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1.	Introduction	
The	 Herpesviridae	 family of viruses includes human 
cytomegalovirus	(CMV),	which is always present but only affects 
certain people. The organism has a large double-stranded DNA 
genome of 236 kb that codes for at least 167 gene products. 
More than 40 of these gene products change the host's immune 
response after infection. After the �irst infection, HCMV	causes a 
long-lasting, latent infection by using a number of methods to 
avoid the immune response. Human Cytomegalovirus	 is the 
most common cause of congenital viral infection. It can cause 
intrauterine growth retardation (IUGR) and hearing, vision, and 
other neurological problems in fetuses and infants. The most 
common effect is sensorineural hearing loss. Congenital CMV	
(cCMV)	can happen when a mother is infected with the virus for 
the �irst time or when she is infected again with a different strain 
of the virus. This can happen when the virus is reactivated or 
when the mother gets a new strain of the virus (1).	One of the 
eight human herpesviruses is human cytomegalovirus. 
Herpesviruses	 are very common in animals and can cause 
serious illnesses in both babies and adults. These include cold 
sores HSV-1, sexually transmitted infections (HSV-2), and 
cancers (Epstein-Barr virus, , and Kaposi's sarcoma-associated 
herpesvirus, KSHV) (2). Congenital CMV is among the most 
common congenital infections worldwide. 
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ABSTRACT
Background:	Most	children	with	congenital	CMV	are	born	to	women	who	have	
cytomegalovirus.	 The	most	 likely	way	 for	 a	 child	 to	 become	disabled	 from	a	
congenital	infection	is	if	their	mother	had	it	when	she	was	pregnant	and	was	not	
already	infected	with	CMV.
Objectives:	 to	 furnish	 the	 inaugural	 national	 estimate	 of	 cytomegalovirus	
seropositivity	among	Iraqi	children	under	�ive	years	of	age	and	to	evaluate	the	
levels	of	BAFF	and	VCAM-1	in	children	infected	with	CMV.
Materials	and	Methods:	involved	a	total	of	90	children	with	CMV	and	90	healthy	
individuals,	 all	 aged	 between	 1	 and	 5	 years.	 Five	 milliliters	 of	 blood	 were	
obtained	via	venipuncture	using	a	5	ml	disposable	syringe	from	each	participant	
in	this	study.	Serum	from	both	patients	and	controls	was	analyzed	using	enzyme-
linked	immunosorbent	assays	(ELISA)	for	CMV	IgM	and	IgG,	BAFF,	and	VCAM-1	
in	accordance	with	the	manufacturer's	instructions.
Results:	 The	 current	 data	 indicate	 a	 markedly	 reduced	 mean	 age	 in	 CMV-
infected	patients	(2.18  ±  0.84	years).	This	signi�ies	that	younger	children	are	
disproportionately	impacted	by	CMV.	The	current	investigation	demonstrated	a	
CMV	 ELISA	 seroprevalence	 of	 7(7.78%)	 for	 IgM	 positive	 patients	 and	
13(14.44%)	for	those	positive	for	both	IgG	and	IgM.	Additionally,	 it	 indicated	
signi�icantly	increased	levels	of	B-cell	Activating	Factor	(BAFF)	and	vascular	cell

Keywords:	CMV,	cCMV,	BAFF,	VCAM-1,	IUGR,	HCMV.	

	adhesion	molecule-1	(VCAM-1)	in	CMV-infected	pediatric	patients	relative	to	controls.	The	study	indicated	that	CMV	may	enhance	long-
term	vascular	risk	through	immune-mediated	endothelial	stress.

Among 85%–90% of cCMV-infected neonates who are 
asymptomatic at birth, 10%–15% later exhibit sequelae (3), 
cCMV infection is the most common congenital infection, 
affecting about 1 in 200 babies in wealthy areas. About one in 
four children will have lasting effects, such as sensorineural 
hearing loss and neuro-disability, cCMV is common and can be 
quite serious for some children, but not many pregnant women, 
families, or healthcare providers know about it. It is very 
important to �ind out about a CMV infection during pregnancy as 
soon as possible so that valaciclovir treatment can be evaluated. 
This may lower the risk of fetal transmission or make the results 
for infected infants less severe. It is very important for 
neonatologists, pediatricians, and audiologists to know what 
congenital CMV looks like so they can start testing for cCMV in 
the �irst 21 days of life (4). HCMV is passed from mother to kid in 
utero, during labor, and through nursing. The primary modes of 
infection include sexual transmission and exposure to bodily 
�luids, including semen, cervical or vaginal secretions, urine, 
and blood. HCMV can also be transferred via saliva and breast 
milk postnatally (5). Similar to all other herpesviruses, HCMV 
maintains permanent latency after an initial phase of lytic 
replication. Latency can be interrupted by sporadic episodes of 
viral secretion. HCMV is the most genetically intricate virus 
among all human pathogenic viruses, with infection marked by 
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tight species speci�icity and an extended replication cycle in 
both infected hosts and cell cultures(6). Maternal infections can 
cause intrauterine CMV transmission in both primary (when a 
woman who was not previously infected with CMV becomes 
infected) and non-primary (when a woman who was already 
infected with CMV becomes infected again) ways. The 
percentage of cCMV infections caused by primary or non-
primary  maternal  in fect ions  depends  on  the  CMV 
seroprevalence in the pregnant women being studied. However, 
countries with high CMV seroprevalence have higher rates of 
cCMV infection (7). CMV can be passed from the mother to the 
fetus by the vertical transmission, can occur via three 
mechanisms: intrauterine, intrapartum, and postnatal (8). 
Horizontal transmission of CMV between individuals can serve 
as a substantial source of infection. About one in three children 
in the United States are infected with CMV by the age of �ive, with 
a higher prevalence among those who attend daycare. Young 
children may serve as a vector for infection to pregnant women. 
While less prevalent, transmission through sexual contact with 
an infected individual is nevertheless conceivable (9). People 
who have chronic infections with human cytomegalovirus 
(HCMV) have weak immune systems and are more likely to have 
long-term in�lammation and heart disease. A homologue of the 
anti-in�lammatory cytokine encoded by HCMV may change the 
effects (10). The B cell-activating factor receptor (BAFFR) is 
very important for B cells to mature. People with common 
variable immunode�iciency, which is the most frequent 
symptomatic primary immunode�iciency, have been found to be 
missing BAFFR. People who don't have BAFFR have a lot of B cell 
lymphopenia and can't make immunoglobulins (11). B cell-
activating factor (BAFF) is involved in the causes of autoimmune 
diseases (12). In the early stages of life, babies are more likely to 
get serious viral infections and their antibody responses are 
weaker, thus local airway immunity needs to develop quickly. 
Still, we don't know enough about how human airway B-cells 
form and how they interact with airway epithelial cells (AECs) in 
early life (13). The vascular endothelium, an essential 
modulator of hemostasis, promotes vascular dilatation, inhibits 
adhesion of platelet and diminishes thrombin generation. 
Endothelial dysfunction caused by acute or chronic 
in�lammation, as seen in atherosclerosis. Persistent infection 
with human cytomegalovirus (HCMV) has been associated with 
atherosclerosis. In vivo studies have shown that HCMV infection 
of the vascular wall affects various cell types, including 
monocytes/macrophages, smooth muscle cells (SMCs), and 
endothelial cells (ECs). Human cytomegalovirus-infected 
smooth muscle cells in vascular lesions demonstrate enhanced 
proliferation and reduced apoptosis, leading to plaque 
formation, and restenosis (14). 

2.	Methodology	
2.1.	Study	setting	and	population	
A cross-sectional study was conducted in Kirkuk city from 
December 15, 2024, to June 15, 2025. A study included 90 
children with CMV and 90 healthy participants aged 1 to 5 years, 
with the patients exhibiting varying degrees of symptoms. The 
research project received ethical approval from the Ethical 
Decision Committee of the College of Health. Verbal consent was 
acquired from each patient following their decision to 
participate in the study. 

2.2.	Patients	Methodology	
Five milliliters of blood were obtained via venipuncture using a 
5 ml disposable syringe from each participant in the present 
investigation. Blood samples were deposited in sterile test tubes 
and after thirty minutes of incubation, the sample was spun at 
3000 rpm for �ifteen minutes. After that, the clot was taken out, 
and the resultant sera were aspirated using an automated 
micropipette and transferred into two clean Eppendorf tubes. 
The label was af�ixed to each Eppendorf tube, after which the 
serum was removed and stored at -20°C. Serum from both the 
patient and control groups was analyzed using enzyme-linked 
immunosorbent assays (ELISA) for CMV IgM and IgG, Human B-
cell activation factor (BAFF), and Human vascular cell adhesion 
molecule-1 (VCAM-1) following the manufacturer's 
instructions (SUNLUNG/Biotech, Ltd; China). 

2.3.	Statistical	analysis	
The statistical analysis was conducted using Graph Pad Prism 
version 10.1. The comparison utilized the Chi-square (X²) test, 
and the t-test was employed as necessary to compare groups, 
with a probability (P value) of less than 0.05 deemed statistically 
signi�icant (S), a P value below 0.01 classi�ied as highly 
signi�icant (H.S.), and a P value exceeding 0.05 regarded as non-
signi�icant (N.S) (15). 

3.	Results	
The current study indicates that CMV infection primarily 
impacts children under one year of age, with 45.56% of patients 
in this demographic, in contrast to 28.89% in the control group. 
This pronounced disparity indicates a signi�icant vulnerability 
to CMV infection during infancy, consistent with global and 
regional patterns. 

Table	1:	The	distribution	of	study	group	according	to	Age	group

Our data reveal a signi�icantly lower mean age in CMV-infected 
patients (2.18  ±  0.84 years) compared to healthy controls 
(3.06  ±  1.06 years). This indicates that younger children, 
p a r t i c u l a r ly  t h o s e  u n d e r  t h r e e  ye a r s  o f  a g e ,  a r e 
disproportionately affected by CMV, underscoring that early 
childhood, especially infancy, is a critical phase for CMV 
exposure and infection, as illustrated in Table 2. In the last �ive 
years, a number of nationally representative cross-sectional 
studies with big enough sample sizes have looked at how often 
children get HCMV using either serological or molecular 
methods. A study in the US found that 1.1% of children aged one 

to �ive had IgM and 20.7% had IgG (16). A study in Germany 

found that 27% of toddlers and teens aged one to seventeen 

have HCMV-speci�ic IgG –(17). A different study done in the 

Netherlands found that 8% of children aged three to �ive with 
hearing problems had HCMV infection (18).

Table	2:	Mean	age	of	study	group
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This study presents a comparative pro�ile of cases and controls 
categorized by gender and residency, with each group 
consisting of 90 patients and 90 controls. The gender 
distribution in the cases indicates a somewhat greater 
proportion of females than men, while the control group 
exhibits a predominance of males. The disparity may indicate 
possible gender-related exposure or vulnerability, maybe 
attributed to behavioral, occupational, or biological in�luences.
The current �inding corresponds with speci�ic epidemiological 
studies; Goodwin et al. (2023) observed that females may 
demonstrate greater health-seeking behavior, hence being more 
frequently represented in diagnostic "case" groups for various 

chronic diseases (19). Conversely, males frequently have greater 

representation in control groups owing to reduced healthcare 

engagement or varying risk pro�iles for particular diseases (20). 

The distribution of dwellings revealed that 62.22% of CMV 
patients resided in urban regions, as shown in Table 3. HCMV 
infection demonstrates considerable regional heterogeneity 
within nations. Preliminary study �indings suggest no 
association between place of residence and the incidence of 
HCMV infection in children under �ive years in Iraq, maybe 

re�lecting a homogeneity within the Iraqi population (21). The 

urban domination in both categories is anticipated owing to 
elevated urban population density and enhanced access to 
healthcare services. The increased rural presence among cases, 
in contrast to controls, may indicate health inequities, including 
less access to preventive treatment, heightened exposure to 
environmental hazards, or delayed diagnosis for rural 

inhabitants (21). This aligns with data indicating that rural 

populations frequently encounter poorer health outcomes and 

diminished access to healthcare (22). Furthermore, health 

disparities between urban and rural areas have intensi�ied in 
recent years owing to the unequal distribution of healthcare 

facilities (23). All studies indicated a large disparity in HCMV 

infection based on geographical variability, which corresponds 
to racial and ethnic differences within countries. Ethnic and 
ethnic diversity underscores variations in the determinants 
affecting HCMV transmission. Examples encompass the 
duration and frequency of breastfeeding, attendance at daycare, 

and childcare arrangements (24).

Table	3:	Sociodemographic	characteristics	of	the	study	population

The current table displays clinical signs in 90 CMV-positive 
pediatric patients, of whom 52 (57.78%) demonstrated 
symptoms. The most prevalent symptoms were lack of appetite 
(24.44%), followed by fatigue (16.67%), fever (13.33%), and 
hepatomegaly (3.33%). It's important to remember that all of 
the children who were called "symptomatic" showed the usual 
signs and symptoms of overt HCMV congenital and acquired 
infections when the samples were taken. In a previous study, 
15.9% of unwell kids tested positive for particular IgM (21). 
Habib et al. reported a �inding of around 16.1% in symptomatic 
newborns in Baghdad utilizing speci�ic IgM for detection (25).

Positive IgM frequencies have been recorded at 11.7% among 
symptomatic children in Palestine (26) and 1.6% of 
symptomatic newborns in Iran (27). 

Table	4:	The	relation	of	HCMV	positive	patients	according	to	symptomatic	cases

The CMV ELISA seroprevalence indicated that 7.78% of patients 
tested positive for IgM, whereas 14.44% tested positive for both 
IgG and IgM and absent in healthy control, as illustrated in Table 
5. The current �indings correspond with a recent case-control 
study of children with autoimmune and neurological disorders, 
which identi�ied signi�icantly elevated CMV IgG and IgM positive 
in patients compared to controls (IgM positivity was 13.2% in 
patients, akin to the present research's 14.44%). In Kirkuk, Iraq, 
Al-jumaili et al. (2013) showed that IgM levels were 
considerably elevated (7.2%) in women compared to control 
groups (5.3%) (28). Tuma et al. found that 12.4% of women in 
Baghdad, Iraq, have HCMV IgM antibodies (29). The current 
HCMV infection in women with a poor obstetric history (BOH) is 
more likely to serve as a source of infection for their children 
during pregnancy. Nonetheless, not all contemporary maternal 
infections result in fetal transmission (30). There is proof that 
viruses can spread during pregnancy and through breast milk. 
Also, there is a chance that women who are currently infected 
could pass the virus on to their newborns and young children 
through close contact (21). 

Table	5:	Distribution	of	Human	Cytomegalovirus	antibodies	among	studied	groups

Table 6 demonstrates markedly increased concentrations of 
BAFF and VCAM-1 in pediatric patients infected with CMV 
relative to controls. These results indicate immune system 
activation and in�lammation, consistent with the established 
pathophysiology of CMV. A recent study indicated markedly 
increased levels of ICAM-1 and VCAM-1 in children with acute 
CMV, identifying these markers as predictors of endothelium 
damage, particularly in newborns (31). Another study 
identi�ied increased BAFF levels in children with CMV and EBV, 
associated with lymphocytosis and hypergammaglobulinemia. 
BAFF is proposed as a biomarker for early viral reactivation and 
i m m u n o l o g i c a l  d y s r e g u l a t i o n ,  e s p e c i a l l y  i n 
immunocompromised individuals (32). Yoshida et al. observed 
elevated levels of BAFF and ICAM-1 during active CMV 
replication following transplantation. These elevations, 
restored with antiviral medication, are associated with active 
viral burden rather than the host's baseline immunity (33-35). 

Table	6:	Comparison	of	markers	of	BAFF	and	VCAM-1	dysfunction	between	CMV	patients	
and	control	
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4.	Conclusions	
The current study concluded that CMV may promote long-term 
vascular risk via immune-mediated endothelial stress.
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