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the Kingdom of Saudi Arabia
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ABSTRACT

Hepatitis C virus genotypes have been associated with specific geographical areas and in many cases with specific mode
of transmission. In developed countries, genotype determination has formed a part of the management of patients with
hepatitis C virus seropositivity and liver diseases due to hepatitis C virus. The epidemiology of hepatitis C virus has been
shown to be changing rapidly in many countries due to population movement and different life-styles; hence the
distribution of the genotypes is being monitored closely in many countries. In the Kingdom of Saudi Arabia, there are
only a handful of publications recording the hepatitis C virus genotypes in various population groups. These studies have
been carried out mainly in Riyadh (Central province) and Jeddah (Western province). There are no studies emanating
from the Eastern or Northern provinces. According to these studies, the most prevalent genotype in the Western Province
and probably in the whole Kingdom of Saudi Arabia was genotype 4, followed by genotypes la and 1b. Genotypes 1, 2a/
2b, 3 and 6 are very rare in the Kingdom of Saudi Arabia. Genotype 5 was identified exclusively in the Western province
and nowhere else. Genotypes 1b and 4 were associated with different histological grades of liver disease. Mixed infections
with more than one genotype were observed in some studies. More detailed epidemiological studies of hepatitis C virus
infections are needed in the Kingdom of Saudi Arabia to gain more insight into a possible type/subtype-specific
pathogenesis of hepatitis C virus in the different regions of the Kingdom of Saudi Arabia as well as the distribution of the
genotypes in the various localities.
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identified 5 independent factors significantly

C hronic infection with Hepatitis C virus (HCV) is
associated with response to interferon therapy of

estimated to affect 170 million people worldwide

and 20%-30% of these will eventually progress to
liver cirrhosis and its sequelae, such as hepatocellular
carcinoma.' In the Kingdom of Saudi Arabia (KSA)
sero-prevalence studies suggest that the overall anti-
HCYV positivity is 0.99%, while in subjects over the
age of 50 years it is 3.5%-5%2* This prevalence rises
to 75% among intravenous drug users in Jeddah.* The
non-parenteral route has been recognized as the
major route of transmission of HCV in KSA.“
However this non-parenteral route has not been
clearly elucidated. Most of the evidence to date
suggests that intrafamilial and sexual transmission do
not account for the majority of HCV transmission in
KSA> Using logistic regression Poynard et al

HCYV infection : genotypes 2 or 3; viral load less than
2 million copies/ml; age 40 years, minimal liver
fibrosis stage and female gender. It is therefore
important that the genotype of the HCV be
determined prior to therapy, as it has implications for
diagnosis, management and response to therapy.
Moreover, HCV genotype determination assays have
been particularly useful in studying the worldwide
and local evolutions of the HCV endemics, since the
epidemiology of HCV is changing rapidly.®’ There
are at least 11 genotypes and 90 subtypes of HCV
and the prevalent HCV genotypes have been
determined in most developed countries.®® There are
few publications on HCV genotype determinations in
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the KSA and these have indicated that the
predominant genotypes were either type 1 or 4.°- 17
The purpose of this communication is to review the
publications on HCV genotyping in the KSA to
ascertain the epidemiology of HCV in different parts
of the KSA and to correlate the genotypes observed
with liver histology among the various groups of
HCYV positive patients in KSA.

Biological characteristics of the HCV. The
HCV genome is a positive-sense single stranded
ribonucleic acid (RNA) genome of 9.4kb encoding
one large polyprotein of 3010-3033 amino acids.
The polyprotein is cleaved into structural proteins
core, envelope 1(El), and envelope 2 (E2) and
several non-structural proteins (NS2 — NS5)6!82
(Figure 1). Different isolates from various parts of
the world show considerable variation in their
genomic sequence.” Based on these genomic
differences, HCV has been classified on the basis of
similarity of nucleotide sequence into 6 major
genetic groups designated genotypes, 1-6%'%1°and a
series of more closely related subtypes designated a,
b, ¢ and are distributed worldwide. Recently, some
blood donors in Vietnam could not be grouped into
any of the common genotypes 1-6 and these isolates
have been classified temporarily as genotypes, 7, 8
and 9. The genetic heterogeneity in HCV is found
within individual strains of HCV and has been
termed  ‘quasispecies.’!s? The quasispecies
composition of HCV results from accumulation of
mutations during viral replication in the patient. It
has been speculated that the genetic heterogeneity
has important pathobiological implications and may
be responsible for the differences in liver progression
and response to interferon therapy commonly seen in
HCV infected patients.'®?* In addition, this biological
characteristic of the HCV is believed to contribute to
viral persistence in the presence of host immune
system and during treatment with antiviral agents.?*
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Figure 1 - Genomic organization of hepatitis C virus. First generation,
2nd generation and 3rd generation refer to serologic assays for
detection of hepatitis C virus antibodies (Zein 200018).
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Genotyping methods. Various methods of typing
HCYV have been used to study isolates from different
parts of the world. Genotyping techniques are based
on detection of genotype-specific nucleotide
sequences in the HCV genome. The reference
method is sequence analysis of the genome followed
by sequence alignments and phylogenetic
analysis.'®1¥?> Full-length sequence analysis is the
most reliable method but it is labour intensive and
expensive. However, analysis of more limited
regions of the genome, HCV NS5, core, E1 and
5’UTR also allows for reliable classification.'s!?
Presently, 3 rapid genotyping methods are available
viz; (a) type-specific polymerase chain reaction
(PCR) amplification with various sets of genotype-
specific primers; (b) polymerase chain reaction
amplification with conserved primers followed by
restriction fragment length polymorphism (RFLP)
analysis of PCR products with various sets of
restriction enzymes and (c) polymerase chain
reaction amplification of conserved primers followed
by reverse hybridization to genotype-specific
oligonucleotide probes coated on to microtitre plates
or nitrocellulose strips.’#2*2 Based on the 3rd
methodology, 3 commercial kits have been
developed, viz: (i) hepatitis C virus Line Probe Assay
(INNO-LIPA HCV, Innogenetics, Belgium); (ii) The
Gen .Eti.K DEIA assay (Sorin Biomedics, Italy, and
(iii) the Amplicis HCV assay (CisBio, France).6%1

Prevalence of HCV genotypes worldwide. The
differential prevalence of HCV genotypes appears to
be linked to the geographic areas of origin, and the
possible relationship between HCV genotypes and
clinical expression of disease has recently aroused
considerable interest” The genotypes and their
subtypes coexist in various geographic locations but
show different prevalence and genetic diversity.0?
Subtypes 1a and 1b are the most common genotypes
in North America, followed by 2b and 3a. In the
United Kingdom (UK), the most common genotype
was genotype 1, followed by genotype 3, while
intravenous drug abusers (IVDA) were more likely to
have genotype 1a.* In Europe, the predominant
genotypes are la, 1b, 2 and 3, while genotype 2c is
found commonly in northern Italy, Argentinia and
Scotland.*'® In some studies in the UK and Europe, it
has been observed that genotype 1b is more common
in patients who acquired HCV through blood
transfusion,” while in Japan, subtype 1b is the most
common subtype followed by subtypes 2a and 2b.
However, in the Far East, HCV infection was due
mainly to genotype 1 and in a lower frequency to
genotypes 2, 3 and 6. Genotype 3a is particularly
common among IVDA in Europe and USA, but
rarely encountered among non-IVDA HCV infected
individuals.*'® It has been suggested that this
genotype originated from the Indian subcontinent or
South East Asia and was introduced into
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Table 1 - Studies on hepatitis C virus genotyping in the Kingdom of Saudi Arabia.

N (%) of samples of Hepatitis C virus genotypes

N of samples
Authors & specimen 1 la 1b 2a/2b 3 4 5 6 U Mixed
types genotypes

Saeed et al 4 (BD) 0 0 3(75) 0 0 1(25) 0 0 0 0
1994
El-Faleh et al 28 (CH) 0 4 (14) 6 (21) 1 4 0 17 (61) 0 0 0 0
1995 32 (CRF) 0 8(25) 7(22) 7 (3) 0 16 (55) 0 0 0 0
Okamoto et al 32 (H) 0 2 (6) 10 (31) 0 0 0 0 0 20 (63) 5 @4
1996
Al-Ahdal et al 119 (CH) 0 12 (10) | 20(17) 3 (3 2 (2 57 (48) 0 0 20 (17) 2 (13)
1997
Al-Ahdal et al 15/23 0 11 (73) 1 (7) 0 0 1 (7) 0 0 - 2 (20)
1998 (LT/S)
Ibrahim et al 10 (CAH/ 0 2 (20) 1 (10) 0 0 4 (40) 1 (10) 0 0 0
1998 NLH)
Fakeeh & Zaki 37 (OP) 0 15 (41) 4(11) 1 (3) 0 17 (46) 0 0 0 0
1999
Shobokshi et al| 84 (CAH) 0 0 13 (14) 3 4 4 (5) 62 (74) 1 (1) 1 (1) 0 0
1999 39 (CRF) 1(3) | 13(33) 4 (10) 0 0 19 (49) 5 0 0 0

31 (IVDA) 0 309 12 (39) 1 (3) 309 11 (36) 1 (3) 0 0 1+
Osoba et al 140 (CAH/ 0 18 (13) 16 (11) 2 (D) 0 97 (69) 2 (D) 0 0 54)*
2001 NLH)

N=number, U=unclassified/untypeable, M=mixed infection, H=hepatitis patients, NLH=normal liver histology, CRF-chronic renal failure + Hepatitis C
virus liver disease, LT/S=liver tissues and Sera from Transplant patients, CAH=chronic active hepatitis, [IVDA-intravenous drug abusers,
BD=blood donors, CH=chronic hepatitis, OP=outpatients, *=5 patients with mixed infections (4&5), +=1 patient had mixtures of la, 1b and 4

industrialized countries probably through travellers.’
Genotype 4 seems to be confined to North Africa,
especially Egypt and the Middle East®!3* while
genotype 5 has been found mainly in South Africa
and genotype 6 in Hong Kong and Vietnam.
Genotypes 7, 8 and 9 have been identified in only
Vietnamese patients and genotypes 10 and 11 were
observed in patients in Indonesia.'* Some authors
have suggested that genotypes 7 to 11 are variants of
the same group and should be classified as members
of genotype 6.3'32

Prevalence of HCV genotypes in the KSA. At
least 9 studies have been carried out to determine the
prevalence of HCV genotypes in various population
groups in KSA *1730 The prevalence of each genotype
in the population groups studied has been
summarized in Table 1. Most of these studies have
been carried out in Institutions in the Riyadh area
(Central Province). The patients studied included
HCV sero-positive outpatients, blood donors, and
patients with chronic hepatitis, liver cirrhosis,
chronic renal failure and transplant patients. In 6 of
these studies'*!>!4!17 genotype 4 was recorded as the
most common genotype, ranging from 40%-74%

among the various groups of patients studied (Table
1), which is the genotype reported to be most
prevalent in the Middle East, Egypt and some
African countries.®*® Some studies however have
reported different prevalent genotypes. Borisikin et
al* genotyped 80 HCV isolates from KSA and found
6 (7.5%) 1b, 30 (37.5%) type 4 and 44 (55%) were
type 3. They concluded that type 4 might not be the
only dominant genotype in KSA. Similarly, Al
Ahdal et al® found the most prevalent genotype to be
la in liver tissues and transplant patients (73%),
while another 2 studies reported genotype 1b as the
most common genotype among blood donors and
hepatitis patients,”!' although the number of samples
examined was small. All the 4 studies carried out in
the western region agree that the most prevalent
genotype is type 4 ranging from 40%-74% .+
Although the most prevalent genotype in the central
province appears to be genotype 4, the prevalent
genotype in the Eastern and Northern provinces is yet
to be ascertained. In most of the studies, the
prevalence of the genotypes was the same between
the sexes.!*!'” Genotype 1b, which according to some
authors is usually unresponsive to interferon, was
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reported to be prevalent in 7%-31% of the
populations studied in 8 of the studies reviewed here,
while one study reported 3 out 4 blood donors with
genotype 1b.° This genotype is highly prevalent in
European countries.> However studies from the UK
and Europe suggest that genotype 1b, is frequently
found among those who acquire the infection through
blood transfusion. However, in the KSA the HCV
seropositive patients with various grades of liver
disease in the various studies may have acquired
genotype 1b through blood transfusion, possibly
before blood donors were screened for HCV.
Interestingly, in the only study that examined IVDAs,
the most prevalent genotype was found to be
genotype 1b in 12 out of 31 (39%) of IVDAs,'¢
confirming the transmission by blood through
infected syringes in this group of patients. This is in
contrast to findings in Europe, where the most
prevalent genotype among IVDASs was subtype 3a.
Mixed infections were rarely encountered, but
were observed at a prevalence rate of 4%-13% both
in the Western and Central provinces.>*'%!7 In one
study in the Western province, mixed infections
occurred in 5 patients (4%), and all were a
combination of genotypes 4 and 5,7 compared to 4%
reported in the Riyadh area, with mixed infections
with genotypes la, 1b, 3a, 3b and 4, (Table 1).
However, genotype 5 which has been identified
mainly in South Africa®!® has been rarely encountered
in the KSA. It has been reported only in the Western
province.'+1¢!17 It is unclear why this genotype has
been found only in the Western province and whether
it is present in the Eastern or Northern provinces. So
far there is very little contact between South Africans
and Saudis. It may have evolved independently in the
KSA. Blood donors in European countries were
almost exclusively infected with genotypes 1, 2 and
3, whilst 3a was found in a high percentage of
intravenous drug users.®?* Only one study in the
KSA investigated the genotypes in HCV seropositive
blood donors, but the number examined was too
small to make any judgment on the most prevalent
genotype in blood donors.® Overall, in all the studies
reported in the KSA, genotypes 1, 3, and 6 are very
rare in the KSA. Only 2 studies in the KSA found
genotype 3 in 2 (2%) of 119 patients’> and 7 in
(4.5%) 154 patients.'”® Genotypes 1 and 6 were
reported in only one study.' Therefore in the
management of the individual patients, it is desirable
that genotyping be carried out not only to identify
those patients with genotypes unlikely to respond to
therapy but also those with mixed infections as this
may impact on the management and prognosis.
Usefulness of genotyping. The main usefulness
of molecular biology based genotyping techniques is
direct access to viral genome sequence, high
sensitivity due to amplification of targets by PCR and
the possibility of determination of subtypes.®” The
importance of HCV genotyping has considerably
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increased in the last few years. It has been used to
study the world wide and local molecular
epidemiology of HCV and to trace sources of HCV
infection in risk groups such as drug users and blood
products. Typing has also been used to study
relationships between type/subtype and the clinical
status, pathogenesis and outcome of disease, or both.®
The major area of clinical application of HCV
genotyping has been in the study of the significance
of types/subtypes in response to antiviral treatment of
HCYV infection with Interferon and Ribavirin, as well
as the identification of patients with mixed
infections. It has also found a useful application in
vaccine research and development.®'835

One area of intensive research is the
immunological aspect of HCV infection. Through
genotyping, the genetic divergence of HCV in
patients has been demonstrated. The quasispecies
production in HCV has led to the selection of strains,
which tend to avoid the immune system of the
host.'821 Cytotoxic T lymphocytes (CTL) are well
known important components of protective immunity
against viral infections. However, in HCV infection
viral persistence occurs as the infection progresses
due to its heterogeneity. The role of CTLs in
protecting against viral persistence in HCV infection
is  presently unknown. Consequently, the
development of an HCV vaccine would be difficult,
but promising progress has been made.'s2

Clinical importance of HCV genotypes. There is
substantial evidence that HCV possesses different
pathogenic potentials, since different responses to
interferon treatment depending on the HCV type/
subtype have been reported.®*”  Furthermore,
association between some HCV types and the
severity of liver disease has been noted in some
reports?” Some of these have suggested that
genotypes 2 and 3 are predictive of a favorable
response to therapy than genotype 1.7 Bosmans et al*
in a multicenter study genotyped HCV from 184
chronic hemodialysis patients and found that
genotype 1b was the most prevalent genotype in
Belgium, while in KSA the most prevalent genotype
was 4 (36%), and types 1b and la (32% and 26%)
were nearly as prevalent. Similar results were
obtained in 2 studies carried out in the KSA.'%!¢ In
these 2 studies, the most prevalent genotype among
patients with chronic renal failure (CRF) was
genotype 4, with prevalent rates ranging from 49%?'°
to 55%.° The role of HCV genotyping as an
epidemiological ~marker has been clearly
substantiated. It has been used to trace HCV
infections in risk groups such as IVDA, sources of
infections in blood products and studies of worldwide
molecular epidemiology. The issue of the
pathogenicity of the different genotypes/subtypes
remains controversial and long-term prospective
studies in various population groups are still
required.
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HCYV genotypes and liver disease. There is a
considerable variation in the natural history of HCV
infection in individual patients and progression to
more severe liver pathology has been reported to
depend not only on viral factors such as genotype,
viral load, level of heterogeneity of HCV
quasispecies but also on host factors such as age, sex,
use of alcohol and length of time of HCV infection in
the infected patient.''#> There is very little consensus
on disease cofactors and laboratory markers of
progression of liver disease.”” Opinion is divided
among investigators as to the significance of
genotypes in the evolution of severe liver disease.
While some support the view of differential
pathogenicity of the genotypes in progression of liver
disease, others dispute the association.” Some
investigators have produced strong evidence that
among patients with chronic HCV seropositivity,
infection with genotype 1b has been associated with
a more severe liver disease and a more aggressive
course than infections with other genotypes.’** In
Japan where genotype 1b is more common than in
Europe and USA, genotype 1b has been found to be
more commonly associated with severe liver disease
and hepatocellular carcinoma,'8**# than among HCV
carriers in Western countries.*#> In the UK, it has
been reported that patients with genotype 1b had
significantly more severe liver disease than other
genotypes when the histological activity index was
analyzed.?” Some authors have refuted the association
of genotypes with liver complications. It has been
postulated that patients with genotype 1b tend to be
older and therefore could have developed more
severe liver disease due to chronicity of infections
rather than genotype.*# However, on the other hand
most investigators agree that genotype 2 pursues a
biochemical silent clinical course.** One study in
the KSA attempted to correlate genotypes and types
with liver pathology and observed that 2 genotypes
(Ib and 4) were associated with various grades of
liver disease, from normal liver histology to liver
cirrhosis'” and that genotype 4 was associated with
chronic active hepatitis in 95 (68%) of 140 subjects
with HCV seropositivity.  The severity of the
histological lesions produced by each of the
genotypes has not been ascertained in the KSA, but it
appears that the most common genotype (genotype 4)
produced a wide range of liver pathology.!” The issue
of the pathogenicity of the different genotypes/
subtypes remains controversial and long-term
prospective studies in various population groups are
required. Large series of data are required to
determine the epidemiology of HCV genotypes and
evidence-based strategy for the management of HCV
liver diseases in the KSA. Our knowledge of the
distribution of the HCV genotypes in the KSA is
incomplete. More detailed epidemiological studies
of HCV infections are needed in the KSA to gain

more insight into a possible type/subtype-specific
pathogenesis of HCV in the different regions of the
KSA. In countries where HCV genotypes have been
carefully monitored, there is evidence that the
epidemiology is changing rapidly and the distribution
of the genotypes needs to be carefully monitored as
they may be accompanied by changes in the clinical
features of the disease and the subsequent response to
therapy.” Knowledge of the prevalence of
asymptomatic HCV infection and prevalent
genotypes has serious implications for the budget of
healthcare providers, as treatment with interferon and
other antiviral agents or liver transplantation is very
expensive. Further research is needed to completely
elucidate the epidemiology and pathogenesis of HCV
infection, more so in KSA.
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