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ABSTRACT

Introduction: Cytomegalovirus (CMV) glycoprotein B (gB), encoded by gpUL55, is crucial for CMV's cellular entry 
and a potential pathogenicity marker. We investigated CMV gB genotype distribution in renal and haematopoietic 
stem cell transplant (HSCT) recipients, assessing correlations with disease. Materials and methods: 264 clinical sam-
ples from 110 renal and 154 HSCT recipients at a tertiary hospital in Kuala Lumpur, Malaysia were analysed. Quan-
titative PCR detected four CMV gB genotypes (gB1-4), and clinical data correlations were assessed. CMV serostatus 
of donors (D) and recipients (R) was determined pre-transplantation. Results: In renal transplant recipients, 48.2% 
exhibited single-genotype CMV, with gB2 (20.9%) and gB1 (17.2%) most prevalent. HSCT recipients showed 46.1% 
single-genotype CMV, primarily gB2 (23.4%) and gB1 (16.2%). Mixed-genotype infections were observed in 51.8% 
of renal transplant and 53.9% of HSCT recipients, particularly gB1-gB2 (65.8%). Mixed gB genotypes showed signif-
icant CMV disease association in HSCT recipients (p < 0.05) but not in renal transplant recipients. Virus load com-
parisons indicated no significant differences in both groups, but renal transplant recipients with mixed infections had 
a higher median viral load. The majority of both recipient groups were D+/R+ (84.5% renal, 79.2% HSCT). Primary 
diagnoses among recipients varied, including glomerulonephritis, diabetes mellitus, hypertension, acute leukemias, 
lymphomas, and other conditions. Conclusion: This study reveals the diversity of CMV genotypes in renal and HSCT 
transplant recipients and their potential impact on disease correlation, providing insights into genotype prevalence, 
viral load association, and CMV disease risk.
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INTRODUCTION

Cytomegalovirus (CMV) is a common opportunistic 
pathogen that can cause significant morbidity and 
mortality in immunocompromised individuals, such as 
those undergoing renal and haematopoietic stem cell 
transplantation (HSCT) (1). CMV infects a wide range 
of cell types leading to end-organ disease, including 
pneumonitis, hepatitis, retinitis, and gastrointestinal 
disease (1). To enter different cell types, different forms 

of glycoprotein are utilized such as gB, gH/gL, and gO 
(2). CMV glycoprotein B (gB) (UL55) is a major envelope 
glycoprotein, the fusion protein that participates in virus 
entry (2). It exists in the viral envelope and acts as a 
protein dimer causing lysis of protein on the membrane 
surface of all CMV-infected cells. gB is also essential for 
cell-to-cell proliferation by priming the transcriptional 
machinery in the host cell before viral replication 
commences. gB gene is a potential marker for CMV 
virulence, tissue tropism, or other pathogenicity (3).

Renal and HSCT recipients are particularly susceptible 
to CMV infection despite HLA matching between donors 
and recipients, due to the immunosuppressive regimens 
they receive to prevent graft rejection (4,5).
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The distribution of CMV gB genotypes among renal 
and haematopoietic stem cell transplant recipients in 
a tertiary hospital in Malaysia has not been extensively 
studied. The finding of CMV gB genotypes distribution 
in the population may provide insights into the 
pathogenicity of different gB genotypes relates with 
clinical manifestations and outcomes (6). As certain 
gB genotypes may be more immunogenic, potential 
gB may potentiate as target for vaccine development.   
The information regarding its pathogenicity may also 
induce the diagnostic and therapeutic strategies for 
CMV infection in transplant recipients (7). Despite the 
extensive research on CMV infection and its association 
with renal and haematopoietic stem cell transplantation, 
there is still a gap in knowledge regarding the 
distribution of CMV gB genotypes among transplant 
recipients in Malaysia. Most of the existing studies have 
focused on other populations and geographical regions 
(4,5,8,9,10,11,12,13). In this study we determined the 
distribution of the CMV gB genotypes among renal 
and haematopoietic stem cell transplant recipients in a 
tertiary hospital in Malaysia investigated the differences 
in the clinical characteristics of the patients according to 
their different CMV genotypes.

MATERIALS AND METHODS 

Study population and sample collection
In this research, we employed a retrospective study 
design. Due to the limited number of renal transplant 
and HSCT patients, we used a convenience sampling 
method for sample collection. The study included a 
total of 264 patients, consisting of 110 renal transplant 
recipients and 154 allogeneic haematopoietic stem cell 
transplant (HSCT) recipients from a tertiary hospital in 
Kuala Lumpur between January 2017 and December 
2022. Renal transplant recipients underwent monthly 
CMV viral load monitoring for six months, with 
additional assessments at months nine, twelve, eighteen, 
and twenty-four. HSCT patients had weekly CMV viral 
load monitoring from infusion to day 100 post-HSCT, 
followed by monthly checks for up to one year. 

The inclusion criteria for the study were as follows: (1) 
individuals who had received a renal or haematopoietic 
stem cell transplant, and (2) individuals who have tested 
positive for CMV from their plasma samples. In the 
genotyping analysis, we selected samples based on their 
viral load. This selection method was preferred because 
higher viral loads enhance the reliability of obtaining 
precise genotyping results. All archived plasma samples 
of 264 patients were collected and stored at -20 °C. 
Medical records and laboratory request form of each 
participant were then reviewed to obtain clinical 
and demographic data, including age, sex, ethnicity, 
underlying medical conditions, and medication history.

Laboratory test for HCMV infection

CMV DNA isolation and detection
DNA extraction from 264 plasma was performed using 
the QIAamp DNA Mini Kit (Qiagen, Germany) following 
the blood and body fluid protocol as instructed in 
the supplied user manual. Prior to polymerase chain 
reaction (PCR), the purity and concentration of the 
extracted DNA were assessed using a spectrophotometer 
(BioRad SmartSpec Plus Spectrophotometer) to ensure 
high-quality DNA samples were obtained for analysis. 
CMV viral load testing was conducted using the Artus® 
CMV RG PCR test kit (Qiagen, Germany) following 
the manufacturer's instructions. A standard curve was 
established utilising the four CMV positive controls 
provided in the kit, enabling accurate quantitation of 
CMV viral load in the samples. To ensure reliable results, 
a negative CMV control was included to exclude the 
possibility of false-positive CMV. In the testing process, 
20 µL of DNA sample eluate was combined with 30 
µL of the working master mix. The resulting amplicons 
were detected by measuring fluorescence with the 
Rotor-Gene Q Thermocycler (Qiagen, Germany) under 
the following amplification conditions: an initial step at 
95°C for 10 minutes, followed by 45 cycles of 95°C for 
15 seconds and 55°C for 1 minute. Upon completion of 
amplification, the data were analyzed using the Rotor-
Gene Q software package. The linear range of the CMV 
DNA test spanned from 2.3 to 5.7 log10 copies/mL. 
Quantitative results were reported for measurements 
exceeding 2.3 log10 copies/mL (200 copies/mL), while 
positive results below this threshold were reported as 
<200 copies/mL, of CMV DNA detected.

CMV genotyping
Genotypes gB1, gB2, gB3 and gB4 were identified by 
real-time PCR using Qiagen SYBR green qPCR Master 
mix (Qiagen, Germany) as per manufacturer guidelines. 
Post-thaw, solutions were vortexed and centrifuged. 
The 25μl PCR mixture consisted of 12.5μl Master Mix, 
0.75μl primers, 6.75μl nuclease-free water, and 5μl 
template DNA. Two housekeeping genes, Ribosomal 
Protein L22 (RPL22) and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH), were utilised as internal 
controls to verify the accuracy of the PCR process. A 
non-template control was included as the negative 
control to establish a reference point for the absence 
of the expected response. The control mixture (25μl) 
contained 12.5μl Master Mix, 0.2μl primers, 7.1μl 
RNase-free water, and 5μl template DNA. Reactions 
were mixed, aliquoted, and centrifuged in PCR 
tubes. Real-time PCR was conducted using a C1000 
Touch Thermal Cycler (Bio-Rad CFX96) under these 
conditions: initial denaturation at 95°C for 10 min; 40 
cycles of denaturation at 95°C for 15 s, annealing at 
42.5°C for gH and 44.5°C for gN for 30 s, and extension 
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at 72°C for 30 s. Post-cycling, a melting curve analysis 
was performed. The following primers were used: gB1 
forward (5’-CATACGACGTCTGCTGCTCACT-3’) and 
gB1 reverse (5’-GCTGACCGTTTGGGAAGAAG-3’), gB2 
forward (5’-TCTTTGGTGGAATTGGAACGT-3’) and gB2 
reverse (5’- TGTCACTCG TACTTCTTCTGGTCCTA-3’), 
gB3 forward (5’- TGTTGGAACTGGAACGTTTGG-3’) and 
gB3 reverse (5’-TGCCCGTACTTCTCTTGGTTCT-3’), and 
gB4 forward (5’- AAACGTGTCCGTCTTCGAAACT-3’) 
and gB4 reverse (5’- TCCACCAGAGATTTTTGCTTGA-3’) 
(Manuel et al., 2009).

Statistical analyses
Statistical analysis was conducted using the SPSS ver. 25.0 
software (SPSS, Inc., Chicago, IL, USA). The distribution 
of gB genotypes among renal and haematopoietic stem 
cell transplant recipients, the relationship between the 
gB1, gB2, gB3, and gB4 genotypes, viral load, CMV 
disease, and acute graft rejection was analysed using 
chi-square tests, ANOVA, Mann-Whitney U-Test, and 
the Kruskal-Wallis test. A p-value <0.05 was considered 
to be statistically significant.  CMV disease is a 
manifestation of various clinical presentations such as 
colitis, CMV hepatitis, esophagitis, CMV gastrointestinal 
disease, diarrhoea, acute gastritis, CMV viral syndrome, 
and CMV pneumonitis.

Ethical Clearance
This study was reviewed and approved by the Medical 
Research and Ethics Committee (MREC), Ministry of 
Health, Malaysia (approval number: NMRR-20-993-
53201).

RESULTS 

Patient demographics
The demographic characteristics of 264 participants 
are summarised in Table I. The mean age of the renal 
transplant recipients was 42.7 years, ranging from 13 to 
68 years. The mean age of the HSCT recipients was 26.1 
years, ranging from 9 to 31 years. The primary diagnosis 
for renal transplant recipients were glomerulonephritis 
(36%), diabetes mellitus (13%), hypertension (24%), 
obstructive uropathy (2%) autosomal dominant 
polycystic kidney disease (ADPKD) (2%), drugs/toxic 
nephropathy (1%), and unknown (22%). The primary 
diagnosis for HSCT recipients were acute leukaemias 
(27%), chronic myelogenous leukaemia (CML) (2%), 
lymphomas (30%), myelodysplastic syndrome (MDS) 
(2%), myeloproliferative syndrome (MPS) (1%), multiple 
myeloma (5%) and unknown (33%). The primary 
diagnosis of both transplant recipients were presented in 
Table II. Immunosuppressive regimens were administered 

Table I: Demographic of 264 immunocompromised patients 
with cytomegalovirus (CMV) infection.

Characteristic
Renal transplant 
recipients (n=110)

HSCT recipients 
(n=154)

Mean age (range), years 42.7 (13 - 67) 26.1 (9 - 31)

Male/Female, (%/%) 58/48 56/44

CMV Serostatus, n (%)

D+/R+ 93 (84.5) 122 (79.2)

D+/R- 10 (9.1) 18 (11.7)

D-/R+ 5 (4.5) 8 (5.2)

D-/R- 2 (1.8) 6 (3.9)

Table II: Primary diagnosis of renal and haematopoietic stem 
cell transplant recipients from January 2017 - June 2022

Renal transplant 
recipients

n = 
110

%
HSCT transplant 
recipients

n = 
154

%

Glomerulone-
phritis

40 36 Acute leukaemias 42 27

Diabetes mellitus 14 13 CML 3 2

Hypertension 26 24 Lymphomas 46 30

Obstructive urop-
athy

2 2 MDS 3 2

ADPKD 2 2 MPS 2 1

Drugs/ toxic ne-
phropathy

1 1 Multiple myeloma 8 5

Unknown 24 22 Unknown 51 33

Abbreviations: ADPKD, Autosomal Dominant Polycystic Kidney Disease; CML, Chronic 
myelogenous leukaemia; 
MDS, myelodysplastic syndrome; MPS, myeloproliferative syndrome.

CMV infection rates
Cytomegalovirus (CMV) infection was a significant 
concern among transplant recipients. Primary 
CMV infection, defined as infection in a previously 
seronegative recipient (D+/R-), occurred in 9.1% (n=10) 
of renal transplant recipients and 11.7% (n=18) of HSCT 
recipients. CMV reactivation, occurring in seropositive 
recipients (D-/R+ or D+/R+), was more common, 
observed in 89% (n=98) of renal transplant cases and 
84.4% (n=130) of HSCT cases. 

Detection of gB genotypes in clinical samples
We observed a single-genotype infection in 53 (48.2%) 
and 71 (46.1%) among 110 renal transplant recipients 
and 154 HSCT recipients respectively. As in the Table III, 
among 110 renal transplant recipients, gB2 showed the 
highest genotypes detected [19/110 (20.9%)] followed 
by gB1 [23/110 (17.2%)], gB3 [8/110(7.2%)] and  gB4 
[3/110 (2.7%)].  Similarly in 154  HSCT samples, gB2 
was also the highest genotype detected [36/154 ( 
23.4%)]  followed by gB1 [25/154 (16.2%)], gB3 [6/154 
(3.9%)] and gB4 [4/154 (2.6%)]. 

to transplant recipients, and the management of graft 
rejection cases followed established protocols.
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Figure 1: Distribution of glycoprotein B (gB) genotype in all patients 
and patients with mixed infection among renal and haematopoietic 
stem cell transplant recipients.

Table III: Cytomegalovirus (CMV) glycoprotein B (gB) genotype and CMV load in 264 plasma samples obtained from immuno-
compromised patients (renal transplant and HSCT recipients).

Type of transplantation CMV genotype(s) isolated No of samples, n (% from renal 
transplant or HSCT)

Median (IU/mL) Range (IU/mL)

Renal transplant recipients (110)

Single genotype 

gB1 19 (17.2) 53,350 250–185,700 

gB2 23 (20.9) 52,540 250–167,760 

gB3 8 (7.2) 33,205 250– 62,500 

gB4 3 (2.7) 18,750 16,478– 20,250

Mixed genotypes 

gB1-gB2 36 (32.7) 58,625 250– 224,550

gB1-gB3 7 (6.3) 62,560 18,680– 189,500 

gB2 and gB3 12 (10.9) 54,754 635– 197,100

gB2 and gB4 2 (1.8) 147,720 129,640– 165,800 

HSCT recipients (n=154)

Single genotype 

gB1 25 (16.2) 494 250– 269,976 

gB2 36 (23.4) 1,195 250– 666,297 

gB3 6 (3.9) 693 250– 7,486 

gB4 4 (2.6) 396 250– 497 

Mixed genotypes 

gB1-gB2 51 (33.1) 5,998 250– 792,667 

gB1-gB3 13 (8.4) 7,737 495 – 83,696 

gB2 and gB3 15 (9.7) 5,095 635– 197,100 

gB2 and gB4 4 (2.6) 1,330 250– 2,995 

Mixed B genotypes were identified in 57/110 (51.8%) 
samples of renal transplant recipients and 83/154 
(53.9%) HSCT recipients. In renal transplant recipients, 
gB1 and gB2 were the most common combination 
observed in 36 samples from 110 (32.7%), followed 
by gB1 and gB3 in 7 samples (6.3%), gB2 and gB3 in 
12 samples (10.9%), and gB2 and gB4 in 2 samples 
(1.8%). In haematopoietic stem cell transplant (HSCT) 
recipients out of  154 samples, the most frequent 
dual gB genotypes identified were gB1 and gB2 in 51 
samples (33.1%), gB1 and gB3 in 13 samples (8.4%), 
gB2 and gB3 in 15 samples (9.7%), and gB2 and gB4 in 
4 samples (2.6%). The distribution of these genotypes 
was represented in Figure 1, illustrating the respective 
fractions of each genotype. No association was observed 
between mixed-versus single-genotype infections 
and the type of transplant received. Notably, gB2 was 
identified as the prevailing single genotype, while gB1-
gB2 emerged as the  predominant mixed genotypes in 
both transplantation settings. The prevalence of mixed 

genotypes was slightly higher in HSCT  recipients 
compared to renal transplant recipients.
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CMV gB genotypes and viral load 
The comparison of CMV load was conducted among 
patients with different CMV gB genotypes (Figure 2). In 
renal transplant recipients, the median CMV load for 
each single genotype infection were as follows: gB1 
showed the median viral load, 53,350 IU/mL (range: 
250–185,700 IU/mL); followed by gB2, 52,540 IU/mL 
(range: 250–167,760 IU/mL); gB3, 33,205 IU/mL (range: 
250– 62,500 IU/mL); and gB4, 18,750 IU/mL (range: 
16,478– 20,250 IU/mL). In mixed genotype infections 
among renal transplant recipients, the median viral loads 
were as follows: gB1-gB2 had a median of 58,625 IU/mL 
(range: 250–224,550 IU/mL), gB1-gB3 had a median of 
62,560 IU/mL (range: 18,680–189,500 IU/mL), gB2 and 
gB3 genotypes exhibited a median viral load of 54,754 
IU/mL (range: 635–197,100 IU/mL), and gB2 and gB4 
showed a median viral load of 147,720 IU/mL (range: 
129,640–165,800 IU/mL).

250–497). In the context of mixed genotype infections 
among HSCT recipients, the median viral loads were 
observed as follows: gB1-gB2 had a median of 5,998 IU/
mL (range: 250–792,667), gB1-gB3 exhibited a median 
viral load of 7,737 IU/mL (range: 495–83,696), mixed 
infections involving gB2 and gB3 genotypes displayed a 
median viral load of 5,095 IU/mL (range: 635–197,100), 
and mixed infections between gB2 and gB4 genotypes 
showed a median viral load of 1,330 IU/mL (range: 
250–2,995). 

A Mann-Whitney U-Test revealed a statistically 
significant distinction in genotypic distribution between 
single and mixed genotype infections. The single 
genotype infection group exhibited lower viral load 
values (Mdn = 682) compared to the mixed genotype 
infection group (Mdn = 682), with U = 1,725, and p 
< .001. Additionally, a Kruskal-Wallis test disclosed no 
statistically significant differences in CMV genotypes 
(gB1, gB2, gB3, and gB4) among both single genotype 
infections (H(3) = 6.32, p = .097) and mixed genotype 
infections (gB1-gB2, gB1-gB3, gB2-gB3, and gB2-gB4) 
(H(3) = 5.16, p = .161).

Relationship between CMV gB genotype, CMV disease 
and acute graft rejection 
CMV disease was observed in 14 (11.4%) out of 264 
renal and HSCT transplant recipients. The comparison of 
different gB in single and mixed genotype infections in 
developing CMV disease showed varying associations in 
two different transplant recipient populations as shown 
in Table IV. Among renal transplant recipients with CMV 
disease, 2.7% had a single-genotype infection, and 5.5% 
had mixed genotypes, whereas among those without 
CMV disease, 94.5% had a single-genotype infection, 
and 91.8% had mixed genotypes. The analysis revealed 
no statistically significant difference between the type 
of gB infection and the development of CMV disease in 
this group. 

Figure 2:  CMV viral load. The CMV viral loads in 110 plasma samples 
from renal transplant recipients and 154 haematopoietic stem cell 
transplant recipients were analysed. The samples were divided into 
two groups: single genotypes and mixed genotypes. The medians of 
each group are represented by lines. The study found a statistically 
significant difference in the median viral loads between the two 
groups (p<0.05) using Mann-Whitney U-Test.

A Mann-Whitney U-Test revealed a statistically 
significant difference between single and mixed 
genotype infections in the genotypes distribution. The 
single genotype infection group displayed lower values 
for viral load (Mdn = 52,200) compared to the mixed 
genotype infection group (Mdn = 62,500), U = 1,118, p 
= .019.  A Kruskal-Wallis test indicated that there were 
no statistically significant difference in CMV genotypes 
(gB1, gB2, gB3, and gB4) among single genotype 
infections (H(3) = 5.11, p = .164) as well as mixed 
genotype infections (gB1-gB2, gB1-gB3, gB2-gB3 and 
gB2-gB4) (H(3) = 1.68, p = .641).

In HSCT recipients, the median CMV loads for single 
genotype infections were as follows: gB1 exhibited a 
median viral load of 494 IU/mL (range: 250–269,976), 
gB2 had a median of 1,195 IU/mL (range: 250–666,297), 
gB3 showed a median viral load of 693 IU/mL (range: 
250–7,486), and gB4 had a median of 396 IU/mL (range: 

Table IV: Comparison of CMV Disease Incidence in Renal 
and HSCT Transplant Recipients with Single and Mixed gB 
Genotype Infections

Type of transplantation

Renal transplant recipients

p-valueaWith CMV 
disease

Without CMV 
disease

Renal transplant recipients n, (%) n, (%)

Single genotype 3 (2.7) 107 (94.5) 0.307

Mixed genotypes 6 (5.5) 104 (91.8)

HSCT recipients

Single genotype 1 (0.6) 153 (99.4) 0.176

Mixed genotypes 4 (2.6) 150 (97.4)
aChi-square test

Among HSCT recipients with CMV disease, 0.6% 
had a single-genotype infection, and 2.6% had mixed 
genotypes, whereas among those without CMV disease, 
99.4% had a single-genotype infection, and 97.4% 
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gB genotypes of CMV are common and may lead to more 
severe disease progression (20). Mixed gB genotypes 
occur when genetically distant strains of CMV infect 
the same individual resulting in high within-host CMV 
nucleotide diversity especially in immunocompromised 
patients and have been associated with poor clinical 
outcomes (1,21,22). In HSCT recipients, we identified 
significant association between gB genotypes and 
CMV disease progression but not significant in renal 
transplant. This may suggest the presence of mixed gB 
genotypes vary in clinical implications depending on 
the type of transplantation and may vary according 
to underlying disease such there was a possible link 
between the gB subtype 2 and CMV retinitis in AIDS 
patients (48). Another study showed CMV gB2 genotype 
was associated with bad prognosis and outcome in 
AIDS, (49) while in Posner-Schlossman syndrome,  
CMV infection in the eye with gB genotype 3 is related 
to a more severe outcome (23). The underlying reasons 
could be multifaceted relating to the specific immune 
profiles of the recipient populations, the timing of CMV 
infection relative to transplantation, CMV tissue tropism 
and the immunosuppressive regimens employed in each 
setting (18, 23,24,25,26,27) which in turn affecting the 
virulence and clinical outcomes associated with CMV 
gB genotypes. 

When comparing the CMV gB genotypes and their 
impact on viral load in renal transplant recipients and 
HSCT recipients, several key observations come to light. 
In renal transplant recipients, varying CMV load profiles 
were associated with different gB genotypes, with gB1 
exhibiting the highest median viral load, followed by 
gB2, gB3, and gB4. Conversely, in HSCT recipients, gB2 
displayed the highest median viral load among single 
genotype infections, followed by gB3, gB1, and gB4. 
Mann-Whitney U-Tests revealed a significant difference 
between single and mixed genotype infections in both 
groups, indicating that single genotype infections 
consistently had lower viral load values than mixed 
genotype infections. Furthermore, Kruskal-Wallis tests 
demonstrated no statistically significant differences 
in CMV genotypes within either group. This suggests 
that the influence of CMV gB genotypes on viral load 
remains consistent across renal transplant and HSCT 
recipients, emphasizing the importance of genotype 
distribution and its role in viral load variation across 
different transplant recipient categories.

This diverse distribution of CMV genotypes and their 
differential impact on viral loads lays the groundwork for 
understanding CMV's virulence, including its association 
with elevated viral loads, delayed viral clearance, 
and its interaction with the immune response. A study 
showed that there is no specific CMV glycoprotein 
B (gB) genotype conferring a specific CMV virulence. 
However, mixed gB genotypes were associated with 
higher viral loads and delayed viral clearance as seen 
in this study (30). CMV infection itself is associated 

had mixed genotypes. In HSCT recipients, mixed gB 
genotypes were found to have no statistically significant 
association with the development of CMV disease 
(p<0.05).

Acute graft rejection among renal transplant recipients 
was observed in 18 out of 110 renal transplant 
recipients, accounting for a rate of 16.4%. The rejection 
rates for each CMV gB group from the highest to lowest  
were as follows: 16.4% (3 out of 18 patients) for gB2, 
11.1% (2 out of 18 patients) for gB1, 16.4% (3 out of 18 
patients) for gB2, and 5.6% (1 out of 18 patient) for gB4. 
No statistically significant difference was found between 
the rates of graft rejection among patients infected with 
different CMV gB genotypes.

DISCUSSION

Cytomegalovirus (CMV) infection remains a significant 
concern in transplant recipients, with its impact varying 
based on the type of transplantation and the serostatus 
of both donor and recipient. Our study revealed 
important data on CMV serostatus and infection rates 
in both renal transplant and haematopoietic stem cell 
transplant (HSCT) recipients. The majority of recipients 
in both groups were seropositive (R+), with 89% of renal 
transplant cases and 84.4% of HSCT cases showing CMV 
seropositivity, regardless of donor status. Specifically, 
the D+/R+ combination was most prevalent, observed in 
84.5% of renal transplant and 79.2% of HSCT recipients. 
Primary CMV infection, occurring in previously 
seronegative recipients (R-/D+), was less common 
but still significant, affecting 9.1% of renal transplant 
recipients and 11.7% of HSCT recipients. These findings 
underscore the importance of CMV management 
strategies in transplant recipients and set the stage for a 
deeper exploration of CMV genotypes and their clinical 
implications in these patient populations.

In this study, cytomegalovirus (CMV) genotypes 
distribution showed that gB2 was the most frequently 
identified single genotype, followed by gB1 while 
combination of gB1-gB2 was the predominant mixed gB 
genotypes in both renal and HSCT transplant recipients. 
However, studies conducted among renal transplant 
recipients in Sudanese and Northwest Indian populations 
reported a different genotype prevalence, where gB1 
was identified as the most common, followed by gB2 
and gB3 (17, 18). In a study cohort of HSCT patients in 
China, gB3 was found to be the predominant genotype, 
followed by gB1 and gB2. In contrast, gB1 and gB2 were 
the dominant genotypes in other ethnic groups (19). 
These discrepancies in genotype distribution could be 
due to different populations and geographical variation 
(19,25,26,28,29). Furthermore, the study revealed that 
CMV gB3 was associated with an elevated risk of CMV 
pneumonitis (19).

Recent clinical observations have shown that mixed strain 
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with the release of cytokines, chemokines, and growth 
factors, which can intensify immunosuppression and 
increase the risk of other opportunistic infections (31). 
This immunosuppression contributes to higher viral 
loads in the patient which may be exacerbated by mixed 
genotypes.

In renal transplant recipients, CMV viremia has been 
associated with increased mortality and allograft failure 
(32). A study found that subclinical CMV infection was 
independently associated with significant declines in 
glomerular filtration rate (GFR) during the first 2 years 
after transplantation (33). This suggests that CMV 
infection, even in the absence of clinical symptoms, can 
have a negative impact on renal function and contribute 
to higher viral loads. In HSCT recipients, CMV infection 
has been associated with a higher incidence of graft-
versus-host disease (GVHD) (34). Hiwarkar et.al 
reported that CMV reactivation occurs in 40-70% 
of HSCT recipients who are seropositive or have a 
seropositive donor (35). The presence of GVHD and the 
immunosuppressive effects of HSCT may contribute to 
higher viral loads in these patients.

Genetic polymorphisms have also been implicated in 
the association between CMV genotypes and viral load. 
A study showed that patients carrying the CCR5 A/A 
genotype displayed episodes of active CMV infection 
with higher CMV viral load (36). Other studies have 
found that heterozygosity for toll-like receptor (TLR) 
2 and TLR4 single nucleotide polymorphisms (SNPs) 
was associated with lower risk of CMV infection and 
lower levels of viremia (36). These genetic factors may 
contribute to the variability in viral load observed in 
renal and HSCT recipients. 

In this study, CMV disease was observed in 8.2% 
of renal transplant recipients and in 3.2% of HSCT 
transplant recipients. It manifested in various forms, 
including colitis, hepatitis, esophagitis, gastrointestinal 
disease, diarrhoea, acute gastritis, and pneumonitis. The 
most common CMV syndrome observed in the patients 
was fever and leukopenia. The findings suggest that 
the impact of gB genotypes on CMV disease may differ 
based on the type of transplantation, with a significant 
association observed in HSCT recipients, while not 
significant in renal transplant recipients. Furthermore, 
the chances of progressing to CMV disease in both renal 
transplant and HSCT were higher in mixed compared 
to single gB genotype. In HSCT recipients, the mixed 
gB genotypes were significantly associated with the 
development of CMV disease.      

Our findings align with other studies that suggest the 
presence of different CMV genotypes as a contributing 
factor to an increased risk of CMV disease and more 
severe clinical outcomes in mixed compared to single 
gB genotype infections. The impact of mixed infections 
of CMV genotypes on clinical outcomes in renal and 

HSCT transplantation can be attributed to several 
factors. Firstly, mixed infections have been associated 
with higher viral loads, which can contribute to more 
severe clinical manifestations and increased risk of 
complications (37,38). Higher viral loads are associated 
with increased risk of graft loss, patient mortality, and 
other complications (39,40,41). Secondly, mixed 
infections may result in a more diverse viral population, 
which can evade the immune response and lead to 
persistent or recurrent infections (44). This can contribute 
to prolonged viral replication and increased disease 
severity. Additionally, mixed infections may result in the 
co-infection of other herpesviruses, such as Epstein-Barr 
virus (EBV), which can further exacerbate the clinical 
outcomes (47). Co-infection with other pathogens can 
increase the risk of bacterial, fungal, and other pathogen 
infections, as well as graft-versus-host disease (GVHD) 
(41). Further research is needed to understand the 
underlying factors contributing to these differences and 
to refine the management of CMV infections in both 
populations.

Limitation 
The study has several limitations. The sample size was 
relatively small, potentially limiting the generalizability 
of the findings.  Being a single-centre study conducted 
in a tertiary hospital in Malaysia, the results may 
not be representative of other clinical settings or 
populations. The retrospective nature of the study and 
potential selection bias further impact the interpretation 
of the findings. Moreover, variations in laboratory 
techniques and the absence of longitudinal data restrict 
a comprehensive understanding of the dynamics of 
CMV genotypes. These limitations highlight the need 
larger, multicentre studies with standardized methods to 
address these gaps in future research.

CONCLUSION

In conclusion, our study showed the distribution of 
CMV genotypes, specifically gB genotypes, in renal and 
HSCT recipients. We found gB2 to be the most prevalent 
single genotype and gB1-gB2 as the predominant mixed 
gB genotypes. Mixed gB genotypes of CMV genotypes 
were associated with higher viral loads and more severe 
disease progression. Based on existing literature, it is 
well-established that the CMV genotype distribution 
can vary based on factors such as immune status, 
geographic location, patient population, and CMV 
tissue tropism. Genetic polymorphisms and immune 
responses play crucial roles in influencing the dynamic 
of CMV viral load, clinical outcomes in various medical 
conditions. Mixed gB genotypes contribute to diverse 
CMV strains, immune evasion, and co-infections with 
other pathogens. Understanding the impact of mixed gB 
genotypes is crucial for effective management of CMV 
infection in transplant recipients.

The data regarding the genetic diversity of gB in 
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this study population may shed a light on the varied 
genotypic distribution and its potential implications 
on CMV infection manifestations. The most promising 
CMV vaccine candidate tested to date is a soluble 
glycoprotein B (gB) subunit vaccine with MF59 adjuvant 
(gB/MF59), demonstrating 50% protection in multiple 
phase 2 clinical trials (50). Vaccine development should 
consider targeting on polyvalent gB genotypes, adapting 
to variations based on countries or underlying clinical 
and immune conditions, in order to elicit a strong 
immune response and confer protection against CMV 
disease.
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