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Although the hepatitis B surface antigen (HBsAg) pro-
tein is undetectable at the plasma level in occult hepatitis B 
(OBI)-infected patients, the hepatitis B virus (HBV) DNA is 

present in patient plasma.1 This type of hepatitis has imposed 
multiple, worldwide drawbacks on blood transfusion services 
and blood components recipients. However, even though 
all donated blood and blood components units are screened 
for HBsAg, some cases of post-transfusion hepatitis B are re-
ported yearly.2-5 Generally the main causes of post-transfusion 
viral hepatitis in Iran are hepatitis B and OBI, which we have 
reported in our previous investigations in Isfahan and Ker-
man, the 2 central provinces of the country.6,7 However, the 
responsible mechanism(s) for the progression of OBI has yet 
to be clarified, but the key roles of genetics and immunologi-
cal parameters in resistance and/or sensitivity of OBI subjects 
is suggested. Chemokines are low molecular weight proteins 
(8-17 kDa), which are classified into 4 distinct groups desig-
nated as CXC, CC, CX3C, and C. Depending on the pres-
ence or absence of the ELR (Arg-Leu-Glu) motif before the 
first cysteine residues in their structures, the CXC chemokines 
are further subdivided into ELR+ and ELR-. C-X-C motif 
chemokine 10 (CXCL10 [IP-10]) will fit into the category of 
ELR- CXC chemokines.8-10 This chemokine plays important 
roles in appropriate immune response and is 1 of the main 
chemokines in the recruitment of immune cells to the liver 
and induction of cellular immunity against viral infections, 

Decreased Circulating Level in Parallel With Lack 
of Associated Genetic Variation in CXCL10 (IP-10) 
in Southeastern Post-Transfusion Occult HBV-     
Infected Patients
Mojgan Noroozi Karimabad, MSc,1 Gholamhossein Hassanshahi, PhD,1 Mohammad Kazemi Arababadi, PhD,2  
Ziba Shabani, MD,3 Ali Shamsizadeh, PhD,4 Houshang Rafatpanah, PhD,5 Narges Yaghini, MSc,6 Abbas Shirdel, MD7 
(1Molecular-Medicine Research Center, Rafsanjan University of Medical Sciences, Rafsanjan, 2Department of Microbiology, Hematology  
and Immunology, Faculty of Medicine, Rafsanjan University of Medical Sciences, Rafsanjan, 3Department of Infectious Disease  
Ali-ebn-Abitaleb Hospital, Rafsanjan University of Medical Sciences, Rafsanjan, 4Physiology and Pharmacology Research Center,  
Rafsanjan University of Medical Sciences, Rafsanjan, 5Immunology Research Center, School of Medicine, Mashhad University of Medical 
Sciences, Mashhad, 6Department of Biochemistry, Rafsanjan University of Medical Sciences, Rafsanjan, 7Department of Internal Medicine, 
Ghaem Hospital, Mashhad University of Medical Sciences, Mashhad, Islamic Republic of Iran)
DOI: 10.1309/LM1I1LL2GUXFQHOL

Abstract 
Background: The presence of hepatitis B 
virus (HBV) DNA in parallel with the absence 
of a measurable amount of hepatitis B surface 
antigen (HBsAg) in periphery of hepatitis 
B-contaminated carriers is characterized as 
occult hepatitis B infection (OBI). Its clinical 
status has resulted in multiple drawbacks 
for blood transfusion services worldwide. 
Therefore, the aim of the current study 
was to investigate the association between 
polymorphisms in -1443 region of C-X-C motif 
chemokine 10 (CXCL10) interferon-inducible 
protein-10 (IP-10) and its plasma level in 
patients with post-transfusion transmitted OBI. 
 
Material and Methods: In this experimental 
study, plasma samples from 3700 blood 

donors were tested for HBsAg and anti-hepatitis 
B core antibody (HBc) by enzyme-linked 
immunosorbent assay (ELISA). The HBsAg-/
anti-HBc+ samples were selected and screened 
for HBV-DNA by polymerase chain reaction 
(PCR). Hepatitis B virus DNA-positive samples 
considered OBI cases, and a polymerase 
chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) was performed to 
examine the polymorphisms in the CXCL10 (IP-
10) gene. The plasma levels of CXCL10 (IP-10) 
were also detected using ELISA. 
 
Results: The results of this study demonstrated 
that 352 (9.5%) out of 3700 blood samples 
were HBsAg-/anti-HBc+, and HBV DNA was 
detected in 57/352 (16.1%) of HBsAg-/anti-
HBc+ samples. The results of this study also 

showed that the plasma level of IP-10 was 
87.59 ± 8.75 and 143.5 ± 4.83 pg/mL in 
OBI patients and healthy controls, respectively. 
Statistical analysis showed the difference was 
significant (P<0.001). Our results also showed 
that all of the patients and healthy controls had 
AG genotypes, while other genotypes were not 
seen in patients and controls.  
 
Conclusion: According to the findings of this 
study, it can be concluded that OBI patients 
lack the ability to express adequate amounts of 
IP-10 that could probably affect the process of 
HBV clearance.  
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especially HBV.8 We have previously demonstrated the in-
creased level of CXCL10 (IP-10) following hepatocytes isola-
tion and primary culture11,12 in response to different stimuli12 
and pro-inflammatory cytokines (IFN-γ and TNF-α) treat-
ment.12 Previous studies also showed that the polymorphism 
in the 1443 region of the chemokine gene is related to HBV 
infection. Therefore, we designed this study to examine the 
possible association between the plasma level of CXCL10  
(IP-10), its known polymorphism (1443), and OBI.

Material and Methods

Subjects
Peripheral blood samples were collected from 3700 vol-

unteer blood donors at Rafsanjan Blood Transfusion Services 
(Kerman, Iran) on ethylenediaminetetraacetic acid (EDTA) 
pre-coated 5.5 mL tubes. The samples were centrifuged at  
370 × g for 4 minutes. All sera were separated within 24 hours 
after collection. If needed, serum samples were stored at -20°C 
for a maximum of 2 months or at -70°C (in case they were 
stored longer) for further use. For examination of polymor-
phisms, a 2 mL sample was collected from patients with OBI 
(57 cases) and 100 healthy controls (HBsAg-/HBV-DNA-/
anti-HBc+). The study protocol was approved by the ethical 
committee of Rafsanjan University of Medical Sciences. 

All of the participants of this study completed and signed 
the informed consent form, which was designed based on the 
aim and objectives of the study.  

Detection of Serological HBV Markers 
Hepatitis B surface antigen screening tests were per-

formed by enzyme-linked immunosorbent assay (ELISA) 
(CSL Behring, Hattersheim am Main, Germany). An anti-
HBc screening test was also performed by a manual micro 
plate enzyme immunoassay (EIA) using anti-HBc commercial 
kit (Radim SpA, Pomezia, Italy). The present method is based 
on a competitive EIA. All of the samples were also screened by 
ELISA (Radim SpA) for possible HCV, HIV, and HTLV-1 
infections.

HBV-DNA Extraction from Plasma Samples 
Viral DNA was purified from 200 µL of plasma samples. 

Briefly, each plasma sample was incubated at 72°C for 10 
minutes and then cooled to 4°C for 5 minutes in 200 µL  
proteinase K (200 µg/mL). Following phenol/chloroform 
extraction (1:1), the viral DNA was precipitated with ethanol 
and the pellet was re-dissolved in DNase-free, deionized water 
and stored at -20°C for further use.

HBV-DNA PCR and Gel Electrophoresis 
To amplify the S gene of HBV-DNA, a PCR reaction 

mixture was made by adding the following reagents to a 0.2 
mL microcentrifuge tube on ice: 2.5 µL of Taq DNA poly-
merase buffer (10×), 0.5 µL of MgCl2 (stock concentration 
1.5 mM), 0.5 µL of each dNTP ([dATP, dCTP, dGTP, 
dTTP] stock concentration of 10 mM), 1 µL of each primer 
([forward and reverse], stock concentration of 25 ng/µL), 5 
µL of prepared DNA and sterile double distilled water to a 

final volume of 25 µL. The sequences of forward and reverse 
primers were as follows: F: TCGTGGTGGACTTCTCTC 
R: ACAGTGGGGGAAAGCCC. The amplification was 
performed with the following program: 1 cycle of 93°C for 2 
minutes, 93°C for 1 minute (denaturation), 1 minute at an 
appropriate temperature for annealing different targets (Table 
1), 72°C for 40 seconds (elongation) followed by 30 cycles of 
93°C for 20 seconds, 55°C for 20 seconds, and 72°C for 40 
seconds. During the last 45 seconds of the first stage, 0.3 µL 
of Taq DNA polymerase was added to the mixture. In addi-
tion to the appropriate annealing and melting temperatures, 
Table 1 indicates the size of products that should be achieved 
by PCR.      

The HBV-DNA was purchased from CinnaGen (Tehran, 
Iran) and used as a positive control. A PCR product (10 µL) 
was run on a 2% agarose gel after adding 4 µL of loading buf-
fer. The presence of a 500 bp fragment indicated a positive 
result. In parallel with the samples, a 100 bp DNA ladder was 
also run to estimate the molecular size of DNA fragments. 

Detection of Polymorphisms
The IP-10 gene polymorphism was analyzed by the PCR-

RFLP method. The PCR of this gene was performed as de-
scribed in HBV-DNA amplification, except 1 µL of prepared 
DNA and at a 57°C annealing temperature. The sequence of 
forward and reverse primers was mentioned in Table 2. The 
amplified PCR product of IP-10 gene covers the -1443 re-
gion with a molecular size of 290bp. The Sac-1 (Fermentas, 
Helsinki, Finland) has merely a restriction site on this region; 
thus, the fragment will be digested into 2 145 bp fragments 
following digestion. The digested products were run on a 
2.5% agarose gel after adding 4 µL of loading buffer (Cinna-
Gen) and studied on a UV transilluminator after staining with 
ethidium bromide.

Table 1_Sequences of Primers

Gene Primers Product Size (bp)

S gene (HBV) F: TCGTGGTGGACTTCTCTC 500
 R: ACAGTGGGGGAAAGCCC 

This table lists the sequences of the primers and size fragment of PCR production. 

Table 2_Demographic and Socioeconomic Conditions 
of Occult Hepatitis B Virus-Infected Patients and 
Controls

n Variant Healthy Control Patient

1 Age 28 ± 8 28 ± 6

2 Sex  
 Female 3 (3%) 2 (3.5%)
 Male 97 (97.8%) 55 (96.5%)

3 Socio-economic status  
 Weak 22 (22%) 12 (21%)
 Medium 47 (47%) 28 (49%)
 High 31 (31%) 17 (30%)
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Chemokine Level Assay

The serum level of CXCL10 (IP-10) was measured by 
ELISA (R&D systems, Abingdon, U.K.) in patients and 
healthy controls immediately after blood collection. Assays 
were performed per the manufacturer’s guidelines. The sensi-
tivity of the kits was 2 pg/mL, and inter- and intra-assay as-
sessments of reliability of the kit were conducted.

Liver Enzyme Evaluation 
Serum glutamic-pyruvic transaminase (SGPT), serum 

glutamic oxaloacetic transaminase (SGOT), direct bilirubin 
(DB) and total bilirubin (TB), and alkaline phosphatase 
(ALP) of OBI patients were measured using MAN Ltd. kits, 
Tehran, Iran.

Statistical Analysis
The Hardy-Weinberg equilibrium was assessed using 

genotype data. Allele and genotype frequencies were calcu-
lated in patients and healthy controls by direct gene counting. 
Statistical analysis of the differences between groups was de-
termined by χ2, t-test, and Anova using EPI 2000 and SPSS 
software version 13 (Chicago, IL). A P value of less than 0.05 
was considered significant.

Results
This study was performed on the blood collected from 

3700 volunteers at Rafsanjan Blood Transfusion Services. 
All of the samples were found to be negative for HBsAg and 
HCV, HTLV-1, and HIV antibodies. Out of 3700 samples, 
352 (9.5%) cases were positive for anti-HBc, and HBV-DNA 
was detected in 57/352 (16.1% of HBsAg negative but anti-
HBc positive). The results of this study indicated that 16.1% 
of HBsAg-negative but anti-HBc-positive samples had detect-
able HBV-DNA, which is 1.54% (57/3700) of the total col-
lected samples.

The mean age in the patient and control groups was 28 ± 
6 and 28 ± 8, respectively, with no significant difference be-
tween the groups (Table 2). Three (3%) of the control group 
members were female and 97 (97%) were male, while 2 of 
the patients (3.5%) were female and 55 (96.5%) were male. 
There was not a significant difference regarding the age of 
the controls and patients. Analysis of socio-economic status 
showed that there was not a significant difference between the 
patient and control groups (Table 1). 

The results of this study also showed that the plasma 
level of CXCL10 (IP-10) was 87.59 ± 8.75 and 143.5 ± 4.83 
pg/mL in OBI patients and healthy controls, respectively 
(Figure 1). Statistical analysis showed the difference was sig-
nificant (P<0.001). Our results also showed that all of the 
patients and healthy controls had AG genotypes while other 
genotypes were not found in the groups. 

Discussion 
In hepatitis B, the expression pattern of chemokines 

are changed and CXCL10 (IP-10) is increased.13 Evidence 
showed that polymorphisms in specific regions of chemokines 

influence the pattern of their expression. As an example, the 
polymorphism in the +801 region of the SDF-1α gene is 
believed to be involved in the regulation of this chemokine 
expression.4,14,15 It is not well understood why OBI patients 
are unable to completely overcome the viral contamination. 
However, it seems chemokines play key roles in the clearance 
of HBV, and several studies have indicated that NK cells and 
cytotoxic T cells (the 2 most important cells in cellular im-
munity) depend on chemokine balance for their best function. 
Therefore, this study was created to examine the association of 
CXCL10 (IP-10) polymorphism with its plasma level, as the 
supporting chemokine of cellular immunity. Following our 
previous reports, we showed OBI in Iranian blood donors. In 
our study we demonstrated the level of CXCL10 (IP-10) was 
decreased in OBI patients. The low plasma level of CXCL10 
(IP-10) in OBI patients may be due to the various related fac-
tors, and this inducible chemokine appeared to be regulated 
by exogenous stimuli varying from heat shock to proinflam-
matory cytokines.14 As we have shown, all patients had the 
same allele of polymorphism, and this may affect CXCL10 
(IP-10) expression in OBI. However, due to the novelty of 
this study and a lack of enough information regarding the 
other ethnic and racial groups in different parts of the world, 

Table 3_Average Liver Factors Serum Levels of the 
Controls and OBI Patients 

Factors Controls OBI Patients P Value

ALP 120 u/L 130 u/L 1.0
SGOT 15 u/L 20 u/L 0.8
SGPT 22 u/L 19 u/L 1.0
DB 0.2 mg/dL 0.19 mg/dL 1.0
TB 0.8 mg/dL 1 mg/dL 0.8

No significant differences were seen regarding the liver factors serum levels in OBI patients 
when compared to the controls.

Figure 1_Serum level of IP-10 in OBI patients and healthy controls. 
The serum level of IP-10 was significantly decreased in OBI patients 
when compared to controls. *A significant difference in the serum 
level of IP-10 (P<0.001, t-test, case vs control). Data are shown as 
mean ± SE.

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article-abstract/42/7/423/2657701 by guest on 05 M
ay 2020



Science

426 LABMEDICINE ■ Volume 42 Number 7 ■ July 2011 labmedicine.com

we were unable to compare our polymorphism findings with 
any other study. As a result, it may be concluded from the 
results that the lower plasma level of CXCL10 (IP-10) could 
be considered as a risk factor for complete eradication of 
HBV from the patients. Hence, it can be assumed that these 
patients are unable to produce enough amounts of CXCL12 
and CXCL10 for HBV clearance. In a previous study, we 
have shown that another chemokine from this group is also 
decreased in these patients, but CXCL12 (SDF-1α) is not 
an inducible chemokine. One possible reason for the reduc-
tion of IP-10 in the OBI patients could also be the regulatory 
part of upstream transcriptional start site of the IP-10. In 
this region of IP-10, the presence of regulatory motifs for the 
various signaling transduction pathways, such as heat shock 
element NF-KB, IFN-γ regulatory motifs, etc. have been doc-
umented,6,9 and down regulation of this chemokine could be 
a result of the decreased levels of these mediators and related 
stimuli. Another possible mechanism to elucidate the decreased 
level of IP-10 could be the presence of inhibitory substances, 
including virus particles in the plasma of patients that inhabit 
the production of chemokines at the level of mRNA or pro-
tein, and may influence the mRNA half life to prevent the 
IP-10 expression. Finally, due to the complexity of OBI, another 
aspect of the disease must be examined, and it is recommended 
to set up a set of experiments to study the expression and 
polymorphisms of other important related cytokines and their 
receptors in OBI patients as a future work.  LM
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