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Objectives: The aim of the present study was to determine the rate, risk factors and genotypes of Hepatitis B virus amongst imprisoned 
men as a high-risk subpopulation.
Patients and Methods: This study was an anonymous cross-sectional study conducted on 3000 sentenced men in Karaj jails from 1 
December 2008 to 28 November 2009. HBV serological markers [hepatitis B surface antigen (HBsAg) and hepatitis B e antigen (HBeAg)], 
human immunodeficiency virus antibody (anti-HIV) and hepatitis C antibody (anti-HCV) were analyzed by the ELISA technique. Nested PCR 
was done for the detection of HBV DNA and patterns of restriction fragment length polymorphisms (RFLP) were obtained to determine the 
HBV genotypes. These patterns were confirmed by direct sequencing.
Results: Hepatitis B surface antigen (HBsAg) was found in 122/3000 (4.1%) prisoners. Hepatitis B e antigen (HBeAg), anti-HIV, anti-HCV and 
anti-HIV/anti-HCV were detected in 52/122 (42.6%), 12/122 (10%), 22/122 (18%) and 3/122 (2.4%) prisoners, respectively. The HBV-DNA was found in 
115/122 (94.3%) prisoners. The most high risk behavior was to utilize the collaborative syringe by injecting drug users (IDUs) with or without 
other risk factors (75.3%). Genotype D1 was obviously the only predominant type (100%).
Conclusions: The rate of HBV in prisoners was significantly higher than that reported for the general population (4.1% vs. < 2%). Blood borne 
viral co-infections were prevalent in HBsAg positive prisoners. Continual tracing of genotypes and risk factors are helpful for identifying 
transmission patterns and target at-risk groups for preventive programs. High rates of HBV in prisoners indicates the need for extensive 
free of charge vaccination of this subpopulation.Hepatitis B is the most serious type of viral hepatitis infection. It can cause chronic liver 
disease and puts people at a high risk of death from cirrhosis of the liver and liver cancer. Worldwide, about two billion people have been 
infected with the hepatitis B virus (HBV) and more than 240 million have chronic (long-term) liver infections. About 600,000 people die 
every year from this serious infection. Unfortunately, high rate of intravenous drug use, high-risk sexual behaviors and overcrowding have 
increasingly made prisons a breeding ground for hepatitis B infection.
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Implication for health policy/ practice/ research/ medical education
The findings of this study will be valuable for future studies on distribution patterns and precautionary programs on HBV infection and reflect the emergence of 
hepatitis B vaccination for unvaccinated prisoners.
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1. Background
In spite of routine hepatitis B immunization, because 

of negligence in the performance of vaccination of high 
risk unvaccinated adults, this infection is still a leading 
cause of liver cirrhosis and hepatocellular carcinoma 
(HCC). These complications play a leading role in morbid-
ity and mortality worldwide (1, 2). According to different 
studies, the rate of hepatitis B virus (HBV) carriers varies 
widely from 0.1% to 20% around the world. Prevalence of 
HBV has remarkably declined in the Iranian population 
during the two last decades (3). Seroprevalence of Hepa-
titis B surface antigen (HBsAg) has changed from 2.5-7% 
in 1980s to 1.07-5% in 1990s and1-2% in 2000. Fortunately 
hepatitis B infection has recently classified as having low 

endemicity (4, 5).
Eight major genotypes (A-H) with several subtypes and 

two additional isolated genotypes (genotype I in Vietnam 
and genotype J in Japan) are defined by insertions or dele-
tions of nucleotides, but with less than 10% overall varia-
tion among them (6-8). Genotyping of HBV isolates from 
different parts of the world have shown a distinct geo-
graphical distribution even within a region. Genotypes 
are proving to be an invaluable tool in tracing spread of 
hepatitis B virus and establishing HBV origins in differ-
ent parts of the world (9). The molecular epidemiology 
of HBV has been reported for the Iranian general popula-
tion. Genotype D has almost been the only type of HBV 
with high genetic homogeneity in this country (10).
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Previous studies have revealed that HBV infection is 
more prevalent in prisoners. The overall prevalence of 
HBV infection ranges between 1.8% and 62% among adult 
inmates. High rates of intravenous drug use, high risk 
sexual behaviors, sharing close living quarters with other 
infected inmates and overcrowding have increasingly 
made prisons a proper environment for blood- borne in-
fections (11-13). Intravenous drug use by inmates because 
of sharing of drug-preparation equipment, needle-shar-
ing, reused syringes and other risky behaviors (e.g. un-
safe sex, homosexuality, tattooing, etc.) are a well known 
route of HBV and other blood- borne infectious agents 
and exposure to hepatitis B virus is common in injecting 
drug users (IDUs) (14, 15). Based on Iranian Welfare Orga-
nization reports, there are 1.8 million drug users in Iran, 
and more than 9 to16 percent of them are injecting drug 
users, while half share needles. Thus, it can be estimated 
that the IDU population in Iran ranges between 200,000 
and 300,000. Unfortunately IDUs are growing in number 
in Iran and remain an important health problem (16, 17).

2. Objectives
The aim of this study was to determine the rate, risk fac-

tors and genotypes of hepatitis B virus amongst impris-
oned men as a high-risk subpopulation.

3. Patients and Methods

3.1. Serum Samples
In a cross-sectional study conducted from 1 December 

2008 to 28 November 2009, serum samples were col-
lected from three thousand male prisoners in three pris-
ons of Alborz province (Ghezel Hessar, RajaiiShahr and 
Nedamatgah Karaj). Serum samples were stored at -80°C 
until tested. HBsAg positive inmates were eligible and 
convoked for interviews using a questionnaire including 
demographic characteristics such as age, education level, 
family size and some important risk factors as depicted 
in Table 1. 

3.2. Ethical Considerations
The study was revised and approved by the Pasteur Insti-

tute of Iran Reviewer Board. Thorough discussions took 
place with collaboration of the prison authorities. The 
information sheets were submitted to inmates upon de-
scription of the study in layman’s terms.

3.3. Serological Analysis
All HBsAg positive samples were tested for hepatitis B 

e antigen (HBeAg), anti hepatitis C virus (anti-HCV), and 
anti HIV with commercial third generation ELISA kits (Dia 

Pro Diagnostic Bioprobes, Srl., Italy) based on the manu-
facturers descriptions. All cases with cut-off values more 
than 1 were considered as positive.

3.4. Nested PCR and RFLP
HBV-DNA was extracted from 200 µl of serum using 

High Pure Viral Nucleic Acid Kit (Roche, Diagnostics 
GmbH, and Manheim, Germany) according to the manu-
facturers instructions. RT-PCR and RFLP were performed 
using the type-specific primers and methods described 
previously by Zeng et al (18).

To investigate the HBV genotypes, partial HBV 
S open reading frame (ORF) (585bp) was chosen 
for amplification with specified primers: OHBV-F, 
5́-GGGACACCATATTCTTGG-3́ positions 2820-2837 nt 
and O-HBV-R, 5́-TTAGGGTTTAAATGTATACCCA-3́ po-
sition 842-821 nt as the outer primers and I-HBV-F, 
5́-GCGGGGTTTTTCTTGTTGA-3́ positions 203-221 nt and I-
HBV-R, 5́-GGGACTCAAGATGTTGTACAG-3́ position 787-767 
nt as the inner primers. Nested-PCR was performed for 
amplification of this S segment. The second-round PCR 
product was mixed with chosen restriction endonucle-
ase digestion enzymes: BsrI, StyI, DpnI, EaeI, HpaII (Fer-
mentas GmbH, Germany).

3.5. DNA Sequencing and Phylogenetic Analysis
The second round PCR products were purified using a 

High Pure PCR product purification kit (Roche, Diagnos-
tics GmbH) and sequenced directly at the SEQLAB- Gottin-
gen GmbH, Germany, using the inner primers (I-HBV-F). 
Identified sequences were compared with a set of pub-
lished sequences corresponding to all HBV genotypes 
(A-H), obtained from GenBank at the NCBI. Nucleotide 
sequences were aligned with Clustal X program using 
the Bio Edit software (The Bio Edit Sequence Alignment 
Editor software, North California State University) and 
confirmed by visual inspection. Genetic distances were 
estimated using Kimura two parameter matrixes (19) 
and phylogenetic tree was constructed by the neighbor-
joining method. The analysis and calculated nucleotide 
differences within and between the isolate sequences 
were carried out by the MEGA program version 4 (20, 21).

3.6. Statistical Analysis
Statistical analysis was performed using the SPSS soft-

ware version 16 and the significance level was set at P 
value < 0.05. Quantitative variables were expressed as 
means and standard deviations, whereas qualitative vari-
ables were expressed as percentages. The Student’s t test 
and chi-square (χ2) test were used to check the differenc-
es between means and percentages, respectively.
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Table 1. Distribution of Frequency of HBsAg Positive Prisoners According to Variables, P value < 0.05 Level 

Variables HBsAg Posa, No. (%)

HBeAg Pos 52 (42.6)

HBeAg Nega 70 (57.4)

Total 122 (100)

Age, y

20 - 24 1 (8)

25 – 29 16 (13)

30 – 34 45 (36.6)

35 – 39 28 (22.8)

40 – 44 11 (8.9)

> 45 21 (17.9)

Total 122 (100)

Risk Factors

IDUa 51 (41.8)

IDU + MSPa 40 (32.7)

IDU + MSP +BTa 1 (0.8)

Hemodialysis 13 (10.7)

Unknown 17 (14)

Total 122 (100)

Education Level

Illiterate 20 (16.3)

Primary 36 (29.5)

Middle school 34 (28)

High school 9 (7.3)

Diploma 21 (17.2)

Junior collage 2 (1.7)

Total 122 (100)

Family Size

1 - 2, Low 24, (20)

3 - 5, Medium 32, (26)

6 - 9, high 66, (54)

Total 122, (100)

Co Infection

Anti-HCV Pos 22 (18)

Anti-HIV Pos 12 (10)

Anti-HCV+ Anti-HIV 3 (2.4)

Total 122 (100)
a  Abbreviations: Pos, Positive; Neg, Negative; IDU, Intravenous Drug User; MSP, Multiple Sexual Partners; BT, Blood Transfusion.

4. Results
Out of the total 3000 imprisoned men, 122 (4.1%) were 

found to be seropositive for HBsAg. Some demographic 
characteristics (age, level of education, family size) and 
risk factors of HBsAg positive prisoners are stated in Ta-
ble 1. The mean age was 34.6 with a standard deviation of 

5.8 years. IDU was solely the most important risk factor 
amongst HBsAg positive prisoners 51/122 (41.8%); in com-
parison to IDU with sexual contact 40/122 (32.7%) and hae-
modialysis 13/122 (10.7%). However, the greatest number 
of HBsAg-positivity was observed in IDUs with or without 
suspicious sexual contact or blood transfusion 92/122 
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(75.3%), where~70% didn´t have high level of education 
(Table 1). On the basis of the serological status the rate of 
HBeAg, anti HCV and anti HIV are presented in Table 1. 

The HBV-DNA was detected in 115/122 (94.3%) of HBsAg 
positive samples by nested PCR. All HBV DNA positive 
samples (115/115 (100%)) were analyzed on the basis of 
RFLP patterns by digestion of the S region (nt 203 to nt 
787), to determine all HBV genotypes. DpnIenzymatic di-
gestion of nt 491 produced 289 bp and 296 bp fragments 
and was recognized as genotype D in all HBV- DNA posi-
tive samples (Figure 1). 

Figure 1. RFLP Analysis Using Nested PCR of HBV S Amplicon and Diges-
tion Enzymes

700

500

M                      1                     2                     3                   4                    5                   6

M: 100 bp DNA marker; Lane1: Non enzymatic degradation by StyI and BsrI 
showed genotype D, F, H. DpnI. Enzymatic degradation of 491 nt produced 
289 and 296 nt fragments; recognized as genotype D.

The sequences of 12 random samples were evaluated 
by RFLP and compared with reference sequences of HBV 
obtained from Gene Bank database using the N-J method 
for phylogenetic analysis. Direct sequencing of the ORF 
S and phylogenetic tree confirmed that the results were 
deducted by the RFLP technique and all the isolates clus-
tered within genotype D1 (subtype ayw) (Figure 2).

5. Discussion
This study provided basic information about the HBV 

positivity rate, risk factors and genotype distribution 
among Iranian prisoners and will be valuable for future 
studies on distribution patterns and precautionary pro-
grams of HBV infection. Even though during the last 
decade Iran has been classified as having low endemic-
ity (1%) for hepatitis B infection (5), but the prevalence of 
HBV in some risky regions such as prisons is significantly 
higher than that reported from the general population; 
as in this study, the sero prevalence of HBsAg was found 
to be 122 / 3000 (4.1%) for imprisoned individuals (P = 

0.0001). The highest frequency of HBsAg was found for 
the age group of 30 to 40 years where more than 74% had 
not completed their high school education. Moreover, 
poor knowledge is a potential reason for unawareness 
about risk factors and transmission modes. Most HBsAg 
cases (66/122 (54%)) had lived in large families (6 - 9 family 
size). They seemed tohave been suffering from low socio-
economic status.

In the present study, the greatest rate of HBV was found 
for injecting drug users 92/122 (75.3%) where about 51/122 
(41.8%) had no other specific risk factors. There was a 
strong association between injection drug use and blood 
born diseases. In this manner, a large number of HBV in-
fections in north-western Europe, USA and Middle East 
(such as Iran) are transmitted horizontally (22) while the 
main route of transmission in Southeast Asia remains 
vertical (23). Our results have showed that there was a di-
rect relationship between incarceration and blood borne 
virus co-infections.

The HBV/HCV (18%), HBV/HIV (10%) and HBV/HIV/HCV 
(2.4%) infections used to be prevalent among prisoners 
especially in IDUs. These findings are in agreement with 
Sofian et al. findings, which showed that hepatitis-HIV se-
rum markers were prevalent in IDUs of some central cit-
ies of Iran (24). Here of, drug addiction not only weakens 
the immune system but is also linked with risky behav-
iors. All these outcomes were able to demonstrate that 
intravenous injection drug use is a key risk factor for HIV-
hepatitis co-infection in our prisons.

Determining the genotypes of hepatitis B virus provides 
epidemiological data, which can affect vaccination and 
antiviral treatment strategies, improvement of diagnos-
tic criteria and prediction of the course of the disease (25, 
26). This study showed that genotype D (sub genotype 
D1, subtype ayw) was the only detectable genotype in the 
studied prisoners. Our results are in accordance with that 
of Norder et al. who showed that although genotype D is 
the most widespread but sub genotype D1 occurs mainly 
in the Middle East (27). According to this study, genotype 
D1 is mostly transmitted by intravenous drug use. Sexual 
contact and hemodialysis arethe second and third most 
frequent forms of transmission, respectively. Thus, a di-
rect relationship is observed between HBV genotype D 
and IDU and incarceration.

We found some similarities and differences between 
our results and previous reports by Panessa et al. from 
British Colombia, Canada and Fisker et al. from Denmark 
who had shown that despite the dominance of hepatitis 
B genotype B or C in Canadian and Danish general popu-
lation, genotype D was observed in incarcerated IDUs (P 
= 0.00025; P = 0.0067 respectively) (28, 29). Accordingly, 
there was a similarity between these results and our find-
ings which showed a positive relationship between geno-
type D and IDU and previous incarceration. 
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Figure 2. Phylogenetic Tree
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The tree was constructed using S ORF (585 bp) by the Neighbor Joining (N-J) method and Kimura two parameter matrix with 1000 bootstrap resampling.

In contrast to Panessa et al. and Fisker et al. findings, in 
our study, we didn’t find any differences between the HBV 
genotype of the general population (10) and incarcerated 
IDUs and the only genotype in Iran was genotype D.

As this study showed, incarceration is an important fac-
tor for transmission of HBV-D. International center for 
prison studies (ICPS), during October 2011, reported that 

there were about 250,000 prisoners in Iran. The number 
of prisoners has been increasing by approximately 200 
- 300 persons per year (30). Finally, most of these prison-
ers return to the community and according to our study 
more than 75.3% of them have a history of drug injec-
tion. Indeed, IDU is the reason behind HBV genotype D 
epidemic in this country. Ministry of Health is serious 
about controlling hepatitis B in Iran. In this manner we 
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need to pay more attention to risk factors for designing 
the best strategies to control the disease in the future (5). 
Therefore, performing free of charge vaccination for un-
vaccinated prisoners is suggested to further scale down 
HBV transmission. Finally, we conclude that IDU, as the 
greatest risk factor, may have the leading role in the pres-
ence of genotype D. However, this conclusion needs more 
scrutiny by researchers in the future to find the correla-
tion between genetic diversity of hepatitis B virus and 
risk factors.
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