 (50) -
Sexual or parenteral exposure 26 (34) 5 (31) 5 (28) -
Maternal-infant route 15 (20) 2 (13) 4 (22) -
HBeAg (-) 52 (68) 14 (88) 13 (72) 0.37c

Normal ALT 36 (47) 12 (75) 10 (55) 0.13b

ALT vs. ULN (median, IU/L) 0.9 (0.3-6.6) 0.5 (0.3-17.4) 0.9 (0.3-3.3) 0.05d

HBV-DNA level (mean, SD, log10) 4.6 ± 1.6 4.3 ± 1.5 4.3 ± 1.9 0.47d

Histology (n = 82)
HAI (median) 4.0 (0-11) 2.0 (0-7) 5.0 (1-8) 0.001d

Fibrosis (median) 2.0 (0-6) 0 (0-5) 2.0 (0-3) 0.01d

Cirrhosis [n (%)] 9 (11) 1 (1) 0 (0) 0.01c

a: Anova; b: χ2 test; c: Fisher exact test; d: Kruskal Wallis test; ALT: alanine aminotransferase; HAI: histological activity index; 
HBeAg: HB “e” antigen; HBV: HB virus; SD: standard deviation; ULN: upper limit of normal values.
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An interesting finding was that HBV genotype F in-
fection, derived from the Amerindian population and the 
most prevalent in Central and South America, was rare in 
Brazil, suggesting that indigenous population had less in-
fluence in the introduction of HBV in our country  (Para-
na & Almeida 2005, Viana et al. 2005, Mello et al. 2007).

Contrary to previous studies  (Chu et al. 2003, Halfon 
et al. 2006), we did not find association between race or 
presumed mode of infection and HBV genotypes. Prob-
ably these data may be the result of the great mixtures of 
races among the Brazilian population, most of whom de-
scendant from European colonizers, African slaves, na-
tive indigenous and because our study enrolled patients 
who were likely infected by sexual or percutaneous ex-
posures in adult age.

In the study from Lindh et al. (2000) a higher propor-
tion of HBeAg-positive patients and higher HBV-DNA 
levels associated with genotype D was observed when 
compared with genotypes A, B and C. In the present 
study, the majority of patients was HBeAg negative and 
the median of HBV-DNA levels was low (below 5 log10 
UI/mL). In addition, no significant difference was seen 
between HBV genotypes A, D or F and HBeAg status or 
HBV-DNA viral load. 

There was a significant association between ALT 
levels and HBV genotypes with lower ALT levels ob-
served in genotype D patients compared with genotypes 
A and F. Most cross-sectional studies  (Thakur et al. 
2002, Chu et al. 2003, Gandhe et al. 2003, Kumar et al. 
2005, Halfon et al. 2006, Ribeiro et al. 2006, Madan et 
al. 2009, Tonetto et al. 2009), that have focused on pa-
tients with non-B and non-C genotypes, monitored ALT 
on only one occasion, thus the findings of these studies 
could not be compared with our results that evaluated 
ALT levels during a six month period. We acknowledge 
that patients with chronic HBV may have fluctuating se-
rum ALT and HBV-DNA levels so in the present study 
we incorporated three determinations of ALT and liver 
biopsy was a standardized protocol done within the first 
month after the measurement of HBV-DNA viral load.

In the present study, 82 patients underwent liver 
biopsy and although a large proportion of patients had 
mild liver damage, defined when the fibrosis stage was 
≤ 2 and the inflammation grade ≤ 6, the genotype D pa-
tients were more likely to have significant lower inflam-
mation and fibrosis scores compared with genotype A 
and F. Thus, our data demonstrated that patients with 
genotype D infection in RJ had less intense liver dam-
age, with mild necroinflammatory activity and mild fi-
brosis stage when compared with patients infected with 
genotypes A and F. 

Otherwise, a frequently reported Indian study, pub-
lished by Thakur et al. (2002), found more severe liver 
disease in patients infected with genotype D compared 
with genotype A. However, in Thakur’s study, all pa-
tients who underwent liver biopsy had been previously 
considered for treatment, what may have caused a selec-
tion bias  (Sanchez-Tapias et al. 2002, Halfon et al. 2006, 
Madan et al. 2009). In the present study patients with a 
previous or ongoing treatment were excluded.

In fact, the majority of studies that evaluated the re-
lationship between liver histology and genotypes non-B 
and non-C did not report the criteria to perform the liver 
biopsy. One longitudinal study from Spain  (Sanchez-
Tapias et al. 2002), which compared the clinical out-
comes between genotypes A, D and F, could not demon-
strate any difference in baseline features, including liver 
histology, although on prolonged follow-up, patients in-
fected with genotype A had better prognosis than those 
infected with genotype D.

In the present study the HBV subgenotypes were not 
evaluated. Regarding genotype A, the most prevalent 
subgenotype in Brazil is A1 (Mello et al. 2007). So far, 
it is not known what subgenotypes of genotype D are 
prevalent in Brazil. The influence of subgenotypes in 
liver histology is not known and thus, further studies are 
needed to better clarify this issue.

Since the liver biopsy in the present study was indi-
cated for all patients with either increased HBV-DNA (> 
2,000 IU/mL) or ALT levels, the possibility of selection 
bias is unlikely.

The Southeast Brazil presents a low endemicity of 
HBV infection. Nevertheless, this is the largest cross-
sectional study of non-B and non-C genotypes and liver 
histology in Brazil so far.

In summary, this is the first study to show that HBV 
genotype D is associated with less intense liver damage 
compared with genotypes A and F. Additional studies 
are needed to better understand these findings and to 
determine the clinical significance of non-B and non-C 
genotypes in chronic HBV.
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