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Abstract

Background: The hepatitis C virus (HCV) is a blood born virus and the major cause of liver diseases worldwide. Distribution of
HCV genotypes varies depending on geographical regions and routes of infection. Knowledge regarding the distribution of HCV
genotypes and related risk factors plays an essential role in the control of HCV infection in the community.

Objectives: The current study aimed at determining the current distribution of HCV genotypes and related risk factors among
Iranian blood donors.

Methods: In the current analytical, cross sectional study, 106 HCV-infected blood donors with detectable HCV RNA over the country
were interviewed by trained physicians through a post-donation questionnaire on demographic, medical, and risk history from
November 2015 to May 2017. The hepatitis C virus genotype was determined by sequencing of a segment of non-structural 5B region
in HCV genome. Penalized logistic regression model was used for statistical analysis through STATA software.

Results: Hepatitis C virus genotype was determined in all subjects, and the genotype 3a was the most frequent (65, 61.32%), followed
by1a (31,29.25%), and 1b (10, 8.49%). Based on the multivariable analysis results, tattooing (adjusted odds ratio: 2.76; 95% confidence
interval: 1.03 - 7.37) was associated with HCV genotype 3a.

Conclusions: According to the results, it seems that changes in molecular epidemiology of HCV infection and replacement of HCV
genotype 1a with 3a, characterized by an increase in genotype 3a and decrease in genotype 1a have occurred over the last decade
among Iranian blood donors. Tattooing was an independent risk factor for HCV infection by genotype 3a.
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1. Background

Hepatitis C virus (HCV), as a blood borne virus, is the
leading cause of liver diseases, which predisposes patients
to cirrhosis and hepatocellular carcinoma worldwide. Ap-
proximately 71 million people are chronically infected with
HCV all over the world with the annual mortality rate of
3% (1, 2). In Iran, the overall prevalence of HCV is 0.6% in
the general population (3, 4). Hepatitis C virus seroposi-
tivity decreased from 0.05% in 2014 (4) to 0.03% in 2016
among Iranian blood donors (according to the quality as-
surance/quality control deputy of Iranian Blood Transfu-
sion Organization (IBTO).

Hepatitis C virus is an enveloped, positive-stranded lin-
ear RNA virus with approximately 9.5 kb genome, which
belongs to the family of Flaviviridae. The non-structural
5B (NS5B) region of HCV genome coded for an error prone

RNA-dependent RNA polymerase enzyme causes high het-
erogeneity in HCV genome. As a consensus, 7 major geno-
types with multiple subtypes in each genotype are dis-
tinguished (5). Each genotype has 30% - 35% diversity
with the others and there is a 15% difference in the sub-
types of each genotype (6). Distribution and prevalence
of HCV genotypes vary in different geographical regions.
The most prevalent HCV genotypes, with global distribu-
tion are one and three. In the neighboring countries, 1b
in Turkey, 3a in Pakistan and Afghanistan, and 4 in Saudi
Arabia are predominant (7-10). Hepatitis C virus genotypes
1a and 3a are the most dominant subtypes among Iranian
blood donors and patients infected with HCV (10-14). Glob-
ally, the most common route of HCV transmission is in-
travenous drug abuse (IVDA) in the developed countries
and blood transfusion in the developing countries without
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screening donated blood. In some developing countries
with the screening donated blood, nosocomial transmis-
sion and transmission through high-risk procedures are
prevalent (1, 15-17). Previous molecular epidemiologic stud-
ies showed association between HCV genotypes 1a and 3a
with IVDA and HCV genotypes 1b and 2 with blood transfu-
sion (18-22).

Hepatitis C virus genotyping is a powerful epidemio-
logical tool to identify new subtypes and trace transmis-
sion routes (23). Sequence analysis of proposed coding re-
gion in virus genome with enough diversity, such as NS5B,
isintroduced as a reference and obligatory method for HCV
genotyping in epidemiological studies (24-26). Increasing
knowledge regarding the distribution of HCV genotypes
and related risk factors play an essential role in the con-
trol of HCV infection in the community. Recently, the risk
factors of HCV infection among Iranian blood donors were
determined (27, 28). Distribution and prevalence of HCV
genotypes may change according to the mode of transfu-
sion over time. There is a lack of data on the current dis-
tribution of HCV genotypes and related risk factors among
Iranian blood donors.

2. Objectives

In the current study, distribution of HCV genotypes
was determined by sequence analysis of NS5 region of HCV
genome among Iranian blood donors. In addition, the re-
lationship between HCV genotype and known and putative
routes of HCV risk factors were evaluated.

3. Methods

3.1. Ethics Statement

The current study was approved by the Ethics
Committee of High Institute for Research and Educa-
tion in Transfusion Medicine, Tehran, Iran (code No:
IR.TMI.REC.1394.1800).

3.2. Epidemiological Data Collection

The current analytical, cross sectional study was con-
ducted on 106 HCV-infected blood donors with detectable
HCV RNA countrywide from November 2015 to December
2016. All subjects were interviewed by trained physicians
using the post-donation questionnaire containing; (1) de-
mographic characteristics including gender, age, educa-
tional level, and marital status, (2) high risk behaviors

such as IVDA, inhalation drug abuse, history of imprison-
ment, sharing a razor, extramarital sexual activity, alco-
hol consumption, and contact sport, (3) medical interven-
tions such as blood transfusion, tooth extraction, history
of hospitalization, history of surgery, history of intramus-
cular injection, and history of intravenous injection, and
(4) high risk procedures such as tattooing and wet cup-

ping.

3.3. RNA Extraction and Amplification

Viral RNA was extracted by TriPure Isolation Reagent
(Roche, Germany), according to the manufacturer’s in-
struction. The extracted RNA was eluted in 20 puL elu-
sion buffer and used as the template for further testing.
Hepatitis C virus genotyping was performed via amplify-
ing and sequencing of a segment of NS5B region in the
HCV genome. SuperScript III Reverse Transcriptase (200
U/uL, Invitrogen, USA) and primer PR3 were used to syn-
thetize the complementary DNA (cDNA). Semi-nested poly-
merase chain reaction was performed to amplify a 380-bp
segment of NS5B region in HCV genome as described else-
where (29). Briefly, outer primers PR3 and PR4 were used in
the first-round followed by inner primers PR3 and PR5 for
the second-round.

3.4. Hepatitis C Virus Sequencing and Genotyping

Purified PCR products were sequenced bi-directionally
using primers PR3 and PR5. CEQ™ 8000 Genetic Analy-
sis System (Beckman Coulter) was used to edit and assem-
ble the sequences. To identify the possible similarity of
sequences, the Basic Local Alignment Search Tool (BLAST)
was used. Using the Clustal W software, the consensus se-
quences were aligned with the HCV reference sequence of
NS5B genotype/subtype obtained from GenBank. Mega7
software was used for the phylogenetic analysis. The HCV
sequences longer than 200 bp were set down in GenBank
under the accession numbers MG704694 to MG704794.

3.5. Statistical Analysis

Demographic characteristics, as well as known or hy-
pothesized risk factors, were considered as independent
variables and HCV genotype was considered as the depen-
dent variable. Descriptive results were expressed as mean
= standard deviation (SD) or percentages. Analysis of Vari-
ance (ANOVA) was used to compare mean age in different
genotype groups. Logistic Regression was performed to
evaluate the association between HCV genotypes and risk
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factors. To deal with sparse data bias, penalized logistic re-
gression model via data augmentation using the prior log-
F (2, 2) was performed (30-32). All variables with P value
< 0.2 in the univariate analysis were considered indepen-
dent and subjected for multivariable analysis. Multivari-
able analysis of risk factors by the penalized logistic regres-
sion model was performed to adjust for confounding with
alphalevel of 0.05. Results were summarized as crude odds
ratio (OR) and adjusted OR (AOR) with 95% confidence in-
terval (CI). Statistical analysis was performed with STATA
software (Stata 13 Corp., College Station, Texas).

4. Results

All 106 samples with detectable HCV RNA were investi-
gated using amplifying and sequencing techniques. Hep-
atitis C virus genotype 3a was the most frequent with 65
(61.32%) subjects, followed by 1a with 31 (29.25) and 1b with
10 (9.43) cases. The questionnaires of two subjects were not
informative. Table 1 shows demographic features of 104
subjects.

No significant difference was observed regarding the
age among different genotypes, 38.3 = 1.77 years in the sub-
jects infected with genotype1a,37.6 +-3.95 years in the ones
infected with genotype 1b, and 37.52 % 1.00 years in those
infected with genotype 3a (P = 0.26). The risk factors data
of two subjects were unavailable. Frequency of genotypes
in the risk factors of the questionnaire is shown in Table 2.

Table 3 shows distribution of risk factors of HCV in-
fection in Iranian blood donors related to HCV genotype.

Table 1. General Characteristics of HCVRNA Positive Iranian Blood Donors, 2015 -
2017°

Characteristic Value
Age, y, mean =+ SD 37.76 £ 8.89
Gender
Male 102(98.08)
Female 2(1.92)
Marital status
Single (unmarried, divorced, or widow) 32(30.76)
Married 72(69.33)
Educational level
Under diploma 60 (57.69)
Diploma 30 (28.85)
Associate degree 5(4.80)
Bachelor and higher 9(8.65)

*Values are expressed as No. (%) unless otherwise indicated.
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Since the scarcity of HCV genotype 1b did not allow a sta-
tistical analysis of differences in the prevalence of risk fac-
tors in donors infected with this genotype compared with
those of blood donors infected with other genotypes, sub-
jects infected with genotype 1b were excluded from further
statistical analyses and genotype 1a was considered as the
reference. In univariate analysis, sharing a razor, history of
surgery, and tattooing had a significant impact; there was
no association between distinct HCV genotype and other
risk factors such as IVDA and blood transfusion (Table 3).
The results of univariate and multivariable analysis of
risk factors by the penalized logistic regression model are
summarized as crude and adjusted OR with 95% ClI for the
significant HCV genotype risk factors. Tattooing was inde-
pendently associated with genotype 3a (Table 4).

5. Discussion

In the current study, based on the sequencing of a
segment of NS5B in HCV genome, subtype 3a (61.32%) was
the predominant subtype followed by 1a (29.25%) and 1b
(9.43%). The results were in contrast with those of a study
conducted on 96 Iranian blood donors in 2010, which
showed that HCV subtype 1a was the most frequent subtype
followed by 3a and 1b (14). In the current study, compared
with the above mentioned study, a significant decrease in
the prevalence of HCV genotypes 1a from 51.5% to 29.25%
(P = 0.05) were observed. In addition, there is a weak ev-
idence of an increase in the prevalence of HCV genotype
3a from 37.9% to 61.32% (P = 0.08). Hepatitis C virus geno-
type 1a was replaced with HCV genotype 3a among Iranian
blood donors. Generally, a shift in genotype distribution
in a given community might be reflected as a change in
HCV epidemiology in the same community due to an in-
crease in blood safety and improvement in medical expo-
sure conditions; IVDA is the main risk factor for HCV trans-
mission in many countries (15, 27, 28) that highlights the
role of IVDA in a vast majority of acquired HCV infection in
the country.

One explanation of the change in genotype distribu-
tion is the result of change in epidemiological parameters
such as HCV risk factors assumed in previous studies from
European countries, United States, East Asian countries,
and neighboring countries (20, 33-43). Recent studies sug-
gested an increase in HCV genotype 3a prevalence and de-
crease in the HCV genotypes 1a and 1b prevalence, and as a
consensus shift from genotype 1a dominancy to genotype
3a in the Iranian patients (11, 12, 44-46). According to the
current study, it seems that such a shift toward genotype 3a
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Table 2. HCV Genotype Distributions According to the Risk Factors Among Iranian Blood Donors, 2015 - 2017

HCV Genotype, No. (%) Total’, N=104
Risk Factor
1a(30) 1b (10) 3a(64)

Age > 40,y 11(32.35) 3(8.82) 20 (58.82) 34
Male gender 29(31.18) 9(68.82) 64 (100) 102
Injecting drug abuse 15(28.30) 4(7.55) 34(64.15) 53
Inhalation drug abuse 10 (27.03) 3(8.11) 24 (64.86) 37
History of imprisonment 16 (27.59) 5(8.62) 37(63.79) 58
Sharing a razor 6(40.00) 3(20.00) 6(40.00) 15
Extramarital sexual activity 10 (27.78) 3(8.33) 23(63.89) 36
Alcohol consumption 10 (24.39) 5(12.20) 26(63.41) 41
Contact sport 7(35) 1(5) 12(60) 20
Blood transfusion 1(16.67) 2(33.33) 3(50) 6
Tooth extraction 21(26.92) 7(8.97) 50 (64.10) 78
History of hospitalization 5(27.78) 1(5.56) 12(66.67) 18
History of surgery 10 (20.83) 5(10.42) 33(68.75) 48
History of intramuscular injection 10 (22.73 5(11.36) 29 (65.91) 44
History of intravenous injection 6(20.69) 5(17.24) 18 (62.07) 29
Tattooing 7(18.92) 3(8.11) 27(72.97) 37
Cupping 9(33.33) 3 (1.11) 15(55.56) 27

Total number is sum of row values.

Table 3. Distribution of Risk Factors According to HCV Genotype in Iranian Blood Donors, 2015 - 2017

HCV Genotype, No. (%) Total, N=94 PValue
Risk Factor
1a,30 (100) 3a, 64 (100)

Age > 40,y 11(36.67) 20 (31.75) 31(32.98) 0.64
Male gender 29(96.67) 64(100) 93(98.94) 0.44
Injecting drug abuse 15(50.00) 34(53.13) 49 (52.13) 0.79
Inhalation drug abuse 10 (33.33) 24(37.50) 34 (36.17) 0.71
History of imprisonment 16 (53.33) 37(57.81) 53(56.38) 0.6
Sharing a razor 6(20.00) 6(9.38) 12 (12.77) 019
Extramarital sexual activity 10 (33.33) 23(35.94) 33(35.11) 0.82
Alcohol consumption 10 (33.33) 26(40.63) 36(3830) 0.52
Contact sport 7(23.33) 12 (18.75) 19 (20.21) 0.63
Blood transfusion 1(3.33) 3(4.69) 4(4.26) 0.81
Tooth extraction 21(70.00) 50(78.13) 71(75.53) 0.42
History of hospitalization 5(16.67) 12 (18.75) 17(16.09) 0.82
History of surgery 10(33.33) 33(51.56) 43(45.74) 0.12
History of intramuscular injection 10 (33.33) 29 (45.31) 39 (41.49) 0.29
History of intravenous injection 6(20.00) 18 (28.13) 24(25.53) 0.42
Tattooing 7(23.33) 27(42.19)| 34 (36.17) 0.09
Cupping 6(20.00) 8(12.50) 14 (14.89) 034
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Table 4. Odds Ratios, Adjusted Odds Ratios, and 95% Confidence Intervals of Significant Risk Factors Associated with HCV Subtypes Among Iranian Blood Donors, 2015 - 2017

Risk Factor OR(95% CI) P Value AOR (95% CI) PValue
Sharing of personal razor 0.48(0.15-1.48) 0.19 0.42(0.13-1.40) 0.16
History of surgery 1.99 (0.84-4.69) 0.12 2.08(0.85-5.08) on
Tattooing 2.19(0.87-5.49) 009 2.76 (1.03-7.37) 0.04

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; OR, odds ratio.

occurred among Iranian blood donors over the last decade.
It seems that the shift from HCV genotype 1a to 3a is linked
to the role of IVDA in the distribution of HCV genotype 3a
due to transmission of HCV genotype 3a from IVD abusers
to the community with no history of IVDA through high-
risk behaviors, other related modes of HCV transmission
resulted in no difference in the prevalence of HCV geno-
type 3a in blood donors with a history of IVDA and blood
donors with no history of IVDA. Further studies such as
phylogenetic analyses should be conducted to shed light
on the issue.

The considerable finding of the current study was no
association between the corroborated IVDA and HCV geno-
type. However, there are controversies over the association
between HCV genotype and IVDA in Iranian patients. Simi-
lar to the current study, some recent studies reported no
association between HCV genotype and IVDA (47, 48). In
contrast, another recent study on 142 Iranian viremic pa-
tients referred to the Taleghani Hospital in Tehran from
2007 to 2012 revealed an association between genotype 3a
and IVDA (22). Nevertheless, no previous studies on the as-
sociation between HCV genotype and risk factors among
Iranian blood donors were available to compare the re-
sults. Moreover, former studies showed that IVDA was the
main risk factor for infection with HCV genotypes 3a and
1a and blood transfusion was the main risk factor for infec-
tion with HCV genotypes 1b and 2 (18-21).

This epidemiological situation was concluded from an-
alyzing the age data in different genotype groups. Patients
infected with genotypes 3a and 1a were younger than those
infected with genotypes 1b and 2. However, in the current
study, no association was observed between distinct HCV
genotype and age, or HCVrisk factors such as IVDA or blood
transfusion. On the other hand, recent studies showed that
HCV genotype 3a in IVD abusers and HCV genotype 1a in
patients receiving blood or blood products were the most
common genotypes (14, 49-52). As shown in Table 2, geno-
type 3a was not the most frequent genotype just in IVDA
donors.

In the current study, multivariable analysis of risk fac-
tors by the penalized logistic regression model showed
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that tattooing was independently associated with HCV
genotype 3a with AOR: 2.76 (95% CI: 1.03 - 7.37, P = 0.04).
This result was similar to that of the study conducted on
patients in France (20), however, it was in contrast to that
of a study conducted on patients from some central parts
of Iran, which showed the association between tattooing
and infection with HCV subtype 1a (48).

In the current study, no other HCV genotypes than 3a,
1a,and 1b were similar to those of the previous studies con-
ducted on Iranian blood donors (14). The current prelim-
inary study evaluated the association between HCV geno-
type and risk factors in Iranian blood donors. With regards
to the same study, the population of study on distribution
of HCV genotype among blood donors was included in the
evaluation of association between HCV genotypes and risk
factors; a subsequent limitation of low sample size was
faced in the latter study, which may produce statistical bias
to find other independent variables with small effect size
correlated with HCV genotype.

5.1. Conclusions

The current study revealed that the predominant sub-
type was 3a. The results suggested changes in HCV geno-
type distribution among Iranian blood donors over the last
decade. It seems that HCV genotype 1a was replaced with
genotype 3a, characterized by an increase in genotype 3a,
and decrease in genotype 1a among Iranian blood donors
that may be due to indirect role of IVD abusers in the preva-
lence of HCV subtype 3a infection in the country. Further
studies with larger sample size need to support the find-
ings. In addition, tattooing was found to be an indepen-
dent risk factor for HCV genotype 3a.
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