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Background: Human herpesvirus 8 (HHV-8) is a critical causative agent behind Kaposi sarcoma (KS), an
oncogenic disease with profound consequences in immunocompromised individuals. Studies suggested
HHV-8 seroprevalence in healthy populations is uncommon, but comprehensive investigations within the
Middle East region remain scarce. This study aimed to bridge this knowledge gap by meticulously assessing
HHV-8 seroprevalence among healthy blood donors in Qatar, leveraging serological methodologies and PCR.

ﬁe;f;\‘;’_(gds‘ Methods: We used sera samples collected from 621 healthy blood donors (median age = 36 years, IQR
Seroprevalence 30-43) from different nationalities residing in Qatar, mainly from the MENA region and Southeast Asia. All
Blood donors sera samples were tested for total anti-HHV-8 IgG antibodies using ELISA. The presence of lytic HHV-8
ELISA antibodies was confirmed by an immunofluorescence assay (IFA). Further, HHV-8 DNA was tested and
IFA quantitated by qRT-PCR.

PCR Results: ELISA detected anti-HHV-8 IgG total antibodies in 6.9 % [43/621, 95 %CI 5.2-9.2] of the tested

samples. Subsequent testing by IFA revealed that 14 % [6/43, 95 %CI 3.6-24.3] of these anti-HHV-8 IgG were
classified as HHV-8 lytic antibodies. This suggests that 0.97 % [6/621, 95 %CI 0.2-1.7] of these donors had a
recent or ongoing active infection and viral replication. Only one seronegative Qatari blood donor had
detectable HHV-8 DNA in his blood. No significant difference was observed between HHV-8 seropositivity
and the demographic characteristics of the donors.
Conclusion: Our study showed that HHV-8 prevalence in Qatar aligns closely with global reports. Moreover,
our findings raise considerations regarding HHV-8’s potential transmission via transfusion, which suggests
the value of routine HHV-8 screening, particularly for immunocompromised patients vulnerable to KS.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-
censes/by-nc-nd/4.0/).

Introduction

The human herpesvirus 8 (HHV-8), also known as Kaposi sar-
coma-associated herpesvirus (KSHV), is a DNA virus that belongs to
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the family of Herpesviridae [1]. It is associated with several malig-
nancies, including Kaposi sarcoma (KS) and many other lympho-
proliferative disorders (LPD) such as primary effusion lymphoma,
multicentric Castleman diseases, and the newly added disease by the
World Health Organization (WHO), germinotropic LPD [2]. The virus
was first discovered in 1994 from KS tissue in a patient with AIDS [1],
and subsequently found in nearly all KS lesions. KS is a rare form of
cancer of the endothelial lining of blood vessels and lymph nodes,
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especially prevalent among individuals with HIV/AIDS [1]. There are
seven identified subtypes of HHV-8/KSHV (A, B, C, D, E, F, and Z).

The prevalence of KSHV varies significantly across different re-
gions and populations and is estimated to be between 5 % and 20 %
[3]. In areas where KS is endemic, such as parts of sub-Saharan
Africa, the seroprevalence rates can be high, often exceeding 50 %
[3]. In these areas, transmission through saliva likely contributes to
the high prevalence, affecting both adults and children. Additionally,
the prevalence of malaria infection might increase the risk for KSHV
[3]. In contrast, the seroprevalence rates are much lower in non-
endemic regions such as the United States, typically below 10 % [4].

In addition to geographic location, several factors have been as-
sociated with HHV-8 seroprevalence, including HIV infection, so-
cioeconomic status, sexual behaviors, and immune status [4]. High
seroprevalence rates are often observed in populations with a high
prevalence of HIV infection due to the immunosuppressive nature of
the virus, which increases the risk of HHV-8 transmission. Also,
KSHV is more common in men, especially in men who have sex with
men (MSM) [4]. While it is not definitively established as a sexually
transmitted infection, it is possible to transmit through body fluids,
primarily saliva. Reports have documented sexual transmission and
organ transplantation as potential modes of transmission [5]. HHV-8
can be transmitted vertically from mother to child or horizontally,
including from members of family units [4].

HHV-8 has a life cycle that includes both latent and lytic phases.
During the latent phase, the virus remains dormant within the host and
enters a latent state as an episome bound to the cellular DNA-asso-
ciated histones, where it could stay for the entire lifespan of the host
until other factors trigger it to start replicating, leading to the lytic
phase [6]. In the lytic phase, HHV-8 actively replicates and produces
new viral particles, leading to cell lysis and viral dissemination. The
lytic antibodies are specific to antigens expressed during the lytic
lifecycle [6]. Lytic antibodies can be detected through laboratory tests
and indicate a recent or ongoing active viral replication and infection
[7]. IFA can determine the presence of HHV-8 lytic antibodies. Detec-
tion of lytic antibodies is important to differentiate lytic antibodies
from latent antibodies, which are produced during the latent phase
where HHV-8 remains dormant within the host cells [6,7].

In most people, HHV-8 infection is subclinical and does not cause
any symptoms. However, in a small percentage of people, HHV-8 can
become reactivated and cause disease [8]. HHV-8 seroprevalence is a
significant public health indicator, as it can be used to identify popu-
lations at high risk for developing HHV-8-associated diseases. This in-
formation can be used to develop targeted prevention and screening
programs. Blood banking organizations implement strict policies to
minimize the potential transmission of pathogens through transfusion.
Despite these measures, concerns persist regarding transmitting un-
tested pathogens like HHV-8. Consequently, these organizations must
consider the epidemiology of infection within the population. Limited
studies exist on HHV-8 seroprevalence in healthy populations in the
Middle East. Previous research indicated a higher incidence of various
infectious agents among expatriates compared to local nationals in
Qatar, encompassing diseases like Hepatitis B, Hepatitis C, Hepatitis E,
West Nile virus disease, dengue, and others [9]. This study aims to
estimate the HHV-8 infection rate among healthy blood donors re-
siding in Qatar, considering age, sex, and ethnicity. The findings will
provide information for Qatari health organizations, aiding them in
developing new policies to mitigate the risk of transfusion-related
transmissible diseases.

Materials and methods
Sample collection and ethical compliance

The study included a total of 621 sera samples collected from
Qataris and expatriate blood donors [Middle East and North Africa
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(MENA) and non-MENA nationals] residing in Qatar and aged 18
years and above. The samples were collected in EDTA tubes from
healthy donors at the Blood Donor Unit at Hamad Medical
Corporation (HMC) between September 2014 -September 2016 and
were used in previous seroprevalence studies [9,10]. Blood samples
were handled and stored following standard safety procedures and
guidelines. Details about the samples’ collection, transport, and
storage methods were previously described [10]. Prior to sample
collection from the blood donors, the Institutional Review Board of
Hamad Medical Corporation (HMC) and Qatar University (QU-IRB
1197-E19) approvals were obtained. Informed consent was obtained
from all subjects involved in the study. The participants’ rights and
welfare were not harmfully affected because personal information
related to participants was not claimed. Blood samples from the
blood bank were de-identified and did not include the participants’
names or other identifying information. Only demographic in-
formation, including age, nationality, and gender was collected. The
demographic characteristics of the donors are summarized in
Table 1.

HHV-8 serology

To determine HHV-8 seroprevalence, all sera samples were tested
for the presence of HHV-8 antibodies using a commercial enzyme-
linked immunosorbent assay (ELISA) kit (HHV8-Ab-IgG ELISA Kit,
Cat# MBS2800428, MyBioSource, Inc., San Diego, USA) following the
manufacturer’s instructions. The ELISA is coated with whole HHV-8
viral lysate, targeting both latent and lytic HHV-8 antigens. Kit
controls were included in the assay. For each assay, the cut-off value
was calculated by this formula: average OD values of the negative
controls + 0.10. Samples were considered positive if the sample OD
value was above the cut-off value. Samples were retested in dupli-
cates when the OD value was in the equivocal range, and the average
was taken. The result was considered positive if it remained bor-
derline after repetition.

Indirect immunofluorescence assay (IFA) was done using the
Human Herpesvirus 8 IgG (Lytic) Test Kit (Catalog No. I-HV802G,
SCIMEDX Corporation, NJ, USA) according to the manufacturer’s

Table 1
Demographic characteristics of blood donor samples (n = 621).

Characteristic No. (%)

Sex Female 14 (2.26)
Male 607 (97.7)

Age (years) 15 -24 37 (5.97)
25-34 241 (38.9)
35-44 209 (33.4)
45 -54 102 (16.6)
55+ 32 (5.16)

Nationality Qatari 204 (32.9)
Egyptian 87 (14.0)
Syrian 86 (13.9)
Indian 55 (8.87)
Jordanian 29 (4.68)
Palestinian 26 (4.19)
Pakistani 16 (2.58)
Sudanese 13 (2.10)
Lebanese 12 (1.94)
Philippine 11 (1.77)
Yemeni 10 (1.61)
Iranian 8 (1.29)
Others’ 64 (10.2)

" Others include Kuwait, United Arab Emirates (UAE), Kingdom of Saudi Arabia
(KSA), Oman, Bahrain, Iraq, Morocco, Algeria, Libya, Tunisia, Turkey, Bosnia, Cyprus,
Greece, Russia, Malaysia, Bangladesh, Nepal, Burma, Singapore, USA, Canada, Spain,
Bulgaria, Ireland, UK, Kenya, Somalia, France, Italy, Romania, Germany, Colombia,
Brazil, New Zealand, Hungary, the Netherlands, Croatia, Ecuador, Serbia, Macedonia,
Sweden, Australia, South Africa, Eritrea, Burkina Faso, Djibouti, Chad, Tanzania, and
Ethiopia.
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instructions. This IFA uses a primary effusion lymphoma cell line
(BC-3) to detect antibodies directed against lytic HHV-8 antigen 8. It
is also used for qualitative and semi-quantitative detection of IgG
antibodies to HHV-8 lytic antigens in human serum or plasma. This
assay can be used to aid in diagnosing primary infection or re-
activation/reinfection with HHV-8 or can provide evidence of pre-
vious infection. The IFA has a 98.1 % serological agreement with an
ELISA detecting HHV-8 ORF 65, which encodes a protein involved in
the lytic cycle of the virus. The specificity of the IFA was reported to
be 88.6 % when assessed in sera positive for IgG antibody to either
cytomegalovirus (CMV), Epstein-Barr virus (EBV), human herpes
virus 1 (HSV1), human herpes virus 6 (HHV6), or varicella-zoster
virus (VZV), or any combination of these viruses. Anti-HHV-8 lytic
antibodies from blood donor sera samples were determined by
comparing them with positive and negative controls. Samples were
tested at 1:40 dilution, and slides were imaged at 40x magnification.

HHV-8 DNA detection by real-time PCR

The DNA was extracted from the polymorphonuclear cells
(PBMCs in the buffy coat) using the Qiagen kit (Catalog# 51106,
Qiagen, Germany) as previously described [9,11]. HHV-8 DNA in the
samples was detected using HHV8 DNA Quantitation (QT) Real-Time
PCR kit (Catalog No. HHV8DNAQT.CE, Dia. Pro, Milano, Italy) ac-
cording to the manufacturer’s instructions. The fluorescent dyes
were detected by QuantStudio 6 Flex real-time PCR reader (Applied
Biosystems, Waltham, Massachusetts, USA). The reaction was con-
sidered valid if the internal control had an amplification curve while
no amplification was detected in the negative control.

Statistical analysis

Pearson’s chi-square () or Fisher exact test was used as ap-
propriate to compare groups. Bivariate analysis was done to de-
termine the association between HHV-8 status and potential
associated factors. A multivariable logistic regression model was also
performed to study the association between the antibody status
(dependent variable) and all independent variables, including sex,
age, and nationality. Logistic regressions were conducted to estimate
and report the odds ratio (OR) and their 95 % confidence intervals
(CI). The significance level was defined at o = 0.05. Data were ana-
lyzed using the Statistical Package for the Social Sciences (SPSS)
version 25 and GraphPad Prism Version 9.0. Semiquantitative ana-
lysis for the IFA images was conducted using Image] software version
1.52a (NIH, Washington DC, USA) bundled with Java 8) as previously
described [12].

Results
Demographic characteristics of the donors

A total of 621 samples collected from blood donors residing in
Qatar were assessed in the current study, of which 607 (97.7 %) were
collected from males and 14 (2.3 %) from females (Table 1). The
majority [67.1 % (417/621)] of the samples were obtained from non-
Qatari residents, and the remaining samples [32.9 % (204/621)] were
from Qatari nationals. The median age of blood donors was 36 years
[IQR 30-43; 95 % CI, 35-37].

HHV-8 seroprevalence

In our study, 621 samples were serologically tested using ELISA to
determine the seroprevalence of HHV-8 IgG total antibodies among
healthy blood donors from different nationalities residing in Qatar.
Overall, 6.9 % [43/621; 95 % Confidence interval (95 %CI) 5.2-9.2] of
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Fig. 1. Distribution of HHV-8 IgG positive blood donors by sex and age
groups (n=621).

the samples were IgG-seropositive, of which 41 were males [6.8 %;
41/607; 95 %Cl 4.8-8.8], and 2 were females [14.3 %; 2/14; 95 %CI
0-32.6]. The distribution of HHV-8 seroprevalence by age showed no
apparent variation across the different age groups (Fig. 1). The
highest seroprevalence rates were among those aged 18-24 and
25-34 (Table S1).

Associations between HHV-8 seroprevalence with sex, geo-
graphic background, and age of blood donors were assessed using
the Chi-square test (Table 2). There was no statistically significant
association (p =0.27) between HHV-8 seroprevalence and sex, per-
haps due to the considerable difference in sample size between
males and females. Since Qatar is a demographically diverse country
with expatriates constituting more than 85 % of the total population,
we investigated HHV-8 seroprevalence between Qataris (n=204) and
non-Qataris (n=417). There was no significant difference in HHV-8
seroprevalence between Qataris and non-Qataris (p =0.39), where
6.34% of Qatari donors were seropositive compared with 6.73 %
seropositivity among non-Qatari donors. Similarly, the association
between HHV-8 seroprevalence and the donors’ age was in-
vestigated, and it was found that age has no significant effect on
HHV-8 seropositivity (p=0.93). Further, multivariable logistic re-
gression was conducted to assess the association between the in-
dependent suspected factors and the status of HHV-8, and the
adjusted p-value showed no significant differences between all
groups (Table 2).

All HHV-8 ELISA-positive serum samples were tested for anti-
bodies to lytic HHV-8 antigens using IFA. Subsequent confirmation
by IFA revealed that of the 43 anti-HHV-8 total IgG-positive blood
donors, six [14%, 95 %Cl 3.6-24.3] were classified as positive for
HHV-8 lytic antigen (Fig. 2A). Among these blood donors were five
males (median age: 45, IQR= 38-52) and one 22-year-old female.
Semi-quantitative analysis of the mean fluorescence intensity (MFI)
in the positive samples showed statistically significant MFI com-
pared to negative control (Fig. 2B).

HHV-8 viremia rate among healthy blood donors

HHV-8 viral load was determined in DNA extracted from blood
PBMCs using real-time qPCR. HHV-8 viremia was detected in only
one sample (1/621) collected from a Qatari male blood donor. The
sample had a low viral load (10.01 copies/ml of blood). However,
serology showed negative HHV-8 IgG, suggesting very recent or
acute HHV-8 infection.
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Table 2

Analysis of potential associated factors for HHV-8 among blood donor samples (n=621).
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Bivariate analysis

Multivariable logistic regressionf

Total No. I1gG Positive p-value” OR 95% Cl Adjusted p-value
No. (%) Lower limit Upper limit

Sex

Male 607 41 6.77 0.27 1

Female 14 2 14.29 2.04 0.37 11.16 0.41

Nationality

Qatari 204 13 6.34 0.39 1 0.89

Non-Qatari 417 28 6.73
Egyptian 87 4 4.60 0.71 0.22 2.26 0.56
Syrian 86 9 10.47 173 0.69 429 0.24
Indian 55 5 9.09 145 0.49 433 0.51
Jordanian 29 2 6.90 114 0.24 5.37 0.87
Palestinian 26 1 3.85 0.60 0.07 4.81 0.63
Pakistani 16 0 0.00 0.00 0.99
Sudanese 13 0 0.00 0.00 0.99
Lebanese 12 1 8.33 1.20 0.14 10.29 0.87
Philippine 1 2 18.18 2.94 0.54 15.94 0.21
Yemeni 10 2 20.00 3.61 0.68 19.03 0.13
Iranian 8 0 0.00 0.00 0.99

Other nationalities 64 4 6.35 0.97 0.30 3.10 0.96

Age group (years)

15-24 37 3 8.11 0.931 1 0.980

25-34 241 19 7.88 0.97 0.24 3.89 0.970

35-44 209 12 5.80 0.76 0.19 3.10 0.706

45-54 102 7 6.80 0.92 0.20 415 0.914

55+ 32 2 6.25 0.93 0.13 6.50 0.945

" Pearson chi-square p value.
T Variables entered in the model: sex, nationality, age.

Discussion

In this study, we investigated the seroprevalence of anti-HHV-8
antibodies in 621 blood donors of different nationalities residing in
Qatar between the ages of 18 and 70. Our study showed an overall
seroprevalence of 6.9 % for IgG targeting both HHV-8 latent and lytic
antigens. Seropositivity was not associated with any of the donors’
demographic characteristics. Notably, we found one Qatar blood
donor with detectable HHV-8 DNA in his blood despite being ser-
onegative. Seroprevalence studies conducted on blood donors in
various European countries and North America involving a similar
sample size have shown diverse results. The rates range from 0% in
Greece and certain parts of Spain to 2% and 6% in most European
countries [13,14]. In the United Kingdom, the rates varied between
0.7 % to 5% [15]. In specific regions of southern Italy, where there is a
high incidence of KS, higher seroprevalence rates were reported,
approximately 24 %, whereas in Sicily, it goes up to 35% [16]. In
North America, the reported rates range from 1% to 5% [17,18], but in
Texas, the prevalence can be as high as 23 % [4,19]. These studies
have employed various testing methods, suggesting that the pre-
valence rates of HHV-8 could be influenced by the specific geo-
graphic area under investigation and the testing techniques used.

In the Middle East, only a few studies investigated HHV-8 ser-
oprevalence, including Iran, which reported a seroprevalence rate of
2% in healthy blood donors [20]. In that study, antibodies against
HHV-8 lytic antigens were detected using HHV-8 IgG ELISA and
HHV-8 IgG IFA commercial kits. Samples were defined as "positive" if
tested positive in both assays. In our study, IgG ELISA showed a 6.9 %
(43/621) seropositivity to both latent and lytic HHV-8 antigens,
amongst which 14 % (6/43) had anti-lytic HHV-8 antibodies detected
by IFA. Various studies utilized different assays, and their sensitivity
levels were variable. However, studies reported that the combined
detection of both latent and lytic antigens enhances the sensitivity,
specificity, and, hence, the reliable testing of ELISA [21]. Current

assays, which identify antibodies against these antigens, showed
sensitivity ranging from 70% to 100 % [22-24].

As previously mentioned, the lytic antibodies are specific to an-
tigens expressed during the lytic lifecycle and could be indicative of
arecent or ongoing active viral replication and infection [7]. Also, the
presence of viral DNA in the blood typically indicates active viral
replication [25]. This is critical in understanding the viral load and
potential for transmission, especially in immunocompromised in-
dividuals at higher risk for developing associated diseases such as
KS. In our study, HHV-8 DNA was not detected in donors with HHV-8
lytic antibodies. PCR and serological results may show conflict due to
the complex nature of HHV-8 latency in lymphocytes. While ser-
opositive individuals, especially those with lytic antibodies, are ex-
pected to harbor the virus, low viral loads during latency may fall
below the detection threshold of PCR. This discrepancy could be due
to insufficient input DNA, sample type, or low sensitivity of the PCR
assay [26]. Further, the stage of infection could affect the detection of
viral DNA in lymphocytes. PCR is most effective at detecting active
replication, and if the virus has returned to latency, it may evade
detection [27]. Also, HHV-8 can undergo intermittent viral shedding,
meaning that viral DNA may not always be present in the blood at
detectable levels, even in seropositive individuals [28].

Although we observed an apparent slight decreasing trend in
HHV-8 IgG seroprevalence with age, where donors belonging to the
age groups 18-24 and 25-34 years showed the highest prevalence,
there was no statistically significant difference across the different
age groups. Similar studies also showed higher seroprevalence rates
in young blood donors (aged 18-40 years) compared to donors of
older age [29,30]. In these studies, seroprevalence rates were un-
affected by the donor’s sex. In our study, it was not feasible to assess
the seroprevalence of HHV-8 in relation to sex due to the unequal
distribution of males and females in the samples obtained from the
blood bank. Further, demographic factors, such as nationality,
showed no statistical significance with HHV-8 seropositivity. Still,
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diamidino-2-phenylindole (DAPI). 'Merge’ shows colocalization of GFP (green) and DAPI (red). Sera samples from blood donors with positive anti-HHV-8 using ELISA were all
subjected to IFA. Samples were tested at 1:40 dilution. All sections were taken at 40x magnification. (B) Semiquantitative analysis of mean fluorescence intensity (MFI) between
negative control (NC) and positive samples. A one-sample t-test was used to compare the differences between samples, ****p < .0001, n=3.

the seroprevalence was higher among blood donors residing in Qatar
who were MENA-nationals than Qataris, with Egyptians and Syrians
showing the highest seroprevalence.

Interestingly, we found one blood donor with detectable HHV-8
DNA in his blood despite being seronegative for HHV-8 antibodies.
This could suggest a recent or active HHV-8 infection. A limited
number of studies have identified viral DNA in blood and saliva
samples collected from blood donors in regions where HHV-8 pre-
valence is low [31,32]. HHV-8 DNA has been found in the blood of
two Argentinian blood donors in a study conducted on 577 blood
donors in Argentina [32]. HHV-8 genome was also detected in

samples from two (0.2 %) of 953 healthy Japanese blood donors [33].
Another study detected open reading frame (ORF) 26 of the HHV-8
genome in 100 blood donors recruited in 2001 at a blood donation
center in North London. In that study, the HHV-8 genome detection
rates were unexpectedly high, approximately 8-9 % [31]. In addition,
HHV-8 DNA was detected in the blood of about 22 % of healthy, HIV-
negative blood donors living in Central Africa [34]. In these infected
donors, the viral load of HHV-8 in the PBMCs was low. This was
indicated indirectly by the requirement for nested PCR, rather than a
single, unnested PCR, to detect HHV-8 DNA. Regardless, although
low viral loads might be undetectable by conventional PCR, they
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could be high enough to cause an infection with the standard vo-
lumes of blood used in transfusions [35]. Additionally, several case
reports of Kaposi’'s sarcoma have described an association with
blood transfusions, including a report on a patient with hemophilia
A who developed T-cell deficiency due to potential exposure to HHV-
8 during factor VIII transfusions [36]. Hence, although current
transfusion practices typically involve components that are less
likely to harbor infectious agents, the risks of HHV-8 transmission
exist, especially in immunocompromised individuals due to their
weakened immune response, higher prevalence of the virus in cer-
tain populations, potential for severe outcomes such as Kaposi’'s
sarcoma, and lack of routine screening for the virus in blood dona-
tions [36-40].

Additionally, detection of herpesvirus DNA in leukocytes might
indicate dormant infection, whereas detecting DNA in the serum or
plasma is usually linked to disease, as observed with Epstein Barr
virus (EBV) [41], cytomegalovirus (CMV) [42], and HHV-6 [43].
Hence, detecting cell-associated HHV-8 DNA might not necessarily
suggest acute or recent infection but could be due to dormant HHV-8
infection. This could explain why the PCR-positive Qatari blood
donor was seronegative for HHV-8 antibodies by ELISA. Also, this
could be attributed to low assay sensitivity in detecting low amounts
of latent HHV-8 antibodies. Regardless, the detection of HHV-8 in
donated blood prompts concern about the potential transmission of
the virus through blood transfusions. Indeed, previous studies have
shown that HHV-8 DNA-positive blood can be infectious [44].

Given the continuing uncertainty over results obtained from
anti-HHV-8-based studies of populations at low risk of KS, our
findings, which showed slightly high HHV-8 seroprevalence in blood
donors, require further confirmation. This is the first study assessing
HHV-8 seroprevalence in healthy blood donors residing in Qatar.
ELISA and IFA were used to detect HHV-8 IgG antibodies in plasma.
Also, qPCR was used to detect HHV-8 DNA in the donor’s PBMCs.
Since evidence has shown that HHV-8 may be transmissible via
blood transfusion, finding one blood donor sample with HHV-8 DNA
raises questions regarding the potential risk of HHV-8 blood-borne
infection and the safety of blood products. Hence, screening for
HHV-8 in the pre-transfusion measurements might be essential as it
might be associated with severe clinical outcomes in high-risk
groups such as those receiving organ transplants, patients under-
going chemotherapy, or those with HIV.

Some limitations might have affected the study, including the
minimal amount of information provided by the blood bank about
the blood donors’ demographics. For instance, other potentially
confounding factors such as the educational stage, socioeconomic
status, travel history, transfusion history, transplantation history,
and dialysis history were unavailable. Moreover, the small sample
size of female donors compared to male donors has invalidated the
comparison between the two groups.
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