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ARTICLE INFO ABSTRACT

Keywords: Background: Human herpes simplex virus-6 (HHV-6) is the causative agent of exanthema subitum. Transmission
HHV-6 mainly occurs through salivary secretions, yet blood transfusions and organ transplantations have also been
Seroprevalence

reported as routes of transmission. Studies of seroprevalence of HHV-6 in the Middle East and North Africa
(MENA) region and other parts of Asia are scarce. As such, this study aimed to estimate the seroprevalence of
HHV-6 among healthy blood donors in Qatar.

Methods: In total, 620 healthy blood donors from different nationalities residing in Qatar, mainly from the MENA
region and Southeast Asia, were tested using a commercial anti-HHV-6 immunoglobulin G (IgG) enzyme-linked
immunosorbent assay kit. In addition, HHV-6 DNA from randomly selected samples was tested and quantified
using quantitative reverse transcriptase polymerase chain reaction.

Results: Anti-HHV-6 1gG was detected in 71.7% (445/620) [95% confidence interval (CI) 68.2-75.3%] of the
tested samples, while 24.3% (61/251) (95% CI 20.0-29.6%) had detectable HHV-6 viraemia. Only 22.5% of
individuals with positive IgG status had detectable HHV-6 DNA in their blood, indicating a weak association
between viraemia and IgG positivity (P=0.08). Furthermore, no significant difference was associated between
HHV-6 viraemia and demographic characteristics, except for nationality.

Conclusion: The seroprevalence of HHV-6 in Qatar was found to be similar to rates reported in other parts of the
world.

Blood donors
Viraemia
Transfusion

Introduction

Human herpes simplex virus-6 (HHV-6) is a double-stranded linear
DNA virus that belongs to the genus Roseoloviruses of the Herpesviridae
family (De Bolle et al., 2005). HHV-6 was first isolated from patients
with lymphoproliferative disorders in 1986, and is associated with fatal
diseases (Salahuddin et al., 1986). Most people become infected with
HHV-6 by the age of 1-2 years (Agut et al., 2015). HHV-6 has two iden-
tified variants: HHV-6A, which occurs more frequently in immunocom-
promised hosts; and HHV-6B, which is the aetiologic agent of exanthema
subitem (Caserta et al., 2001). Exanthema subitem, also known as the

‘sixth disease’, is a paediatric disease mainly caused by primary infection
with HHV-6 and a minor contribution from HHV-7 (Yamanishi et al.,
1988). The disease is usually present in children aged 6 months to 3
years, with an incubation period of 1-2 weeks (Tesini et al., 2014). Ex-
anthema subitem is characterized by high fever, reaching 40°C within 5
days. Later, the patient develops a mild rash on the neck, trunk and face.
Primary HHV-6 infection is among the most prevalent causes of acute
febrile illness in young children (Caserta et al., 2001). After the primary
acute infection, HHV-6 establishes lifelong latency in which the viral
genome is maintained and distributed to daughter cells without produc-
tion of infectious virus, and viral gene expression is limited (low level of
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chronic viral replication) (Pantry and Medveczky, 2017). HHV-6 latency
has been established in the monocyte/macrophage cell population, bone
marrow progenitor cells and T cells (Pantry and Medveczky, 2017;
Rebechi et al., 2021). As such, it has been associated with chronic lym-
phoproliferative syndromes (Straus, 1988). HHV-6 can reactivate inter-
mittently, causing symptoms such as unexplained fever, rash, hepatitis,
pneumonitis, encephalitis and bone marrow suppression (Wang et al.,
2021b). HHV-6 can be the causative agent of certain diseases, and can
be a cofactor in the prognosis of conditions such as heterophile-negative
infectious mononucleosis-like illness (non-Epstein-Barr virus and non-
cytomegalovirus), viral hepatitis (non-A, B or C), meningitis, encephali-
tis, acquired immunodeficiency syndrome, lymphoproliferative disor-
ders, and many other clinical conditions.

HHV-6 is transmitted through saliva and secretions from the res-
piratory tract. Other routes of transmission, such as blood transfusion
(Salahuddin et al., 1986) and organ transplantation, have also been re-
ported (Deborska-Materkowska et al., 2006, Weinberg et al., 2005). In
antibody-positive or immunocompetent recipients of blood donation,
the infected transfused white blood cells carrying latent integrated HHV-
6 are eliminated by the recipient’s immune system (Politou et al., 2014).
However, in immunocompromised patients, especially those who have
received stem cell transplantation, there is an existing possibility that
the integrated HHV-6 virus in the transplanted haematopoietic cells
can be reactivated and lead to acute infection and severe complications
(Wilborn et al., 1994b; Agut et al., 2015). Most importantly, HHV-6
reactivation has increasingly been associated with acute graft-vs-host
disease (aGVHD) and allograft rejections in organ transplantation set-
tings (Yoshihara et al., 2004; Phan et al., 2018; Wang et al., 2021a).
For instance, following bone marrow transplantation, recent evidence
has shown an association between HHV-6 and fever and rash resem-
bling aGVHD (Asano et al., 1991; Wilborn et al., 1994a; Appleton et al.,
1995; Takemoto et al., 2000), interstitial pneumonitis (Carrigan et al.,
1991; Cone et al.,, 1993), encephalitis (Drobyski et al., 1994), cy-
tomegalovirus disease (Kadakia et al., 1996) and bone marrow suppres-
sion (Drobyski et al., 1993; Wang et al., 1996; Ljungman et al., 2000).
In addition, nearly 10% of all cord blood transplant recipients develop
HHV-6 encephalitis, compared with only 1% of stem cell transplant re-
cipients (Scheurer et al., 2013). Moreover, a recent survey of 235 allo-
geneic stem cell transplant patients indicated that post-transplant HHV-
6 reactivation was strongly associated with the development of aGVHD,
delayed platelet engraftment and early post-transplantation mortality
(Dulery et al., 2012).

The diagnosis of HHV-6 infection is performed by serology (indi-
rect method) or real-time polymerase chain reaction (PCR), viral cul-
ture, in-situ hybridization and immunohistochemistry (direct methods).
However, the most prominent technique is the quantification of viral
DNA in blood, other body fluids and organs by means of real-time
PCR. Although real-time PCR is useful for HHV-6 diagnosis and deter-
mining viral load, serological tests such as immunofluorescence and
enzyme-linked immunosorbent assays (ELISAs) have the potential to
differentiate latent from lytic infection, and can detect past exposure
(Burbelo et al., 2012). For patients experiencing primary or acute in-
fection, serologic studies have shown the appearance of specific im-
munoglobulin M (IgM) antibodies during the first 7 days of infection,
reaching maximum titres within 2-3 weeks, and then declining to un-
detectable levels by 3 months. IgG antibodies appear just after IgM an-
tibodies but persist indefinitely (LaCroix et al., 2000).

Blood-banking organizations adopt strict regulations to minimize the
risk of transfusion transmission of pathogens. However, concerns re-
main regarding the transmission of untested pathogens, including HHV-
6. Therefore, blood-banking organizations need to consider the epidemi-
ology of infection among the population. There are few studies of the
seroprevalence of HHV-6 in the Middle East and North Africa (MENA)
region and other parts of Asia among healthy blood donors. Previously,
the present authors reported a higher incidence of various infectious dis-
ease agents among residing expatriates compared with local nationals
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(Qatari). This included but was not limited to hepatitis B virus (Al Ro-
maihi et al., 2019), hepatitis C virus (Bener et al., 2009), hepatitis E virus
(Al Absi et al., 2021), West Nile virus (Dargham et al., 2021), dengue
virus (Humphrey et al., 2019), chikungunya virus (Humphrey et al.,
2019) and others. Similarly, high levels of HHV-6 may be circulating in
Qatar. Therefore, this study investigated the estimated HHV-6 infection
rate related to age, gender and ethnicity among healthy blood donors
residing in Qatar. The information gained will enable health organi-
zations in Qatar to develop new policies aiming to reduce the risk of
transmissible diseases related to blood transfusion.

Materials and methods
Sample collection and ethical compliance

Samples were collected from healthy blood donors for use in pre-
vious seroprevalence studies (Nasrallah et al., 2017, 2018, 2020;
Dargham et al., 2018). They were collected anonymously along with
all necessary demographic information, including age, nationality and
gender. This study was approved by Qatar University Institutional Re-
view Board (QU-IRB 518-EA/15) prior to sample collection. Therefore,
this research posed no risk to subjects, and their rights and welfare were
not harmed.

The study sample consisted of Qatari and expatriate blood donors
aged >18 years (n=620) from different origin countries, including
MENA and non-MENA nationals. The origin countries included Qatar
(n=204), Egypt (n=87), Syria (n=86), India (n=55), Jordan (n=29),
Lebanon (n=12), Pakistan (n=16), Palestine (n=26), Philippines (n=11),
Sudan (n=13), Iran (n=8) and Yemen (n=10). The demographic charac-
teristics of the donors are summarized in Table 1.

Detection of anti-HHV-6 IgG using ELISA

In total, 5 pL of each patient’s serum was used to test for the presence
of anti-HHV-6 IgG. Testing was performed using a commercial ELISA kit
(ELISA-VIDITEST, Catalogue # ODZ-235; VIDIA, Prague, Czech Repub-
lic). The strips are coated with native HHV-6 antigen that can form an
antigen-antibody complex in the presence of HHV-6 IgG in the tested
serum. This can be detected subsequently by adding an animal anti-
human IgG antibody combined with horseradish peroxidase that emits
colour following reaction with the chromogenic substrate (TMB-O). This
kit is CE-marked for in-vitro diagnosis with sensitivity of 99% and speci-
ficity of 95%, as determined by the manufacturer (VIDIA, 2021). Ab-
sorbance was read at 450/620 nm using a microplate reader (Epoch 2
Microplate spectrophotometer; BioTek, Winooski, VT, USA).

Qualitative evaluation was achieved by calculating the mean ab-
sorbance of the standard and calculating the cut-off value. Using Ex-
cel (Microsoft Corp, Redmond, WA, USA), the positivity index for each
sample was computed using the following formula: sample positivity in-
dex = sample absorbance/cut-off value. The absorbance of samples was
categorized into three intervals: <0.9 was interpreted as negative, 0.90—
1.10 was interpreted as borderline, and >1.10 was interpreted as pos-
itive. All borderline samples were retested in duplicate in accordance
with the manufacturer’s instructions, and the average was taken. The
result was considered positive if it remained borderline after repetition.

HHV-6 DNA detection by real-time PCR

After identifying the HHV-6 IgG-positive samples, the authors were
interested in determining the immune status and serological profile of
these samples. Therefore, 251 samples were selected at random to test
for HHV-6 viraemia. To increase the yield of extracted viral DNA, DNA
was extracted from buffy coat samples using a Qiagen kit (Catalogue #
51106; Qiagen, Hilden, Germany). According to the manufacturer’s in-
structions, detection and copy number quantification of HHV-6 DNA in
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Table 1
Demographic characteristics of randomly
selected blood donor samples (n=620).

Characteristic n (%)
Gender
Female 14 (2.26)
Male 606 (97.7)
Age (years)
15-24 37 (5.97)
25-34 241 (38.9)
35-44 207 (33.4)
45-54 103 (16.6)
>55 32 (5.16)
Nationality
Qatari 204 (32.9)
Non-Qatari 416 (67.1)
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)
Other? 63 (10.2)

@ Included Kuwait, United Arab Emirates,
Kingdom of Saudi Arabia, Oman, Bahrain,
Iraq, Morocco, Algeria, Libya, Tunisia,
Turkey, Bosnia, Cyprus, Greece, Russia,
Malaysia, Bangladesh, Nepal, Burma, Sin-
gapore, USA, Canada, Spain, Bulgaria, Ire-
land, UK, Kenya, Somalia, France, Italy,
Romania, Germany, Colombia, Brazil, New
Zealand, Hungary, the Netherlands, Croa-
tia, Ecuador, Serbia, Macedonia, Swe-
den, Australia, South Africa, Eritrea, Burk-
ina Faso, Djibouti, Chad, Tanzania and
Ethiopia.

all samples were performed using a real-time PCR detection and quan-
tification kit (Reference # Z-Path-HHV6; Primerdesign Ltd, Chandler’s
Ford, UK). The detection principle of this assay is based on the use of
real-time amplification with fluorescent reporter dye probes specific for
HHV-6 DNA. Fluorescent dyes were detected using a QuantStudio 6 Flex
real-time PCR reader (Applied Biosystems, Waltham, MA, USA). The re-
action was considered valid if the internal control had an amplification
curve while no amplification was detected in the negative control. The
sample was considered RT-PCR positive for HHV-6 if HHV-6 DNA was
detected in the tested sample.

Statistical analysis

Age was categorized into 10-year cohorts: 15-24, 25-34, 35-44, 45—
54 and >55 years. Overall, age-specific, nationality-specific and gender-
specific seroprevalence measures of HHV-6 IgG were estimated. Descrip-
tive statistics [mean, standard deviation (SD)] were used to investi-
gate the characteristics of the study sample. In addition, Pearson’s Chi-
squared test was used to perform a bivariate analysis for the association
between HHV-6 status and potential associated factors. A multi-variate
logistic regression model was also performed to study the association
between antibody status (dependent variable) and all independent vari-
ables, including gender, age and nationality. Finally, logistic regressions
were conducted to estimate and report odds ratios and their 95% confi-
dence intervals (CI). The significance level was defined as P=0.05. Data
were analysed using Statistical Package for the Social Sciences Version
25 (IBM Corp., Armonk, NY, USA).
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Results
Demographic characteristics of the donors

Six hundred and twenty samples from blood donors residing in Qatar
were analysed in the current study, of which 606 (97.7%) were from
males and 14 (2.30%) were from females (Table 1). Most samples were
obtained from non-Qatari residents (67.1%), and the remaining samples
were obtained from Qatari nationals (32.9%). The age of donors ranged
between 19 and 65 years [mean 37 (SD 10) years]. Thus, approximately
39% of the donors were aged 25-34 years (Figure 1).

Seroprevalence of HHV-6 among healthy blood donors in Qatar

In total, 620 samples were serologically tested to determine the
seroprevalence of HHV-6 IgG antibodies among the healthy blood
donors from different nationalities. Of these, 71.7% of samples were
IgG seropositive. Associations between HHV-6 seroprevalence and gen-
der, geographic background and age of the studied individuals were
calculated using Chi-squared test (Table 2). No significant association
(P=0.580) was reported between HHV-6 seroprevalence and gender,
probably due to the difference in sample size between the two groups.

Considering that Qatar is a diverse country with expatriates consti-
tuting more than 85% of the total population, the difference in HHV-
6 seroprevalence between Qataris (n=204) and non-Qataris (n=416)
was investigated. No significant difference in HHV-6 seroprevalence
was found between Qataris and non-Qataris (P=0.506), with 75.5% of
Qatari donors found to be seropositive compared with 70.0% of non-
Qatari donors. Similarly, correlation between HHV-6 seroconversion
and donors’ age was investigated. Although no significant differences
were reported between the different age groups (P=0.519), infection
rates were found to decrease with age. HHV-6 seropositivity ranged from
81.0% in donors aged <25 years to 65.6% in donors aged >55 years, sug-
gesting that most people acquire the infection and develop antibodies at
early ages. Multi-variate logistic regression was conducted to measure
associations between the dependent suspected factors and HHV-6 sta-
tus; no significant differences were found between groups, except that
donors of Syrian nationality may have higher seroprevalence (P=0.040)
(Table 2).

HHV-6 viraemia rates among healthy blood donors

HHV-6 viral detection and viral load were determined in 251 blood
samples selected at random using quantitative reverse transcriptase
PCR. HHV-6 viraemia was detected in 24.3% (n=61) of samples. No sig-
nificant correlation was reported between viraemia rates and age (15—
24 years, 33.3%; 25-34 years, 26.5%; 35-44 years, 23.7%; 45-54 years,
40.0%; <55 years, 10%). However, a significant association was found
between viraemia rates and nationality (P=0.04) among tested donors
(Table 3). Viral load in the positive samples ranged between 0.03 and
29,727 copies/mL of blood, with a mean of 608.1 copies/mL (95% CI
540.3-1757). Two samples had a very high viral load (1825 and 29,727
copies/mL) and positive IgG status, suggesting acute infection or re-
activation. The correlation between ELISA serological data and HHV-6
viraemia in blood was investigated. Results showed that 22.5% of indi-
viduals with positive IgG status had detectable HHV-6 viraemia in their
blood. In addition, 4.3% of the samples were PCR positive and seroneg-
ative for HHV-6, while 52.2% were HHV-6 IgG positive and had no de-
tected viraemia, suggesting a weak association between DNA and IgG
positivity (data not shown).

Discussion
HHV-6 is known to cause exanthema subitem and establishes life-

long latency. However, a few studies have reported that HHV-6 could be
transmitted through infected blood donated by healthy-appearing blood
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Figure 1. Distribution of human herpes simplex virus-6 (HHV-6) immunoglobulin G-positive blood donations by age group.

Table 2

Analysis of potential associated factors for human herpes virus-6 among blood donor samples (n=620).

Bivariate analysis

Multi-variate logistic regression”

Total IgG positive  P-value® 95%  Adjusted P-value
Factor n n (%) OR CI Lower limit  Upper limit
Gender
Male 606 432 71.3 0.076 1
Female 14 13 92.9 4.70 0.58 38.0 0.147
Nationality
Qatari 204 154 75.5 0.506 1 0.525
Non-Qatari 416 291 70.0
Egyptian 87 67 77.0 1.03  0.56 1.88 0.929
Syrian 86 55 64.0 0.56  0.32 0.98 0.043
Indian 55 35 63.6 0.58  0.30 1.10 0.095
Jordanian 29 18 62.1 0.56  0.25 1.27 0.165
Palestinian 26 20 76.9 1.15 0.43 3.03 0.785
Pakistani 16 11 68.8 0.67  0.22 2.04 0.476
Sudanese 13 11 84.6 1.89 0.40 8.86 0.420
Lebanese 12 8 66.7 0.60 0.17 2.13 0.430
Philippine 11 7 63.6 0.46 0.12 1.71 0.244
Yemeni 10 6 60.0 0.48 0.13 1.77 0.267
Iranian 8 6 75.0 097  0.19 5.08 0.975
Other nationalities 63 47 74.6 092 048 1.76 0.792
Age group (years)
15-24 37 30 81.1 0519 1 0.676
25-34 241 170 70.5 0.73  0.30 1.80 0.493
35-44 207 153 73.9 0.81 0.33 2.01 0.649
45-54 103 71 68.9 0.63 0.24 1.64 0.345
>55 32 21 65.6 0.50 0.16 1.55 0.229

IgG, immunoglobulin G; OR, odds ratio; CI, confidence interval.

a Pearson Chi-squared test.

b Variables entered in the model: gender, nationality and age.

donors (Politou et al., 2014). Although HHV-6 may cause serious com-
plications, donor screening for this virus is not yet mandatory. In addi-
tion, only a few studies have investigated the seroprevalence of HHV-6
in healthy populations in the MENA region.

This study revealed overall seroprevalence of HHV-6 IgG of 71.7%,
comparable with previous estimates reported elsewhere. For instance,
Linhares et al. (1991) reported seroprevalence of 76.5% and 77.2%
for Brazilians and Japanese immigrants, respectively. Similarly, anti-
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HHV-6 lytic IgG antibodies were analysed in Greece using commercially
available ELISA kits. The study reported seroprevalence of HHV-6 of
78.75%, without any significant difference between males and females
(Politou et al., 2014). In addition, a study in Egypt reported seropreva-
lence of HHV-6 IgG of 75% (Assem et al., 2005). Moreover, based on
immunofluorescence assay detection of HHV-6 IgG in Kuala Lumpur,
seroprevalence was 83% with no significant association between dif-
ferent ethnic groups, such as Chinese, Malays and Malaysia Indians
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Table 3

Human herpes virus-6 viraemia in the studied population (n=251).
Category Positive/total n Prevalence (95% CI)  P-value®
Gender
Male 53/224 23.7 (18.1-29.2) 0.997
Female 0/4 0
Nationality
Qatari 3/39 7.7 (0.6-16.1)
Non-Qatari 50/186 26.9 (20.5-33.3) 0.037
Age group (years)
15-24 3/9 33.3(25.3-41.1)
25-34 22/83 26.5 (17.0-36.0) 0.845
35-44 14/59 23.7 (12.9-34.6)
45-54 10/25 40 (20.8-59.2)
> 51 1/10 10 (2.8-18.5)

CI, confidence interval.
@ Pearson’s Chi-squared test.

(Chua et al., 1996). According to the manufacturer, the specificity of
the ELISA-VIDITEST used in the present study is 95%. Thus, the present
test results could be slightly overestimated as there is a possibility of
cross-reactivity with other herpes and non-herpes viruses, which may
have given false-positive results.

Despite an apparent decreasing trend in the seroprevalence of HHV-
6-IgG antibodies with age in the current study, the trend was not found
to be statistically significant. On the other hand, a significant associa-
tion was observed between HHV-6 viraemia and nationality, indicating
evidence of variation in HHV-6 infection exposure by nationality. Sero-
prevalence was slightly lower among blood donors residing in Qatar
who were MENA nationals compared with Qataris. Nevertheless, the
seroprevalence of HHV-6 was highest in Sudanese and Egyptians. This
was expected as the main route of transmission is through saliva. Ad-
ditionally, sharing utensils, which could include saliva, would play a
considerable role in transmitting the virus (Wojcicki, 2003).

The reported high seroprevalence of HHV-6 IgG could be due to pri-
mary infection and the persistence of IgG for long-life latency or reac-
tivation of the virus in immunocompromised patients. Thus, many fac-
tors should be considered, such as history of transplantation or cases of
severe drug hypersensitivity symptoms. Many studies have shown that
HHV-6 can reactivate among patients who have drug-induced hyper-
sensitivity syndrome that leads to high HHV-6 IgG or DNA viraemia
(Aihara et al., 2003).

When HHV-6-IgG is detected after convalescence, this indicates virus
reactivation (Denes et al., 2004). However, reactivation needs to be con-
firmed by detection of HHV-6 viraemia. Therefore, the combination of
quantitative PCR and serology is increasingly recommended for HHV-
6 diagnosis to differentiate recent infections from past infections. In
this study, 24.3% of the tested samples had a detectable HHV-6 vi-
ral load measured by real-time PCR. Similar rates of HHV-6 infection
have been reported in patients with chronic hepatitis C virus infection
(Ibrahim et al., 2018). Moreover, a study was conducted to evaluate
the prevalence of HHV-6 IgG using ELISA and PCR, of which 107/112
(96.4%) were positive for HHV-6 IgG, while 6/112 (5.4%) were positive
for HHV-6 viraemia. In another study, 401 randomly selected consecu-
tive blood donors were tested for HHVs viraemia. Results showed that
3.49% of blood specimens had detectable HHV-6 viraemia, with viral
load reaching 1,580,400 copies per mL (Rouka and Kyriakou, 2015).
In the present study, positive HHV-6 viraemia samples were considered
if viral DNA was detected in the sample. The average viral load was
608 copies per mL, and the maximum was 29,727 copies per mL. In-
terestingly, two samples were positive for HHV-6 viraemia with high
viral load and positive for HHV-6 IgG, which could indicate HHV-6 re-
activation. However, no significant differences in viraemia rates were
reported, except between donors from various nationalities.

To the authors’ knowledge, this is the first study to define the sta-
tus of HHV-6 seroprevalence and viraemia among healthy individuals
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in Qatar and the Middle East. However, there were some limitations
that may have affected the study. Firstly, insufficient patient informa-
tion was collected from the blood bank. For instance, there was no infor-
mation on potential contributing factors such as educational level, socio-
economic status, travel history, transfusion history, transplantation his-
tory and dialysis history, as only minimal information about the donors
was provided. Ultimately, this has left gaps in Qatar’s public health
records. Moreover, the small number of female donors (n=14) com-
pared with male donors (n=606) invalidated the comparison between
the two groups. Moreover, the study was limited to samples collected
from donors aged >18 years, where most participants were seropositive.
Thus, a similar study with a younger group is needed.

In conclusion, to the authors’ knowledge, this is the first HHV-6 sero-
prevalence study to be performed on healthy blood donors in Qatar.
In this study, ELISA-VIDITEST kits were used to detect HHV-6 IgG in
plasma samples collected from blood donors in Qatar. The existence of
donor samples with high HHV-6 IgG raises questions regarding the po-
tential risk of HHV-6 blood-borne infection and the safety of blood prod-
ucts. Furthermore, as HHV-6 is associated with many clinical conditions,
this study highlights the importance of blood donation pre-screening,
particularly when transfusion to immunocompromised patients is war-
ranted.
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