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Abstract. Background: Epstein-Barr virus (EBV), a human herpes virus, presents significant risks
to hematopoietic stem cell transplant (HSCT) recipients due to immunosuppressive treatments.
Two genotypes of EBV can infect humans: EBV1 and EBV2. These genotypes differ in their latent
genes. One important latent protein is EBNA3, which plays a crucial role in immune evasion and
pathogenesis of EBV.

Objectives: This study characterizes EBV genotypes among HSCT recipients in Jordan and
examines the relationship between EBV positivity and demographic factors.

Methods: A retrospective observational study was conducted at the Jordanian Royal Medical
Services Hospital (JRMS) from January to October 2024. Blood samples were collected from the
virology department, and plasma was separated. EBV-DNA detection was performed using
quantitative real-time PCR, while conventional PCR targeted EBNA3C genes for genotyping.
Results: Out of 93 EBV-positive HSCT recipients, 31 underwent genotyping analysis. The findings
revealed a predominance of EBV?2, detected in 26 samples (84%), while 5 samples (16%) exhibited
mixed infections. Notably, EBV1 was not identified in any samples. A significant association was
found between EBV positivity and male recipients, with a markedly higher prevalence in
individuals under 18 years of age (P<0.0001).

Conclusion: EBV2 was the predominant genotype among HSCT recipients in Jordan, with co-
infections of EBV1 and EBV2. Understanding the prevalent genotypes in transplant patients is
crucial for managing EBV-related complications, ultimately improving patient outcomes. This
study highlights the need for continuous monitoring and characterization of EBV genotypes in
immunocompromised populations.
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Introduction. Epstein-Barr virus (EBV), known as
human herpesvirus 4 (HHV-4), is one of the eight human
herpes virus family. It was identified as the first human
tumor virus,! discovered by electron microscopy of cells
cultured from Burkitt’s lymphoma tissue,? and was later
found to be associated with the pathogenesis of Hodgkin
lymphoma, nasopharyngeal carcinoma, gastric cancer,
and numerous malignancies in individuals with inherited
or acquired immunodeficiency.?

The prevalence of EBV ranges from 50% in children
to 90% in adults worldwide.* In developing countries,
exposure typically occurs early in life, while the onset of
infection is delayed in areas with greater socioeconomic
development.* EBV is primarily transmitted by infected
saliva, which promotes access and entry into the upper
respiratory tree's epithelial cells and B lymphocytes as
the main target cells; EBV also spreads through breast
milk, body fluid, blood transfusion, and
transplantation.>® Similar to other herpes viruses, its life
cycle is characterized by a lytic phase where it can infect
other cells or spread the infection to other individuals,
and the more quiescent latent phase where it persists
lifelong in memory B cells.”

EBV genome is 172 kbp in size and encodes more
than 85 genes, which express proteins depending on the
viral life cycle phase.®* Two EBV subtypes can infect
humans: EBV1 and EBV2. The biological characteristics
of the two genotypes differ; EBV genotype 1 is more
effective in immortalizing B cells, while EBV genotype
2 has a higher lytic ability, these types differ in their EBV
nuclear antigens: (EBNA-2) and (EBNA-3) sequences
(EBNA-3a, EBNA-3b, and EIBNA-3c).” The most
studied and approved method used to differentiate the
two types is EBNA3C.!?

Infected with EBV in healthy individuals is well
controlled by the immune system cells, including
cytotoxic T-cells and natural killer cells, making the lytic
phase of infection recede and latent infection of the
memory B lymphocytes predominant.!" Primary
infection in most immune-competent individuals is
usually asymptomatic, mainly in infants and childhood,
or causes infectious mononucleosis disease (IM) in
adolescents or young adults with unspecific symptoms
like fever, malaise, pharyngitis, and lymphadenopathy.'?

However, under immunocompromised conditions, as
in hematopoietic stem cell transplant recipients (HSCT),
who undergo these transplants as crucial treatments for
various malignancies and immune deficiency diseases,
EBV primary infection and reactivation are frequent
complications. The risk of infection increases when
using immunosuppressive regimens that prevent graft
rejection.!? These agents inhibit cytotoxic T-cells, which
are crucial for killing infected B-cells. In some cases, the
continuous use of these conditioning regimens increases
the opportunity to proliferate infected B-cells, resulting

in EBV-related post-transplant lymphoproliferative
disorders (PTLDs), which are life-threatening
complications that facilitate tumorigenesis.'* Therefore,
the evolution of immunosuppression for transplantation
has reduced the incidence of rejection but has increased
the risk of infection and virally mediated malignancies.'s

Previous studies indicated a predominance of EBV 1
strains.'® More data suggest that a notable proportion of
individuals are infected with EBV type 2 and that co-
infection of both types, EBVI1 and EBV2, is more
frequently found in immunocompromised
individuals.'"!®

To the best of our knowledge, this is the first study
that examined the genotypes of EBV in transplant
patients. Therefore, this study aimed to define EBV
genotyping among HSCT recipients in Jordan and to
determine the association between EBV positivity and
demographic factors, including gender and age.

Materials and Methods.

The Study Design and Population. A retrospective
observational study was conducted from January to
October 2024 to characterize EBV in patients who
underwent HSCT at the Jordanian Royal Medical
Services Hospital (JRMS) post-transplantation. The
study included all patients aged one year and older who
had received HSCT, regardless of gender. However,
patients with significant medical conditions that could
impact the study outcomes, such as organ failure at the
time of transplantation, were excluded from the analysis.

Sample Collection. Blood samples were collected in
EDTA tubes, centrifuged for 10 minutes at 3000 rpm,
and stored as plasma at -20°C for further processing.

DNA Extraction. Following the manufacturer’s protocol,
DNA was isolated from 200 pL of plasma using QIAmap
DNA Mini Kit (Qiagen, Hilden, Germany). Extracted
DNA samples were measured for purity and
concentration using the NanoDrop-2000 (Thermo Fisher
Scientific, Waltham, Massachusetts) spectrophotometry.
Purity was evaluated by the absorbance ratio at 260/280
nm, with values between (1.8 and 2.0) considered
indicative of high purity. DNA concentrations were
quantified at 260 nm and recorded in ng/ulL. Isolated
DNA samples were subsequently stored at -20°C until
further use."

EBV DNA detection by Real-time PCR. The EBV DNA
detection and viral load quantitation were detected using
the Artus® EBV RG PCR Kit (Qiagen, Hilden,
Germany) on the Rotor-Gene Q instrument using 20 puL
of DNA following the manufacturer’s instructions. This
detection method is based on real-time PCR
amplification using a 30uL EBV RG master mix that
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contains primers, enzymes, and probes designed to target
regions within the EBNA-1 gene.'’ The fluorescence
reporter dyes were used for direct detection of the
amplified product. Thermal cycling conditions were as
follows: initial denaturation at 95°C for 10 minutes,
followed by 45 cycles of amplification with denaturation
at 95°C for 15 seconds, lowered to 65°C annealing
temperature for 30 seconds, extended at 72°C for 20
seconds.”

EBV Genotyping by Conventional PCR of the EBNA3C
gene. Epstein-Barr virus genotyping was performed
using Conventional PCR techniques, specifically
targeting the EBNA3C gene, which serves as a crucial
marker for differentiating between the various EBV
types based on the size of the PCR products generated: a
product size of 153 base pairs (bp) indicates EBV type 1,
whereas a product size of 246 (bp) correspond to EBV
type 2. The specific primer sequences employed in this
amplification process were as follows: the forward

primer EBNA3C1 was 5'-
GCCAGAGGTAAGTGGACTTT-3’, and the reverse
primer EBNA3C2 was 5'-

TGGAGAGGTCAGGTTACTTA-3".2!

PCR amplification was performed using the Quant
Gene 9600 instrument (Bioer, China). The PCR reaction
mixture was performed in 20 uL total volume consisting
of 10 uL of 2X PCR Master Mix Solution (i-pfu,
iNtRON Biotechnology, South Korea), 2 uL of extracted
DNA, 1 pL of forward primer (10 pM), 1 pL of reverse
primer (10 uM), and 6 pL of nuclease-free water to
achieve the desired volume. The PCR thermal cycling
conditions were as follows: initial denaturation at 94° for
2 minutes, 40 cycles of: Denaturation at 94°C for 30
seconds, Annealing at 56°C for 30 seconds, and
extension at 72°C for 1 minute, the final extension at
72°C for 5 minutes. Nuclease-free water was used as a
negative control to ensure the validity of the result.?!

Following PCR, the amplified DNA fragments
underwent separation through electrophoresis using 2%
UltraPhore agarose gel (Condalab, Spain). The gel
matrix was prepared, dissolving the agarose in Tris-
acetate-EDTA (TAE) buffer; then 5 pL of RedSafe dye
was incorporated to enhance visualization by binding to
the DNA bands and making fluoresce under the UV light.
The PCR products were loaded into the gel wells
alongside the SiZer™-100 DNA Marker Solution
(iNtRON Biotechnology) and the ZR 50 bp DNA Marker

(Zymo Research), reference standards to estimate the
PCR product size. Electrophoresis was conducted at 90V
for approximately 60 minutes. After completion of the
electrophoresis run, the gel was subjected to UV light
exposure using a transilluminator and a Quantum gel
documentation system (Vilber, France) for DNA band
visualizing. Band sizes of 153 bp and 246 bp were used
to confirm the presence of EBV1 and EBV2,
respectively.?!

Statistical Analysis. Statistical analysis was performed
using IBM SPSS statistical software version 25.
Qualitative data were presented as frequencies and
percentages. Quantitative data included were expressed
as mean + standard deviation (SD). The association
between categorical variables was assessed using The
Chi-square. The P-values < 0.05 were considered
statistically significant.

Ethical Consideration. This retrospective observational
study used ethical guidelines and principles from the
Declaration of Helsinki. It was approved by the
Institutional Review Board at Zarqa University
(IRB/ZU/2024/29). This study was designed to minimize
any potential risks to participants. All procedures
involving human participants followed the institution’s
standards for ethical research. Additionally, all collected
data were anonymized prior to analysis to protect
participant privacy.

Results.

Distribution of EBV among HSCT recipients according
to Gender and Age. Among 93 EBV-positive HSCT
recipients, 58 (62%) were males, and 35 (38%) were
females, showing a higher significance of EBV
prevalence in males (P<0.017). Regarding age, 82 (88%)
of the recipients were under 18 years, while only 11
(12%) were above 18 years, having a significantly higher
EBV prevalence in ages under 18 years (P<0.0001), as
shown in Table 1

EBV-Genotypes prevalence among HSCT according to
gender and age. Out of the 93 EBV-positive samples, 34
were analyzed for genotyping, as the remaining samples
were insufficient for analysis. Three of the 34 positive
samples (1, 13, and 25) showed no bands on the gel
electrophoresis.

The distribution of EBV genotypes among the 31

Table 1. EBV prevalence among 93 HSCT recipients according to gender and age.

;z;t;;:g; i Gender P value Age P value
HSCT Male Female <18 >18

recipients (Na%) (Na%) (N’%) (Na%)

93 58,62% 35,38% 0.017 82,88% 11,12% <0.0001

N: Number %: Percentage HSCT: Hematopoietic Stem Cell Transplant.
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recipients of HSCT was analyzed, with results
categorized by gender and age. Among the 31 EBV-
positive samples, 26 patients (84%) were found to have
genotype 2, whereas five patients (16%) had mixed
infections involving both EBV genotype 1 and genotype
2. These results demonstrate that EBV genotype 2 is the
most prevalent strain within the HSCT sample
population studied (P<0.0001).

According to gender, from 26 positive EBV2
samples, 15 were males (58%), and 11 (42%) were

females. No significant difference in EBV2 prevalence
between genders (p=0.43). Of the co-infection samples,
all were males. Among the 26 positive EBV2 samples,
24 patients were under 18 years (92%) while only 2
patients were above years 18 (8%) and this showed a
significant difference (P <0.0001), Among the age
groups. In contrast, 3 patients of mixed EBV type were
under 18 years, and 2 patients were above 18 years, as
shown in Table 2.

Table 2. Genotype prevalence among 31 HSCT recipients according to gender and age N: Number %: Percentage EBV: Epstein-Barr virus.

Gender

Age P value
EBV .
Genotype (N, %) P value Male Female P value <18 >18
(N, %) (N, %) (N, %) (N, %)
EBV2 26,84% < 15,58% 11,42% (24,92%) (2,8%) <0.0001
EBV1+2 5,16% 0.0001 5,100% 0,0 (3,60%) (2,40%) 0.655

Patient characteristics. The distribution of age among
the EBV-positive samples comprised a total of 34
patients, categorized into seven age groups, with the
majority falling within the (1 -5) year age group,
accounting for 21 patients (61.76%). The next largest
group was the 6 to 10-year age range, comprising 7
patients (20.58%), followed by the 11 to 15-year group

with 4 patients (11.76%). Notably, there were no patients
in the age groups 16-20 and 21-25 years. The age group
of 26-30 years included 1 patient (2.94%), as did the
group over 30 years. The mean age of the patients was
6.88+7.09 SD.

Table 3. Distribution of 34 EBV —positive samples across different age groups.

Age group N %

15 21 61.76%
6_10 7 20.58%
11 15 4 11.76%
16-20 0 0.00%
21-25 0 0.00%
26-30 1 2.94%
>30 1 2.94%
Total 34 100%

Mean of age = 6.88

SD=7.09

N: Number %: Percentage SD: Standard Deviation.

Gel Electrophoresis Results. Figures (Figure 1-4)
illustrate the electrophoresis pattern of EBV genotypes
using the SiZer™-100 DNA Marker Solution and the ZR
50 bp DNA Marker.

Discussion. Hematopoietic stem cell transplantation is
the pivotal treatment for patients with hematological
malignancies. However, the extensive
immunosuppressive regimens required to prevent graft
rejection and support the engraftment process increase
the risk of infection.?? The EBV virus poses a substantial
risk to immunocompromised recipients because of its
potential to reactivate, leading to life-threatening

malignancies if not properly managed with appropriate
therapy.?

Differences in the EBNA3C gene have been
documented as a basis for distinguishing EBV types in
the current study. The finding in the 31 HSCT recipients
samples showed that genotype 2 was identified in 26
samples (84%), and five recipients (16%) demonstrated
a mixed infection of EBVI1+ EBV2. This finding
suggests that EBV?2 is the predominant genotype within
the studied population. Compared to other studies
conducted for different immunocompromised statuses,
our findings indicate a higher prevalence of EBV2.
Specifically, Ayee et al.,'® reported that (52%) of EBV2
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Figure 1. Illustrate the electrophoresis pattern of EBV genotypes
using the SiZer™-100 DNA Marker Solution and the ZR 50 bp DNA
Marker. All samples in the figure are EBV2, except for sample
number 15, which is a mixed infection.
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Figure 2. Illustrate the electrophoresis pattern of EBV genotypes
using the SiZer™-100 DNA Marker Solution and the ZR 50 bp DNA
Marker. Samples 11 and 12 were EBV2, while samples 16 and 19
displayed mixed infections.
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Figure 3. Illustrate the electrophoresis pattern of EBV genotypes
using the SiZer™-100 DNA Marker Solution and the ZR 50 bp DNA
Marker. All samples shown in the figure represent EBV2 genotypes.
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Figure 4. Illustrate the electrophoresis pattern of EBV genotypes
using the SiZer™-100 DNA Marker Solution and the ZR 50 bp DNA
Marker. All samples shown in the figure represent EBV2 genotypes
except sample numbers 26 and 32, which displayed mixed infections.

was predominant among NCP patients in Ghana and
Palma et al.,** observed a prevalence of EBV2 with
(47.6%) in pediatric HL patients and (69.2%) in adult HL
patients in Mexico. In comparison to studies conducted
in the Middle East, EBV genotype 1 is revealed across
various populations, (72.5%) among healthy blood
donors in Qatar,” (100%) in lymphoma patients in
Yemen,?® and (91.2%) in patients with hematologic
malignancies in Iran.?’ These disparities in EBV-
genotype prevalence could be mainly due to the
geographic and demographic variations, the immune
status of the populations within each country, and the
sample size for each study.

EBV mixed infection was identified in (16%) of cases.
Many genotype studies conducted for patients with
Human Immunodeficiency virus (HIV) who are also
immunocompromised have a comparable with our
finding with lower co-infection rate in Ethiopia (4.7%) '°
and China (12.96%);*® on the contrary, Brazil
demonstrates a higher prevalence rate (26.32%).” We
did not observe any significant differences based on
gender, whereas age was significantly associated with
EBV2 in individuals under 18 years old. As seen in a
study conducted in Brazil, IM patients recorded a much
higher rate of EBV2 for age within 10-15 years (62.5%)
compared to EBV1 (25%).%!

A significant difference in EBV infection was
observed in males (62%) more than in females (38%),
and a higher significance was observed in recipients
under 18 years (88%) more than in recipients over 18
years (12%). Most studies did not find a significant age
difference®®’! or gender difference®* as a risk for
infection. However, some studies revealed that EBV
DNAemia is detected more frequently in
immunocompromised children (12.6%) compared to
adults (6.2%), emphasizing their vulnerability to primary
or reactivated infections post-transplant.*

Like other retrospective studies, the current study
faced limitations such as gaps in record keeping and
limited access to data. Additionally, the small sample
size was drawn from only one hospital. We recommend
conducting further research, including a broader range of
data and a larger sample size, and performing whole
genome sequencing to provide a clearer understanding of
the diversity of EBV strains in HSCT patients.

Conclusions. This study represents the first investigation
into the prevalence of EBV genotypes among HSCT
recipients in Jordan. The findings indicate that the
predominant genotype identified in this patient
population is EBV 2, followed by mixed infections
involving both EBV 1 and EBV 2. Moreover, a
significant association was observed between EBV
positivity and male recipients. Additionally, the
prevalence of EBV was notably higher among recipients
aged under 18 years. Identifying the most common
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genotypes in transplant patients enhances the treatment
management of complications associated with EBV.
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