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Background: Hepatitis C virus (HCV) infection still exists as a health concern among the transplant patients. Because of the severity of the 
disease, different responses to treatment, and side effects resulting from long therapeutic period, determination of genotypes and viral 
loads can help choose the best treatment protocols.
Objectives: This study aimed to determine the HCV genotypes and its distribution patterns among liver, kidney, and bone marrow 
recipient candidates across Iran, referred to Namazi Hospital, southern Iran.
Patients and Methods: A total of 101 individuals, including 44 (43.6%) liver, 55 (54.5%) kidney, and 2 (2%) bone marrow recipient candidates, 
with ages ranging between 5 and 74 years (Mean ±SD: 46.53 ± 13.73 y) participated in this study. From those, whole blood sample were 
collected and anti-HCV antibodies, RNA detection, and genotyping were performed on plasma using commercial chromatographic 
immunoassay, TaqMan one-step real-time polymerase chain reaction (RT-PCR), and genotyping RT-PCR kits, respectively. The frequencies 
of anti-HCV antibodies, RNA, various genotypes, and the viral load were compared with respect to gender, age, and transplant recipient 
groups.
Results: Of 101 individuals, 47 (46.5%) were positive for anti-HCV antibodies and 34 (33.7%) for RNA with a significant difference (P < 0.05). 
RNA copy number ranged from 4.6 × 103 to 3.11 × 107 copies/mL, median: 2.92 × 106 copies/mL, with no statistical differences in all groups. 
Analyses revealed no significant differences between the frequencies of anti-HCV antibodies or RNA in different groups. The frequencies of 
the genotypes 1 (50%) and 3 (35.3%) were higher than those of the genotypes 2 (2.9%), 4 (2.9%), and undetermined one (8.8%). Genotype 1 was 
significantly more prevalent in liver transplant recipients, those older than 40 years, and male cases (P < 0.05).
Conclusions: Considering the high frequency of genotypes 1 and 3 among the studied groups, it is suggested that before and after 
transplantation programs be improved to manage and treat the disease efficiently, based on the standard protocols for such genotypes in 
the region. Accordingly, the occurrence of post-transplant complications due to immunosuppression among all the recipients as well as 
reinfection in HCV infected liver transplant patients can be diminished.
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1. Background
Unfortunately, hepatitis C virus (HCV) infection still ex-

ists as a main health concern, which causes several compli-
cations among the infected transplant patients. The virus 
belongs to the Hepacivirus genus in the family Flaviviridae 
with 7 known major genotypes (1, 2). Numerous studies 
report the controversial effects of the infection before and 
after transplantation. Recurrence of the disease is asserted 
in the liver transplant patients who were viremic before 
the operation (3), which may develop to cirrhosis in at 
least 25% of them within 5 years of transplantation (4). Pre-
vious studies indicated that HCV infection can cause liver 
failure among chronic renal failure (CRF) patients within a 
long time after kidney transplantation (5, 6). Besides liver 
damage, various types of renal diseases such as glomeru-
lar disease and its outcomes may occur post HCV infection 

(7, 8). In addition, renal transplantation survival is also 
reduced in the individuals with chronic HCV infection (9-
11). Thus, an appropriate antiviral therapy before and after 
transplantation, and development of HCV treatment strat-
egies are important, especially among this group. Because 
of the severity of the disease, different responses to treat-
ment and side effects resulting from long therapeutic pe-
riod (12-14), determination of various genotypes and viral 
loads among the infected patients can help the clinicians 
to choose the best HCV therapeutic protocols. Moreover, 
the prognosis of the transplantations can be facilitated 
by HCV genotype detection. Although some studies have 
reported the frequency of HCV genotypes among Iranian 
populations, a few studies have addressed it among trans-
plant patients in Iran.
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2. Objectives
This study aimed to determine the HCV genotypes and its 

distribution pattern among recipient candidates across 
Iran, referred to Namazi Hospital, Shiraz, southern Iran.

3. Patients and Methods

3.1. Study Population
The population involved transplant recipient candi-

dates all across Iran, referred to Professor Alborzi Clini-
cal Microbiology Research Center, Namazi Hospital, Fars 
Province, between September 2011 and January 2013, for 
the diagnosis of HCV infection. All individuals had an in-
dication for the infection diagnosed by the clinicians or 
previously infected with the virus and were under HCV 
treatment. The patients were divided into three recipient 
groups, based on the type of transplantation, i.e. liver, 
kidney, and bone marrow. They were also categorized 
into two age groups: group I (≤ 40 years) and group II 
(> 40 years).

3.2. Sampling, Anti-HCV Antibody Detection, and 
RNA Extraction

The plasma from 5 mL blood samples of each individual 
was separated at 5000 rpm for 5 minutes, aliquoted, la-
beled, and kept at -70˚C until further steps. Plasma sam-
ples were first examined with a commercial rapid anti-HCV 
antibodies test kit (Cat No: A02-06-213; Artron Laboratory 
Inc., Canada). The kit was a chromatographic immunoas-
say for the qualitative detection of anti-HCV antibodies in 
the plasma or serum. As indicated by the manufacturer, its 
sensitivity and accuracy were 2 NCU/mL and 99%, respec-
tively. RNA was extracted from a 200 μL volume of each 
plasma sample, using a commercially available viral RNA 
isolation kit (Invitek, Berlin, Germany), as per manufactur-
er’s instructions. To monitor the quality of nucleic acid ex-
traction process, the omission of reverse transcription and 
PCR inhibitors, and the cDNA synthesis step, a standard-
ized amount of internal control RNA, supplied with the 
real-time PCR kit, was added to the lysis buffer. For every 20 
clinical samples, both negative and positive controls were 
included in the extraction process.

3.3. Real-Time Reverse Transcription Polymerase 
Chain Reaction for Hepatitis C Virus Detection

HCV RNAs in all the samples were detected and quan-
tified using the commercially available real-time poly-
merase chain reaction RT-PCR Advanced Kit (Primerde-
sign Ltd., Millbrook Technology Campus, Southampton, 
UK) with the sensitivity of 1000 copies of viral RNA per 
1 mL plasma sample, based on our dilution factor. All re-
actions were performed in a 7500 Real-time PCR System 
instrument (Applied Biosystems, USA) using TaqMan one-
step RT-PCR master mix reagents (Invitrogen, Carlsbad, 

Canada). According to the manufacturer’s protocol, the 
temperature profile of PCR machine was adjusted at 50˚C 
for 20 minutes for reverse transcription and 95˚C for 10 
minutes for DNA polymerase activation, followed by 50 
cycles, each of 10 seconds denaturation at 94˚C and 60˚C 
for 60 seconds for annealing and extension, respectively.

3.4. Real-time Reverse Transcription Polymerase 
Chain Reaction for Hepatitis C Virus Genotyping

To detect different HCV genotypes (1, 2, 3, and 4) in the 
determined RNA positive plasma samples in the previ-
ous step, commercial RT-PCR kit (Genome Diagnostics 
Pvt. Ltd., Hague, Netherland) was applied. The modified 
amplification process was as follows: 50˚C for 25 minutes 
and 95˚C for 10 minutes, followed by 50 cycles of 94˚C for 
10 seconds, 55˚C for 32 seconds, and 72˚C for 25 seconds.

3.5. Statistical Analysis
The comparison of HCV RNA detection and antibody de-

tection results were done in combination and separately 
in different age, gender, and recipient groups, using chi-
square test. Moreover, the normality of the distribution 
pattern of the RNA values (copies/mL) in the studied pop-
ulation was initially explored with 1-sample Kolmogorov-
Smirnov test. Based on the results, the distribution is not 
normal if the difference is significant (P < 0.05). There-
fore, the Kruskal-Wallis H test was used to compare the 
viral load (Mean ± SD) in different genotypes and trans-
plant recipient groups, and the Mann-Whitney test was 
applied for statistical comparisons of HCV RNA level in 
different age and gender groups. In addition, the associa-
tion between the prevalence of different HCV genotypes 
in various gender, age, and transplant recipient groups 
was analyzed using chi-square test. Statistical analysis 
was done by SPSS for Windows (version 16, SPSS Inc., Chi-
cago, IL, USA) and the data were considered statistically 
significant at a two sided P value of less than 0.05.

4. Results
Out of the 101 referred individuals, 44 (43.6%), 55 (54.5%), 

and 2 (2%) patients were the recipient candidates of liv-
er, kidney and bone marrow, respectively. Patients’ age 
ranged from 5 to 74 years (mean ± SD: 46.53 ± 13.73 y). They 
consisted of 59 (58.4%) men and 42 (41.6%) women. From 
those, 47 (46.5%) and 34 (33.7%) were positive for anti-HCV 
antibodies and RNA, respectively, with a significant differ-
ence in corresponding prevalence rates (P < 0.05). The 
copy number of HCV RNA, measured by the real-time PCR 
assay, ranged from 4.6 × 103 to 3.11 × 107 copies/mL and 
median as 2.92 × 106 copies/mL. Medical records revealed 
that the entire positive anti-HCV antibodies and/or RNA 
patients were already under treatment. However, statisti-
cal analysis revealed no significant differences between 
the frequencies of anti-HCV antibodies or RNA in differ-
ent age, gender, and recipient groups (P < 0.05, Figure 1). 
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Figure 1. The Frequencies of Anti-HCV Antibodies and HCV RNA in Different Age, Gender, and Transplant Recipient Groups Among Recipient Candidates 
(n = 101), From September 2011 to January 2013, Shiraz, Southern Iran

Table 1.  The Frequency of HCV Genotypes in Different Recipient, Age, and gender Group among Transplant Recipient Candidates, 
From September 2011 to January 2013, Shiraz Southern Iran

Groups HCV Genotype P Value

1 2 3 4 Undetermined

Recipient group

Liver 14 (60.9%) 0 (0.0%) 6 (26.1%) 1 (4.3%) 2 (8.7%) 0.000

Kidney 2 (20.0%) 1 (10.0%) 6 (60.0%) 0 (0.0%) 1 (10.0%) 0.079

Bone Marrow 1 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Age

≤ 40 2 (25.0%) 1 (12.5%) 4 (50.0%) 1 (12.5%) 0 (0.0%) 0.392

> 40 15 (57.7%) 0 (0.0%) 8 (30.8%) 0 (0.0%) 3 (11.5%) 0.015

Gender

Male 12 (50.0%) 1 (4.2%) 8 (33.3%) 1 (4.2%) 2 (8.3%) 0.000

Female 5 (50.0%) 0 (0.0%) 4 (40.0%) 0 (0.0%) 1 (10.0%) 0.273

Of 34 HCV RNA positive individuals, 17 (50%), 1 (2.9%), 12 
(35.3%), 1 (2.9%), and 3 (8.8%) cases had 1, 2, 3, 4, and undeter-
mined genotypes, respectively (Figure 2). Table 1 presents 
the comparison between the frequencies of HCV genotypes 
in different recipient, age, and gender groups. The results 
showed that the frequencies of the genotypes 1 and 3 were 

higher than those of the genotypes 2, 4, and undetermined 
one. Statistical comparison of HCV RNA level in different 
age, gender, genotype, and transplant recipient groups re-
vealed no significant differences (P < 0.05). Figure 3 demon-
strates the distribution patterns of HCV genotypes among 
different gender and transplant recipient groups in Iran.
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Figure 2. The Frequencies of Anti-HCV Antibodies, HCV RNA, and Different 
Genotypes (1, 2, 3, 4, and Undetermined) in Transplant Recipient Candi-
dates, From September 2011 to January 2013, Shiraz, Southern Iran

5. Discussion
The present study was conducted on 101 liver, kidney, 

and bone marrow recipient candidates with indication 
for HCV infection, in southern Iran. Among those, HCV 

RNA was detected in 33.7% of cases. HCV genotyping re-
vealed that genotype 1 (50%) was the most common one 
followed by genotype 3 (35.3%), consistent with the re-
sults of the previous studies from Iran (15-17). A recent 
9-year study on 11561 Iranian patients with chronic in-
fection, showed that the highest frequency belonged 
to subtype 1a as 44.9%, followed by subtype 3a as 39.6%, 
and 1b as 11.3% (18). However, in neighboring Arab coun-
tries in the Middle East except Jordan, the HCV genotype 
distribution pattern is completely different; in many of 
them, the most prevalent genotype was 4 (19). The pres-
ence of genotypes 4 or 2 among the Iranian population 
may be related to some factors such as communication 
with Arab countries or previous injection with exotic 
infected blood products. In the present study, the only 
individual in the genotype 4 and liver transplant group 
was a hemophilic patient with the history of receiving 
exotic blood products. The one in the genotype 2 and kid-
ney transplant group living in a southern province, used 
to travel for work to the countries bordering the Persian 
Gulf. These findings may suggest that they were infected 
with the virus from an exotic source.

Figure 3. The Distribution Patterns of HCV Genotypes Among Different Sex and Transplant Recipient Groups, in HCV Infected Transplant Recipient 
Candidates, From September 2011 to January 2013, Shiraz, Southern Iran

G, Genotype; TX, Transplant, n = 34
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Of 101 patients, 46.7% were positive for anti-HCV antibod-
ies, while the frequency of RNA positive patients (33.7%) 
was significantly lower. One possibility could account 
for such a difference. Considering the HCV treatment in 
all these positive patients, it may be concluded that ap-
proximately one third was responsive to antiviral thera-
py (15 patients were in anti-HCV antibodies positive, RNA 
negative group) and the 32 remaining patients (anti-HCV 
antibodies positive, RNA positive group) might have had 
exposure to the virus recently and are under treatment 
or may be in HCV non-responder group with the high risk 
of liver damage development leading to the transplanta-
tion. Previous studies argued the presence of HCV RNA in 
the absence of anti-HCV antibodies status, exceptionally 
observed in immunocompromised subjects like HIV pa-
tients, patients on chemotherapy or dialysis, as well as, 
any condition that suppresses or modifies the anti-HCV 
antibodies response (20, 21).

A recent study on 514 hemodialysis patients in Iran re-
vealed that 11.9% and 6.2% were positive for anti-HCV anti-
bodies and RNA, respectively and the most frequent gen-
otype was 1a, followed by 3a (22). In the present study, the 
same condition was detected in two kidney transplant 
patients with regular hemodialysis history, who were 
infected with genotype 3. To sum up, although the sero-
logical tests are valuable for HCV detection and screen-
ing among the population, some limitations still exist. 
Thus, to make an accurate HCV diagnosis and pursuing 
effective treatment before and after transplantation, HCV 
RNA detection seems to be vital. In doing the best HCV 
treatment and making an appropriate prognosis of the 
disease, both HCV viral load and genotype must be rec-
ognized and considered. The results showed that geno-
type 1 was significantly more frequent in liver transplant 
group, those older than 40 years, and male subjects (P < 
0.05). As expected, viral load did not statistically vary in 
different age, gender, genotype, and transplant recipient 
groups. This may be attributed to chronicity pattern of 
the infection and anti-viral treatment.

The association of genotype 1 with high severity of liver 
disease, in comparison with genotypes 2 and 3, was docu-
mented previously based on HCV viral load (23). The high 
frequency of genotype 1 among liver transplant group in 
this study may indicate this severity; however, the viral 
load was not significant. Analyzed data of the genotypes 
between the two age groups showed that there were two 
patterns for the distribution of HCV genotypes; geno-
type 1 in older ones (> 40 years, higher and statistically 
significant) and genotype 3 in young individuals (≤ 40 
years, higher but not statistically significant), which was 
in consistent with the studies on non-transplant popula-
tion in Iran and other countries (18, 24-26). Such evidence 
may suggest prospective HCV genotype changes among 
both transplant and non-transplant populations in Iran. 
As reported before, genotypes 1 and 3 are usually found 
in the individuals with the history of blood transfusion 
and intravenous drug abusers, respectively (27-29). In the 

present study, genotype 1 followed by 3 was found to be 
more common in males than other genotypes indicating 
the predominant transmission routes of such genotypes 
among them. Thus, controlling measures to reduce the 
respective risk factors are warranted.

Considering the high frequencies of genotypes 1 and 3 
among the studied groups, it is suggested that existing 
before and after transplantation programs be improved 
to manage and treat the disease efficiently, based on the 
standard protocols for such genotypes in the region. 
Although several aspects of HCV recurrence have been 
known, a definitive strategy has not been developed to 
prevent the infection among liver transplant patients. 
Likewise, in other transplant recipients, including kidney 
and bone marrow transplant patients with the respective 
genotypes, because of complicated conditions due to im-
munosuppressive therapy, antiviral therapy should not 
only manage the HCV infection status but also reduces 
the side effects of treatments on the survival of trans-
plantation. In doing so, the occurrence of post-transplant 
complications can be diminished among all the recipi-
ents and re-infection in HCV infected liver transplant pa-
tients.
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