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ABSTRACT

Introduction: Cytomegalovirus genotyping has been studied for its role in CMV pathogenesis and associated clinical 
manifestations. The aim of this study is to determine the genotypic distribution of CMV infection in a tertiary hospital 
and its associated viral load. Materials and methods: A total of 106 plasma samples from the patients suspected to 
have CMV infection based on their serological results between Jan 2021-Dec 2022 were included in the study and 
subjected for CMV DNA viral load. Only twelve positive   samples  out of 106 were then proceeded for genotyping 
study to detect eight CMV genotypes, (gB1-4; gH1-2, gL and gO). Patients’ demographic and clinical data were re-
trieved from medical records. Results: Out of 106 plasma samples sent for CMV DNA viral load, twelve patients with 
positive results were subjected for detection of eight CMV genotypes. The commonest CMV genotype detected was 
gL, (n=7/12) followed by gB1, (n=5/12), gB4 (n=3/12), gO (n=2/12) and one for each other genotypes (gB2, gB3 and 
gH2) respectively. No patient had a positive gH1 gene. Compared to six patients who had only one CMV genotype 
found, four patients with combinations of CMV genotypes [CMV A (3 genotypes), D (2 genotypes), I (4 genotypes), 
and L (5 genotypes)] had higher viral loads. Two patients had no CMV genes detected. Patients with two or more 
genotypes detected have higher viral load. Conclusion: Patients with a combination of two or more genotypes (gB, 
gH/gL) had higher viral load possibly due to virus entry through activation of gB. 
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INTRODUCTION

Cytomegalovirus (CMV) is an enveloped virus under 
Herpesviridae family. It is a double-stranded DNA 
virus under β-herpesvirus subfamily. Among the human 
herpesviruses, it has the largest DNA genome which 
is around 235 kb pairs [1]. It is the commonest cause 
of congenital infection worldwide and causing severe 
disease in immunocompromised patients [2, 3]. Specific 
strains-related pathogenicity has been identified in 
few studies concerning both conditions. Therefore, 
genotyping plays an important role in discovering 
potential differences in pathogenicity of the disease and 
to discriminate between reinfection and reactivation in 

both immunocompromised host and pregnant lady. 

CMV infection in pregnant women can either be primary 
or non-primary and the risk of fetal transmission is higher 
in primary compared to non-primary [4–6]. Besides, 
primary CMV infection in third trimester of pregnancy 
possesses higher risk of congenital transmission 
compared to non-primary [7]. According to Centers 
for Disease Control and Prevention (CDC), congenital 
CMV (cCMV) infection is defined as the detection of 
CMV DNA in the urine, saliva (preferred specimens), 
or blood, within three weeks after birth [8]. Diagnosis 
of cCMV can’t be established if the samples taken after 
3 weeks of life as it can’t differentiate congenital or 
acquired CMV infection. However, saliva collected just 
after breastfed may cause false positive result, therefore, 
collection of saliva must be made at least 1 hour after 
breastfeeding [9]. Meanwhile in immunocompromised 
host, primary or reactivation of CMV infection can 
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cause severe disease for example in AIDS and transplant 
patients [10].

CMV has broad cell tropisms as it can replicate in 
many type of cells such as epithelial cells, endothelial 
cells, fibroblast and smooth muscle cells which 
facilitate systemic spread within the host and inter-host 
transmission [11]. There are several genes that encodes 
the CMV glycoprotein envelopes such as CMV UL75 
that encodes glycoprotein H (gH), CMV UL115 (gL), 
CMV UL74 (gO) and CMV UL128 that encodes three 
structural proteins (pUL128, pUL130 and pUL131A) 
[12].

CMV used envelope glycoproteins to facilitate entry 
into host cell mediated by glycoprotein B (gB) and gH/
gL [13]. gB as a Class III fusion protein of herpesviruses 
is responsible to help viral entry by mediating fusion of 
the virus and host membrane [14, 15]. Glycoprotein B 
(gB) of CMV that is encoded by UL55 gene accounts 
for more than 50% of CMV envelope. It has four major 
genotypes (gB1-gB4) .[16].It is an important determinant 
of viral virulence and plays an important roles in viral 
fusion and entry as well as virus transmission among 
cells. However, roles of gH/gL is unclear but a study 
proposed that gH/gL involved in viral entry process via 
gB activation [17].A study showed that gB/gH/gL formed 
stable complexes in extracellular virion independent of 
receptor binding [18]. 

gH/gL will be either part of trimeric complex with gO 
or pentameric complex with UL128/UL130/UL131A 
proteins that are abundant on HCMV envelope than gH/
gL alone [19, 20].  These glycoprotein complexes are 
required for entry of CMV into fibroblasts, endothelial 
or epithelial cells and becoming targets of humoral 
immune response [19]. gO and UL128/UL130/UL131A 
proteins will bind through a disulfide bond with Gl-
Cys144on gH/gL. The presence of mutations in UL128/
UL130/UL131A of wild-type (WT) HCMV able to abolish 
epithelial or endothelial cell tropism that may happen 
spontaneously after only a few passages in fibroblasts 
[21, 22]. gH genotype is known to be associated 
with hearing loss and neurological dysfunction. gH1 
genotype was known to be associated with hearing 
loss and neurological dysfunction while gH2 genotype 
reduce the risk of hearing loss [12, 23]. To date, there 
were four gL genotypes (gL1, gL2, gL3 and gL4) that has 
been identified [12].

The pentamer (gO/ UL128/UL130/UL131A) has 
been shown to be the main target of neutralizing 
humoral response to HCMV infection in epithelial and 
endothelial cells [24]. Strong neutralizing antibody 
response has been observed in animal studies such as 
in mouse, rabbit and rhesus macaque models following 
immunization with the pentamer and therefore served 
as main antigenic target for development of HCMV 
vaccine [25, 26]. To date, at least eight genotypes of 

gO identified (gO1-gO8) with 10 to 30% amino acids 
difference with two of them have five sub-genotypes. 
Previous studies showed that there were no correlation 
between gO genotypes and CMV disease and outcome 
of CMV infection in infants [12, 27]. 

There are many methods used for CMV genotyping 
such as nucleotide sequence analysis [28], restriction 
fragment length polymorphism (RFLP) [29, 30], real-
time PCR [30, 31], deep-sequencing-based [32] and 
nested PCR. Nested PCR method was used in this study.
Genotyping of CMV has shown several roles in 
previous studies. Few studies have described the 
correlations between CMV genotypes and disease 
severity [33, 34]. Apart from that, the most important 
role of CMV genotyping is to discriminate reinfection 
from reactivation in transplant patients and also in 
pregnant women to give an idea on donor-to-recipient 
transmission and mother-to-child transmission [31]. 

Focus of CMV genotyping is the envelope glycoproteins 
gB (UL55), gO (UL74) and gH (UL75) which are 
important for viral entry and major targets for neutralizing 
antibody responses [35]. Thus, the aim of this study is to 
determine the genotypic distribution of CMV infection 
in our centre and to relate them with the CMV DNA 
viral load.

MATERIALS AND METHODS 

Study population
The study was performed on 106 plasma samples sent for 
CMV DNA viral load collected from patients who were 
suspected to have cytomegalovirus infection based on 
their CMV serology results that were positive either for 
CMV IgM or IgG between January 2021 and December 
2022. The samples were submitted to the molecular 
laboratory Department of Medical Microbiology and 
Parasitology at the Universiti Sains Malaysia. Samples 
that were tested positive for CMV viral load were 
proceeded for genotyping study. Patients’ age and 
clinical diagnosis were retrieved from medical records.
The following data were collected from the patients’ 
medical records: age at the time blood taken for CMV 
diagnosis, clinical presentation and  diagnosis. Apart 
from that, for patients less than one year of age, data on 
audiological assessment, ophthalmology and paediatric 
follow up were also obtained. 

Operational Definition

Congenital CMV infection
According to CDC, congenital CMV infection (cCMV) 
is defined as detection of CMV DNA in the urine, saliva 
(preferred specimens), or blood, within three weeks after 
birth.[8] However, since seropositive mothers can shed 
CMV in breastmilk and cause false positive result with 
saliva sample, urine is the preferred specimen despite 
the fact that it is advised to wait around an hour after 
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breastfeeding before collecting saliva.[9] 

Acquired CMV infection
After exclusion of congenital CMV infection, it is 
regarded as acquired CMV infection. 

Recent infection
Samples taken two weeks apart that show evidence of 
seroconversion can be used to diagnose recent CMV 
infection.[36]

DNA extraction
Nucleic acid extraction was done previously by using 
GeneProof Pathogen Free DNA Isolation Kit (GeneProof, 
Czech Republic), following the manufacturer’s 
guidelines. Initially, patient whole-blood collected in 
BD Vacutainer EDTA tube (Becton Dickinson, USA) 
was centrifuged at 1,500 ×g for 10 minutes to obtain the 
plasma fraction. Two hundred microliter of plasma from 
each patient was subjected to nucleic acid extraction, 
giving the elution volume of 100 μl per sample. 

Real-time polymerase chain reaction (qPCR) for CMV
CMV PCR kit (GeneProof, Czech Republic) was used 
for detection of human CMV nucleic acid. The 40 μl 
total volume of a single reaction tube consisted of 30 μl 
master-mix buffer and 10 μl of the extracted nucleic acid 
sample. Amplification condition was set up at 37°C for 
2 minutes, 95°C for 10 minutes, followed by a 45-cycle 
of 95°C for 5 seconds, annealing at 60°C for 40 seconds, 
and 72°C for 20 seconds. CMV positive was indicated 
by amplification curve at the FAM detection channel, 
corresponding to the presence of exon 4 immediate-
early antigen CMV gene, together with an internal 
control amplification curve at the HEX channel. CMV 
viral loads were determined in the international units 
per milliliter (IU/ml). 

Identification of CMV genotypes by PCR
CMV genotypes for gB (UL55), gH (UL75), gO (UL74) 
and gL (UL115) genes were identified from the patients’ 
DNA samples with positive qPCR for CMV viral loads. 
Genotyping of CMV for gB (UL55) genotypes 1 to 5 was 
done by using a multiplex nested PCR as described by 
Tarrago et al., 2003 [37]. Briefly, the highly polymorphic 
region of CMV gB gene was initially amplified using the 
external primers, CMVQ1F and CMVQ1R in the first 
round PCR. The 25 μl of PCR mixture contained 5 μl 
of 2× MyTaq Red DNA polymerase buffer (Bioline), 1 
pmol/μl of each primer, 0.2 μl of Taq DNA polymerase 
1 unit/μl, 5 μl of DNA template and ultra-pure water. 
PCR amplification consisted of initial denaturation at 
95°C for 3 minutes; a 45-repeating cycle of 95°C for 30 
seconds, annealing at 60°C for 30 seconds, and 72°C for 
30 seconds; and final elongation at 72°C for 5 minutes. 

One microliter of the first round amplified product 
was used in the second round PCR using CMVGT 1F 
to CMVGT 5F sense and CMVQ2 R antisense primers. 

Other PCR components and amplification condition 
were set similar to the first round, except that the 
annealing temperature used was 58°C for 1 minute. 
CMV genotyping for gO (UL74) and gL (UL115) were 
also done by nested PCR as described by Paradowska E. 
et al., 2019.[12] The PCR components and conditions 
were similar to that of gB genotyping. Genotype 
variations for gO and gL were identified by the presence 
of amplicons at 356 bp and 558 bp, respectively. 
Meanwhile, the presence of CMV gH genotypes (UL75) 
was identified by singleplex PCR for gH1 and gH2, 
by the presence of amplicons at 181 bp and 134 bp, 
respectively, as described by Nahar S. et al, 2018 [38]. 
All the primers and annealing temperature used for PCR 
CMV genotyping are listed in Table I. PCR product were 
electrophoresed on 2% agarose gel as seen in Figure 1.

Table  I: Details of primer sequences and PCR amplifications 
of CMV gB, gH, gL and gO genotyping.

Target 
gene/ 

amplicon 
size

Primer sequence (5’ to 3’)
Anneal-
ing tem-
perature

Refer-
ences

CMV gB
(UL55)
751 bp

CMVQ1 F:
TTTGGAGAAAACGCCGAC

60°C

Tarrago 
et al., 
200332

CMVQ1 R:
CGCGCGGCAATCGGTTTGTTGTA

gB1
420 bp

CMVGT 1F:
ATGACCGCCACTTTCTTATC

58°C

gB2
613 bp

CMVGT 2F:
TTCCGACTTTGGAAGACCCAACG

gB3
190 bp

CMVGT 3F:
TAGCTCCGGTGTGAACTCC

gB4
465 bp

CMVGT 4F:
ACCATTCGTTCCGAAGCCGAG-
GAGTCA

gB5
139 bp

CMVGT 5F:
TACCCTATCGCTGGAGAAC

gB1-5
CMVQ2 R:
GTTGATCCACRCACCAGGC

gH1
(UL75)
181 bp

gH1 F
GAGACTTAACACCTACGCAT

55°C

Pa-
ca-Uc-
cara-

lertkun 
et al., 
201334

Nahar 
S. et al, 
201833

gH1 R
CGATCCCTTCCAGTCG

gH2
(UL75)
134 bp

gH2 F
TGGACACGATCTACTATTCA

55°C
gH2 R
TGTCGTCGTCTATGGAC

gO
(UL74)
868 bp

UL74-gO F
TAACGGGCGCTTGTTTACGT

68°C
Parad-
owska 

E. et al., 
20199

UL74-gO R
CAGCAAAACGACCAGAATCAG

gO
(UL74)
356 bp

UL74-gO-nested F
TAGATTCCGGCTCATGGCGTT

66°C
UL74-gO-nested R
CCCAGCTTAGAAAACCCGCAA

gL 
(UL115) 
636 bp

UL115-gL-F
GACGCACGGCGCGGTTGGTACG

55°C
Parad-
owska 

E. et al., 
20199

UL115-gL-R
CGTGCCGCAGACTTGATGTGC-
CG

gL 
(UL115) 
558 bp

UL115-gL-nested F
CGGTGGCACCAGCTCGAAGCCT

55°C
UL115-gL-nested R
ATGTGCCGCCGCCCGGATT
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54 years old, with more than half (66.7%) of the study 
participants are among children less than one year of 
age. Based on the clinical data, only one patient, CMV C 
fulfilled the definitive criteria of congenital CMV (cCMV) 
infection as the blood sample for CMV DNA PCR sent 
within 3 weeks of life which refers to operational 
definition by CDC above and  2 patients confirmed to 
have acquired CMV infection. 

Figure 1: Agarose gel image of PCR amplifications for a) gB,  b) gO,     
and c) gL genotypes. Lane  M: 100 bp DNA ladder, lane N: negative 
control, lane 1-14: PCR amplicons from patients with CMV infection.

Statistical analysis
The data were analyzed using descriptive statistic due to 
very small number of samples obtained for 2 years.

Ethical approval
This study has received an ethical approval from human 
ethic with the JEPeM Code of USM/JEPeM/17110606).

RESULTS 

From a total of 106 samples, 12 were positive for CMV 
DNA viral load (11.3%). These patients were enrolled in 
this study for further CMV genotypic characterization.  Of 
these, 83.3% (n = 10/12), gB, gH, gL and gO genotypes 
were successfully identified by PCR analysis (Figure I). 

The commonest CMV genotype detected was gL, 
(n=7/12) followed by gB1, (n=5/12), gB4 (n=3/12), gO 
(n=2/12) and one for each other genotypes (gB2, gB3 and 
gH2) respectively. No patient had a positive gH1 gene. 
Four patients have a combinations of CMV genotypes 
[CMV A (3 genotypes), D (2 genotypes), I (4 genotypes) 
and L (5 genotypes) ] while remaining six patients have 
only one CMV genotype detected. However, CMV 
genotype can’t be detected in two patients. CMV L 
patient with the combination of four genotypes has the 
highest CMV viral load followed by CMV D, CMV I  and 
CMV A patients (Refer to Table III). 

Age and clinical diagnosis of the patients were presented 
in Table II. The ages ranged between Day 16 of life and 

Table II: Age and clinical diagnosis of study participants 
(n=12)

No.
Patient’s 

ID
Age of CMV DNA 

detection
Diagnosis

1 CMV A 2 months old
Direct hyperbilirubinemia 
with transaminitis secondary 
to CMV infection

2 CMV B
 1 month and 8 

days old 

Asymmetrical small for 
gestational age (SGA) with 
sepsis and underlying CMV 
infection

3 CMV C Day 16 of life
Congenital CMV infection 
with enterocolitis

4 CMV D
2 months and 5 

days old

Thrombocytopenia sec-
ondary to Acquired CMV 
infection

5 CMV E
1 month and 26 

days

Small for gestational age 
(SGA) with sepsis and under-
lying CMV infection

6 CMV F 3 months old
Prolonged jaundice with 
neonatal hepatitis secondary 
to CMV infection

7 CMV G 8 months old Langerhan cell histiocytosis

8 CMV H 5 months old Acquired CMV infection

9 CMV I 4 years old

Severe autosomal recessive 
Purine Nucleoside Phos-
phorylase (SCID) post hema-
topoietic stem cell transplant 
(HSCT) with CMV reactiva-
tion. Given IV Ganciclovir 
for 2 weeks.

10 CMV J 6 years old
B-Acute lymphoblastic 
leukemia (B-ALL) with CNS 
involvement

11 CMV K 33 years old

Acute myeloid leukemia 
(AML) post allogeneic stem 
cell transplant complicated 
with acute hepatitis second-
ary to CMV reactivation.
Given IV Ganciclovir for 2 
weeks.

12 CMV L 54 years old
Recurrent CMV ColitisGiven 
oral Valganciclovir for 6 
weeks.

However, CMV A, B, E and F patients were also put under 
multi-disciplinary team management to monitor CMV 
complications follow up such as ophthalmology to rule 
out CMV retinitis, audiology to rule out sensorineural 
hearing loss and paediatric for developmental milestones 
assessment even though  blood for CMV DNA PCR 
were taken after 3 weeks of life as cCMV can’t be 
ruled out in these cases. The possibility of the patients 
having cCMV were there and they might get long-term 
complications of cCMV such as sensorineural hearing 
loss, developmental delay and CMV retinitis.  CMV 
DNA taken within 3 weeks of life as CMV screening is 



Mal J Med Health Sci 21(1): 235-243, Jan 2025 239

not a routine practice in asymptomatic neonates. Thus, 
the possibility of having cCMV in these patients might 
be there and  may indicate possibility of high burden of 
CMV infection transmitted vertically.  

By referring to Table III, CMV serology results that were 

traced from these patients showed that two patients 
have evidence of seroconversion that indicate recent 
CMV infection (CMV D & H) from different samples 
sent more than 2 weeks apart. However, three patients 
did not sent second samples to demonstrate evidence of 
seroconversion. 

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

 Table III: CMV genotypes detected in the study participants (n=12)

No.
Patient’s 

ID
CMV Serology

CMV Serol-
ogy Result 
Interpreta-

tions

Viral load 
(IU/ml)

Genotypes detected

Outcome 
gB1 gB2 gB3 gB4 gH1 gH2 gL gO

1 CMV A

(1st sample) 
CMV IgM: Reactive
CMV IgG: Reactive (181.8 U/ml)
No second sample sent

Unable to 
interprete

3293 √ √ ND ND ND ND √ ND Alive

2 CMV B

(1st sample) 
CMV IgM: Non-reactive
CMV IgG: Reactive (189.3 U/ml)
(2nd  sample- 2 weeks apart) 
CMV IgM: Non-reactive
CMV IgG: Reactive (208.9 U/ml)

No evi-
dence of 

seroconver-
sion 452 ND ND ND ND ND ND √ ND Alive

3 CMV C

(1st sample) 
CMV IgM: Reactive
CMV IgG: Reactive  (67.34 U/mL)
(2nd  sample- 2 weeks apart) 
CMV IgM: Non- reactive
CMV IgG: Reactive  (42.32 U/mL)

No evi-
dence of 

seroconver-
sion

1532
(Congen-
ital CMV 
infection)

ND ND ND ND ND ND √ ND Alive

4 CMV D

(1st sample) 
CMV IgM: Non-reactive
CMV IgG: Reactive (286.31 U/ml)
(2nd  sample- 2 weeks apart) 
CMV IgM: Reactive
CMV IgG: Reactive (96.06 U/ml)

Evidence of 
seroconver-

sion
Recent 

CMV infec-
tion 

36482
(Acquired 

CMV 
infection)

√ ND ND √ ND ND ND ND Alive

5 CMV E

(1st sample) 
CMV IgM: Non-reactive
CMV IgG: Reactive (201.8 U/ml)
(2nd  sample- 2 weeks apart) 
CMV IgM: Non- reactive
CMV IgG: Reactive (226.3 U/ml)

No evi-
dence of 

seroconver-
sion 813 ND ND ND ND ND ND ND ND Alive

6 CMV F

(1st sample) 
CMV IgM: Non-reactive
CMV IgG: Reactive (118.8 U/ml)
(2nd  sample- 2 weeks apart) 
CMV IgM: Non-reactive
CMV IgG: Reactive (77.60 U/ml)

No evi-
dence of 

seroconver-
sion 1936 ND ND ND ND ND ND √ ND Alive

7 CMV G

(1st sample) 
CMV IgM: Non-reactive
CMV IgG: Reactive (13.92 U/ml)
No second sample sent

Unable to 
interprete

221 ND ND ND ND ND ND √ ND Alive

8 CMV H

(1st sample) 
CMV IgM: Indeterminate
CMV IgG: Reactive (19.12 U/ml)
CMV IgM: Reactive
CMV IgG: Reactive (18.04 U/ml)

Evidence of 
seroconver-

sion
Recent 

CMV infec-
tion

678
(Acquired 

CMV 
infection)

ND ND ND ND ND ND ND ND Alive

9 CMV I

(1st sample) 
CMV IgM: Non-reactive
CMV IgG: Reactive (96.22) U/ml
(2nd  sample- 2 weeks apart) 
CMV IgM: Non-reactive
CMV IgG: Reactive (79.86) U/ml

No evi-
dence of 

seroconver-
sion 22455 √ ND ND √ ND ND √ √ Alive

10 CMV J

(1st sample) 
CMV IgM: Non-reactive
CMV IgG: Reactive (147.1) U/ml
(2nd  sample- 2 weeks apart) 
CMV IgM: Non-reactive
CMV IgG: Reactive (166.5) U/ml

No evi-
dence of 

seroconver-
sion <122 √ ND ND ND ND ND ND ND

CONTINUE
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 Table III: CMV genotypes detected in the study participants (n=12). (CONT.)

No.
Patient’s 

ID
CMV Serology

CMV Serol-
ogy Result 
Interpreta-

tions

Viral load 
(IU/ml)

Genotypes detected

Outcome 
gB1 gB2 gB3 gB4 gH1 gH2 gL gO

11 CMV K

(1st sample) 
CMV IgM: Non-reactive
CMV IgG: Reactive (955.9) U/ml
No second sample sent

Unable to 
interprete

4622 ND ND √ ND ND ND ND ND

Passed 
away due to 
septic shock 
secondary to 
pneumonia 
with AML in 

crisis

12 CMV L

(1st sample) 
CMV IgM: Non-reactive
CMV IgG: Reactive (85.96) U/ml
(2nd  sample- 2 weeks apart) 
CMV IgM: Non-reactive
CMV IgG: Reactive (193.9) U/ml

No evi-
dence of 

seroconver-
sion 965,600 √ ND ND √ ND √ √ √ Alive

ND: Not detected

DISCUSSION

CMV infects nearly 40-100 % adults worldwide and 
causing congenital infection as well as morbidity and 
mortality among immunosuppressed individuals. It is 
estimated that around 20-30% of nonimmune pregnant 
women infected with CMV transmit the virus to their 
offspring, whilst rate of transmission is lower, 0.6-
1% following nonprimary CMV infection.[39] Thus, 
congenital CMV (cCMV) is the leading infectious causes 
of developmental delay and sensori-neural hearing loss 
(SNHL) worldwide.[40] 

CMV infections in humans generally show mild 
symptoms or are asymptomatic making the early 
diagnosis troublesome. However, patients with cCMV 
may present with several clinical signs either at birth 
such as rash, jaundice, microcephaly, low birth weight, 
hepatosplenomegaly, seizures, retinitis or long-term 
health problems such as sensorineural hearing loss or 
developmental delay.[41] 

In this study, out of eight patients with less than one year 
of age, only one patient (CMV C) was diagnosed as cCMV 
and was put under multi-disciplinary team management 
. The blood for CMV DNA for this patient was taken at 
day 16 of life which was less than 3 weeks after birth 
and fulfilled criteria for cCMV diagnosis by CDC for this 
patient.[8] Serological diagnosis is not meaningful for 
patients with less than one year of age as the patient 
may acquire antibodies (such as IgG) transplacentally. A 
study showed that gL3 and gO4 genotypes are important 
congenital infection virological marker,[12] however, in 
this  patient (CMV C), only  gL genotype  was positive 
but negative for gO genotype. 

Even though blood for CMV DNA were taken after 3 
weeks of life for these patients (CMV A, B, E and F), they 
were put under multi-disciplinary team management 
too as CMV screening is not a routine practice here and 
also worldwide.[9] Possibility of cCMV might be there 
in these patients. 

By referring to Table III, two patients, CMV D and  CMV 
H were diagnosed with recent acquired CMV infection 
by evidence of seroconversion from negative or 
intermediate CMV IgM to positive CMV IgM following 
CDC guideline.[36] 

Consistent with Manuel et al., patients with mixed gB 
genotypes exhibited higher viral loads, supporting the 
association between mixed genotypes and increased 
viral burden. [42] Out of 6 patients that positive for gB 
genotypes, 4 of them had mixed genotypes (CMV A: gB1 
and gB2 ; CMV D, I and L : gB1 and gB4) and two with 
only gB1 genotype (CMV J) and gB3 genotype (CMV K). 
Those with mixed gB genotypes showed higher viral 
loads and in agreement with previous aforementioned 
study. 

While gB responsible for virus-host membrane fusion 
during viral entry, the role of gH/gL in fusion process is 
unclear. Only one patient had gL genotype together with 
gB1 and gB2. Four patients (CMV B, C, F and G) had 
mixed genotypes (gH1, gH2 and gL). From our result, 
patients with a combination of two or more genotypes 
had higher viral load (CMV A : gB1, gB2, gL ; CMV D : 
gB1, gB4, gH1, gH2; CMV I: gB1, gB4, gL and gO; CMV 
L: gB1, gB4, gH2, gL and gO) as it has been proposed in 
previous study that gH/gL has been involved in the virus 
entry process via activation of gB.[17]

Table II showed that no CMV genotypes detected for 
two patients (CMV E and H). This is probably due to the 
presence of other genotypes that were not tested in this 
study such as glycoprotein N (gN-1, gN-2, gN-3a, gN-
3b, gN-4a, gN-4b, gN-4c, and gN-4d) that was encoded 
by CMV UL73 that may be present in these patients, [28, 
43] or (pUL128/pUL130/pUL131A complexes) that was 
encoded by CMV UL128 locus.[12]

Few studies showed that infection with more than one 
CMV genotypes in solid organ transplant recipients 
has negative outcomes, however to date, there is no 
recent findings for recipients of hematopoietic stem 
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cells transplant [16, 42].  Two patients developed CMV 
reactivation post hematopoietic stem-cell transplant 
and started on IV Ganciclovir. One patient with a 
combination of CMV genotypes (gB1, gB4, gL, gO) 
survived and another one with single genotype (gB3) 
passed away 2 months after completed IV Ganciclovir 
due to AML in crisis with pneumonia. 

This study has several limitations. In Malaysia, there 
hasn't been any research done on distribution of  CMV 
genotype yet. Therefore, it was quite difficult to compare 
the distribution of genotypes with other centres locally. 
Apart from that, we just managed to get only 12 positive 
cases of CMV viral load in 2 years. In order to get 
additional samples and obtain a more comprehensive 
picture of the circulating genotypes in Malaysia, the 
study's duration needs to be extended. We are unable 
to further differentiate between these genotypes, gL; 
(gL1-4); gO (gO1-8) and others that may be missed in 
all patients, including two patients that documented no 
tested genotypes due to financial constraints.

CONCLUSION

In conclusion, patients with a combination of two 
or more genotypes (gB, gH/gL) had higher viral load 
possibly due to virus entry through activation of gB in 
comparison to patients with only one genotype detected. 

ACKNOWLEDGEMENT 

This work was supported by Ministry of Higher Education 
(MOHE) and Universiti Sains Malaysia via research 
university grant (Grant no: 1001/PPSP/8012293). We  
express our gratitude to the Director of the  Hospital 
Pakar Universiti Sains Malaysia (HPUSM), Kubang 
Kerian, Kelantan for granting the permission to the 
investigators to use patients’ medical record; space and 
assets belong to the hospital as well as to the staffs of the 
HPUSM. No conflict of interest declared by all authors.

REFERENCES
 
1.	 Lee CH, Grey F (2020) Systems Virology 

and Human Cytomegalovirus: Using High 
Throughput Approaches to Identify Novel Host-
Virus Interactions During Lytic Infection. Front 
Cell Infect Microbiol. https://doi.org/10.3389/
FCIMB.2020.00280

2. 	 Marsico C, Kimberlin DW (2017) Congenital 
Cytomegalovirus infection: advances and 
challenges in diagnosis, prevention and treatment. 
Ital J Pediatr. https://doi.org/10.1186/S13052-017-
0358-8

3. 	 Griffiths P, Reeves M (2021) Pathogenesis of human 
cytomegalovirus in the immunocompromised 
host. Nat Rev Microbiol 19:759–773. https://doi.
org/10.1038/s41579-021-00582-z

4. 	 Kenneson A, Cannon MJ (2007) Review and 

meta-analysis of the epidemiology of congenital 
cytomegalovirus (CMV) infection. Rev Med Virol 
17:253–276. https://doi.org/10.1002/rmv.535

5. 	 Benoist G, Leruez-Ville M, Magny JF, Jacquemard 
F, Salomon LJ, Ville Y (2013) Management of 
pregnancies with confirmed cytomegalovirus fetal 
infection. Fetal Diagn Ther 33:203–214. https://
doi.org/10.1159/000342752

6. 	 Manicklal S, Emery VC, Lazzarotto T, Boppana 
SB, Gupta RK (2013) The “Silent” global burden 
of congenital cytomegalovirus. Clin Microbiol Rev 
26:86–102. https://doi.org/10.1128/CMR.00062-
12

7. 	 Munro SC, Hall B, Whybin LR, Leader L, Robertson 
P, Maine GT, Rawlinson WD (2005) Diagnosis of 
and screening for cytomegalovirus infection in 
pregnant women. J Clin Microbiol 43:4713–4718. 
https://doi.org/10.1128/JCM.43.9.4713-4718.2005

8. 	 CDC (2020) Congenital CMV Infection | CDC. 
https://www.cdc.gov/cmv/clinical/congenital-cmv.
html. Accessed 30 Mar 2021

9. 	 CDC (2020) CMV Infection Laboratory Testing | 
CDC. In: 2020. https://www.cdc.gov/cmv/clinical/
lab-tests.html. Accessed 9 May 2023

10. 	 Britt W (2008) Manifestations of human 
cytomegalovirus infection: Proposed mechanisms 
of acute and chronic disease. Curr Top 
Microbiol Immunol 325:417–470. https://doi.
org/10.1007/978-3-540-77349-8_23

11. 	 Sinzger C, Digel M, Jahn G (2008) Cytomegalovirus 
cell tropism. Curr Top Microbiol Immunol 325:63–
83. https://doi.org/ 10.1007/978-3-540-77349-8_4

12. 	 Paradowska E, Jabłońska A, Studzińska 
M, Kasztelewicz B, Wiśniewska-Ligier M, 
Dzierżanowska-Fangrat K, Woźniakowska-
Gęsicka T, Czech-Kowalska J (2019) Distribution 
of the CMV glycoprotein gH/gL/gO and gH/gL/
pUL128/pUL130/pUL131A complex variants 
and associated clinical manifestations in infants 
infected congenitally or postnatally. Sci Rep. 
https://doi.org/10.1038/s41598-019-52906-y

13. 	 Zhou M, Lanchy J-M, Ryckman BJ (2015) Human 
Cytomegalovirus gH/gL/gO Promotes the Fusion 
Step of Entry into All Cell Types, whereas gH/gL/
UL128-131 Broadens Virus Tropism through a 
Distinct Mechanism. J Virol 89:8999–9009. https://
doi.org/10.1128/JVI.01325-15

14. 	 Heldwein EE, Lou H, Bender FC, Cohen GH, 
Eisenberg RJ, Harrison SC (2006) Crystal structure 
of glycoprotein B from herpes simplex virus 1. 
Science (1979) 313:217–220. https://doi.org/ 
10.1126/SCIENCE.1126548

15. 	 Backovic M, Longnecker R, Jardetzky TS (2009) 
Structure of a trimeric variant of the Epstein-
Barr virus glycoprotein B. Proc Natl Acad Sci U 
S A 106:2880–2885. https://doi.org/10.1073/
pnas.0810530106

16. 	 Humar A, Kumar D, Gilbert C, Boivin G (2003) 
Cytomegalovirus (CMV) glycoprotein B genotypes 



Mal J Med Health Sci 21(1): 235-243, Jan 2025242

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

and response to antiviral therapy, in solid-organ-
transplant recipients with CMV disease. Journal of 
Infectious Diseases 188:581–584. https://doi.org/ 
10.1086/377002

17. 	 Atanasiu D, Saw WT, Cohen GH, Eisenberg 
RJ (2010) Cascade of Events Governing Cell-
Cell Fusion Induced by Herpes Simplex Virus 
Glycoproteins gD, gH/gL, and gB. J Virol 84:12292–
12299. https://doi.org/ 10.1128/JVI.01700-10

18. 	 Vanarsdall AL, Howard PW, Wisner TW, Johnson 
DC (2016) Human Cytomegalovirus gH/gL Forms 
a Stable Complex with the Fusion Protein gB in 
Virions. PLoS Pathog. https://doi.org/10.1371/
journal.ppat.1005564

19. 	 Ciferri C, Chandramouli S, Donnarumma D, et 
al (2015) Structural and biochemical studies of 
HCMV gH/gL/gO and pentamer reveal mutually 
exclusive cell entry complexes. Proc Natl Acad 
Sci U S A 112:1767–1772. https://doi.org/10.1073/
pnas.1424818112

20. 	 Zhou M, Yu Q, Wechsler A, Ryckman BJ (2013) 
Comparative Analysis of gO Isoforms Reveals that 
Strains of Human Cytomegalovirus Differ in the 
Ratio of gH/gL/gO and gH/gL/UL128-131 in the 
Virion Envelope. J Virol 87:9680–9690. https://doi.
org/10.1128/JVI.01167-13

21. 	 Sinzger C, Schmidt K, Knapp J, Kahl M, Beck R, 
Waldman J, Hebart H, Einsele H, Jahn G (1999) 
Modification of human cytomegalovirus tropism 
through propagation in vitro is associated 
with changes in the viral genome. Journal of 
General Virology 80:2867–2877. https://doi.
org/10.1099/0022-1317-80-11-2867

22. 	 Hahn G, Revello MG, Patrone M, et al (2004) 
Human Cytomegalovirus UL131-128 Genes Are 
Indispensable for Virus Growth in Endothelial Cells 
and Virus Transfer to Leukocytes. J Virol 78:10023–
10033. https://doi.org/10.1128/JVI.78.18.10023-
10033.2004

23. 	 Paradowska E, Jablońska A, Studzińska M, 
Kasztelewicz B, Zawilińska B, Wiśniewska-Ligier 
M, Dzierzanowska-Fangrat K, Woźniakowska-
Gesicka T, Kosz-Vnenchak M, Leśnikowski ZJ 
(2014) Cytomegalovirus glycoprotein H genotype 
distribution and the relationship with hearing loss 
in children. J Med Virol 86:1421–1427. https://doi.
org/10.1002/jmv.23906

24. 	 Freed DC, Tang Q, Tang A, et al (2013) Pentameric 
complex of viral glycoprotein H is the primary 
target for potent neutralization by a human 
cytomegalovirus vaccine. Proc Natl Acad Sci U S 
A. https://doi.org/10.1073/pnas.1316517110

25. 	 Wussow F, Yue Y, Martinez J, Deere JD, Longmate 
J, Herrmann A, Barry PA, Diamond DJ (2013) A 
Vaccine Based on the Rhesus Cytomegalovirus 
UL128 Complex Induces Broadly Neutralizing 
Antibodies in Rhesus Macaques. J Virol 87:1322–
1332. https://doi.org/10.1128/JVI.01669-12

26. 	 Wen Y, Monroe J, Linton C, Archer J, Beard 

CW, Barnett SW, Palladino G, Mason PW, Carfi 
A, Lilja AE (2014) Human cytomegalovirus 
gH/gL/UL128/UL130/UL131A complex elicits 
potently neutralizing antibodies in mice. Vaccine 
32:3796–3804. https://doi.org/10.1016/J.
VACCINE.2014.05.004

27. 	 Rasmussen L, Geissler A, Cowan C, Chase A, 
Winters M (2002) The Genes Encoding the gCIII 
Complex of Human Cytomegalovirus Exist in 
Highly Diverse Combinations in Clinical Isolates. 
J Virol 76:10841–10848. https://doi.org/10.1128/
JVI.76.21.10841-10848.2002

28. 	 Pignatelli S, Dal Monte P, Landini MP (2001) 
gpUL73 (gN) genomic variants of human 
cytomegalovirus isolates are clustered into four 
distinct genotypes. Journal of General Virology 
82:2777–2784. https://doi.org/10.1099/0022-
1317-82-11-2777

29. 	 Novak Z, Ross SA, Patro RK, Pati SK, Kumbla RA, 
Brice S, Boppana SB (2008) Cytomegalovirus strain 
diversity in seropositive women. J Clin Microbiol 
46:882–886. https://doi.org/10.1128/JCM.01079-
07

30. 	 Pang X, Humar A, Preiksaitis JK (2008) Concurrent 
genotyping and quantitation of cytomegalovirus 
gB genotypes in solid-organ-transplant recipients 
by use of a real-time PCR assay. J Clin Microbiol 
46:4004–4010. https://doi.org/10.1128/
JCM.01341-08

31. 	 Manuel O, Pang XL, Humar A, Kumar D, Doucette 
K, Preiksaitis JK (2009) An assessment of donor-
to-recipient transmission patterns of human 
cytomegalovirus by analysis of viral genomic 
variants. Journal of Infectious Diseases 199:1621–
1628. https://doi.org/10.1086/598952

32. 	 Görzer I, Guelly C, Trajanoski S, Puchhammer-
Stöckl E (2010) Deep Sequencing Reveals Highly 
Complex Dynamics of Human Cytomegalovirus 
Genotypes in Transplant Patients over Time. J Virol 
84:7195–7203. https://doi.org/10.1128/JVI.00475-
10

33. 	 Pignatelli S, Lazzarotto T, Gatto MR, Monte 
PD, Landini MP, Faldella G, Lanari M (2010) 
Cytomegalovirus gN genotypes distribution 
among congenitally infected newborns and their 
relationship with symptoms at birth and sequelae. 
Clinical Infectious Diseases 51:33–41. https://doi.
org/10.1086/653423

34. 	 Rosen HR, Corless CL, Rabkin J, Chou S (1998) 
Association of cytomegalovirus genotype with graft 
rejection after liver transplantation. Transplantation 
66:1627–1631. https://doi.org/10.1097/00007890-
199812270-00010

35. 	 De Vries JJC, Wessels E, Korver AMH, Van Der 
Eijk AA, Rusman LG, Kroes ACM, Vossen ACTM 
(2012) Rapid genotyping of cytomegalovirus in 
dried blood spots by multiplex real-time PCR 
assays targeting the envelope glycoprotein gB and 
gH genes. J Clin Microbiol 50:232–237. https://doi.



Mal J Med Health Sci 21(1): 235-243, Jan 2025 243

org/10.1128/JCM.05253-11
36. 	 CDC (2024) Laboratory Testing for CMV and 

Congenital CMV | Cytomegalovirus (CMV) and 
Congenital CMV Infection | CDC. https://www.
cdc.gov/cytomegalovirus/php/laboratories/index.
html. Accessed 4 Jul 2024

37. 	 Tarragó D, Quereda C, Tenorio A (2003) Different 
cytomegalovirus glycoprotein B genotype 
distribution in serum and cerebrospinal fluid 
specimens determined by a novel multiplex nested 
PCR. J Clin Microbiol 41:2872–2877. https://doi.
org/10.1128/JCM.41.7.2872-2877.2003

38. 	 Nahar S, Hokama A, Iraha A, Ohira T, Kinjo 
T, Hirata T, Kinjo T, Parrott GL, Fujita J (2018) 
Distribution of cytomegalovirus genotypes among 
ulcerative colitis patients in Okinawa, Japan. 
Intest Res 16:90–98. https://doi.org/10.5217/
ir.2018.16.1.90

39. 	 Britt WJ (2018) Maternal immunity and the natural 
history of congenital human cytomegalovirus 
infection. Viruses. https://doi.org/10.3390/

v10080405
40. 	 Boppana, SB; Ross, SA; Fowler K (2013) Congenital 

cytomegalovirus infection: clinical outcome - 
PubMed. Clinical Infectious Diseases 57:178–181. 
https://doi.org/10.1093/cid/cit629

41. 	 CDC (2022) Babies Born with Congenital CMV 
| CDC. In: 2022. https://www.cdc.gov/cmv/
congenital-infection.html. Accessed 9 May 2023

42. 	 Manuel O, Åsberg A, Pang X, et al (2009) Impact 
of genetic polymorphisms in cytomegalovirus 
glycoprotein b on outcomes in solid-organ 
transplant recipients with cytomegalovirus disease. 
Clinical Infectious Diseases 49:1160–1166. https://
doi.org/10.1086/598952

43. 	 Bates M, Monze M, Bima H, Kapambwe M, 
Kasolo FC, Gompels UA (2008) High human 
cytomegalovirus loads and diverse linked variable 
genotypes in both HIV-1 infected and exposed, but 
uninfected, children in Africa. Virology 382:28–
36. https://doi.org/10.1016/J.VIROL.2008.09.001

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)


