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CMV diseases predominantly occur as an opportunistic infection in patients with severe 
immunosuppression, such as cancer and renal failure patients, and rarely occur in immunocompetent 
patients. This study aimed to investigate the prevalence of CMV infection in patients undergoing 
hemodialysis and to compare the results of different serological tests for CMV infection. Data were collected 
from 100 patients with renal failure and undergoing hemodialysis in the hemodialysis center of health 
insurance hospital in Tanta City, Gharbia Governorate, Egypt during the period from January 2007 to January 
2008. The data collected from the study patients included sociodemographic characteristics, history of blood 
transfusion and duration of hemodialysis. CMV/IgG, CMV/IgM and CMV/Ampilcor (PCR) tests were done for 
each studied patients. Cross-tabulation and Fisher exacts and McNamar’s tests as well as concordance 
agreement tests were

 
used. The mean age of the study patients was 42.0 ± 8.1 and most of them (60%) were 

males with the mean duration of dialysis was 1.8 ± 1.1 years. The seroprevalance of CMV antibodies among 
these acute patients was 98% using CMV/IgG, 11% using CMV/IgM and 30% by using CMV/Ampilcor (PCR). 
Comparing these findings showed highly statistically significant difference (P= 0.001). Sensitivity and 
specificity of CMV/IgG and IgM were varied compared to CMV/Ampilcor test. The IgM was less sensitive 
(30%) but highly specific (97%), so PCR is the gold standard test with concordance estimated to be 28%. For 
this test, sensitivity and agreement is increased with decreasing years of dialysis to become 40% and 43%, 
respectively. On the other hand, however, CMV/IgG appeared to be highly sensitive (93%) and not specific at 
all (0%), and the agreement with PCR is very low (3%). In summary, the choice of diagnostic IgM and IgG 
tests depends upon the duration of hemodialysis that might primarily determine the duration of infection, 
although the use of PCR testing appeared to be more convenient. 

ytomegalovirus (CMV) is a human β-

herpesvirus that has high 

seroprevalance in adults. CMV disease 

predominantly occurs as an opportunistic 

infection in patients with severe 

immunosuppression, such as cancer and renal 

failure patients, and rarely occurs in 

immunocompetent patients (Pass, 2001). 

Transmission of CMV infection may occur 

throughout life, chiefly via contact with 

infected secretions. Important routes of 

transmission include blood transfusion and 

solid organ transplantation (Ho, 1990). Before 

screening of blood products, transfusion-

associated CMV was an important cause of 

morbidity and mortality and post transfusion 

CMV still is a risk for CMV transmission 

(Heininger et al., 2001). CMV causes a 

variety of clinical syndromes in 

immunocompromised patients and disease 

manifestations vary in severity depending on 

the degree of host immunosuppression, with 

the most important clinical manifestations 

consisting of pneumonitis, gastrointestinal 

disease, and retinitis (Ho, 1990). 

During recent years, CMV has been 

discussed as an emerging pathogen in 

critically ill patients; however, the incidence 

of active CMV infection is controversial 

(Heininger et al., 2001; Jaber et al., 2005), 

and not all centers detected active CMV 

infections in critically ill patients (Stephan et 

al., 2005). Among critically ill patients, the 

highest incidence of active CMV infection 

was in patients with renal failure (Heininger et 

al., 2001). Many factors could lead to 
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acquiring CMV infection in hemodialysis 

patients e.g., transient immune exhaustion 

(compensatory anti-inflammatory response 

syndrome), blood transfusion and drugs 

(Prosch et al., 2000).  

Clinical diagnosis of CMV disease, 

without the use of virus diagnostics, is 

hampered by the fact that the clinical signs 

and symptoms are not very specific 

(Heininger et al., 2001). Hemodialysis 

patients are rarely monitored for active CMV 

infection; therefore, the development of active 

CMV infection remains unrecognized in most 

of these critically ill patients (Stephan et al., 

2005). Serological screening was incorporated 

into already-established
 

procedures, to 

establish a diagnosis of CMV infection in 

critically ill patients including renal failure 

patients. An initial detection
 
with CMV IgG 

and IgM are first used to determine the length 

of infection. Additional
 

diagnostic tests, 

including CMV DNA detection in blood
 

sample, are also conducted to allow 

assessment confirmation of the
 

serological 

diagnosis (Lazzarotto et al., 1999). However, 

no single confirming diagnostic test for CMV 

infection among immunosuppressed patients, 

including those of renal failure is currently 

available (Maine et al., 2000), except the 

studying of CMV genome. 

This study investigated the prevalence of 

CMV infection in patients undergoing 

hemodialysis in single hemodialysis center of 

health insurance hospital in Tanta City, Egypt, 

and to compare the results of different 

immunological tests for CMV infection.  

Patients and Methods 

This research study is conducted to detect the 

seroprevalance of cytomegalovirus infection (CMV) 

among patients undergoing hemodialysis by using 

CMV/IgG, CMV/IgM and CMV/Ampilcor tests and to 

compare the sensitivity and specificity of CMV/IgG, 

CMV/IgM as well as their agreements (concordances) 

with the result of CMV/Ampilcor test (gold standard 

test).  

The study collected data from 100 consenting patients 

with renal failure and undergoing hemodialysis in 

hemodialysis center of health insurance hospital in 

Tanta city, Egypt. The sample size is calculated to be 

90 patients on the basis of previous study estimating 

the seroprevalence of CMV by PCR among Intensive 

Care Unite (ICU) patients to be 32% (Von Muller et 

al., 2002), and to an assumed precision of 0.10 and 

confidence limit of 95%. Taking into account the 

defects that may occur during immunological analysis 

of the specimen, 100 patients were recruited. In order 

to minimize selection bias, patients were recruited 

randomly and in random days during the period from 

January 2007 to January 2008. The data collected from 

the study patients included sociodemographic 

characteristics (age, sex, educational level and 

occupation), history of blood transfusion and duration 

of hemodialysis. CMV/IgG, CMV/IgM and 

CMV/Ampilcor tests were done for each studied 

patients.  

Five ml venous blood was withdrawn from each 

patient in a sterile vacutainer tube containing heparin as 

anticoagulant. Plasma was separated and stored at-40°C 

to detect CMV IgG and IgM using ELISA technique 

and CMV DNA using Real –Time PCR. 

CMV/IgG and IgM were detected in patient serum 

by using a commercial microparticle enzyme 

immunoassay.  

Detection of CMV IgM by ELISA 

Bio Tina GmbH CMV- IgM semi-quantitative is a 

micro-well sandwich ELISA. The wells were coated 

with partially purified CMV antigens. The reference 

standard and test samples were incubated in the wells 

first, after incubation, the anti-CMV antibodies will 

bind with coated antigens and enzyme conjugate goat 

antihuman IgM chemically conjugated with 

Horseradish Peroxidase (HRP) was then added to bind 

immunologically to antigen bind complex on the solid 

phase. Unbound enzyme conjugate was washed off, 

addition of substrate and chromogen the intensity of 

color developed was proportional to the concentration 

of anti-CMV IgM in reference standards and test 

samples and quantified by use of a photometric well 

reader at 450nm wavelength (Karaat et al., 1992).  

Detection of CMV IgG by ELISA 

Purified CMV antigen was coated on the surface micro-

well. Diluted patients samples were added to the wells 

and the CMV IgG specific antibody, if present bind to 

antigen. All unbound materials were washed away. 

HRP-conjugate was added, which binds to the antigen-

antibody complex. Excess HRP-conjugate was washed 

off and a solution of TMP reagent was added. The 
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enzyme conjugate catalytic reaction was stopped at 

specific time. The intensity of color developed was 

proportional to the concentration of anti-CMV IgG in 

the sample. The results were readed by a micro- well 

reader compared in a parallel manner with calibrators 

and controls (Karaat et al., 1992).  

Detection of CMV DNA Using Real –Time PCR 

A- DNA extraction by QIA amp DNA Mini Kit from 
QIAGEN Company by Spin protocol 

Preparation of Reagents: (1) QIAGEN Protease stock 

solution: 1-2ml protease solvent was pipeted into the 

vial containing lyophilized QIAGEN protease and 

stored at2-8 °C. (2) Buffer AL: Buffer AL was mixed 

thoroughly by shaking before use and stored at room 

temperature. (3) Buffer AW1: Buffer AW1 was 

supplied as a concentrate and stored at room 

temperature. (4) Buffer AW2: Buffer AW2 was 

supplied as a concentrate and stored at room 

temperature. 

B- The Amplification of extracted DNA by artus CMV 
TM PCR Kit QIAGEN Company For use with the API 
PRISM 7700 (SDS) Sequence Detection System 
(Applied Biosystem) 

Pathogen diagnosis by PCR is based on the 

amplification of specific regions of the pathogen 

genome. In the real –time PCR the amplified product 

was detected via fluorescent dyes, these was usually 

linked to olignucleotide probes which bind specifically 

to the amplified products. Monitoring the fluorescence 

intensities during PCR run (i.e. in real time) allows the 

detection and quantitation of the accumulating product 

without having re-open the reaction tubes after PCR 

run (Mackay, 2004). 

At the initial evaluation; the antibodies were 

determined semiquantitatively by using ELISA 

(Medac, Hamburg, Germany). Patients with antibody 

indices >1 were considered antibody positive. To 

examine the CMV/Ampilcor test (PCR) result, a 

solution phase nested PCR was carried out on the DNA 

extracted
 
from all samples with primers specific to the 

major immediate-early (MIE) section of the CMV 

genome (Halwachs-Baumann et al., 2001).  

Administrative and ethical issues including 

autonomy, confidentiality and informed consent were 

obtained during all stages of the study. The data were 

analyzed by using statistical analysis software package 

(SAS, 2002). The continuous variables (age, frequency 

of blood transfusion and duration of dialysis) were 

presented as mean ± SD. For further analysis, these 

continuous variables were also classified in categories 

(age: < 40, 40 - < 50, and ≥ 50 years; blood transfusion: 

no and yes; duration of dialysis: < 3 and ≥ 3 years) and 

presented as number and percent. The categorical data 

(sex (male and female), clinical presentation, 

occupation, educational level, and the studied CMV 

tests (CMV/IgG, CMV/IgM and CMV/Ampilcor) as 

positive and negative) were presented as number and 

percent.  

 

 

The Curves of the results (Real time PCR) as the Gold 
Standard Test. 

 

Statistical Analysis 

Chi square tests (Fischer exact and McNamar’s tests) 

were used as appropriate. P. value < 0.05 was used as 

an indicator of a statistically significant difference in all 

analyses. Sensitivity and specificity of the studied 

CMV/IgG and CMV/IgM, as confirmed by 

CMV/Ampilcor, as well as its predictive value positive 

and negative are calculated using contingency 2X2 

tables. Testing the agreement between the results of the 

studied CMV tests among the studied patients and 

controls, kappa statistics (concordance analysis) were 

used. The data were treated and analyzed confidentially 

and anonymously. 
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Results  

This study is conducted to detect the 

prevalence of cytomegalovirus infection 

(CMV) among patients undergoing 

hemodialysis by using CMV/IgG, CMV/IgM 

and CMV/Ampilcor tests. The study also 

aimed to compare between the results 

CMV/IgG and CMV/IgM tests, regarding 

their sensitivity and specificity, and to 

compare their agreements (concordances) 

with the result of CMV/Ampilcor test.  

Table 1 presents the characteristics of the 

studied patients (n= 100). Most of the studied 

patients (85%) were less than 50 years with 

their mean age is 42.0±8.1, male patients 

represented 60% of the studied patients. 

About 60% of the study patients were 

educated to less than secondary school level. 

Patients reported professional occupations 

were 30%. The majority of the studied 

patients reported history of blood transfusion 

(76%) with mean number of transfusion is 

calculated to be 3.0±1.0. Also, most of the 

study patients reported to undergoing dialysis 

for less than 2 years (78%) with the mean 

duration of years are calculated to be 1.8±1.1.  

Table 1. Distribution of the studied hemodialysis patients (n= 100) by their characteristics (n= 100). 

Characteristics No % 

Age in years   

< 40 

40 – < 50 

≥ 50 

42 

43 

15 

42.0 

43.0 

15.0 

Age in years  

Mean ± SD  

Range 

42.0 ± 8.1 

27 - 62 

Sex  

Male  

Female 

60 

40 

60.0 

40.0 

Educational level   

Less than secondary 

Secondary and higher 

60 

40 

60.0 

40.0 

Occupation   

Non skilled 

Skilled 

Professional 

30 

40 

30 

30.0 

40.0 

30.0 

History of blood transfusion   

No 

Yes 

22 

78 

22.0 

78.0 

Frequency of blood transfusion   

mean ± SD 

Range 
3.0 ± 1.0 

0 - 6 

Duration of dialysis in years  

< 2 years 

≥ 2 years 

78 

22 

78.0 

22.0 

Duration of dialysis in years   

mean ± SD 

Range 

1.8 ± 1.1 

0.5 – 4.9 

* Data presented by mean ± SD and number and (%). 
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Table 2 presents the seroprevalance of CMV 

antibodies among the study patients by the 

results of CMV/IgG, CMV/IgM and 

CMV/Ampilcor tests. Ninety-eight patients 

(98%) showed positive CMV/IgG test. On the 

other hand, however, there were only 11 

positive patients (11%) using CMV/IgM and 

30 positive patients (30%) using the 

CMV/Ampilcor test. Comparing these 

findings using specific statistical test 

(McNamar’s test) showed highly statistically 

significant difference (P= 0.001).  

Table 2. Seroprevalance of CMV antibodies in the studied hemodialysis patients (n= 100) by the results of CMV/IgG, 
CMV/IgM and CMV/Ampilcor tests. 

Test Number % 

CMV/IgG   

Positive 

Negative 

98 

2 

98.0 

2.0 

CMV/IgM   

Positive 

Negative 

11 

89 

11.0 

89.0 

CMV Ampilcor test   

Positive 

Negative 

30 

70 

30.0 

70.0 

P. value of McNamar’s test 0.001* 

* P < 0.05 is significant 

 

Table 3 reveals the sensitivity and specificity 

of CMV/IgM when confirmed by the 

CMV/Ampilcor test. Out of 30 positive 

CMV/Ampilcor patients, there were 9 patients 

with positive CMV/IgM indicating sensitivity 

to be 30%. However, out of 70 negative 

CMV/Ampilcor patients, there were 2 patients 

with negative CMV/IgM indicating specificity 

to be 97.0%. Agreement (concordance) of the 

two tests is found to be 28% (moderate 

concordance) with upper and lower 

confidence interval to be 4 % and 62 % 

respectively. Analysis of agreement by 

duration of dialysis (<2 and ≥2 years) and 

history of blood transfusion (yes vs no) 

revealed increasing in the agreement with 

PCR test. The agreement increased to become 

43% among patients with < 2 years duration 

of dialysis. Also, the sensitivity in this group 

of patients increased to 40%. The estimated 

agreement, however, among the group of 

patients with ≥2 years duration of dialysis was 

about 14%. 
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Table 3. Sensitivity and specificity of CMV IgM confirmed by CMV Ampilcor test in the studied hemodialysis patients 
(n= 100) 

 
Positive 

CMV Ampilcor 

Negative 

CMV Ampilcor 
Total 

Positive CMV/IgM test 9 2 11 

Negative CMV/IgM test 21 68 89 

Total 30 70 100 

Kappa coefficient  0.28 (0.4 – 0.62) 

Sensitivity of CMV/IgM = 8 / 30 = 30 % 

Specificity of CMV/IgM = 68/ 70 = 97.0 % 

Predictive value positive of CMV/IgM = 9 / 11 = 82.0% 

Predictive value negative of CMV/IgM = 68 / 89 = 76.0% 

 

Table 4 reveals the sensitivity and specificity 

of CMV/IgG when confirmed by the 

CMV/Ampilcor test. Out of 30 positive 

CMV/Ampilcor patients, there were also 28 

patients with positive CMV/IgG indicating 

sensitivity to be 93.0%. However, out of 70 

negative CMV/Ampilcor patients, no patient 

with negative CMV/IgG was observed 

indicating specificity to be zero percent. From 

the data presented in this table, the predictive 

value positive of CMV/IgG is calculated to be 

28.0%. Agreement of the two tests is very 

weak and it is measured to be 3% with upper 

and lower confidence interval to be 1% and 

7% respectively. No differences in agreement 

was detected by stratified analysis according 

history of blood transfusion and duration of 

dialysis, although of slight increasing in 

agreement observed among patients with 

duration of dialysis ≥2 years (15%). 

Table 4. Sensitivity and specificity of CMV/IgG confirmed by CMV Ampilcor test in the studied hemodialysis patients 
(n= 100) 

 
Positive 

CMV Ampilcor 

Negative 

CMV Ampilcor 
Total 

Positive CMV/IgG test 28 70 98 

Negative CMV/IgG test 2 0 2 

Total 30 70 100 

Kappa coefficient  0.03 (0.01 – 0.07) 

Sensitivity of CMV/IgG = 28 / 30 = 93.0 % 

Specificity of CMV/IgG = 0/ 70 = 0.0 % 

Predictive value positive of CMV/IgG = 28 / 98 = 29.0% 

Predictive value negative of CMV/IgG = 0 / 2 = 0.0% 
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Discussion 

While CMV is well known as a cause of 

serious illness in immunosuppressed patients, 

it is now being discussed as a pathogen of 

emerging importance for patients with renal 

failure undergoing hemodialysis. Generally, 

CMV infection is not recognized in such 

patients because these critically ill patients are 

not routinely monitored for CMV infection. 

This study is conducted to estimate the 

seroprevalance of CMV infections among the 

renal failure patients undergoing hemodialysis 

in Tanta health insurance hospital and to 

compare between the results of CMV/IgG, 

CMV/IgM and CMV/Ampilcor tests using the 

sensitivity and specificity measures as well as 

the agreement between the studied tests. 

This study included 100 patients 

undergoing hemodialysis with their mean age 

is 42.0±8.1 and mean duration of dialysis is 

1.8±1.1 years. The seroprevalance of CMV 

infection among these patients was 98% using 

CMV/IgG, 11% using CMV/IgM and 30% by 

using CMV/Ampilcor (PCR). Comparing 

these findings using specific statistical test 

showed highly statically significant difference 

(P= 0.001). Consistent with this finding, 

CMV infection was detected by sensitive 

quantitative pp65-antigenemia assay in 8 

(32%) of the studied 25 ICU patients (Von 

Muller et al., 2002) and CMV IgM antibodies 

were found in only 12%. In 

immunocompetent and ICU patients, CMV 

detection in blood is thought
 
to be indicative 

of a primary and recent CMV infection 

(Revello et al., 1998).  

In the present
 

study, CMV/ampilcor 

positive test was detected in 30 patients. The 

base rate of CMV IgG seroprevalence in these 

patients was 98%, while the seroprevalance 

with the use of CMV/IgM was only 11%. 

CMV IgM has been shown to peak during the 

first 1 to 3 months
 
after primary infection and 

then persist at
 
a low level for 18 to 39 weeks, 

with detection depending upon
 

both the 

individual patient and the sensitivity of the 

IgM assay
 

used (Daiminger et al., 1999). 

After the initial onset of infection the rise
 
in 

IgM titer may occur prior to the rise in IgG 

titer. In this study the mean duration of 

dialysis was about two years (1.8±1.1) and 

this may explain why only 11 % of patients 

were positive using CMV/IgM compared to 

98% positive CMV/IgG test. 

To ensure that all CMV IgM-positive 

samples were detected
 
and, the sensitivity and 

specificity of this test is measured according 

to CMV/Ampilcor test. The sensitivity is 

found to be low (30%) and specificity to be 

very high (97%). In agreement with published 

findings,
 
sensitive CMV IgM

 
tests may have a 

high number of false-positive results 

(Daiminger et al., 1999; Maine et al., 2000) 

which explain the low sensitivity observed in 

this study. Although the low sensitivity, the 

high specificity of this test increases slightly 

the calculated concordance (28%) of the test 

with the results of Ampilcor test.  

Examining the sensitivity and agreement of 

IgM test by duration of dialysis revealed 

increasing in both sensitivity and agreement 

with Ampilcor to become 40% and 43% 

respectively. This finding might suggest the 

value of this test to diagnose recent infection, 

assuming that all the infected patients 

acquired infection after starting of analysis, 

and appeared to be consistent with the 

previous study report in such context 

(Daiminger et al., 1999). This is also 

supported by reducing of the agreement of 

this test with PCR inpatients with ≥2 years 

duration of dialysis by about 50 %; the 

estimated agreement among this group of 

patients was about 14% in comparison with 

28 % estimated for all the studied patients. 

On the other hand, however, all CMV/IgG 

results were verified by CMV/Ampilcor 

testing, and the sensitivity was 98% and 0% 

specificity. This indicates that the use of a 



Prevalence of CMV Infection Among Patients Undergoing Hemodialysis 40

sensitive CMV IgG test ensured that
 

all 

individuals at risk of a primary recent 

infection were identified, although the 

concordance in this study was very low (3%). 

The increasing in agreement of this test with 

Ampilcor results that observed among patients 

with duration of dialysis ≥ 2 years to become 

15%, may suggest a value for this test in 

remote but not in recent infection, assuming 

that all the infected patients acquired infection 

after starting of analysis. 

Because of shortage of data about the 

sensitivity and specificity of IgG and IgM 

tests compared to PCR in the diagnosis of the 

CMV infection, particularly among 

hemodialysis patients, this study may open the 

door for other studies to touch such subject. 

Also, the random method by which the 

sample was taken helps to minimize greatly 

the liability of selection bias. However, the 

inclusion of only one hemodialysis center in 

this study might hamper the generalization of 

the results and caution should be taken. 

In summary, this study suggests that CMV 

is a pathogen of emerging importance that can 

no longer be ignored for patients with renal 

failure. The choice of diagnostic IgM and IgG 

tests in the diagnosis of CMV infection 

depends upon the duration of hemodialysis 

that might primarily determine the duration of 

infection. Because of the observed low 

agreement observed between IgG and IgM 

and Ampilcor (PCR) testing, particularly 

among patients with increasing duration of 

dialysis, the use PCR test, although expensive, 

appeared to be more convenient. In addition, 

this study may stimulate future other studies 

aimed at diagnosing and preventing CMV-

associated illness of patients with renal failure 

undergoing hemodialysis. 
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