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ABSTRACT

Background and Objectives: Red blood cell (RBC) transfusion is necessary for
the prevention and treatment of a variety of life-threatening injuries and diseases. However,
viral contamination of these products is a great threat to recipients. Screening donors for GB
virus C by nucleic acid testing is not routinely implemented worldwide. The aim of the
present study was to evaluate prevalence of GBV-C RNA in whole blood/red cell components.

Methods: In this cross sectional pilot study, we collected 153 units of packed RBCs
from blood banks of two public hospitals in Gorgan (northeast of Iran), between October and
November 2014. The samples were screened for the presence of GBV-C RNA in plasma by
nested RT-PCR using specific primers targeting highly conserved regions of 5' UTR of GBY-(.
Data were analyzed using SPSS software (version 18).

Resulis: Overall, 48 (31.37%) whole blood or red cell components were positive
for GBV-C viremia. The GBV-C RNA was detected in 31/88 citrate phosphate dexirose-adenine
1 (CPDAT) RBC, 16/50 washed RBC and 1/13 reduced-leukocyte RBC. However, whole blood
(PDA1 was negative for GBV-C viremia. Direct sequencing of PCR products confirmed GBV-C
contamination.

Conclusions: Transmission of GBV-C infection was observed in blood products.
Thus, efforts should be made to develop new strategies for assuring blood transfusion safety.
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INTRODUCTION

GB virus C (GBV-C) is a widely
distributed  lymphotropic  human  virus
discovered in 1995, which is found in 0.9 to
20% of healthy blood donors throughout the
world (1, 2). It has been recently proposed to
classify GBV-C, along with GBV-A and
GBV-D, as members of a fourth genus within
the Flaviviridae named ‘Pegivirus’ (1). The
transmission routes of GBV-C are not
completely known. However, similar to other
lymphotropic viruses, GBV-C is transmitted
vertically, sexually and via exposure to
contaminated blood/blood products (1).
Although GBV-C was initially considered as a
possible etiological agent of viral hepatitis in
humans, to date, there is no definite evidence
for the involvement of GBV-C in liver
diseases (2, 3). The majority of patients
infected with GBV-C via blood products, do
not develop chronic hepatitis, but GBV-C has
been detected in many patients with chronic
hepatitis (4). A few investigations have
suggested involvement of GBV-C in hepatitis,
hepatocirrhosis and possibly in hepatocellular
carcinoma (5).
GBV-C infection may persist for decades, but
most healthy individuals clear viremia within 2
years of infection (1). GBV-C infections are
usually asymptomatic, transient and self-
limiting, with slight or no elevation of alanine
aminotransferase. It has been proposed that
GBV-C itself cannot cause hepatitis, and co-
infection with GBV-C does not alter the
clinical course of community-acquired
hepatitis A, B or C (6). Also, GBV-C is
thought to be associated with prolonged
survival in HIV-positive individuals (1, 7).
Although the virus has not been clearly linked
to any human disease, it has been shown that
GBV-C does not replicate in hepatocytes but
rather in lymphocytes (1, 8), thus suggesting
the possible extrahepatic pathogenicity of the
virus (9, 10).
There are several reports of an association
between GBV-C and hepatitis-associated
aplastic anemia besides other hepatitis-causing
viruses (3, 6, 8). In addition, an association
between GBV-C and hepatitis B virus (HBV)
co-infection and pathogenesis of non-
Hodgkin’s lymphoma has been demonstrated.
Moreover, the potential association of the
virus with hematological disorders and
hematological ~ malignancies has  been
suggested (6, 11, 12).

Medical Laboratory Journal , Sep-Oct, 2019; Vol 13: No 5

A study in America confirmed the presence of
GBV-C in brain specimens from deceased
patients with progressive multiple sclerosis by
deep sequencing method (8). Screening GBV-
C infection in different populations showed
that the virus may be associated with persistent
infection or graft rejection in
immunosuppressed patients, such as transplant
recipients, patients with chronic renal failure,
HIV-infected patients, patients on
hemodialysis, intravenous drug users and
patients with thalassemia or leukemia (6-8).
Since no GBV-C nucleic acid testing has yet
been proposed for whole blood or red blood
cell (RBC) components in Iran, this study was
designed to determine the frequency of GBV-
C infection in RBC products in Gorgan, north
east of Iran.

MATERIALS AND METHODS

In this cross sectional pilot study, we
collected 153 units of packed RBCs [citrate
phosphate dextrose-adenine 1 (CPDAL1) RBC
(n=88)], washed RBC (n=50), whole blood
CPDA1l (n=2), leukocytes-reduced RBC
(n=13)] from blood bank of two public
hospitals in Gorgan. Blood specimens were
collected while patients were being transfused.
The study was performed between October
and November 2013 in the Department of
Virology at Golestan University of Medical
Sciences, Gorgan, Iran. Ethical approval was
obtained from the Ethics Committee of Faculty
of Medicine, Golestan University of Medical
Sciences (with code of practice 20199207149).
Plasma was separated, aliquoted and finally
stored at -70 °C until processing. Briefly, RNA
was extracted from 200 pl of plasma using the
High Pure Extraction Kit (Roche Diagnostics
GmbH, Mannheim, Germany) according to the
manufacturer’s instructions. GBV-C RNA was
detected by nested reverse transcriptase
polymerase chain reaction (RT-nested-PCR)
using primers from highly conserved regions
of 5' untranslated region of GBV-C PNF2161
isolates based on the reference sequences from
GeneBank, as previously described (6) (Table
1).
The first-round PCR amplification was
performed in a 25 pL reaction volume
containing 1pL cDNA, 10 pmol of each
universal outer forward and reverse primers
(Table 1), 0.2mM of each deoxynucleotide
(dNTP) (Genet Bio, Korea), 1.25 U of Taq
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DNA polymerase (Genet Bio, Korea), 1.5 mM
MgCl, (Genet Bio, Korea) and 2.5 pl 10X
PCR buffer (Genet Bio, Korea). The reactions
were performed in a thermal cycler (PeQlab,
Erlangen, Germany). The reagents for the
second-round PCR were the same as the ones
used in the first round, except for the volume
of template DNA (0.5 pL). Reactions were
performed in a Peq Lab thermal cycler (Primus
Advanced 96 thermal cycler, USA) with the
following cycling conditions: 95 °C for 5 min;
30 cycles of 94 °C for 50 s, 55 °C for 40°s, 72
°C for 50 s; and 72 °C for 5 min.
Amplification for the second round was
carried out under the following conditions: 95
°C for 5 min; 25 cycles of 94 °C for 50 s, 70
°C for 40 s, 72 °C for 50 s, and 72 °C for 5
min.

All PCR contamination precautions were
taken. Negative controls consisting of sera
from subjects with no GBV-C markers
were obtained from Digestive Disease
Research Institute of Shariati Hospital, Tehran
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University of Medical Sciences, Iran. PCR
procedures were carefully optimized.

The PCR products were electrophoresed on
2% agarose gel stained with ethidium bromide
and were visualized under ultraviolet light
(Figure 1).

Data were analysed using the SPSS software
(version 18, SPSS, Chicago, IL, USA).
Frequency and 95% confidence intervals were
calculated. The Chi-square test or Fisher’s
exact test were used for comparison of data. P-
values less than 0.05 were considered
statistically significant.

RESULTS

Of 153 whole blood or RBC
components, 48 (31.37%) were positive for
GBV-C viremia, including 31 (64.58%)
CPDA1 RBC, 16 (33.34%) washed RBC and
one (2.08%) reduced-leukocyte RBC samples.
However, whole blood CPDA1 was negative
for GBV-C viremia. Direct sequencing of PCR
products confirmed GBV-C contamination.

Figure 1-Agarose gel electrophoresis of the PCR products. From left: Lane 1: DNA ladder (100 bp), Lane 2:
neaative control. Lane 3: positive control. Lane 4: GBV-C-positive specimens.
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Table 1-Sequences and positions of the primers used for amplification of GBV-C genome

Primer Region Position Polarity Sequence (5' to 3")
HG1 5'UTR 139 -158 Sense 5'-GGTCGTAAATCCCGGTCACC-3'
HGI1R 5'UTR 381 - 400 Antisense 5'-CCCACTGGTCCTTGTCAACT-3'
HG2 5'UTR 163 -182 Sense 5'-TAGCCACTATAGGTGGGTCT-3"
HG2R 5'UTR 331- 350 Antisense 5'-ATTGAAGGGCGACGTGGACC-3'
DISCUSSION

RBC transfusion is necessary for the
prevention and treatment of a variety of life-
threatening injuries and diseases and also to
replace blood lost due to surgery and
childbirth. However, viral contamination of
these products is a great threat to patients
(13, 14). Each year, approximately 2,000,000

units of RBC or whole blood are transfused in
Iran (14). The following strategies have
evolved over the recent years for reducing risk
of post-transfusion infections: A) careful
selection of donors, B) routine screening of
blood donors (whole blood) and plasma
derivatives for HBV surface antigen and HBV
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DNA, hepatitis C virus (HCV) antibodies and
HCV RNA, HIV-1 and -2 antibodies and HIV-
1 RNA, human T-cell lymphotropic virus 1-2
antibodies (in high-incidence areas) and
cytomegalovirus antibodies (15), C) viral
removal/inactivation technologies, notably
dual viral inactivation (solvent/detergent and
heat treatment) of blood products and plasma
derivatives except whole blood or RBC
components (14, 16).

Due to implementation of the above methods,
the risk of transmission of blood-borne
viruses, especially HBV, HCV and HIV,
through plasma and plasma products has been
reduced significantly or eliminated in many
areas of the world (16, 17). Despite these
improvements, transmission of viruses such as
parvovirus B19, transfusion-transmitted virus,
SEN-V  virus, West  Nile  virus,
cytomegalovirus, HBV (mutants, occult) and
prions through blood transfusion has been
rarely reported (16, 18). In addition,
approximately 1,000 people receive GBV-C
viremic blood products daily in the USA (1).

In the present study, we screened samples
from whole blood CPDALl, CPDAl RBC,
washed RBC (washed to reduce plasma
proteins for reducing the risk of allergic
reactions) and leukocyte-reduced RBC
(filtered to remove most leukocytes for
reducing the risk of febrile transfusion
reactions and viral infection, such as
cytomegalovirus) products. A high frequency
(31.5%) of GBV-C viremia was observed in
whole blood or RBC products, which is
surprisingly higher than the rate of GBV-C-
RNA positivity in healthy blood donors (0.9 to
20%) and high risk individuals (1 to 43.6%),
suggesting the likely transmission of the virus
via contaminated environmental surfaces (6).
The virus was detected in almost all types of
RBC components but absent in whole blood
CPDAL, which might be related to the small
whole blood CPDA1 sample size. In addition,
blood bag manufacturers were from three
different countries. GBV-C-RNA positivity
was notably more common in plastic bags
made by a particular manufacturer, which
could be due to the larger sample size.
Nevertheless, there was no correlation between
GBV-C contamination and blood bag.
Previous studies show that vials of clotting
factor concentrates treated by pasteurization,
solvent detergent or dry heat for 144 h, were
negative for the presence of GBV-C, and all
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samples that had not undergone a specific viral
inactivation step were positive for GBV-C (19,
20). However, a study demonstrated that HIV-
positive patients with haemophilia are at an
increased risk of GBV-C infection; despite
treatment with virus inactivated clotting factor
concentrates. Nevertheless, the emergence of
markers of GBV-C infection can be a result of
progression of immune impairment in the
course of HIV infection (21). Current
purification and viral inactivation techniques
against viruses such as GBV-C seems to be
very effective (19, 20).

Due to unavailability of blood donors’ sera
prior to initiation of the procedures,
precontamination of the individuals with
infectious could not be determined. It is
important to note that all samples did not
undergo a specific viral inactivation step. In
Iran, screening of donors and donated blood is
carried out mainly to improve virus safety of
whole  blood or RBC components.
Additionally, screening is limited to certain
viruses. Thus, the high frequency of GBV-C in
the tested whole-blood derivatives is not
surprising. Consistent with our findings, some
studies reported that products that had not
undergone a specific viral inactivation step,
were positive for GBV-C (20, 22). However,
further studies are necessary to confirm this
epidemiological observation.

Our investigation was confined to red cell
products and other products such as plasma
derivatives were not tested, which could be a
limitation of this study. Thus, generalization of
our findings requires conducting studies in
different geographical areas with larger sample
sizes from various blood products. The
preferred sampling frame for our study was
based on the information on the used blood
bags, which produced satisfying data.
Acquisition of additional data including
individual characteristics such as age, gender,
etc. requires further cooperation from the
Iranian Blood Transfusion Organization.

The Food and Drug Administration does not
recommend blood screening for GBV-C,
because it seems to be a virus that does little
harm to recipients (1, 19). It is important to
note that most of the attention paid to GBV-C
has been due to its possible involvement in
liver diseases. However, specific variants of
GBV-C are thought to be aggressive (3). This
may have important implications for blood
safety. We believe that in countries such as
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Iran where incidence of GBV-C infection is
high, the introduction of GBV-C-negative
donors for “GBV-C-safe” would be desirable.
The complete removal or inactivation of every
virus particle in blood products is a worthy but
currently impractical goal. Latest approaches
for reduction of infectivity include the use of
new generation of S-303 PIT and two
pathogen reduction technologies-methylene
blue plus light and shortwave ultraviolet light
(23); robust methods for accurate diagnosis
using pan-microbiological oligonucleotide
microarrays (24, 25); and obtaining stem cell-
derived blood products (17, 26).

However, more studies are necessary to
thoroughly examine the impact of these
technologies on RBCs, which may lead to
formation of undesirable antibodies in the
recipient.

CONCLUSION

To date, this is the first study to
screen whole blood /red cell components for
GBV-C RNA in Iran. Today, no country has
decided to screen blood donors for GBV-C.
Although the implementation of
inactivation/removal methods designed to
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