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Abstract

Introduction: Data on blood-borne viral infections in some regions in Saudi Arabia remain scarce. This study investigates the prevalence of
serological markers and nucleic acid for blood-borne viruses among blood donors in Al-Baha, Kingdom of Saudi Arabia.

Methodology: In this cross-sectional study, 2,807 donors who donated blood between January 2009 and November 2011 were investigated for
blood-borne viral serological markers including HBsAg, anti-HBc, anti-HBs, anti-HCV, anti-HIV, and anti-HTLVI/III in addition to viral
nucleic acid.

Results: All donors were males between 16 to 66 years of age (mean: 31.5 + 9.3 years). Viral nucleic acid and/or serological markers were
detected in a total of 36 (1.3%) donors; of them, 26 (72.2%) had nucleic acid concomitant with serological markers, 6 (16.7%) had only viral
nucleic acid, while 4 (11.1%) had only serological markers. Of all donors, 22 (0.8%) had HBsAg, 227 (8.0%) had anti-HBc, 157 (5.0%) had
anti-HBs, 2,577 (91.8%) had no HBV markers, 2 (0.07%) had anti-HIV, 1 (0.04%) had anti-HCV, and 1 (0.04%) had anti-HTLVI/II. The
donors who were born during HBV vaccination era showed no HBsAg (0.0%; p = 0.052), lower rates of anti-HBc (1.5%; p <0.001) and anti-
HBs (0.7%; p < 0.001), while the majority had no HBV markers (98.5%; p < 0.001).

Conclusions: Combined viral nucleic acid and serological testing of donated blood enhances blood safety. The absence of HBV markers among
donors suggests susceptibility or declined anti-HBs levels. Thus, HBV revaccination or a vaccine boost among adolescents and adults might

be indispensable.
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Introduction

Hepatitis B virus (HBV), hepatitis C virus (HCV),
and human immunodeficiency virus (HIV) are the main
blood-transmissible viruses. HBV is a major global
health problem, with 240 million carriers of hepatitis B
surface antigen (HBsAg) reported worldwide [1].
Infection with HBV results in chronic hepatitis in 90%
of newborns, in 29%-40% of children, and in 5%—10%
of adults [2], and is responsible annually for 780,000
deaths globally due to cirrhosis, liver failure, and
hepatocellular carcinoma (HCC) [1], ranking as the
tenth principal cause of death worldwide [3,4]. Control
programs including mass immunization as well as
screening of donated blood has made major progress in
the decline of global HBV prevalence.

Hepatitis C virus chronically infects an estimated
180 million people worldwide [5] and is a leading cause
of cirrhosis and HCC around the globe, with 350,000
annual deaths [6].

With respect to human immunodeficiency virus
(HIV)/ acquired immune deficiency syndrome (AIDS),
around 34 million people are currently infected with
HIV and nearly 30 million people have died due to
AIDS [7-9]. Apart from screening of blood donors and
health education, vaccine-based control measures of
HIV spread remain unachievable. Human T-
lymphotropic virus I and II (HTLV-III) are other
transfusion-transmitted human retroviruses. HTLV-I is
associated with adult T-cell leukemia/lymphoma and
tropical spastic paraparesis myelopathy (TSP/HAM),
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and HTLV-II has been reported to be associated with
neurological disorders [10].

In Saudi Arabia, the mass immunization program
against HBV launched in 1990 has resulted in a major
drop in HBsAg prevalence [11-13]. However, in the
year 2007, 9,000 newly diagnosed viral hepatitis cases
were reported by the Saudi Ministry of Health, ranking
viral hepatitis as the second-most common viral disease
after chickenpox [ 14], with about 50% of the cases were
due to HBV and over 30% due to HCV [15]. In Saudi
Arabia HIV rates of 1.5 cases per 100,000, Saudis, and
13.2 per 100,000 non-Saudi residents [16], and a
prevalence of 0.0% to 0.4% of anti-HTLV-I/II been
reported [17,18]. Control of blood-borne viruses has
relied for a long time on screening donated blood using
highly sensitive serological assays. However, the
inadequate sensitivity of these assays to detect these
viruses during the window periods of the infections
poses a major threat of infected blood units getting into
the blood supply undetected. A number of countries
have established, along with serological screening,
parallel nucleic acid testing of donated blood [19,20].

In Saudi blood banks, 47% of donated blood is from
the relatives, friends, or colleagues of patients, and
voluntary donation constitutes 40% [21] of donated
blood. A stringent screening policy has been
implemented with an ultimate aim to achieve further
reduction of blood-transmissible viral infections.

Al-Baha region in the Kingdom of Saudi Arabia
(KSA) lies in the south-west of the KSA, between the
holy city of Makkah and Aseer region. It has a
population of 406724 people [22]. Reports of blood-
transmitted viral infections from Al-Baha region remain
scarce. Therefore, this study examined the prevalence
of molecular and serological markers for blood-borne
viral infections based on nucleic acid and
comprehensive serological testing in the blood bank in
Al-Baha, KSA.

Methodology

In this cross-sectional study, 2,807 blood donors
were retrospectively investigated for hepatitis B and C
viruses, human retroviruses including HIV-1 and -2,
and human T-lymphotropic virus type I and II (HTLV-
I/IT) for the period from January 2009 to November
2011. Records of blood donors who were consented for
the use of their anonymous data prior to blood donation
were recruited in this study. Those who did not provide
consent were excluded from this research. With written
consent, blood bank records were used as a source of
information.
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The donors were selected for donation based on a
personal questionnaire, physical examination, and
normal  pre-donation  investigations  including
hemoglobin (Hb) level, blood pressure, body weight,
and temperature. Whole blood was collected in a plain
tube for serum testing and in EDTA when plasma was
required for nucleic acid testing. Serum or plasma was
separated and tested immediately. Enzyme-linked
immunosorbent assays (ELISAs) (BioRad, Marnes-la-
Coquette, France) were used for detection of HBsAg,
total anti-HBc, anti-HBs, HBeAg, anti-HBe, and
HIVAg-Ab, according to the manufacturer’s
instructions. The HBsAg-positive results were
confirmed by Monolisa HBsAg neutralization
confirmatory assay (BioRad, Marnes-la-Coquette,
France). Anti-HCV positive results were performed
using Murex anti-HCV ELISA (version 4.0) (Abbot,
Kyalami, South Africa). Screening for HTLV-I/II was
carried out using Murex HTLV I+II ELISA (Abbot,
Kyalami, South Africa). Anti-HCV-positive results
were confirmed by third-generation INNO-LIA HCV
score (INNOGENETICS, Ghent, Belgium). HIVAb-
Ag-positive results were confirmed by INNO-LIA HIV
/I score INNOGENETICS, Ghent, Belgium)

Nucleic acid amplification was performed using
real-time polymerase chain reaction (PCR). This is a
qualitative multiplex Cobas TagMan MPX PCR test
(Roche, Basel, Switzerland) that allows simultaneous
detection of HBV-DNA and RNA of both HCV and
HIV without specifying which of the three viruses was
detected. The assay has a reproducibility of 71.7% to
98.0% for HIV-1, 61.7% to 81.4% for HCV, and 95.0%
to 98.3% for HBV. The assay can detect HBV, HIV,
and HCV nucleic acid with 100% sensitivity. A total of
six internal controls (five positive and one negative)
must be included in each run of the assay in order for
the run to be valid.

Testing was carried out on individual plasma
samples according to the manufacturer’s instructions.
The testing policy of the blood bank included screening
all donors for HBsAg, anti-HBc, anti-HBs, HBeAg,
anti-HBe, anti-HCV, HIVAb-Ag, and HTLV-I/II
antibodies. Donors who were positive or weak-positive
for HBsAg, anti-HCV, and HIVAb-Ag were further
confirmed by HBsAg neutralization, third-generation
line immune assay utilising 6 HCV antigens
incorporated to nylon, and HIV-1 and 2 synthetic and
recombinant nylon-coated peptides. All donors were
simultaneously tested for HBV, HCV, and HIV nucleic
acids. Statistical analysis was conducted using SPSS
version 20.0 (SPSS Inc., Chicago, USA).
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Results

All donors (n = 2,807) were males between 16 and
66 years of age (mean: 31.5 + 9.3 years). Nucleic acid
to either of the three viruses HBV, HCV, or HIV and/or
serological markers were detected in 36 (1.3%) of all
donors. Of these 36 donors, 26 (72.2%) had nucleic acid
concomitant with HBsAg and/or anti-HBc serological
markers, 6 (16.7%) had only viral nucleic acid, while 4
(11.1%) had only serological markers that encompassed
confirmed anti-HCV in 1 donor, confirmed anti-HIV in
2 donors, and anti-HTLV-I/II in 1 donor. Of all donors
(n=2,807), 22 (0.8%) were HBsAg confirmed positive,
227 (8.1%) were anti-HBc positive, 157 (5.6%) were
anti-HBs positive (154 [98.1%] had concomitant anti-
HBc¢ and 3 [1.9%] had isolated anti-HBs), 2,577
(91.8%) had no HBV markers, 2 (0.07%) had anti-HIV,
1 (0.04%) had anti-HCV, and 1 (0.04%) had anti-
HTLV-VII (Table 1). Of the HBsAg confirmed positive
cases (n = 22) 1 (4.5%) was HBeAg positive while 21
(95.5%) were anti-HBe positive. Of 2,807 donors, 4
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(0.14%) were nucleic acid positive but HBsAg negative
with either anti-HBc plus anti-HBs (1 donor), with an
isolated anti-HBc (2 donors), or with an isolated anti-
HBs (1 donor) (Table 1). These donors were
serologically negative to HCV, HIV, and HTLV-I/IL

With respect to progress of age, the HBsAg
prevalence did not differ significantly (p > 0.05), but the
prevalence of anti-HBc and anti-HBs significantly
increased (p < 0.001), while rates of donors with no
markers significantly decreased (p < 0.001) (Table 2).
Only 1 of 138 (0.7%) non-Saudi national donors was
HBsAg, anti-HBc, and anti-HBe positive, while 137
were negative for all markers.

Compared to the older donors, the cohort of donors
between 16 and 21 years of age, who were likely to have
been born after the inclusion of HBV vaccine to the
Expanded Program on Immunization (EPI) in Saudi
Arabia, showed lower prevalence of HBsAg (0/407
[0.0%]; -p = 0.052), significantly lower rates of anti-
HBc (6/407 [1.5%]; -p < 0.001) and anti-HBs (3/407

Table 1. Serological markers and viral nucleic acid detected among blood donors tested during the period from January 2009 to November

2011.
Markers Positive/total (%)
HBsAg 22/2,807 (0.8)
Total anti-HBc 227/2,807 (8.0)
Anti-HBs 157/2,807 (5.0)
HBeAg+ of HBsAg + 1/22 (4.5)
Anti-HBe+ of HBsAg + 21/22 (95.5)
Absence of HBV markers 2,577/2,807 (91.8)
Anti-HCV 1/2,807 (0.04)
Anti-HIV 2/2,807 (0.07)

Anti-HTLVI/ 11

Viral nucleic acid*

HBsAg+/anti-HBc+ nucleic acid+
HBsAg-/anti-HBc+ anti-HBs+ nucleic acid+ **
HBsAg-/anti-HBc+/ nucleic acid+**
HBsAg-/anti-HBc-/ nucleic acid+**

1/2,807 (0.04)
32/2,807 (1.1)
22/2,807 (0.8)
1/2,807 (0.04)
2/2,807 (0.07)
1/2,807 (0.04)

*Nucleic acid to either HBV, HCV, or HIV as the assay did not specify which of the three viral nucleic acids was detected; **Donors with a likely occult HBV

infection.

Table 2. HBV serological markers among different age groups of blood donors tested during the period from January 2009 to November

2011.
Markers
Age groups HBsAg Anti-HBc Anti-HBs No markers
n (%) n (%) n (%) n (%)
16-25 1/920 (0.1) 32/920 (3.5) 25/920 (2.7) 888/920 (96.5)
26-35 12/1,017 (1.2) 64/1,017 (6.3) 38/1,017(3.7) 953/1,017 (93.7)
3645 7/616 (1.1) 75/616 (12.2) 51/616 (8.3) 541/616 (87.8)
46-55 2/230 (0.9) 47/230 (20.4) 36/230 (15.7) 182/230 (79.1)
>55 0/24 (0.0) 9/24 (37.5) 7/24 (29.2) 13/24 (54.2)
Total 22/2,807 (0.8) 227/2,807 (8.1) 157/2,807 (5.6) 2,577/2,807 (91.8)
P > 0.05 <0.001 <0.001 <0.001
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Table 3. Comparison of HBV serological markers in a cohort (1621 years of age) of blood donors born after full implementation EPI with

older blood donors.

Marker

Age groups HBsAg Anti-HBc Anti-HBs No Illn g,/r()l)(ers
n (%) n (%) n (%)
16-21 0/407 (0.0) 6/407(1.5) 3/407 (0.7) 401/407 (98.5)
>21 22/2,400 (0.9) 221/2,400 (9.2) 154/2,400 (6.4) 2,176/2,400 (90.7)
Total 22/2,807 (0.8) 227/2,807 (8.1) 157/2,807 (5.6) 2,577/2,807 (91.8)
D >0.05 <0.001 <0.001 <0.001

[0.7%]; p <0.001), but a significantly higher proportion
(401/407 [98.5%]; p < 0.001) of them had no HBV
markers (Table 3).

Discussion

In this study, the viral nucleic acid detection assay
identified six more infected blood donors (16.7%) as
compared to serological screening alone. This nucleic
acid detection assay seems to bridge the gaps of
serological window periods characterized by low-level
serological viral markers, which are usually
undetectable by conventional serological assays.
According to the manufacturer, the Cobas TagMan
MPX PCR assay can detect HBV, HIV, and HCV
nucleic acid with 100% sensitivity. However, four
donors had only serological markers, one to HTLV-I/II
and three serologically confirmed to HCV and HIV,
despite being negative for nucleic acid. This is unlikely
to be due to a lower sensitivity of the nucleic acid assay
compared to ELISA. One straightforward explanation
could be that these two HIV-positive donors were under
highly active antiretroviral therapy. However, it is
unreasonable that individuals with a known HIV
positive status would attempt to donate blood. The
situation in these two donors remains difficult to
explain. However, the anti-HCV positive/nucleic acid
negative donor may have had either fluctuating HCV-
RNA or spontaneously cleared HCV viremia. This
clearly demonstrates the high value of the combined
serological and nucleic acid screening of blood donors.
Based on these, other countries have established, along
with serological screening, parallel nucleic acid testing
of donated blood, conferring more safety for blood
supply [19,20]. Despite the high cost of this screening
combination, it remains cost-effective given the extra
safety that it confers to blood transfusion.

This study detected lower HBsAg prevalence
(0.8%) and lower prevalence of HBV infections (8.0%)
among blood donors than had been previously reported
in the southern region of the KSA [13,23], although one
recent study in the Aseer province reported an HBsAg
prevalence of as low as 1.03% [24]. Additionally, the
cohort of donors between 16 and 21 years of age, whose

birth corresponds with the HBV vaccine inclusion to
EPI, showed no HBsAg and a low prevalence of HBV
infections. This may suggest a role of HBV vaccination
that was included to the EPI in Saudi Arabia in 1990. A
role of vaccine in decline of HBV infections has also
been reported in other parts of southern Saudi Arabia
[24]. However, only 5.6% of all donors had anti-HBs,
and the majority of them (98.1%) had concomitant anti-
HBc, suggesting acquisition of anti-HBs through past
infection rather than through vaccination, while the
remaining 1.9% who had isolated anti-HBs likely had
been vaccinated. Moreover, 91.8% of all donors had no
HBV markers, suggesting susceptibility to HBV.
Furthermore, the cohort of donors between 16 and21
years of age, who were born after the inclusion of HBV
vaccination in EPI, showed a low rate (0.7%) of anti-
HBs, while the majority (98.5%) of them had no HBV
markers suggesting susceptibility. This suggest a
limited role of immunization on the low HBV infection
rate seen among our donors. The explanation of the
paradox of a high rate of susceptibility concurring with
a low infection rate is that infections among donors may
be caused by a strain of HBV replicating at low level,
i.e., casing inactive HBV infections. The HBeAg
negativity among the donors supports this. We have
previously reported subjects with no HBV markers in
two independent reports of blood donors [25] and in the
general population [26] in Yemen, and as a result, we
proposed immunizing adults as an adjunct to the
ongoing expanded infant immunization program, a
recommendation that seems valid for the situation
revealed by the current study. One more possibility is
that the cohort of donors between 16 and 21 years of
age with no HBV markers and who were born during
HBYV vaccination had lost their anti-HBs over the years
following vaccination. A decline of anti-HBs with the
progress of age among vaccinated individuals has been
repeatedly reported [27-29]. Such individuals have
been demonstrated to have immunological memory that
developed after primary immunization [30,31]. This
immunological memory could still be boosted by
natural exposure, which may explain the low HBV
infection rate among our donors. Further boosting of
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such donors by an additional vaccine dose is required to
establish whether these donors were susceptible or only
had declined anti-HBs.

The HBsAg prevalence revealed by the current
study seems to be higher among donors over 21 years
of age. This, together with the age-dependent increase
of prevalence of anti-HBc and, consequently, the
decrease in rates of donors who lacked HBV markers,
is consistent with horizontal transmission of infection
acquired during adult life rather than perinatal
transmission, which usually results in high levels of
viral replication during the immuno-tolerant phase. A
low HBeAg rate has been reported among HBsAg-
positive Saudi mothers, suggesting the absence of a
major role of vertical transmission of HBV [32]. This
further suggests that infections with HBeAg- negative
HBYV that replicates inactively also exist in the Saudi
community. We have previously reported apparently
healthy blood donors from Yemen with HBeAg
negative and low viral load (< 400 copies/mL),
demonstrating an inactive form of HBV infection [33].
Carriers infected with HBeAg-negative inactive HBV
have also been reported elsewhere [34]. Similarly, the
rate of recovery with a subsequent development of anti-
HBs that significantly increased with age is consistent
with adulthood-acquired HBV infection, which usually
results in recovery in the majority of infected
individuals.

One limitation in most of the studies among blood
donors is that they only included males. Previous
studies have shown that males have a 1.8 greater
likelihood [35] of HBV infection and that HBV occurs
at a higher incidence in males than in females [15].
Therefore, studies among blood donors may not
accurately reflect the situation in the general
community but rather may overrate HBV carrier rate
and prevalence. Furthermore, studies among blood
donors may result in a selection bias that may lead to a
lower carrier rate and prevalence than that existing in
the community at large. Therefore, the low prevalence
of HBV revealed by the current study could be due to a
selection bias exerted by the method of blood donor
recruitment, which, in turn, contributes further to the
safety of blood supply, as the blood donor community
is becoming less infected. A community-based survey
is needed to establish the actual epidemiology of HBV
in the region of Al-Baha.

Occult hepatitis B among blood donors in the
middle east remains to be adequately evaluated. In
Egypt, occult hepatitis B was found 1.6% of donors
[36]. In the current study, the four HBsAg-negative
donors who had viral nucleic acid with either anti-HBc
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plus anti-HBs, an isolated anti-HBs, or an isolated anti-
HBc may suggest occult HBV. However, the nucleic
acid assay used does not indicate which of HBV, HCV,
or HIV was positive. Although these four donors were
serologically negative for HCV and HIV infections,
there remains a possibility that they could have early
HCV or HIV infections that have not yet seroconverted.
Thus, the status of these four donors with regard to
occult HBV remains elusive. However, occult hepatitis
remains to be evaluated in our blood bank.

The low prevalence of HIV, HCV, and HTLV-I/II
reported by this study demonstrates that the three
viruses are less common among the Saudi general
population, assuming that blood donors, to some extent,
represent the general population. Other studies have
also shown a prevalence of 0.41 [12] and 0.7 [13]
among blood donors elsewhere in the southern part of
the country, as determined by third-generation ELISA.
However, our study reports a far lower prevalence of
HCYV antibodies (0.04%) compared to other regions of
Saudi Arabia. This lower prevalence could be attributed
to the more specific confirmatory testing to which our
donors were subjected. Again, before a final conclusion
that Al-Baha is a low HCV endemicity region can be
made, a comprehensive, community-based survey is
needed.

This study reports a low prevalence of retroviruses:
0.07% for HIV and 0.04% for HTLV-I/II. This is
consistent with the reports that Saudi Arabia is a
country of low HIV prevalence in the world. The
stringent blood screening policy consisting of a
combination of serological and nucleic acid in testing
Saudi blood donors further prevents the spread of HIV
through blood transfusion. The low anti-HTLV-I/II
prevalence in this study is in accordance with previous
reports from other parts of the Saudi Kingdom where
either zero [37] or as low as 0.04% [18] prevalences
were reported. This suggests that HTLV-I/II is not a
major threat to donated blood in Saudi Arabia.

The exclusion of 138/2,807 (4.9%) non-Saudi
nationals, the majority of whom (99.3%) were negative
to HBV and negative to HCV, HIV, and HTLV-I/II did
not significantly influence the prevalence of the various
markers reported in this study. However, their inclusion
may better reflect the real epidemiological profile in the
blood donor community.

Conclusions

Combined viral nucleic acid and serological testing
identified more infected donors and thus conferred
further safety to blood transfusion. Absence of HBV
markers in a high rate of donors who were born after the
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HBYV vaccine was included in EPI indicates either
susceptibility or declined anti-HBs levels. This suggests
aneed for either revaccination or a booster vaccine dose
for adolescents and adults. The paradox of the
association of a high rate of apparently susceptible
donors to HBV with a low rate of HBV infections
merits further investigation.
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