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Abstract: Human cytomegalovirus (HCMV) is a ubiquitous DNA-containing herpesvirus causes severe and fatal 
diseases in immunocompromised patients and a prevalent cause of virus-associated birth defects. Blood and 
apheresis donations intended for transfusion to immunosuppressed individuals, neonates and pregnant women 
should be screened for evidence of CMV infection prior to the release for clinical use. The effective national 
programmes for quality-assured screening of donated blood have not yet been fully established, hence this study was 
undertaken to assess whether any blood borne-CMV infections pose a significant threat to the safety of the blood 
supplies owing to its seroprevalence in the general population. A total of 200 voluntary blood donor subjects 
admitted to the Blood Bank of Benghazi/Libya were screened for transfusion-transmissible CMV (TT-CMV) using 
a highly sensitive CMV total IgG and IgM antibody enzyme immunoassay as well as CMV pp65 antigenemia 
assays. We determined that the overall seropositivity for IgG antibodies (80.50 % ) was higher than that of IgM 
antibodies (39.00 %), but only 2 (1.00 %) individuals out of these donors were seropositive for the CMV-antigenic 
protein pp65. The frequency of CMV infection based on gender was incomparable due to the small population 
number of females. According to age, there was not influence of various age groups on prevalence of anti-CMV IgG 
antibodies, while a progressive increase in seropositivity of CMV-IgM antibodies with age was detected. The age 
groups were not significantly associated with CMV prevalence. In contrast, only 2 (1.00 %) patients were shown to 
be positive for all three performed assays indicating a recurrent infection. Our findings prove a risk of primary 
transfusion-associated transmission of CMV and may provide a policy guidance on ensuring safe blood supplies 
accessible to all patients who require transfusion. 
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Introduction 

Human cytomegalovirus (HCMV) is a ubiquitous 
virus infection distributed worldwide. This virus is the 
most common infectious cause of birth defects and 
congenital diseases, the most significant and difficult 
opportunistic pathogen affecting immunocompromised 
patients (Cannon et al. 2010, Mocarski et al. 2014). 
HCMV infects an overwhelming majority of the 
population, transmitted efficiently throughout life and 
universally through contacts with bodily secretions. 
After the initial acquisition of HCMV, the virus 
replicates and causes a systemic infection, sometimes 
detected as a leukocyte-associated viremia, and 
disseminates to secretory organs such as salivary 
glands and kidney where replication produces virus 
found in secretions (Brooks et al. 2010). Viruses may 

be shed in any body fluids, including urine, saliva, 
tears, semen, and cervical secretions, and persistent 
shedding may continue for months to years, depending 
on age and immune status of the host (Brooks et al. 
2010, Trkulic et al. 2000). Like other human 
herpesviruses, HCMV is never completely cleared and 
remains latent for the life of the host. Persistently and 
sporadically shed virus is an important recurrent 
source of virus for transmission. Susceptibility to 
HCMV disease is associated with a compromised 
immune system, particularly related to defects in cell-
mediated CD4 and CD8 T-cell functions (Mocarski et 
al. 2014). Despite potential antiviral drugs aimed to 
control the overall disease burden, the HCMV remains 
an important etiologic agent of opportunistic 
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infections and disease in immunocompromised 
individuals following organ transplantation and 
hematopoietic cell allografting, immunosuppressive 
therapies, and genetic or acquired immunodeficiency 
(Cannon et al. 2010, Cavlek et al. 2015, Mocarski et 
al. 2014).  

HCMV circulates in the leucocytes and free in 
plasma during active infection. It subsequently persists 
latently in leucocytes as well as in other non-
circulating body cells and may be released into the 
bloodstream following reactivation of latent virus. It is 
thus readily transmitted by blood transfusion, although 
transmission is generally a concern only when 
transfusing immunocompromised individuals, 
neonates, and pregnant women. In populations with a 
higher incidence of CMV, there is a correspondingly 
higher risk of blood being donated by viremic 
individuals. In such cases, leucodepletion will not 
prevent transmission. Thus, for the majority of 
countries, anti-CMV screening is still central to the 
prevention of post-transfusion CMV (van Prooijen HC 
et al. 1994, Roback JD. et al. 2002). 

The provision of safe and efficacious blood and 
blood components for transfusion involves several 
processes including testing of blood donation samples 
for transfusion-transmissible infections (TTIs) to 
exclude blood donations at risk of transmitting 
infection from donors to recipients is a critical part of 
blood safety and availability. Therefore, this study 
aimed to screen donated blood for evidence of CMV 
infection prior to the release of blood for clinical use 
to establish an effective national blood screening 
programme to protect the recipients of blood 
transfusion from TTIs CMV (van Prooijen HC et al. 
1994, Roback JD. et al. 2002). 
 
Materials and Methods 
Patient Population 

Two hundred subjects admitted to the Blood 
Bank of Benghazi/Libya were recruited in this study. 
Informed consent was obtained from all patients and 
the protocol was approved by the Blood Services 
Ethics Committee. Demographic information 
including age, sex, marital status, literacy status, 
residential status, socioeconomic status were obtained 
by means of referring to medical records and personal 
interviews. Throughout their tenure on the Blood Unit, 
a 5 ml of blood was drawn from donors by vein 
puncture and placed in plastic disposable tubes; it was 
left to stand at room temperature (20-25°C) to allow 
for clotting, then the sera was separated by 
centrifugation 10,000 rpm for 5 minutes. Sera samples 
were stored at — 20 °C and later tested for 
cytomegalovirus antibodies by serological 
investigation.  
 

Detection of CMV IgG 
Microplate-based enzyme-linked immunoassay 

(ELISA) was used for the qualitative and quantitative 
detection of anti-CMV IgG antibodies to 
cytomegalovirus in donors’ sera according to the 
manufacturer’s instructions (Autobio Diagnostics Co, 
LTD). The assay is based upon the two steps indirect 
enzyme immunoassay (EIA). Briefly, in the first step, 
sample and recombinant CMV coated microwells are 
combined. During the incubation, the anti-CMV 
antibodies present in the sample bind to the antigen 
coated in the wells. After the washing, in the second 
step enzyme-conjugate is added to the reaction 
mixture. The mouse anti-human IgG in the enzyme-
conjugate is allowed to react with the anti-CMV IgG 
attached to the solid phase in the first step. Then, a 
complex is generated between the solid phase, the 
anti-CMV IgG within the sample, and the mouse anti-
human IgG in the enzyme conjugate. Then, the 
substrate A and substrate B are added and catalyzed by 
this complex. The resulting chromogenic reaction is 
measured in absorbance. The color intensity, which 
corresponds to the amount of CMV IgG antibodies 
present in the specimens, is measured with a 
microplate reader at 450/630 nm and the results were 
interpreted according to the manufacturer’s 
instructions. Samples with optical densities 10% or 
more below the cutoff were recorded as negative, 
those with optical densities between 10% below and 
10% above the cutoff were equivocal, and all others 
were positive.  
Detection of CMV IgM 

To determine if the blood donors have acute or 
primary infection, serum samples were assayed for 
CMV-specific IgM using a CMV IgM ELISA 
(Autobio Diagnostics Co, LTD) and the results were 
interpreted according to the manufacturer’s 
instructions. Samples giving an absorbance less than 
the cut-off value were considered negative for the 
presence of CMV-specific IgM antibodies whereas 
those giving an absorbance equal to or greater than the 
cut-off value were considered reactively positive. 
Detection of CMV Antigenemia 

To quantitate the viral antigenemia, we 
performed Sandwich- ELISA to assay CMV lower 
matrix protein pp65 in donors’ sera according to the 
manufacturer instructions (Sung long Biotech). The 
microtiter stripplate provided with this assay are 
precoated with antibodies specific to CMV pp65. 
Standards and samples were added to stripplate wells 
and combined to the specific antibody and then a 
horseradish CMV pp65 (HRP)-conjugate specific for 
CMV pp65 was added to each microelisa stripplate 
well and incubated. The TMB substrate solution was 
added to each after washing away the free 
components. The wells containing the CMV pp65 and 
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HRP-conjugated CMV pp65 antibody appeared blue 
and then turned yellow after adding the stop solution. 
The optical density (OD) was measured by microtiter 
plate reader at 450 nm. The concentration of CMV 
pp65 in the sample was calculated by comparing the 
OD of the sample to the standard curve according to 
the manufacturer instructions.  
 
Results and Discussion 

Two hundred subjects of blood donors were 
followed during the course of the study. Our results 

revealed that 161 (80.50 %) out of these subjects were 
seropositive for CMV-IgG indicating a past exposure 
to infection, while 78 (39.00 %) individuals were 
seropositive for CMV-IgM indicating a recent or 
primary infection (Table 1). Based on the laboratory 
diagnosis of CMV-pp65, we determined that only 2 
(1.00 %) donors had CMV viremia. These two donors 
ere shown to be positive for all three performed assays 
indicated the presence of recurrent infection.  

 
Table 1: Prevalence of CMV-IgG, CMV-IgM, and CMV-pp65 Antibodies in Blood Donors. 

Total No. of Patients  
CMV-IgG CMV-IgM CMV-pp65 
No % No % No % 

200 161 80.50 78 39.00 2 1.00 
 
 
Cytomegalovirus is considered as one of the 

most encountered opportunistic viral pathogens 
distributed universally among human population 
affecting particularly immunocompromised patients. 
Several epidemiological studies on seroprevalence of 
HCMV infection in blood donors has been reported. It 
seems that the prevalence of CMV-IgG antibodies 
among blood donors varies according to the national 
infection rates of the general population and the 
socioeconomic characteristics of the blood donors. In 
agreement with our findings, several studies conducted 
in different regions of India showed a significantly 
high CMV seropositivity among blood donors 
population ranged between 90% and 100% (Kothari A 
et al. 2011, Pal SR et al. 1972, Madhavan HN et al. 
1974, Mukundan P et al. 1977). The different 
contributing factors for high seroprevalence may be 
related to low socioeconomic status and closeness of 
contact within population, environmental factors and 
climatic conditions. The overall seroprevalence of 
CMV among Japanese blood donors was 76.6 % and 
the CMV DNA was detected in the cellular fraction of 
some donors (Yasumi Furui et al. 2013). In Nigeria, 
prevalence of anti-CMV IgG antibodies was 96.2% 
and that of IgM was 2.6% ( Bawa MK et al. 2019). In 
a German study, the seroprevalence of CMV among 
blood donors ranged from 30% and increased up to 
about 80% in donors older than 65 years (Hecker et 
al., 2004). However, young donors already had a 
distinctly higher seroprevalence (about 70%) in 
Australia than was reported for Europe or North 
America (Lancini et al., 2016). Ethnicity has been 
suggested also to be an important factor for CMV 
seroprevalence. Low rates are reported for non-
Hispanic Whites (about 50%) and very high rates for 
South Asians [�89% of South Asian UK-born women 
and 98% among women born in South Asia and living 

in the UK (Pembrey et al.,2013). IgM appears first in 
response to a CMV primary infection CMV or 
reactivations. In general, IgM antibodies might be 
detectable both prior to IgG antibodies (Ziemann et 
al., 2010) or shortly after IgG seroconversion, and 
remain positive for several months. Studies on the IgM 
seroprevalence in blood donors are less frequent than 
those about IgG seroprevalence. Most studies reported 
that IgM seroprevalence is much lower comparing to 
that of IgG (Furui et al., 2013). In this study, we could 
not compare the overall seropositivity of CMV 
according to gender because the female participants of 
voluntary blood donors were very small. However, 
several lines of evidence including both genders 
consistently reported prevalence rates that are slightly 
higher in women than in men. Population-based 
evaluation of HCMV prevalence that have been 
derived from the National Health and Nutrition 
Examination Survey (NHANES), starting with a 1988 
to 1994 set and continuing with 1999 to 2004 set (6 
years of age or older) estimated that more female 
patients (63.5%) than male (54.1%) were infected 
(Bate et al. 2010, Staras et al. 2006). According to the 
age-related prevalence of CMV infection, the rates of 
CMV-IgG antibodies was detected to be comparable 
in different age groups that have been investigated 
except for the people within ≥ 60 years where there 
was no infection detected (Table 2). Regarding the 
IgM seropositivity, we found that the age group within 
45-59 years of old had the highest rate ( 51.28 %) 
followed by those within the age group 30-44 years 
(39.80 %). The CMV-pp65 positivity rate was 
determined to be higher within the age group younger 
than 30 years (1.92 %). Although, CMV 
seroprevalence did not differ significantly between age 
groups (p> 0.05). 
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Table 2: Distribution of CMV- IgG, CMV-IgM, and CMV-pp65 Antibodies According to Age Groups 

Age 
Group 

No. of Patients 
CMV-IgG CMV-IgM CMV-pp65 
No % No % No % 

 30 52 43 82.69 16 30.76 1 1.92 

30 - 44 103 85 82.52 41 39.80 1 0.97 
45 - 59 39 32 84.61 20 51.28 0 0 
≥ 60 6 0 0 1 16.66 0 0 
Total 200 160 80.50 78 39.00 2 1.00 
P > 0.05 > 0.05 > 0.05 

 
Although the prevalence of CMV infection 

increases with age in many age groups that have been 
studied, the overall prevalence of infection and the age 
vary greatly according to living circumstances and 
socioeconomic status based on personal interview. In 
general, prevalence of infection is greater, and virus is 
acquired earlier in life in developing countries 
compared to the United States and Europe, where 
prevalence is greater in the lower socioeconomic 
strata, among nonwhites, and in immigrant 
populations from developing countries (Grifiths et al. 
1984, Stadler et al. 2010 ). Based on a large samplings 
study derived from NHANES, it has been shown that 
the overall age-adjusted prevalence of HCMV 
infection in the United States remains about 59%, with 
about one-half of the U.S. population aged 6 to 49 
infected (Bate et al. 2010, Staras et al. 2006). This 
study reported that the age-related prevalence of 
HCMV infection was greater within groups aged 
greater than 30 years. It has been demonstrated that 
the seroprevalence of blood donors aged between 18 
and 30 years was about 30% and increased gradually 
up to about 80% in German donors older than 65 years 
(Hecker et al., 2004). Similarly, older donors also had 
an increased seroprevalence among Australian 
populations. However, young donors already had a 
distinctly higher seroprevalence in Brazil and 
Australia than was reported for Europe or North 
America (Souza MA et al. 2010, Lancini et al., 2016). 
Based on these findings, we highly recommend a 
quality-assured screening of all donated blood for 
transfusion transmissible infections, including CMV to 
establish effective national programmes to easily 
prevent the unacceptable risk of acquiring life-
threatening diseases.  
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