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A B S T R A C T  

Background: Hepatitis C is prevalent among thalassemia patients in Iran. It is mainly transfusion mediated, in particular among patients
treated before 1996 when blood screening was introduced.
Objectives: The current study aimed to investigate why patients still seroconvert to anti-HCV in Iranian thalassemia centers.
Patients and Methods: During 2006-2007 sera were sampled from 217 anti-HCV positive thalassemia patients at nine thalassemia centers
in Tehran and Amol city, where 34 (16%) patients had been infected after 1996. The HCV subtype could be determined by sequencing and
phylogenetic analysis of partial NS5B and/or 5׳NCR-core region in 130 strains.
Results: 1a (53%) was predominant followed by 3a (30%), 1b (15%), and one strain each of 2k, 3k and 4a. Phylogenetic analysis revealed 19 clades
with up to five strains diverging with less than six nucleotides from each other within subtypes 1a and 3a. Strains in seven clades were from
nine patients infected between 1999 and 2005 and similar to strains from eight patients infected before 1996, indicating ongoing transmission
at the centers. Further epidemiological investigation revealed that 28 patients infected with strains within the same clade had frequently
been transfused at the same shift sitting on the same bed. An additional eight patients with related strains had frequently been transfused
simultaneously in the same room.
Conclusions: The results suggest nosocomial transmission at these thalassemia centers both before and after the introduction of blood
screening. Further training of staff and strict adherence to preventive measures are thus essential to reduce the incidence of new HCV
infections. 
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This is the first report on the nosocomial HCV transmission at Iranian thalassemia centers. This study highly recommends adher­
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1. Background 
Thalassemia major and thalassemia intermedia are

both common transfusion dependent anemias in Iran.
There are around 18000 known thalassemia patients in 
the country (1). Reports from different regions of Iran es­
timate that 18% of the thalassemia patients are positive 
for anti-HCV (1-3), which is far higher than the positiv­
ity rate of 0.5% found in the general Iranian population 
(4). Most of the thalassemia patients live in Tehran (n = 
2,850) and Mazandaran (n = 2,880) provinces. Transfu­
sion of unscreened blood was previously the main risk 
factor for HCV infection in thalassemia patients, but this
risk was reduced after 1996 when screening for anti-HCV 
was introduced at all blood banks in Iran (5, 6). In 2005
the Ministry of Health and Medical education imple­
mented a national plan to decrease the rate of infection 
in thalassemia patients by offering free anti-HCV testing 
and anti-viral treatment to those found positive. This
supplementary strategy has decreased the number of 
newly infected, although new infections still occur at low
rate. This may be due to inaccurate blood screening or by
transfusion of blood collected from hepatitis C infected 
donors during the window period before anti-HCV ap­
pears. Other nosocomial exposures may also play a role
in HCV transmissions. Sequence analysis of the infecting 
HCV strains is now a powerful tool to trace infectious 
sources and thereby also transmission routes (6). 

2. Objectives 
The current study aimed to characterize HCV strains 

from patients at thalassemia centers in Tehran in Teh­
ran province and in Amol City in Mazandaran province
to investigate possible nosocomial transmission at these 
centers. 

3. Patients and Methods 

3.1. Study Population 
Two hundred seventeen thalassemia patients positive 

for anti-HCV were included in the study. Out of these, 112 
patients were from seven thalassemia centers in Tehran, 
Zafar adult thalassemia clinic, Childrens׳ medical center
, Sodeh clinic, Aliasghar Hospital, Mofid Hospital, Special
Medical center, Boali Hospital and from Shahid Bahonar 
hospital in Karaj City. The other 105 patients were from 
Amol thalassemia center at Imam Reza hospital in north­
ern Iran. All staff members in Amol and Zafar adult thal­
assemia centers were anti-HCV negative. Table 1 indicates 
the patients` information, age and gender. The patients 
received blood transfusions, every two to four weeks and 
had been regularly tested for anti-HCV every six months or 
once a year at least since 2001. Information was obtained
by a questionnaire on date of birth, gender, age at first 
transfusion, duration of transfusion therapy, number of 
transfusions received until the time of sampling, risk fac­
tors, and date of admission to the thalassemia center. Ret­
rospectively, further interviews were conducted in 2008 
on 36 patients found infected with similar HCV strains. 
The purpose of the study was explained to the patients or 
to the parents of the children and informed consent was 
obtained before sampling. This study was conducted in
compliance with the World Medical Association Declara­
tion of Helsinki and was approved by Tehran University 
of Medical Sciences Ethics Committee. All anti-HCV posi­
tive patients diagnosed as thalassemic were included in
the study except those also seropositive for hepatitis B
virus (HBV) or immunodeficiency virus (HIV). All the pa­
tients fromTehran and Amol were bled during 2006 and 
2007, respectively. 

Table 1. Characteristics of 217 Thalassemia Patients Transfused in Tehran and Amol and PCR and Sequencing Results of Their HCV 
Strains 

Region No. Males/Fe­
males 

Age, y, 
(min-max) 

Mean ± SD HCV PCR Positive No. of Sequenced Strains 

NS5B, No.
(%) 

Core, No.
(%) 

NS5B, No.
(%) 

Core, No.
(%) 

Tehran 112 56/56 12-47 25.2 ± 7.0 60 (54) 13 (24)a 58 (97) 11 (85)a 

Amol 105 56/49 11-63 21.5 ± 7.4 58 (55) 3 (6) 58 (100) 3 (100) 

Total 217 112/105 11-63 23.4 ± 7.4 118 (54) 16 (16) 116 (98) 14 (88) 
a Including two samples which could be amplified but not sequenced based on NS5B region 

3.2. RNA Extraction and PCR ously described (7, 8) to give a 380-bp product between
UTR- core region׳positions 8258 and 8687 of NS5B. The 5

100 µl plasma was added to 500 µl lysis buffers (0.5% was also amplified for several strains using the primers 
SDS and 10mM EDTA) and 500 µl water saturated phenol. 186/NCR3 and 186/univ-1 (8). 
RNA was precipitated with isopropanol. The pellet was
washed with 70% ethanol and dissolved in 20 µl distilled 3.3. Sequencing and Phylogenetic Analysis water. cDNA synthesis and semi-nested PCR were per-

UTR-core׳The products obtained from the NS5B and 5formed with primers hep101, hep102 and hep105 as previ­
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regions were purified using GFX PCR DNA and Gel band 
purification kit (GE Healthcare, Buckinghamsure, UK).
The sequencing reaction was carried out with the ABI
PRISM TM Big Dye TM Terminator Cycle Sequencing Reac­
tion Kit (Applied Biosystem, Foster city, CA, USA, version 
3.1) using purified PCR products as templates. PCR prod­
ucts amplified within the NS5B region were sequenced
with hep105, and those amplified within the 5’UTR-core
region were sequenced with primers univ-1 and 186. The 
obtained sequences were aligned with 347 sequences of
the corresponding region retrieved from Gen Bank (see
accession numbers in Figure 1). The genetic distances be­
tween the aligned sequences were calculated using the
F84 model in DNADIST in the Phylip program package
version 3.66c. Phylogenetic trees were constructed using
the UPGMA algorithm in the program NEIGHBOUR in the
Phylip program package. The sequences obtained in this 
work are deposited in GenBank with accession numbers
KC118130- KC118333. 

3.4. Statistical Analysis 
Statistical analysis was performed with Fisher’s test. P <

0.05 was considered statistically significant. 

4. Results 
Most of the patients had been hepatitis C infected before 

1996, when testing for anti-HCV and blood screening was
introduced in Iran. However, 34 (16 %) patients had been 
infected after 1996, most of them, 26 (76 %), were infected 
after 2000 (Table 2). Fourteen of these patients were from 
Tehran and 20 from Amol. The thalassemia centers have 
separate transfusion rooms for men and women, and sev­
eral patients are simultaneously transfused at the same 

shift in the same room. HCV RNA was detected in sera 
from 132 (61 %) patients. The subtype could be determined
in 130 of them, 69 from Tehran and 61 from Amol (Table 
1). The NS5B region was amplified and sequenced for 116 
strains and the core region only for 14 strains (Table 1).
The most common subtype found from the Tehran cen­
ters was 1a in 34 (49%) patients followed by 1b in 17 (25%)
and 3a in 15 (22 %). Strains of subtypes 2k, 3k, and 4a were 
found infecting one patient each (Table 3). Patients at the 
center in Amol were also mainly infected by 1a strains (n
= 35; 57 %), whereas 1b was found only in two, which was 
significantly less thanthat of Tehran (P < 0.001). Subtype 
3a was somewhat more frequent in Amol compared to
Tehran, 39 % versus 22% (Table 3). In the NS5B region, there
were significantly more similar 1a strains, diverging with
less than six nucleotides from each other, in Amol center 
than in Tehran centers, 24/35; 69 % versus 6/34; 18 % (P ≤ 
0.001). Phylogenetic analysis of the NS5B region revealed 
high divergence between the strains. However, strains 
from 57 patients diverged with less than six nucleotides
from strains of at least one other patient, and formed 19 
clades (Figure 1a-d). Seventeen (89 %) of these clades were 
formed by strains from patients of the same sex (Table 4).
The majority of the patients with similar strains, 47 (82 
%), had been infected before 1996. The strains from the 
10 patients infected after 1996 were found in eight of the 
19 clades. They did not form separate clades, and were
mostly similar to strains from patients infected before 
1996 (Table 4). Clades one to 12 were formed by 33 (52.3%) 
of the 65 subtype 1a strains in this study (Figure 1a-b, Table 
4). Four of these (clades 2, 4, 9, and 11) were formed ex­
clusively by strains from Tehran patients. The patients 
infected with strains in three of these clades (4, 9 and 11) 
had frequently been transfused in the same room at the
same shift (Table 4). 

Table 2. Years of Start of Transfusion and of Seroconversion to anti-HCV in 34 Thalassemia Patients Infected After 1996 in Tehran and 
Amol 

Region Total, No. of 
Patients 

Cases In­
fected After 
1996, No. (%) 

Start of Transfusion Year of Seroconversion to 
anti-HCV 

HCV RNA 
Positve, No.
(%)Before 1996,

No. (%) 
After1996,
No. (%) 

1996-2000,
No. (%) 

2001-2006,
No. (%) 

Tehran 112 14 (12.5) 13 (93) 1 (7) 3 (21) 11 (79) 6 (43) 

Amol 105 20 (19) 15 (75) 5 (25) 5 (25) 15 (75) 10 (50) 

Total 217 34 (16) 28 (82) 6 (18) 8 (24) 26 (76) 16 (47) 

Table 3. Results from Genotyping 130 HCV Strains from Tehran and Amol 

Region No. of geno­
typed strains 

Genotype 

1a, No. (%) 1b, No. (%) 2k, No. (%) 3a, No. (%) 3k, No. (%) 4a, No. (%) 

Tehran 69 34 (49.3)a 17 (24.7)b 1 (1.4) 15 (21.8) 1 (1.4)c 1 (1.4) 

Amol 61 35 (57.4)c 2 (3.3) 0 24 (39.3)d 0 0 

Total 130 69 (53 ) 19 (14.6) 1 (0.8) 39 (30) 1 (0.8 ) 1 (0.8 ) 
Number of strains typed only by sequencing of the core region: 
a 4 strains; b 7 strains; c 1 strain; d 2 strains 
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Strain 752 in clade 11 was from a patient infected in
1999 and identical to strain 794 from a patient infected
before 1996. Seven clades were formed by strains only
from Amol (clades 1, 5, 6, 7, 8, 10 and 12; Figure 1a-b). An
additional clade, 3, was formed by strains mainly from
Amol, but also with one strain from Tehran. Strains in six 
of these 1a clades were from 16 patients (eight pairs) who 
had been transfused simultaneously sitting on the same
bed at the center in Amol (Table 4). Two of the eight pairs 
were formed by one patient each infected before and af­
ter 1996. Seven clades were formed by 22 of the 37 (59%) 
subtype 3a strains in the current study study (Figure 1c-d).
Three clades were formed by strains from Tehran (clades 
13, 15 and 19) and four by strains from Amol (clades 14, 16, 17
and 18; Table 4; Figure 1 c-d). There were significantly more
closely related 3a strains among patients from Amol as
compared to those of Tehran, 73% versus 40%, respectively 
(P < 0.001). Strains in three of these clades (14, 16 and 18) 
were from 12 patients (six pairs) who had been transfused
at the same shift sitting next to each other on the same
bed in Amol. Two patients with strains in clade 14 and 
one patient with a strain in clade 16 had been infected
between 1999 and 2005, while the other patient in the
pairs had been infected before 1996. Clade 19 was formed
by two strains from patients who had frequently been
transfused at the same shift in the same room in a center 
in Tehran (Table 4; Figure 1c-d). One of the male patients 
in this clade had been infected in 2005. The 12 subtype 
1b strains all diverged with more than five nucleotides
from each other and did not form any clades, but were
interdispersed among1b strains derived world-wide. This
was significantly different as compared to the other sub­
types (P < 0.001) when all strains were considered. How­
ever, most of the 1b strains, 10, were from Tehran centers, 
which generally had fewer similar strains circulating
than the center in Amol (P = 0.015). When only the strains
from Tehran centers were considered, the lack of simi­
lar 1b strains as compared to strains belonging to other
subtypes was less significant (0 versus 15; P = 0.05). The
patient infected with the 4a strain had been transfused
for 8 years in the United Arab Emirates, and had probably 
been infected there. 

5. Discussion 
The frequencies of subtype 1b and 3a in hepatitis C in­

fected thalassemia patients from Tehran were 25% and 
22%, respectively, which were in contrast with the find­
ings from the thalassemia centers in Amol, where 1a and
3a were the most prevalent subtypes. In addition, data
from earlier Iranian studies showed subtypes 1a and 3a 
were the most common ones in the country with geo­
graphical differences in their distribution, and 1a was
frequent among patients infected through blood trans­
fusion (9-11). Several factors may be responsible for the
introduction of various subtypes and strains that may 
infect patients at the thalassemia centers in Tehran. First, 

25% of the hepatitis C infected patients had been treated 
in other cities or abroad for several years before starting
treatment in Tehran, such as the patient infected with 4a, 
who had been treated in the United Arab Emirates (12, 13).
Second, due to a high demand for blood in Tehran, it is 
unavoidable for the centers to use blood supplied from 
other Iranian cities, which might result the introduction 
of various HCV subtypes. Third, sampling in Tehran was 
done at several thalassemia centers which may differ 
with regard to the number of patients, amount of blood 
provided from the other parts of Iran, rate of HCV infec­
tions and number of patients previously transfused in 
other cities or abroad. The number of new HCV infected 
patients decreased when blood screening for anti-HCV
was introduced in Iran in 1996, the current study also
indicated that 86 % of the patients had been infected 
before 1996. However, 34 (16 %) of the patients had be­
come hepatitis C infected after 1996. Most of them had 
been infected in 2001 or later, and only eight had been 
infected between 1996 and 2000. This might have been 
an under-estimate, since there was no testing for anti-
HCV in thalassemia centers on a regular basis these years. 
Most patients from Tehran have been tested for anti-HCV 
since 1998, while there was no routinely anti HCV test­
ing in Amol until 1999 or 2000. Phylogenetic analysis of
the NS5B region revealed a high genetic variability of the 
strains at different centers. Although 54 % of the 1a and 3a 
strains formed clades of similar strains, the strains from 
one clade were highly divergent from strains of the same 
subtype forming another clade. The variability between
the strains and the clades may be due to several factors
including transfusion of unscreened blood before 1996, 
blood obtained from other cities particularly for patients
from Tehran, and the fact that 24% of the thalassemia pa­
tients had started their treatment in other cities. All these 
circumstances could lead to multiple entries of HCV 
lineages into the centers. However, in different centers 
there were closely related strains forming clades. Further 
epidemiological investigations revealed that 36 of these 
strains were isolated from patients frequently transfused
at the same shift in the same room. Moreover, the num­
ber of related 1a and 3a strains from Amol was higher and 
these strains formed larger clades than the ones from
Tehran. In addition, 71% of the patients infected with simi­
lar strains from Amol had been transfused while sitting
next to each other on the same bed. This indicates that 
nosocomial transmission was more common in Amol 
thalassemia center than in those of Tehran. This could 
be due to Amol Thalassemia center was the only center
in the city, and the number of patients often exceeded 
the number of beds, which could influence the patient­
to-patient transmission of hepatitis C. The circulation 
of few similar strains, as in Amol, may also facilitate the 
identification of nosocomial transmission. The patients 
in Tehran were transfused at several centers, and could 
have been exposed to more divergent HCV strains. Some 
of the patients were also transfused and infected abroad, 
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as the patient infected with 4a and probably the major­
ity of those infected with 1b strains. These 1b strains were 
less related to each other and more similar to the strains 
from Western Europe (14), while the 1a and 3a strains 
were more similar to strains from other Iranian high risk 
groups. This suggests multiple entries of 1b strains from 
abroad into the thalassemia centers in Tehran. The high 
similarity of the majority of the 1a and 3a strains suggests 
nosocomial transmission of HCV at the thalassemia cen­
ters. In a study on five new hepatitis C cases infected at
Zafar adult thalassemia clinic in 2004, all the blood do­
nors whom could be traced, 69 %, were anti-HCV negative 
indicating patient-to patient transmission, although it 
was not shown by sequencing and genetic analysis of the 
patient strains (15). Nosocomial transmission of hepatitis 
C has previously been described between patients and at
different hospital settings outside Iran (8, 16-21). However, 
phylogenetic analysis of the HCV strains was performed 
only in few of the studies to identify common source of in­
fection or route of transmission (8, 18, 19). Until now, nos­
ocomial HCV transmission based on sequencing and phy­
logenetic analysis of patient HCV strains at thalassemia 
centers has not previously been reported. The genetic
analysis of the infecting strains in combination with fur­
ther epidemiological analysis clearly indicated patient-to
patient transmission of hepatitis C at the centers under 
study. More transmission events may have occurred than 
those identified, since some patients may have moved to 
other thalassemia centers or have died. Also, if the trans­
mission occurred a long time ago, the strains may have 
diverged beyond a detectable association of the strains 
due to genetic drift. The exact mode of infection was not 
investigated, although the most likely factors may be the 
use of contaminated medical equipment or other poor 
enforcement of safety guidelines. Violation of safety pro­
cedures resulting in the spread of hepatitis C in hospitals 
has previously been documented (16, 22). The present
study supports that nosocomial transmission plays a pos­
sible role in HCV spread at Iranian thalassemia centers.
Education of staff and implementation of strict infection 
control practices are thus necessary in order to reduce 
the number of new cases of hepatitis C at these centers. 
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