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SUMMARY
Background and Aim: Transfusion transmitted diseases (TTD) are a major challenge to transfusion services all over the world. Cytomegalovirus 

(CMV) is considered one of the main viruses associated with blood transfusion. As CMV screening is not included in routine screening tests done for 
donated blood in blood banks in Egypt, the detection of CMV Immunoglobulin G (IgG) avidity needs to be tested for being a useful tool to diagnose 
recent infection among blood donors. The aim of this work was to study CMV IgG avidity index (AI) among blood donors. 

Methods: A total of 88 blood samples were collected from the non-remunerated volunteer blood donors who attended the Alexandria Regional 
Blood Transfusion Centre. A quantitative enzyme linked immunosorbent assay for the avidity detection of the specific IgG antibodies to CMV in 
human serum samples was used. 

Results: Eighty five studied blood donors (96.6%) were positive for CMV IgG. Eighty one donors (95.3%) showed high avidity (> 45.0%). Re-
garding the remaining four CMV IgG positive donors; three had medium avidity (< 45.0%) and only one had a low avidity of < 25.0%. A moderate 
agreement of 42.4% was found between IgG concentration and avidity. 

Conclusions: CMV seroprevalence was found to be high among volunteer blood donors, where age and gender were statistically significant 
factors associated with CMV IgG concentration. The use of the avidity assay as a screening tool for CMV among blood donors is highly sug-
gested. The exclusion of the low and medium AI units will ensure the availability of a safe stock of blood units, hence eliminating the risk of CMV 
transmission to vulnerable groups. 
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INTRODUCTION

Transfusion transmitted diseases (TTD) are a major chal-
lenge to transfusion services all over the world (1). Transfusion 
of unscreened cellular components leads to a TTD incidence of 
approximately 30% in seronegative recipients (2). The presence 
of viruses in blood cells or plasma of asymptomatic donors is the 
major risk factor for transmitting infectious agents through blood 
transfusion. The main viruses associated with transfusion related 
infections are hepatitis viruses, retroviruses and cytomegalovirus 
(CMV) (3). 

CMV is the largest member of the herpesviridae family (4). 
It has the ability to remain latent within the T-cells, endothelial 
cells and monocyte-derived macrophages and may be reactivated 
from latently infected cells after blood transfusion (5, 6). CMV 
seems to have a large impact on immune parameters in later 
life and may contribute to increased morbidity and eventual 
mortality (7).  

Several studies have reported that CMV immunoglobulin G 
(CMV IgG) is transmitted by blood transfusion from healthy 

seropositive donors to susceptible recipients (8–10). Vulnerable 
groups to serious illness caused by this virus are immunocom-
promised hosts, neonates and pregnant women (5, 6). Exclusion 
of seropositive blood units and leucodepletion are the two main 
strategies to minimize CMV transmission to high risk recipients 
(11).

CMV has a worldwide distribution. It is more widespread in 
developing countries and in communities with lower socioeco-
nomic status. Between 50–80% of adults in developed countries 
and up to 100% in developing countries are infected with human 
CMV. It represents the most significant viral cause of birth defects 
in industrialized countries (12). Several studies have demonstrated 
a strong link between primary CMV infection of the mother and 
in utero CMV transmission. The risk of congenital infection is ap-
proximately 40% in babies born to mothers who acquire a primary 
(initial) CMV infection after conception; in contrast, the risk is 
only about 1% in infants born to mothers who have evidence of 
CMV infection (i.e. circulating CMV antibodies) before concep-
tion. The established link between primary CMV infection during 
pregnancy and congenital infection makes identification of pri-
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mary CMV infection an important goal in maternal and neonatal 
health care (13). Applying this concept to donated blood – safe 
blood for transfusion would be that without evidence of primary 
CMV infection (11).

As it has the ability to remain latent, CMV infection in im-
munocompetent persons is subclinical and the diagnosis mainly 
relies on serology (12).

CMV specific IgM is an extremely sensitive marker of primary 
CMV infection. Unfortunately, CMV IgM detection is not specific 
for primary infection due to its production following reinfection 
or reactivation in some individuals. Likewise, demonstration of 
increasing levels of CMV IgG overtime is an impractical approach 
since most patients already show high IgG levels in the first tested 
serum sample. Therefore, when IgM is detected, it is advisable to 
use a complementary test to establish the date of CMV infection. 
The most useful test is the measurement of the IgG avidity index 
which has been shown to help in distinguishing primary from past 
or recurrent infection (14).  

As CMV screening is not included in routine screening tests 
done for donated blood in blood banks in Egypt, the detection of 
CMV Ig G avidity needed to be tested for being a useful tool to 
diagnose recent infection among blood donors. This work aimed 
to study CMV Ig G avidity index among blood donors.

MATERIALS AND METHODS

This cross sectional study was carried out through a three 
month period from July to September 2010. It involved 88 vol-
unteer blood donors who attended the Alexandria Regional Blood 
Transfusion Centre (ARBTC), one of the Ministry of Health and 
Population Centres.

Non remunerated volunteer blood donors were selected ac-
cording to the standard operating procedures adopted by the 
Donor Care Department (DCD) in ARBTC (15, 16). Selection 
criteria and medical examination for blood donors were applied 
and performed by the designated medical staff.

Sample Selection and Size
Based on a previous study on CMV among blood donors: the 

urgency for screening (17), assuming prevalence of CMV IgG 
= 67.4%, precision of 17, and alpha of 0.05, a minimum sample 
size required was calculated to be 63 (18). Systemic randomiza-
tion was selected as the method to choose samples for the present 
study from the daily blood donors attending ARBTC. This was 
done every other day starting from first of July 2010 until a total 
of 88 blood samples were collected. 

Sample Collection and Processing  
A total of 88 blood samples were collected from the non-

remunerated volunteer blood donors in ARBTC. Five mL of blood 
samples were collected under aseptic techniques from blood units 
into vacutainer tubes. All tubes were centrifuged at 3,500 rpm 
for five minutes and the clear sera were collected aseptically in 
labeled eppendorf tubes and stored at −20°C until tested. Repeated 
thawing and freezing was avoided. Haemolyzed, lipemic or turbid 
samples were excluded.

Data Collection Method
To ensure the donor’s privacy, personal data (name, address, 

phone numbers, etc.) were not revealed. Data concerning blood 
donors as age, gender, residence, occupation, blood groups, 
Rhesus factor (Rh), and results of routine serological screening 
tests – Hepatitis C virus antibodies (HCVAbs), hepatitis B surface 
antigen (HBsAg), Trepnoma pallidum antibodies (T. pallidum 
Abs) for syphilis and human immunodeficiency virus antibodies 
(anti HIV) were obtained from the information technology unit 
in ARBTC and recorded in a sheet. 

Detection of CMV IgG Avidity by ELISA
CMV IgG was detected by avidity test kit (Bouty, Italy). It is 

a quantitative ELISA for the avidity detection of the specific IgG 
antibodies to CMV in human serum or plasma samples (13, 19). 

The manufacturer’s instructions were strictly followed. Each 
of the tested samples was placed in two adjacent wells (a and b). 
After the first incubation all wells were washed with the wash 
buffer followed by dispensing of wash buffer into wells “a” and 
of avidity solution into well “b”. The conjugate substrate and stop 
solution were added as recommended.

Calculation of Results
Calculation was performed by plotting the O.D. of each 

calibrator (ordinate) against calibrator concentration (abscissa) 
on suitable graph paper, linking points by straight segments. 
Concentrations of controls and samples were then read from the 
fragmented curve by interpolation with the O.D. This was done 
for the samples having concentrations < 600 mU/mL.

For the samples having concentrations > 600 mU/mL (20 
samples), linear and quadratic regression analysis were done. 
Quadratic analysis was fitting with observed values (Fig. 1, 2).

In order to correlate the analytical results to the avidity (%) of 
the samples, results were determined using the following formula:

		   Residual IgG well “b”
Avidity (%) =                                           × 100
		     Total IgG well “a”

Fig. 1. Linear and quadratic regression lines for IgG concentra-
tions of the first ELISA plate.
Regression equation to estimate concentration: Conc = 42.845 − 54.093 × IgG + 
177.374 × IgG2
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The following interpretive criteria based on clinical trials 
performed on samples representative of the European population 
were compared to the results:

Avidity < 25% → low avidity meaning primary CMV infection 
occurred during the last three months.

Avidity of 25–45% → medium avidity meaning primary CMV 
infection occurred during the last six months.

Avidity > 45% → high avidity meaning to exclude primary 
infection within the last three months. 

The results of the study were categorized at 45% avidity 
and as percentiles for total IgG concentrations as shown in 
Table 1 to allow proper comparison with the different vari-
ables studied.

A percentile is an observation below which lies a percent-
age of the studied ordered observations. The 25th percentile is 

Data Category Number % CMV seroprevalence (%)

Age group
(years)

Less than 30 42 47.7 95.2
30 or more 46 52.3 97.8

Gender
Female 21 23.9 100.0

Male 67 76.1 95.5

Occupation

Professional 22 25.0 90.9
Employee 19 21.6 94.7

Worker 16 18.2 100.0
Student 19 21.6 100.0

Housewife/unemployed 12 13.6 100.0

Residence
Alexandria 86 97.7 96.5
El Behira 2 2.3 100.0

Rh
Positive 79 89.8 96.2
Negative 9 10.2 100.0

ABO blood groups 

A 32 36.4 96.9
B 26 29.5 96.2

AB 5 5.7 100.0
O 25 28.4 96.0

Routine serological testsa

HBsAg
Negative 84 95.5 96.4
Positiveb 4 4.5 100.0

HCV Abs
Negative 86 97.7 96.5
Positiveb 2 2.3 100.0

T. pallidum Abs
Negative 87 98.9 96.6
Positive 1 1.1 100.0

aNone of the donors was HIV positive.
bOne donor had HBV and HCV co-infection                                        

Table 2. Demographic and clinical data with respect to CMV seroprevalence of the 88 blood donors

Percentiles Concentration
25th 194.5
50th 324.5
75th 560.25

Table 1. Percentiles for IgG concentrations

Fig. 2. Linear and quadratic regression lines for IgG concentra-
tions of the second ELISA plate.

Interpretation of Results
Total IgG readings less than calibrator 1 (10 mU/mL) were 

considered negative and the rest were positive for CMV IgG. 
The positive results were subject to calculation of avidity using 
the previous equations. 

Regression equation to estimate concentration: Conc = 40.261 − 69.678 × IgG + 
121.586 × IgG2
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RESULTS

Among the studied 88 blood donors, 85 (96.6%) were positive 
for CMV IgG. Total IgG ranged from 42.0 mU/mL to 1,333.9 mU/
mL with a mean of 442.6 mU/mL ± 328.5 mU/mL. The avidity per-
centage ranged from 17.8% to 99.3% with a mean of 77.3% ± 13.9.

Eighty one donors (95.3%) showed high avidity (> 45.0%). 
Regarding the remaining four CMV IgG positive donors; three 
had medium avidity (< 45.0%) and only one had a low avidity 
of < 25.0%.

Demographic and clinical data with respect to CMV seropreva-
lence are shown in Table 2. The mean age was 30.8 ± 8.6 years 
ranging between 18 and 51 years. CMV seroprevalence among 
those less than 30 years old was 95.2%, while it was 97.8% among 
those aged 30 years or more. A 62.5% of the donors less than 30 
years old had total IgG concentrations below the 50th percentile. 
On the other hand, the majority of the elder group aging 30 years 
or more (64.4%) had concentrations above the 50th percentile. 
This was statistically significant (p < 0.05) (Table 3).

Of the 88 blood donors, 67 (76.1%) were males and 21 (23.9%) 
females with a CMV seroprevalence of 95.5% and 100.0%, re-
spectively. The majority of female donors (76.2%) had total IgG 
concentrations above the 50th percentile, while the majority of male 
donors (56.3%) had total IgG concentrations below 50th percentile. 
These results were statistically significant (p < 0.05) (Table 4).

A moderate agreement of 42.4% was found between IgG 
concentration and avidity % (Table 5).

also known as the first quartile (Q1), the 50th percentile as the 
median or second quartile (Q2), and the 75th percentile as the 
third quartile (Q3)

One definition of percentile, often given in texts, is that the 
P-th percentile (0 ≤ P < 100) of N ordered values (arranged from 
least to greatest) is obtained by first calculating the (ordinal) rank

Rounding the result to the nearest integer and then taking the 
value that corresponds to that rank. 

(Note that the rounded value of n is just the least integer which 
exceeds                      ).

Statistical Analysis 
The data of the study were tabulated and statistically ana-

lyzed using SPSS software version 19.0. Statistical tests used in 
the analysis included the arithmetic mean, standard deviation, 
regression equations, Fisher’s exact test (FET), p value ≤ 0.05 
was considered statistically significant. It also included t test for 
significance of r, independent samples t-test, Kappa statistics 
(20–22), Kappa coefficient, Kappa agreement percent less than  
25% → low agreement, 25–74% → moderate agreement, 75–99% 
→ high agreement, 100% → perfect agreement.

Age group
(years)

CMV

Total IgG concentration (mU/mL) Avidity level

< 50th percentile 
n = 41

> 50th percentile 
n = 44

Low (< 45.0%) 
n = 4

High (45.0% or more) 
n = 81

Less than 30 
n = 40 25 (62.5%) 15 (37.5%) 2 (5.0%) 38 (95.0%)

30 or more 
n = 45 16 (35.6%) 29 (64.4%) 2 (4.4%) 43 (95.6%)

FET: 6.085                                p = 0.017* FET: 0.015                                p = 0.904

Table 3. Relation between CMV total IgG concentrations and avidity level of the 85 blood donors and their age

*Statistically significant
FET: Fisher’s exact test

Gender

CMV

Total IgG concentration (mU/mL) Avidity level

< 50th percentile
n = 41

> 50th percentile
n = 44

Low (< 45.0%)
n = 4

High (45.0% or more)
n = 81

Female 
n = 21 5 (23.8%) 16 (76.2%) 1 (4.8%) 20 (95.2%)

Male 
n = 64 36 (56.3%) 28 (43.7%) 3 (4.7%) 61 (95.3%)

            FET: 6.664                                   p = 0.017* FET: 0.002                                 p = 0.988
*Statistically significant
FET: Fisher’s exact test

Table 4. Relation between CMV total IgG concentrations and avidity level of the 85 blood donors and their gender
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DISCUSSION

CMV is considered one of the main viruses associated with 
blood transfusion. The virus has a worldwide distribution. It is 
more common in developing countries where most adults have 
been shown to be infected with CMV (23–25). 

 In the present study, CMV seroprevalence was found to be 
96.6% among volunteer blood donors. Nearly similar results were 
reported in previous studies which revealed that CMV seropreva-
lence ranged from 92–97% (26–30). Lower rates of 52.5%, 67.4% 
and 83.4% were reported in Egypt by Mourad et al., Mussa et al., 
and El-Saady (17, 31, 32). In western countries, much lower rates 
were documented ranging from 30–60% (33, 34). The difference 
in CMV seroprevalence could probably be explained by the differ-
ence in techniques used for the diagnosis or the implementation 
of certain selection criteria for the studied donors.

Age is one of the most important factors that should be tackled 
when a study is dealing with CMV seroprevalence. In the current 
work, CMV seroprevalence among those less than 30 years old 
was 95.2%, while it was 97.8% among those aged 30 years or 
more. In addition, the results revealed that 37.5% of blood do-
nors in the age group less than 30 years had IgG concentrations 
above the 50th percentile versus 64.4% in the elder group. This 
was statistically significant implying that there was an increasing 
trend of total CMV IgG with age. This is consistent with other 
reports in Egypt and in many parts of the world (28, 31, 35–39). 
Furthermore, many researchers remarked that CMV seropositivity 
was increasing among certain age groups (10, 27).    

CMV was lowest in the extremes of age (26). In Egypt, El-Saady 
noted that the highest percentage was in the age group of 20–29 
years (32). Another study conducted in Bida, Nigeria on pregnant 
females showed that the highest prevalence of CMV (31.2%) was in 
the age group of 21–25 years followed by 22.9% in the 26–30 years 
age group. Thus, CMV seroprevalence is high in the age group of 
21–30 years when compared to other age groups (40). In the latter 
study, they justified this trend by the fact that the 21–30 years age 
group represents the active and sexually matured youths with the 
tendency toward sexual promiscuity, multiple sexual partnerships 
and its resultant likelihood of high infection rates. Furthermore, 
they explained the increased rate in multigravidae as a result of 
longer periods of marriage. This could be supported by previous 
studies among promiscuous people having high infection rates of 
sexually transmitted diseases (40). However, this may not be totally 

applicable to our religious community. Nevertheless, the increased 
incidence in multigravidae may be a considerable fact.

CMV has emerged as a significant cause of morbidity and 
mortality specially when transfused to risky groups like children 
and immunocompromised adults. In many developed countries, 
it is not mandatory to screen donated blood for CMV in blood 
banks (8, 11). That is why Kothari et al. suggested that the estima-
tion of the seroprevalence among voluntary blood donors may be 
of help to decide whether screening for CMV would eliminate 
transmission of infection to high-risk groups (29).  

Based on the high seroprevalence rates reported in many stud-
ies, elimination of CMV positive units would deprive blood banks 
from a considerable proportion of blood units. The rationale of 
exclusion of CMV transmissible blood units of low and medium 
AI (avidity index) would provide a reasonable stock of CMV safe 
units of high AI. Thus, avidity is considered a recent screening test 
for blood donors, which needs to be evaluated. It was proven to be 
successful in the differentiation between primary and secondary 
infection among different subjects especially pregnant women. 
This was the objective of a number of researches (14, 19, 39, 41, 
42). Three laboratories followed pregnancy outcomes to identify 
cases of congenital CMV infection; all found a strong association 
between low CMV IgG avidity during pregnancy and increased 
risk of in utero transmission (14, 43, 44). The Paris and Bologna 
groups reported that all women who had CMV-infected offspring 
exhibited low IgG avidity (14, 42, 43). Similarly, one paper from 
the Brussels group reported that 89% of transmitting women 
exhibited low IgG avidity (44).   

CMV IgG avidity is an effective tool for assessing risk of 
transmission (13). Avidity has been investigated among risk 
groups such as immunocompromised patients (40, 45–47), preg-
nant women (15, 37, 39, 40), and neonates (48, 49). Researchers 
have also studied avidity in immunocompetent persons (39, 50).  

In the present study, the avidity percentage had a minimum of 
17.8% and a maximum of 99.3% with a mean of 77.3% and SD 
of 13.9. Of the 85 tested blood donors, 81 (95.3%) donors showed 
high avidity (> 45%). Three donors had medium avidity (< 45%) 
and one had a low avidity (< 25%). The relation between CMV 
total IgG concentration and avidity level was studied. In a trial to 
overcome the low number of cases in each category, percentiles 
for total IgG concentrations and avidity level were used. Kappa 
coefficient was used yielding a moderate percent of agreement 
42.4%. Of the blood donors with avidity above the 50th percentile, 

CMV

Avidity level*
Total IgG concentration

> 50th percentile 
n = 44

< 50th percentile 
n = 41

> 50th percentile 
n = 43 19 (44.2%) 24 (55.8%)

< 50th percentile 
n = 42 25 (59.5%) 17 (40.5%)

Table 5. Relation between CMV total IgG and avidity level of the 85 blood donors

*Percentiles for avidity % (for statistical reasons, this classification was only used in this table)
Percentiles		  Avidity 
25th		  71.4%
50th		  78.5%
75th		  87.0%
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55.8% had IgG concentrations below the 50th percentile, while 
59.5% of those with avidity below the 50th percentile, had IgG 
concentrations above the 50th percentile. However, no significant 
difference was found between these results.

Lazzarotto et al., tested serum samples from 96 immunocom-
petent blood donors. Thirty-two blood donors were IgG positive 
as judged by both conventional ELISA and Western blotting. 
Among these, 31 were shown to have a high AI and one showed 
a low AI. Furthermore, this study was the first work in which 
the maturation of antibodies after CMV infection was correlated 
with virological and serological parameters in both pregnant 
women and solid organ transplantation (SOT) recipients. Their 
results demonstrated that the CMV IgG avidity test differentiates 
primary from non primary CMV infections. Moreover, the results 
obtained showed that in both populations there was a progressive 
acquisition of antibody avidity within the first 6 months after 
primary infection. In fact, for both populations 6 months seems 
to be long enough to guarantee the full maturation of antibodies 
(41). This result was in disagreement with the data of Lutz et al. 
(46), who found that in SOT recipients approximately one year 
is needed for IgG to mature to high avidity in contrast to the 3 to 
6 months expected in immunocompetent subjects.

Another study conducted by Bodeus et al., found that 72/79 of 
the patients with past infection had an AI > 65% and all but one 
had an AI > 50%. In pregnant women, in the case of a primary 
infection within the past 3 months, AIs were usually (51/53) < 50% 
and never > 65%. Among the 49 IgM positive pregnant women 
who lacked a seroconversion history, 38 had AI > 65% sugges-
tive of an infection that had occurred at least 3 months earlier, 11 
had an AI < 50%, suggestive of a recent primary infection (42).  

Kanengisser et al. agreed with the previous study that IgG 
avidity > 65% is a reliable indicator of past infection. This study 
was carried out on patients with positive IgM detected during the 
first trimester of pregnancy (52). 

Furthermore, Boppana and Britt suggested that the affinity 
maturation of maternal antibody may be critical in preventing 
maternal-foetal transmission of CMV. In their reports, non 
transmitters showed significantly higher antibody avidities than 
transmitters (53). 

Kumar et al. explained that due to the high seropositivity of 
CMV IgG discarding blood positive for CMV IgG is not feasible, 
but blood screened positive for CMV IgM is recommended to 
be discarded. But in a developing country like India, screening 
for IgM antibody on a routine basis may not be feasible, given 
the likely yield to be low and the cost being high. Universal 
leucodepletion of blood is ideal and is in vogue in the western 
world, but it is still not implemented in developing countries due 
to economical factors (54). 

In Canada, the use of CMV-safe blood has been recommended 
for CMV seronegative patients with newly diagnosed malignant dis-
ease for whom bone marrow transplantation is a future option (33).  

The natural history of CMV infection indicates that immuno-
prophylaxis will protect against CMV disease (55). Until this is 
available on the therapeutic level, the prevention of transfusion 
transmitted CMV infection is recommended for CMV seronega-
tive immunocompromised patients. This can be achieved by us-
ing CMV seronegative blood and blood products or white blood 
cells depleted blood products. Also large scale screening of blood 
donors for CMV using different assays is recommended (27, 31). 

It can be concluded from this study that CMV seroprevalence 
was high among volunteer blood donors. Age and gender were 
statistically significant factors associated with CMV IgG concen-
tration. Relatively a low number (4) of blood donors had low and 
medium AI. Low and medium AI imply that they can effectively 
transmit CMV infections to recipients.

CONCLUSIONS AND RECOMMENDATIONS 

The use of the avidity assay as a screening tool for CMV among 
blood donors is highly suggested. The exclusion of the low and 
medium AI units will ensure the availability of a safe stock of 
blood units, hence eliminating the risk of CMV transmission to 
vulnerable groups. In addition, age and gender are two important 
factors that should be carefully studied to identify the target groups 
for follow up and implementation in future studies. Finally, further 
studies focusing on the relation between total IgG concentrations 
and avidity level should be considered.

Study Limitations 
One limitation of this study is the small number of samples 

tested, as we were restricted by the cost of used kits and our af-
fordable budget, though we used a sample size that was above 
the statistically calculated minimum number, based on a previous 
study on the urgency for CMV screening among blood donors.

Another limitation was that we could not follow up the blood 
units with low avidity levels to monitor infections among recipients.
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