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Abstract

Prevalence of Hepatitis C virus (HCV) in Egypt is 22% as reported by World Health Organization (WHO) 2012.
Interferon (IFN)-based treatments are currently the main therapeutic option. However, depending upon variations in
their human leukocyte antigen (HLA), some patients do not respond well to IFN therapy. The current study evaluated
some HLA class Il alleles among 200 HCV positive individuals from Alexandria, Egypt, who were receiving standard
IFN therapy. In this study, 30 patients (33.3%) showed a sustained virological response (SVR) to IFN therapy,
whereas 30 (33.3%) did not and 30 (33.3%) cleared the virus spontaneously. 30 unrelated healthy volunteers served
as controls. DNA was extracted by spin column method from lysed blood of all enrollees for HLA-DRB1 and HLA-
DQB1 allele typing by sequence specific oligonucleotide probe (SSOP), whilst plasma was used for HCV quantitation
by real time polymerase chain reaction (RT-PCR) and genotyping by line probe assay INNO LiPA (Innogenetics).
HLA-DRB1*03 individually (p=0.025) or in combination HLA-DRB1*04 (p=0.035) revealed to be significant protective
alleles against HCV infection. In patients on IFN therapy, HLA-DRB1*11 was significantly associated with viral
clearance. In contrast, HLA-DRB1*07 (p=0.005) was associated with viral persistence. We can conclude that certain
HLA class Il alleles could predict response to IFN therapy as early as possible before starting treatment of chronic
HCV cases and can be used as successful guide to clinicians in deciding the therapeutic regimen for Egyptian

patients infected with HCV genotype 4.
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Introduction

HLAs are encoded by a complex of genes, which are among the
most polymorphic regions of the human genome. Allelic variants
of HLA have been reported to be involved in immune responses to
infectious agents such as (HIV), hepatitis B virus (HBV) and hepatitis
C virus (HCV) [1]. Previously, several HLA alleles have been found
to be associated with susceptibility and resistance to HCV infection,
pathogenesis leading to liver damage, cirrhosis and the response to IFN
therapy but their results were inconsisten [2-4]. Globally an estimated
180 million people, or roughly 3% of the world’s population, are
currently infected [5]. The burden of disease is greatest in developing
countries: the highest reported prevalence is in Egypt (22%), China
(3.2%) and Pakistan (4.8%) as reported by World Health Organization
(WHO) [6]. The spectrum of liver disease in patients infected with
HCV ranges from minimal lesions in HCV asymptomatic carriers to
chronic hepatitis with minimal to severe liver damages, cirrhosis and
hepatocellular carcinoma [7]. HCC is third in incidence among the
cancer diseases in men, with >8,000 new cases predicted by 2012 in
this population [6]. The pathogenesis of HCV associated liver disease
is believed to be mainly mediated by the immune system [8]. In the
host immune reaction against viral infections HLA alleles play a vital
role in modulating immune responses [9]. HLA class I and II antigens
are central to human immune response and thus ideal candidate genes
to investigate for association with HCV outcomes [10]. Various HLA
class II alleles have been linked with either persistence or clearance
of HCV [11-14]. So, the current study aimed at testing several HLA
alleles to detect clearance from persistance ones responsible for failure
of treatment. This may aid clinicians in choosing successful line of
therapy suitable for each case as early as possible saving money and
complications of non responders.

Subjects and Methods

Our subjects (HCV infected cases) were selected from Alexandria
Main University Hospital (Tropical department) and Alexandria Army
Forced Main Hospital (Mostafa Kamel). Group I: 30 Spontaneous
cleared subjects (SCS), Groupll: 30 Sustained Virologic responders
(SVR), Group III: 30 Non responders to Interferon (NR). 30 healthy
persons served as controls to immunologic procedures. An informed
consent was taken from all enrollees before sampling. Investigations
done to all enrollees were; full history taking, clinical examination and
the following laboratory tests [15];

i. Complete blood picture using an automated cell counter (sysmex
(KX-21 N), Roche, Japan).

ii. Liver function tests (Alanine aminotransferase (ALT), Aspartate
aminotransferase (AST), Total bilirubin, albumin, and gamma glutamyl
transferase (GGT) using Dimension RxL (Dad Behring Germany).

ili. Detection and quantitation of HCV RNA in sera by real time
polymerase chain reaction (RT-PCR).
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iv. Genotyping of HCV by line probe assay INNO-LiPA (Innogenetics,
USA).

v. HLA class IT (DRB1*01*-DRB1*15) typing: genomic DNA was
extracted from whole blood (after lysis by lysing buffer) using Qiagen
spin column QIAamp® DNA Blood Mini Kit. HLA class II alleles
were determined at the genotype level with 2 digit intermediate/low
resolution. This was performed using INNO-LiPA plus; a line probe
assay designed for molecular typing of HLA alleles at the allele group
level. The principle of the test was based on reverse hybridization of
amplified biotinylated DNA sample which was chemically denatured.
Separated strands were hybridized with specific oligonucleotide probes
immobilized as parallel lines on membrane-based strips. This was
followed by a stringent wash step to remove any mismatched amplified
material. After the stringent wash, streptavidin conjugate with
alkaline phosphatase was added and bound to any biotinylated hybrid
previously formed. Incubation with a substrate solution containing a
chromogen resulted in a purple/brown precipitate. The reaction was
stopped by a wash step, and the reactivity pattern of the probe was
recorded. An amplification kit (INNO-LiPA HLA DRB1*-15 amp Plus)
was provided for standardized preparation of biotinylated amplified
samples. The amplification kit was based on polymerase chain reaction
(PCR). Amplification products were subsequently hybridized using 1
typing strip on which 37 sequence- specific DNA probes and 2 control
probes were fixed. The INNO-LiPA HLA plus was designed to give
the best possible resolution, at the allele group (this means the first 2
digits after the asterisk in an allele name when following standard HLA
nomenclature e.g. HLA-DR1*01).

Data Analysis

Descriptive statistics included range, mean + SD, median,
frequencies (number of cases) and percentages when appropriate.
Comparisons of numerical variables between the study groups were
made using the Mann Whitney U test for independent samples. To
compare categorical data, the Chi squared (x?) test was used. When the
expected frequency was less than 5, Fisher Exact test was used instead.
Accuracy was represented using the terms sensitivity and specificity.
Receiver operator characteristic analysis was used to determine the
optimum cut off value for the studied tests. Various variables were
tested for correlation using the Spearman rank correlation coefficient
equation for non-normal variables. p values less than 0.05 were
considered statistically significant. Normality of data was checked by
the Kolmogorov Smirnov test. The quantitative data were analyzed
using analysis of variables (ANNOVA) test to test for significance then
post hoc tukey test was used to compare between 3 studied groups.
Our methods violated the normal assumption; therefore, the data
were analyzed using non-parametric tests. Two-tailed tests were used
where appropriate. All statistical calculations were performed using the
computer programs Microsoft Excel 2007 (Microsoft Corporation, NY,
and United States) and SPSS (Statistical Package for the Social Sciences;
SPSS, USA) version 15 for Microsoft Windows.

Results

Results are illustrated in the following tables: Table 1 shows base
line HCV load among groupll sustained virologic responders (SVR)
and group II non responders (NR) which ranged between(<1x10° IU/
ml-<5x10° IU/ml ). SVR were mainly <1x10° IU/ml(46%) while NR
were mainly <5x10° IU/ml (36.5%) and p=0.05* was significant.

Table 2 illustrates hematological data among 3 groups studied;

Viral load Sustained virology Non Responders (no.30) | Statistics
(base line response (no.30) No. (%) tests
<5%10° IU/ml) No. (%)
<1x10° IU/ml 14 (46%) 9 (30%) Chi=0.05
<2x10° IU/ml 8 (26%) 2 (8%) p=0.05*
<3x10° IU/ml 2 (8%) 2 (8%) T=0.048
<4x10° IU/ml 3 (10%) 6 (17.5%) P=0.05*
<5x10° IU/ml) 3 (10%) 11 (36.5%) uU=111
Mean * SD | 1.725.775 + 1.375.725 |U/ml | 3.725.575 + 1.550.650 IU/ml| p=0.05*
median 1.575.125 IU/ml 2.455.505 [U/ml
Range 2.755.770-4.250.055 1U/ml | 4.468.110-5.567.502 1U/ml

U=Mann-Whitney
Table 1: Base line HCV load among Sustained virology responders and Non
responders.

Red blood cells count was not significantly different among the three
groups however white blood cells count, platelet count and hemoglobin
concentration revealed significant difference between Sontaneous
cleared (SCS)/Sustained Virologic Respoders (SVR); p<0.05 and
Spontaneus cleared/Non responders p<0.05 where Sustained Virologic
Respoders were less than spontaneously Cleared group and Non
Responders were the least. Prothrombin time (INR) was significantly
higher among Sustained Virologic Responders and Non Responders
compared to Spontaneuosly Cleared Subjects (p<0.05). Comparing
Sustained Virologic Responders to Non Responders all variables tested
were no significant p>0.05. As shown in Table 3, liver function tests(
Albumin, Total Bilirubin, ALT, AST & GGT) were significantly higher
among SVR and NR compared to SCS p<0.05. While comparing SVR
to NR variables were no significant p>0.05. DRB1*07 was 90% among
NR (p=0.001).

Table 4 shows HLA alleles among the studied subjects. The striking
alleles were HLA DRB1*03 85% and HLA DRB1*04 46.5% among SCS
(p=0.005 & p=0.004 respectively). While SCR revealed 43.5%and 40%
respectively. NR was 0% for both alleles. NR revealed 90% association
with HLA DRBI1*07 (p=0.001), the other groups were 0%. HLA
DRB1*11 was highly significant 0.001(53.3% SCS, 90% SVR and 3.3%
among NR).

Discussion

In the current study, we have analyzed HCV clearance or
persistence with HLA class II antigens of patients on pegylated
Interferon (pegIFN) therapy infected with HCV genotype 4. The HLA
DRB1*07 allele was found to be significantly associated with virus
persistence, whilst HLA-DRB1*03, HLA DRB1*04 and HLA DRB1*11
were associated with virus clearance. In a comparison of the allelic
distribution of the HLA-DRBI alleles among all subjects a statistically
significant association of HLA-DRB1*03 and *04 with the SCS group
was observed, indicating a protective advantage towards HCV infection
of this allele. As these alleles were not found among non responders, we
postulate that these alleles are probably responsible for spontaneous
clearance of the virus, in agreement with the previous study of [16].
When the HLA allele differences were compared between the SVR
and non-SVR groups with the SCS group, no significant association
was observed at any locus. However, when the non-SVR group was
compared with the SVR group, the HLA-DB1%*03 allele was found
to be associated with virus clearance and HLA-DRB1*07 with virus
persistence following IFN therapy, the former being consistent with
previous findings [12,17-19]. In addition, [9] observed a significantly
higher frequency of HLA-DB1*03 in patients who spontaneously
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Variables Spontaneous Cleared Sustained virologic NonResponders Statistics/ ANOVA
tested (n=30) response (n=30) (n=30)
RBCs count
(N=4-5.5x10¢/ml)
Mean * SD 4.520x10%ml + 0.45 4.421%x10°%ml + 0.48 4.134%x10%ml + 0.55 F=0.736,
Median 4.8x10%/ml 4.6x10%/ml 4.4x10%/ml p=0.157
Range 3.8-5.6x10%/ml 3.7-5.4x10%/ml 3.6-5.2x10%ml
WBCs count
(N=4.500-10.000/ml) F=75.911, p=0.0001*
Mean * SD 6.855%10%ml + 0.45 4.754x10%ml + 0.34 4.335%x10%ml + 0.58 SCS/SVR; t=9.923 p<0.05*
Median 6.8x10%/ml 4.8x10%ml 4.3x10%ml SCSINR; t=11.172 p<0.05*
Range 5.8-7.8x10%/ml 4.2-5.7x108/ml 3.8-5.6x10%ml SVRI/NR; t=1.321, p>0.05
Hemoglobin F=7.971, p=0.001*
(N=12-15g/dI)
Mean + SD 13.22 g/dl + 1.25 11.52 g/dl £ 1.07 11.22 g/dl £ 1.35 SCS/SVR; t=3.423, p<0.05*
Median 13 g/di 11.6 g/dl 11.2 g/dl SCSINR,; t=3.852, p<0.05*
Range 11.5-15.1 g/dl 11.2-13.1 g/dl 11.2-13.3 g/dl SVRINR; t=0.351, p>0.05
Platelet count F=12.171, p=0.001*
(N=150-450x10%ml)
Mean * SD 287x10%ml + 85 175%10%/ml + 58.7 162x10%/ml + 45.7 SCS/SVR; t=4.043, p<0.05*
Median 268x10%/ml 178%x10%/ml 168%x10%/ml SCS/NR; t=4.452, p<0.05*
Range 158-478%105/ml 108-278x10%/ml 105-238x108/ml SVR/NR;t=0.451,p>0.05
Prothrombin F=38.471, P=0.0001*
(INR=0.8-1.2)
Mean * SD 1.11+£0.130 1.33+£0.120 1.31£0.035 SCS/SVR,; t=7.420, p<0.05*
Median 0.98 1.22 1.23 SCSINR; t=7.289, p<0.05*
Range 0.85-1.20 1.15-1.35 1.25-1.30 SVRI/NR ; t=0.151,p>0.05

INR; International normalized ratio, *p<0.05 significant
Table 2: Base line Haematological data among studied groups.

Variables Spontaneous Sustained virology Non Responders Statistics ANNOVA

tested Cleared (n=30) response (n=30) (no.30)

Albumin F=5.471, P=0.007*
(N=3.5-5.3g/dl)

Mean + SD 4.200 g/dl + 0.452 3.754 g/dl + 0.456 3.667 g/dl + 0.375 SCS/SVR; t=2.564, p<0.05*
Median 4.5 g/dI 3.8 g/dl 3.9 g/dl SCS/NR; t=2.893, p<0.05*
Range 3.7-5.3 g/dl 3.2-4.9 g/dI 3.3-4.3 g/dI SVR/NR ; t=0.257, p>0.05
Total Bilirubin F=15.071, P=0.0001*
(N=0.2-1.2g/dl)

Mean * SD 0.540 mg/dl + 0.226 1.517 mg/dl + 0.675 1.540 mg/dl + 0.696 SCS/SVR; t=4.410,p<0.05*
Median 0.5 mg/dl 1.53 mg/dl 1.75 mg/dl SCSINR,; t=6.219, p<0.05*
Range 0.3-1.3 mg/d| 0.4-2.5 mg/d| 0.4-2.6 mg/d| SVR/NR ; t=0.341,p>0.05
ALT (9-40 IU/L) F=287.771, P=0.0001*
Mean + SD 27.90 IU/ml + 4.22 75.000 IU/ml £ 8.17 73.15 [U/ml £ 5.29 SCS/SVR; t=20.4,p<0.05*
Median 28 1U/ml 78 1U/ml 73 IU/ml SCS/NR; t=20.2, p<0.05*
Range 21-36 IU/ml 55-86 1U/ml 55-84 1U/ml SVRI/NR ; t=0.651,p>0.05
AST (10-35 IU/L) F=347.791, P=0.0001*
Mean * SD 22.45 1U/ml + 4.75 67.48 IU/ml + 5.65 69.95 IU/ml + 5.92 SCS/SVR;t=20.713,p<0.05*
Median 24 1U/ml 69 IU/ml 66 1U/ml SCSINR; t=20.223, p<0.05*
Range 12-35 IU/ml 56-72 [U/ml 58-78 1U/ml SVR/NR ; t=0.752, p>0.05
GGT (0-42 IU/L) F=53.271, P=0.0001*
Mean * SD 20.75 IU/ml + 6.55 47.34 1U/ml £ 8.56 48.70 lU/ml £ 7.25 SCS/SVR,; t=8.821, p<0.05*
Median 21 1U/ml 48 |U/ml 49 IU/ml SCS/NR; t=9.266, p<0.05*
Range 9-36 1U/ml 29-59 [U/ml 37-60 1U/ml SVR/NR ; t=0.571,p>0.05

ALT; Alanine aminotransferase, AST, Aspartate aminotransferase
GGT; Gammaglutamyl transferase. *=p<0.05 is significant.

Table 3: Base line Liver Function tests of studied cases.

cleared the virus as opposed to chronically infected patients, although
we did not see any statistically significant difference in the frequency
of this allele in patients and normal controls. However, when the effect
of IFN therapy in patients was analyzed, we observed a statistically

higher frequency of this allele in SVR patients compared with non-SVR
patients. This association is consistent with the observations of [12];
although they did not report the HCV genotype, it was most probably
genotype 1, which is the most prevalent in UK patients. In contrast to
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HLA alleles Spontaneous Sustained Non P of Fisher
Cleared virology Responders exact test
(n=30) response (n=30) (no.30)
HLADRB1* 01 |1 (3.3%) 1(3.3%) 3(9.9%) 0.324
HLADRB1* 02 |1 (3.3%) 1(3.3%) 2 (6.6%) 0.456
HLADRB1* 03 26 (85%) 13 (43.5%) 0 (0%) 0.005*
HLADRB1* 04 | 14 (46.5%) 12 (40%) 0 (0%) 0.004*
HLADRB1* 05 |1 (3.3%) 1(3.3%) 10 (33.3%) 0.260
HLADRB1* 06 |1 (3.3%) 1(3.3%) 1(3.3%) 0.800
HLA DRB1* 07 |0 (0%) 0 (0%) 27 (90%) 0.001*
HLA DRB1* 08 |2 (6.6%) 1(3.3%) 2 (6.6%) 0.732
HLADRB1*09 1 (3.3%) 1(2.5%) 3(9.9%) 0.160
HLADRB1* 10 ' 1(3.3%) 1(2.5%) 2 (6.6%) 0.345
HLADRB1* 11 |16 (53.3%) 27 (90%) 1(3.3%) 0.001*
HLADRB1*12 |1 (3.3%) 1(2.5%) 2 (6.6%) 0.123
HLADRB1*13 | 1 (3.3%) 1(2.5%) 3 (9.9%) 0.234
HLADRB1* 14 |2 (6.6%) 1(2.5%) 2 (6.6%) 0.546
HLADRB1* 15 | 2 (6.6%) 0 (0%) 2 (6.6%) 0.675

*p<0.05 significant

Table 4: Frequency of HLA DRB*1-15 alleles among studied cases (SCS, SVR,
NR).

our study population, which consisted of genotype 4 only, while the
most common genotype in Pakistan was 3a [20,21]. These observations
are interesting as they indicate a possible mechanism in which the
HLA-DB1*03 and 04 alleles are somehow involved in clearance of
virus from patients spontaneously by natural immunity or by an IFN-
supplemented immune system. However, it must be pointed out that
this virus clearance following IFN treatment might be dependent on
viral genotype [22]. We may say that our HLA-DB1%*03,%04 patients
infected with HCV genotype 4 may not have spontaneously cleared the
virus, but they did clear the virus following IFN therapy. In the present
study, the HLA-DRB1*07 allele was found to be associated with disease
persistence even after IFN therapy, which is consistent with the results
of [23] who also observed a higher prevalence of HLA-DRB1*07 in
non-SVR compared with SVR patients. This could be due to the fact
that their patients were mostly infected with genotype 2. For HLA-
DRB1*11, we also observed a qualitatively similar result to that for the
HLA-DB1%03 allele, but this became statistically non-significant once
the Bonferroni correction was applied. Linkage disequilibrium results
showed that HLA-DRB1*11 is appearing as a significant allele because
of its linkage to the HLA-DB1*03 allele [24]. Observed that patients
with the HLA-DRB1*11 allele cleared the virus more effectively, and
this remained statistically significant even after correction for multiple
testing. Similar results have been reported in various other studies
[25,26]. It is worth mentioning that the HENCORE group did not see
any significant association (after Bonferroni correction) between any
MHC class II allele and the response of patients to IFN therapy [27].
This again could be due to population ethnic differences [28] showed
to be derived from Middle Eastern, Central Asian and European
populations. Other investigators previously worked [29] revealed a
statistically significant association of the haplotype HLA-DRB1*07,
DB1*05 with persistence of disease. Non-responders (non-SVR) had
this haplotype (05) at almost ten times the frequency of responders
(SVR).This is an important finding as, to date, we have not come across
any report that has demonstrated the association of an HLA-DRBI1 allele
with persistence of HCV among Egyptian patients. However, Fanning
et al. [3] reported a positive response to IFN therapy in patients from
Ireland with the haplotype HLA-DRB*07, again indicating the need
to conduct such studies in ethnically different patient populations. In

agreement with the data of [30], we also found this haplotype to be
the most common in non-responders in their population studied. Our
findings may have important implications for disease management of
patients suffering from HCV infection in Egypt, as in the case of other
studies [22]. We also observed that the host immune system played an
important role in virus clearance, which was probably viral genotype
dependent. However, in contrast to the work of Jiao and Wang [22],
who found a higher response rate to IFN in patients with the HLA-
DRB1*07 allele, we found that in our population these patients were
unable to clear the virus. This is important for disease management,
as the normal clinical practice in Egypt is that patients are treated with
peg IFN therapy, so if HLA typing of these patients was performed
before the start of therapy and an allele or haplotype associated with
persistence was found, these patients could be given other therapy from
the start saving money and complications of non responding ones. Our
study is valid for poor countries where patients cannot afford expensive
therapies. We can conclude that data generated from our study may be
helpful in future for clinicians to predict treatment outcome of their
cases. We emphasize the importance of the use of pharmacogenomic
data in patients’ treatment in poor countries, who can ill afford
expensive treatment with a negative outcome.
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