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children, the virus is usually transmitted through infected 
saliva. In adolescents and adults, sexual transmission is 
an important route. Moreover, CMV can be transmitted by 
blood transfusion and organ transplantation.[6]

Primary CMV infections are usually asymptomatic in 
otherwise healthy children and adults. However, the 
incidence and spectrum of disease in immunocompromised 
people establish this virus as an important human 
pathogen.[7,8] Moreover, there are number of reports 
of severe clinical manifestations of CMV infections in 
immunocompetent patients.[9‑11]

It has been well documented that hemodialysis patients 
have impaired immune response, which may result in 
higher prevalence rates of viral infections, including 
CMV.[12‑14] Infections in these patients may be due to primary 
infection or, more commonly, by reactivation of latent 
virus or re‑infection with exogenous virus, which may be 
introduced by blood transfusion or kidney transplant.[6,15]

The aim of this study was to analyze the prevalence and 
dynamics of CMV infection among patients in end‑stage 
renal disease undergoing chronic hemodialysis.
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ABSTRACT

Cytomegalovirus (CMV) is an important pathogen in immunocompromised individuals. The aim of this study was to analyze 
prevalence and dynamics of CMV infection among patients undergoing chronic hemodialysis. From 2010 to 2012, a total 
of 162 patients and 160 control subjects were tested for the presence of CMV IgM and IgG antibodies using enzyme‑linked 
immunosorbent assay. IgM/IgG reactive samples were further evaluated for IgG avidity to confirm or rule out recent primary 
CMV infection. The overall IgG seropositivity was higher in hemodialysis patients compared to controls (90.7% vs. 81.9%; crude 
odds ratio [OR] =2.02, 95% confidence interval [CI] =1.05–3.89; OR adjusted for age and gender = 2.18, 95% CI = 1.05–4.55). 
CMV IgG antibody titers were similar in both groups. There was no difference in CMV prevalence between males (87.9%) and 
females (96.3%). According to age, a progressive increase in seropositivity was observed in both hemodialysis patients and 
the control group. Three hemodialysis patients (1.9%) developed recurrent CMV infection (positive IgM with high avidity IgG 
antibodies). In one patient (2.9%), seroconversion was documented during the second year of the follow‑up period indicating 
primary infection. In contrast, in the control group, recent primary CMV infection (positive IgM with low/borderline IgG avidity) was 
demonstrated in three subjects (1.9%), whereas one (0.6%) developed recurrent infection. On multivariate logistic regression, 
hemodialysis and older age were significant predictors for CMV seropositivity.
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Introduction

Cytomegalovirus (CMV) is a ubiquitous virus that infects 
people throughout the world. The prevalence of antibodies 
in adults varies in different geographic regions, from 
40%‑100%, with lower rates in Europe, parts of North 
America and Australia, and higher rates in Africa and 
Asia.[1‑5] Most infections are acquired by close personal 
contact with infected individuals. CMV has been detected 
in many body fluids, including saliva, urine, blood, 
cervicovaginal secretions, semen and breast milk. In 
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Materials and Methods

During a 3‑year period  (2010–2012), serum samples 
from 162 consecutive patients undergoing chronic 
hemodialysis were tested for the presence of CMV‑specific 
IgM and IgG antibodies. The control group consisted of 
160  patients presenting for routine check‑up with no 
symptoms of acute febrile disease (antenatal screening, 
couples undergoing medically assisted reproduction, 
elective preoperative check‑up). Patients and controls 
did not differ significantly in age (P = 0.413). The mean 
patient age was 53.7 ± 12.4 (range 21–78) years, whereas 
the mean age of control subjects was 52.5 ± 12.4 (range 
26–79) years  [Figure  1]. A  subset of 34 hemodialysis 
patients, enrolled in the transplant program, was 
evaluated during a period of 2 years on the request of 
the referring physician.

Anti‑CMV IgM and IgG antibodies were detected 
using a commercial enzyme‑linked immunosorbent 
assay  (ELISA)  (ETI‑Cytok M/ETI‑Cytok G; DiaSorin, 
Saluggia, Italy) and expressed in arbitrary units (AU/ml). 
Samples with absorbance values greater than or equal 
to the cut‑off value + 10% are considered positive. All 
IgM/IgG‑positive samples were further tested for IgG 
avidity to confirm or to rule out acute CMV infection. The 
determination of IgG avidity was carried out with urea as 
the denaturing agent using a commercial assay (Avidity: 
Anti‑CMV ELISA IgG, Euroimmun, Lübeck, Germany). 
The IgG avidity index (AI) was calculated and expressed 
as percentage using the OD values with and without urea 
treatment and interpreted as follows: AI < 40% = low 
avidity antibodies indicating recent primary CMV infection; 
AI 40–60% = borderline avidity; AI > 60% = high avidity 
antibodies indicating past CMV infection.

Statistical analysis
Groups of categorical variables were compared by 

Figure 1: Age distribution of study participants

Fischer’s exact test. Since distributions of numerical 
variables were not significantly different from normal 
distribution  (Kolmogorov–Smirnov test), t‑test for two 
groups’ comparison was used. The strength of association 
between dependent  (IgG positivity) and independent 
variables was assessed by univariate and multiple logistic 
regression. The analysis was performed using software 
package STATA/IC 11.2 for Windows (StataCorp LP, USA).

Results

Cytomegalovirus IgG antibodies were detected in 
147/90.7%  (95% CI  =  84.4–94.2) hemodialysis 
patients and 131/81.9%  (95% CI  =  75.0–87.5) 
control subjects  [Table  1]. Logistic regression showed 
that the overall CMV IgG positivity in hemodialysis 
patients was significantly higher than in controls: 
Crude OR was 2.02  (95% CI  =  1.2–4.35), while 
OR adjusted for  age  and gender  amounted 
2.18 (95% CI  =  1.0–4.25)  [Table  2]. According to 
age, a progressive increase in IgG seroprevalence was 
observed in both hemodialysis patients (73.3%−96.8%) 
and control group  (42.9%−89.3%). Comparing 
seropositivity between the same age groups, patients 
on hemodialysis younger than 34  years had almost 
two times higher prevalence than control subjects 
(73.3% vs. 42.9%)  [Table  1]. Older age group was a 
significant risk factor for CMV seropositivity [Table 2]. 
CMV seroprevalence did not differ significantly between 
males and females (OR = 1.22, 95% CI = 0.65–2.29).

Levels of CMV IgG titers in patients and controls are 
presented in Figure 2. A nonsignificant higher proportion 
of hemodialysis patients (22.8%) showed a very high IgG 
titer exceeding the upper cut‑off (>10 AU/ml) compared 
to 16.4% of controls. The proportions of participants with 
lower CMV titers were similar in both groups (P = 0.219).

Cytomegalovirus IgM antibodies were detected in three 
(1.9%) hemodialysis patients and four (2.5%) controls. All 
three IgM‑positive hemodialysis patients showed evidence 

Figure 2: Cytomegalovirus IgG antibody titers in hemodialysis patients 
and controls
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of recurrent CMV infection (IgG avidity 81%, 83% and 
95%, respectively). One initially seronegative hemodialysis 
patient (0.6%) seroconverted during the second year of 
the follow‑up period. Three participants  (1.9%) in the 
control group developed primary CMV infection. One 
of them demonstrated low IgG avidity  (29%) and two 
demonstrated borderline IgG avidity  (42% and 58%, 
respectively). One control subject  (0.6%) developed 
recurrent infection (IgG avidity 83%).

Discussion

Cytomegalovirus is one of the most frequently encountered 
opportunistic viral pathogens in immunocompromised 
individuals, including hemodialysis patients.[16] There 
are several published articles on seroprevalence of 
CMV among hemodialysis patients in Europe in 1990s. 
The prevalence of CMV antibodies in this population 
is reported to be 67% in Italy,[17] 80% in the Czech 
Republic,[18] 83% in Germany[19] and 99.3% in Serbia.[20] 
A study conducted in the Netherlands in 2007 showed a 
seroprevalence rate of 68.7% among Dutch patients.[12]

In Croatia, there are very few data on the prevalence of 
CMV infection. The only published study conducted from 
2005 to 2009 among childbearing‑aged women showed 
a seropositivity rate of 75.3%.[4] In the Croatian general 
population, overall CMV seroprevalence is reported 

to be 63%  (78% in adults; unpublished data of the 
laboratory for virologic serologic diagnostics, Croatian 
National Institute of Public Health). Results of this study 
showed a significantly higher CMV seropositivity among 
hemodialysis patients (90.7%) compared to the healthy 
control group (81.9%). Studies conducted in Germany[19] 
and in Turkey[21] showed similar results, while in a Dutch 
study, the percentage of CMV‑seropositive hemodialysis 
patients was in the range of the reported prevalence in 
the general population.[12] A higher CMV prevalence in 
hemodialysis patients could be explained by the acquisition 
of CMV through repeated blood transfusions or exposure 
to CMV during hemodialysis procedures. In hyperendemic 
areas such as Saudi Arabia and Sudan where high 
percentages of CMV in the population (up to 100%) were 
reported, the differences among hemodialysis patients and 
the general population were not observed.[22‑24]

In this study, no significant difference in CMV IgG antibody 
titers between hemodialysis patients and controls was 
documented. In contrast, a study conducted in Thailand 
showed higher mean antibody titer in patients on hemodialysis 
compared to healthy controls. However, the overall prevalence 
in both groups was reported to be 100%.[13]

Our results showed that age was a significant risk 
factor for CMV seropositivity. A  progressive increase 
in seroprevalence with age was observed in both 
hemodialysis patients and controls. Age‑related increase 
in the seroprevalence of CMV antibodies has also been 
shown in some other studies.[12‑25]

Females generally had higher CMV seroprevalences 
than males, although in most studies the differences 
were small.[2,25,26] This study showed similar results 
(seroprevalence in women and men was 96.3% and 
87.0%, respectively).

Among immunosuppressed individuals, reactivation of 
latent CMV infection seems to be more frequent than that 
experienced by the general population.[7,20] Reactivation 
of CMV in hemodialysis patients may be caused by the 

Table 1: Prevalence of CMV IgG antibodies in hemodialysis patients (n=162) and control group (n=160)
Characteristic Hemodialysis patients Control group

Tested n (%) CMV IgG n (%) 95% CI Tested n (%) CMV IgG n (%) 95% CI
Overall 162 (100) 147 (90.7) 84.4-94.2 160 (100) 131 (81.9) 75.0-87.5
Gender

Male 108 (66.7) 95 (87.9) 79.2-92.7 56 (35.0) 49 (87.5) 75.9-94.8
Female 54 (33.3) 52 (96.3) 87.3-99.5 104 (65.0) 82 (78.8) 69.7-86.2

Age groups (years)
≤34 15 (9.3) 11 (73.3) 44.9-92.2 14 (8.8) 6 (42.9) 17.7-71.1
35-49 36 (22.2) 31 (86.1) 70.5-95.3 47 (29.4) 39 (83.0) 69.2-92.4
50-64 80 (49.4) 75 (93.7) 84.4-97.2 71 (44.4) 61 (85.9) 75.6-93.0
65+ 31 (19.1) 30 (96.8) 83.3-99.9 28 (17.5) 25 (89.3) 71.8-97.1

CMV: Cytomegalovirus, CI: Confidence interval

Table 2: Logistic regression analysis for the risk of CMV 
IgG seropositivity
Characteristic OR 95% CI 

(OR)
AOR** 95% CI 

(AOR)
Control group (referent) 
versus hemodialysis

2.02* 1.05-3.89 2.18* 1.05-4.55

Female (referent) 
versus male gender

1.22 0.65-2.29 ‑ ‑

Age group (years)
≤34 Referent
35-49 3.80* 1.47-9.80 ‑ ‑
50-64 5.66* 2.42-14.69 ‑ ‑
65+ 9.71* 2.77-34.06 ‑ ‑

*Significant at 0.05 level, **OR adjusted for gender and age group. 
OR: Odds ratio, CI: Confidence interval, AOR: Adjusted odds ratio, 
CMV: Cytomegalovirus
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uremia‑associated immunodeficiency in these patients.[12] In 
this study, the prevalence of active CMV infection (detection 
of IgM antibodies) was similar among hemodialysis patients 
and control group (1.9% vs. 2.5%). Recurrent CMV 
infection was documented in all hemodialysis IgM‑positive 
patients (two of them reported recurrent infection during 
the second year), compared to one control subject. None 
of them reported symptoms of CMV infection. Infection 
was not confirmed by nucleic acid testing since PCR is 
not routinely performed in asymptomatic patients. In 
three participants from the control group, low/borderline 
avidity was demonstrated indicating recent primary CMV 
infection. In addition, primary infection was confirmed by 
seroconversion in one initially seronegative hemodialysis 
patient during the second year of follow‑up period.

Conclusion

The results of this study indicate that being on 
hemodialysis and older age are significant risk factors 
affecting CMV seropositivity. A  high proportion of 
hemodialysis patients (90.7%) are seropositive to CMV. 
Since primary CMV infection remains a concern due to 
its potential for severe disease in immunocompromised 
individuals, identification of seronegative individuals is 
important in preventing this disease.
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