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Abstract: The human cytomegalovirus (CMV) is a 
ubiquitous pathogen and an important factor contrib-
uting to morbidity and mortality in patients with he-
matologic malignancies. Serological demonstration of 
prior exposure to CMV is essential in this population. 
A number of factors including gender and age may 
influence CMV seropositivity in patients with B-cell 
neoplasms as they do in healthy individuals. Herein, 
we have investigated CMV serostatus in non-trans-
planted patients with lymphoid B-cell malignancies. 
Significance of gender, age, and the underlying type 
of lymphoid cancer in connection to seroprevalence 
were examined.

Blood samples of seventy adult patients were 
screened for CMV IgG and IgM antibodies by means 
of an enzyme linked immunosorbent assay (ELISA). 
Group comparisons were performed using pertinent 
statistical tests and data were analyzed using IBM SPSS 
20.0 statistical software.

The overall CMV seroprevalence was 88.6%. The 
acquisition of CMV was greater in females (p=0.266) 
and older patients (p=0.07) than male and younger in-
dividuals. The largest seroprevalence was evidenced in 
patients >60 years (95.2%). Age was ostensibly co-in-
cremental with the degree of CMV exposure (p=0.054). 
The extent of CMV seropositivity and the particular 
type of B-cell malignancy were not related (p=0.339).

CMV seroprevalence in patients with lymphoid 
B-cell neoplasms is higher in females and older indi-
viduals, without predilection for a particular type of 
underlying neoplasm. 

Keywords: cytomegalovirus, seroprevalence, demo-
graphic characteristics, hematologic malignancy, 
B-cell lymphoma

1. Introduction

The human cytomegalovirus (CMV) is a pathogen 
with a worldwide distribution. The risk of contract-
ing the virus is continuous and lifelong (Hecker et 
al. 2004), with a primary encounter occurring in 
most individuals during the first twenty years of 
life (Alshammari, 2017). As with all Herpesviridae, 
CMV establishes a lasting persistence within the 
host. More than half of the adults over the age of 
40 have had previous contact with CMV (Centers 
for Disease Control and Prevention [CDC], 2020). 
This percentage increases up to 90-100% in some 
regions of the world where the virus is acquired in 
early childhood (Knox, 1983). The overall seroprev-
alence demonstrates great variability depending 
on a variety of circumstances. A plethora of factors 
contribute to CMV seropositivity: age (Ahlfors, 



Microbiology (Mikrobiologija) / Vol. 45 / No. 1� SERBIAN SOCIETY FOR MICROBIOLOGY

28

1984; Hecker et al. 2004; Staras et al. 2006), gen-
der (Hecker et al. 2004; Bate et al. 2010; Varga et al. 
2011), socioeconomic status (Marshall et al. 1993; 
Cannon et al. 2010; Lachmann et al. 2018), current 
smoking (Lachmann et al. 2018), level of education 
(Lachmann et al. 2018), number of sexual partners 
(Lachmann et al. 2018), childcare practices (Staras 
et al. 2006), different cultural conditions or customs 
related to breastfeeding (Staras et al. 2006), to name 
some of them. 

A predominantly benign infectious agent in the 
healthy population, CMV is a notorious etiological 
driving force behind morbidity and mortality in pa-
tients with hematologic malignancies. CMV infec-
tion/reactivation may be considered among the most 
significant viral complications of allogeneic hemato-
poietic stem cell transplantation (HSCT) (Ljungman 
et al. 2004). Information on the prior exposure to 
this pathogen is important to obtain. Screening for 
the evidence of previous contact with CMV relies on 
serology. Determining donor and recipient serosta-
tus belongs to precepts of transplantology, as it can 

influence the outcome of allogeneic HSCT (Ljungman 
and Brandan, 2007). 

In the present study, we investigated CMV sero-
prevalence in 70 patients with lymphoid B-cell malig-
nancies in relation to age, gender, and type of under-
lying blood cancer.

2. Materials and methods

2.1. Terminology
CMV seropositivity is defined by the presence of an-
ti-CMV IgG antibodies in the serum, indicating a prior 
contact with the pathogen. CMV seroprevalence is 
classified as the prevalence of CMV seropositivity in 
a particular population (Cannon et al. 2010).

2.2. Study group
The subject cohort comprised 70 patients hospitalized 
in the Clinic of Hematology, University Clinical Center 
of Serbia, Belgrade, Republic of Serbia. All patients 
were of Caucasian descent. The males were slightly 
preponderant (33/37 = f/m; gender ratio, 0.89).
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IgG positive IgG negative p-values

Population 62 (88.6%) 8(11.4%)

Age (median (IQR), years) 57 (14) 44 (28) 0.070a

Age categories
21-40 9 (69.2%) 4 (30.8%)
41-60 33 (91.7%) 3 (8.3%) 0.054b

61-80 20 (95.2%) 1 (4.8%)
Gender
Male 31 (83.8%) 6 (16.2%)

0.266c

Female 31 (93.9%) 2(6.1%)

Diagnoses
Hodgkin lymphoma 13 (76.5%) 4 (23.5%)
Non-Hodgkin lymphoma 33 (94.3%) 2 (5.7%)
CLL 8 (88.9%) 1 (11.1%)
Waldenstrom macroglobulinemia 2 (100%) 0 0.339c

B-cell lymphoma, NOS 2 (100%) 0
Multiple myeloma 2 (66.7%) 1 (32.3%)
Hairy cell leukemia 2 (100%) 0
Antiviral therapy (Acyclovir)*
Yes 17 (81 %) 4 (19%)

0.438°
No 34 (89.5%) 4 (10.5)
Chemotherapy * *
Yes 27 (90%) 3 (10%)

0.706c

No 25 (83.3%) 5 (16.7%)

* data missing for 11 patients; ** data missing for 10 patients; a Mann-Whitney U test; b Mantel-Haenszel 
chi square test for trend; c Fisher’ exact test

Table 1. Patient characteristics with regards to seroprevalence.
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The mean age of the cohort was 52.3 years (range 
21-73) with the females aged 48.1 years (range 21-
73) and males aged 56 years (range 27-73). The age 
difference was not significant (p=0.073).

The patients were categorized on the grounds of 
age: 21-40 years (13 subjects, 18.6%), 41-60 years (36, 
51.4%) and >60 years (21, 30%). Age categories were 
partitioned into 20- year clusters rather than 10- year 
groups, because of small frequencies that may have 
interfered with statistical inferences. 

The patient characteristics are presented in Table 1. 
All patients were diagnosed with a lymphoid B-cell 

neoplasm. None of them were elected for HSCT. Thirty 
patients (42.8%) were on chemotherapeutic protocols 
at the time of sampling. The therapeutic regimens ad-
ministered are showed in Table 2. 

Table 2. Chemotherapy regimens used in the study.

Treatment Number of patients

ABVDw 2

BEAM 1

CHOP 3

COP 1

DHAP 10

R-DHAP 1

Endoxan 1

ESHAP 1

PAD 1

R-EPOCH 1

R-CHOP 8

Without treatment 30

ABVD – Doxorubicin hydrochloride (Adriamycin), 
Bleomycin sulfate, Vinblastine sulfate, and 
Dacarbazine
BEAM – Carmustine (BiCNU), Etoposide, 
Cytarabine (Ara-C, cytosine arabinoside), 
Melphalan
R-CHOP – Rituximab, Cyclophosphamide, 
Doxorubicin hydrochloride, Vincristine (Oncovin), 
Prednisolone
CTD – Cyclophosphamide, Thalidomide, 
Dexamethasone
DHAP – Dexamethasone, High-dose Ara-C, 
Platinol (cisplatin)

ESHAP – Etoposide, Methylprednisolone, High-
dose Ara-C, Cisplatin
PAD – Bortezomib, Doxorubicin, Dexamethasone
R-CD – Rituximab, Cyclophosphamide, 
Dexamethasone
P-CVP – Rituximab, Cyclophosphamide, 
Vincristine, Prednisolone
R-EPOCH – Rituximab, Etoposide, Prednisone, 
Vincristine, Cyclophosphamide, Doxorubicin

Twenty-one patients (30%) received preventive 
doses of Acyclovir and 38 (54.3%) did not. Informa-
tion regarding antivirals was missing in 11 (15.7%) 
patients. Antiviral prophylaxis for CMV infection was 
not routinely instituted. 

2.3. Sample collection and analysis
Sampling was approved by the Ethics Committee of the 
Medical Faculty, University of Belgrade, with patients 
signing an informed consent. Blood samples were 
collected between February and November 2017 by 
venipuncture using standardized red-top vacutain-
ers. Serologic analyses were performed at the Virol-
ogy Laboratory of the Institute of Microbiology and 
Immunology, Faculty of Medicine, University of Bel-
grade. Antibody presence and classes were screened 
by using commercial anti-CMV ELISA IgM and IgG 
kits (Euroimmun, Lubeck, Germany), with antibody 
detection carried out via spectrophotometric analysis 
on an ELISA Reader 270 (bioMérieux, Paris, France). 

2.4. Statistical analysis
Results are presented as count (percent) or median (in-
terquartile range) depending on the data type. Group 
comparisons were performed using Fisher’s Exact 
test, Mann-Whitney U tests and Mantel-Haenszel 
Chi-square test for trend. All p-values <0.05 were 
considered significant. All data were analyzed using 
SPSS v. 20.0 statistical software (IBM SPSS Statistics 
for Windows, Version 20.0. Armonk, NY: IBM Corp.).

3. Results

The total CMV seroprevalence was 88.6% (62/70 pa-
tients). All patients were successfully tested for IgG 
antibodies. For technical reasons, conclusive evidence 
for the presence of IgM antibodies could not be ob-
tained in 12 (17.1%) patients. 

The IgG seropositivity was 83.8% in males and 
93.9% in females. Although more females were IgG 
positive, statistical significance was not reached 
(p=0.266). All of the patients in whom the IgG antibod-
ies were absent also tested negative for IgM. CMV se-
ropositivity as regards gender is presented in Figure 1.

29
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Overall, 3 (5.2%) patients were IgM positive, while 
5 (8.6%) were borderline positive (an equivocal result). 
The rest (50 patients, 86.2%) were IgM negative and 
information concerning IgM antibodies was not re-
covered in 12 patients. 

In the male group only a single patient (3.2%) was 
IgM positive. Two (6.5%) samples gave an equivocal 
result. The rest of the males (90.3%) were IgM negative. 

In female patients, 2 (7.4%) and 3 (11.1%) mani-
fested IgM positive and equivocal results, respectively. 
The remaining 22 females (82.5%) were IgM negative. 
Women manifested more IgM positive events than 
men but the difference was not significant (p=0.620). 
The level of significance was not attained even if equiv-
ocal results were interpreted as positive (p=0.453). 

The CMV IgG positivity was higher in older par-
ticipants than in the younger ones. This difference was 
close to significance (p=0.07). 

Seroprevalence steadily increased from the first to 
the last age group, with the distribution across the age 
categories shown in Figure 2. 

Taking into account all age categories, there 
was no significant difference in CMV seropositivi-
ty between them; however, significance was almost 
achieved with p=0.054 (Mantel-Haenszel chi-square 
test for trend). 

With regard to an underlying B-cell cancer, 2/2 
subjects with hairy cell leukemia, 2/2 with Walden-
ström macroglobulinemia, and 2/2 with non-specified 
B-cell lymphoma (2/2) were IgG positive. However, 
there were too few patients. Patients with non-Hod-
gkin lymphoma (33/35, 94.3%) boasted most CMV IgG 
positives, followed by those with chronic lymphocytic 
leukemia (CLL) (8/9, 88.9%) and Hodgkin lymphoma 
(13/17, 76.5%). The lowest CMV seroprevalence was 
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Figure 1. The prevalence of cytomegalovirus IgG antibody 
and gender.

Figure 2. Distribution of cytomegalovirus seropositivity 
across distinct age groups.

Figure 3. A vis-à-vis CMV seroprevalence by country referred to in the present research.
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noted in patients diagnosed with multiple myeloma 
(2/3, 66.7%); again, the cohort was too small. Gen-
erally, CMV seropositivity did not correlate with the 
basic hematological neoplasm (p=0.339). The sero-
prevalences from other works referred to in this study 
are represented in Figure 3.

4. Discussion

To the best of our knowledge, this is the second 
study investigating CMV seroprevalence in adults 
with hematologic B-cell malignancies in the Re-
public of Serbia. The overall CMV seroprevalence 
in our study group was 88.6%. Similar results were 
reported in two demographically distinct popula-
tions, Brazil and Australia, with the respective se-
roprevalences of 89.4% (De Matos et al. 2011) and 
86.11% (Ng et al. 2005). A possible bias should be 
noted, however, as from the latter study included 
only 36 patients. A comparable percentage of CMV 
positivity was reported by Xuan et al. (2012; Guang-
zhou, China), where 91.35% of subjects afflicted by 
various hematologic neoplasms were previously in 
contact with the virus. A study of multiple myeloma 
and lymphoma patients from Italy by Marchesi et al. 
(2015) observed a seroprevalence of 93%; an iden-
tical prevalence was noted in another Italian work 
involving patients with acute myeloid leukemia 
(Capria et al. 2010). Prior contact with CMV was 
verified in 95.4% of approximately 500 patients with 
diverse hematologic malignancies in Saudi Arabia 
(Abdul et al. 2019). An even greater occurrence was 
reported by Liu and coworkers (Taiwan) with 96.4% 
of recipients of the allogeneic HSCT being CMV 
IgG positive (Liu et al. 2012). 

Reports on the CMV seroprevalence in blood 
cancer patients are similar to our population of B-cell 
neoplasms, although there are some exceptions. In a 
cohort of Swedish patients from a multicenter study 
(Bernson et al. 2018), only 70% of patients were pos-
itive for CMV IgG. A study from Hungary involving 
patients with lymphoid and myeloid hematologic 
malignancies and other hematologic diseases re-
ported 75.5% of patients with CMV‒specific IgG 
antibodies (Piukovics et al. 2017). Significantly less-
er numbers were noted by Ljungman and Brandan 
(Ljungman and Brandan, 2007) with 53.9% of hema-
tological patients seropositive for CMV. This study 
covered more than 40,000 patients but their smaller 
prevalence may be explained by younger age of the 
examinees (mean age, 31 years), as it is known that 
CMV seropositivity tends to rise with age (Ahlfors, 
1984; Hecker et al. 2004; Staras et al. 2006). Another 
factor contributing to a low prevalence may be a de-
mographic one. Namely, their data included patients 

from socioeconomically developed European states 
(Netherlands, Belgium, France, Spain, Italy, United 
Kingdom, Germany, and Nordic countries). Hence, 
a younger age and better socioeconomic status (Mar-
shall et al. 1993) may be an explanation for a lower 
prevalence of CMV contacts in the mentioned study 
(Ljungman and Brandan, 2007). 

As there are several different routes of virus trans-
mission, natural variations in CMV prevalence relative 
to gender and age are expected. Geographic location 
is a risk in itself as reflected by a differential preva-
lence between countries (Ahlfors, 1984; Hizel et al. 
1999). Additionally, variations within a single country 
have been observed (Gratacap-Cavallier et al. 1998). 
A conspicuously lower CMV prevalence was reported 
by Kollman et al. (2001, USA) where only 49% of the 
graft recipients had a prior CMV infection. Similar-
ly, research on consecutive HSCT recipients in USA 
yielded a seropositivity of 49.1% (Nichols et al. 2002). 
Considerably lesser seropositive proportions in these 
two studies are in line with a lower age-adjusted fre-
quency of CMV infection in the USA (50.5%) (Bate 
et al. 2010). 

Virus pervasiveness among the patient cohorts 
may have been influenced by differences in cohort 
sizes, age, gender ratio, and the methodology used 
for antibody detection. We did not account for the 
socio-economic background of the subjects, smoking 
habits, number of different sexual contacts, childcare 
practice, different cultural conditions or customs re-
lated to breastfeeding, etc. These may also have an 
impact on serostatus of the patients (Marshall et al. 
1993; Staras et al. 2006; Cannon et al. 2010; Lachmann 
et al. 2018). 

Females have a higher proportion of CMV sero-
positivity than males (Hecker et al. 2004; Bate et al. 
2010; Varga et al. 2011). Our study is in support of 
these findings, albeit significance was not attained in 
our population (p=0.266). In a study on HSCT recipi-
ents by Ljungman and Brandan (2007) female patients 
were significantly more likely to be CMV seropositive. 
A higher risk for the female sex to develop CMV sero-
positivity was reported by Staras et al. (2006). Similarly, 
a preponderance (not significant) of CMV seropositive 
females with B-CLL was reported by Pourgheysari et 
al. (2010). In a group of Brazilian patients with various 
hematologic disorders females were CMV seropositive 
more frequently than males, but not significantly (De 
Matos et al. 2011). Conversely, in a group of leukemia 
patients from Sudan, females were infected with CMV 
less often (Dafalla et al. 2018). 

Age is apparently a significant demographic risk 
factor for CMV seropositivity. The two show a tenden-
cy to increase in parallel in study populations (Ahlfors, 
1984; Hecker et al. 2004; Staras et al. 2006; Seale et al. 
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2006). In a report on hematologic patients, the risk of 
encountering CMV increases with age in females and 
males alike (Ljungman and Brandan, 2007). Contrari-
wise, age was not found to be a significant predictor of 
CMV prevalence in Khartoum State, Sudan (Dafalla 
et al. 2018). In another cohort of patients with B-cell 
CLL, there was no difference in CMV seronegative vs. 
CMV seropositive groups of patients with respect to 
age (Pourgheysari et al. 2010). Patients with diverse he-
matological diseases were investigated elsewhere (De 
Matos et al. 2011) employing age stratification similar 
to one presented in our study. These reports describe 
the highest CMV prevalence in patients over 58 years 
(De Matos et al. 2011) in Bahia State (Brazil) with a 
clear-cut statistical significance. Significant difference 
in IgG positivity between age groups was not attained 
in the current study (p=0.054). A larger patient cohort 
may have compensated for these nuances yielding de-
cisive conclusions.

Methods employed in detection of CMV IgG and 
IgM antibodies vary in sensitivity. Discrepancies in de-
termining CMV seroprevalence between our work and 
other studies may stem from various methodologies 
employed since chemiluminescence, indirect immu-
nofluorescence, and ELISA were all used in different 
studies herein referred to.

In the present study, only two patients with hairy 
cell leukemia, Waldenström macroglobulinemia, and 
non-specified B-cell lymphoma each were respectively 
100% CMV seropositive. We discounted these patient 
groups because of a too small number of subjects. 
The largest bodies of participants in our study, those 
with non-Hodgkin lymphoma and CLL, manifested 
the highest seroprevalence. A study by Abdul et al. 
(2012) demonstrated the largest prevalence of CMV 
in patients with CLL, multiple myeloma, and myelo-
dysplastic syndromes which partially corroborates our 
findings. Patients with myeloproliferative neoplasms 
had a lower prevalence of CMV infection (87.5%) in 
this study. These authors have not demonstrated a sig-
nificant difference in seroprevalence across different 
underlying diseases, which accords with our results.

The limitation of the current study is a small 
number of patients per underlying neoplasm. More 
precise data could have been obtained had the popu-
lation been larger. Also, the socio-economic aspect of 
our participants was not considered – an important 
link to CMV infection. Nonetheless, presumably the 
seroprevalence would be higher if a larger number of 
patients were studied – namely, the Republic of Ser-
bia belongs to developing countries which supports 
an expectation of a high incidence of CMV contacts 
(Chakravarty et al. 2005). There is a geographical gra-
dient across Europe with a higher seroprevalence in 
southern than in the northern parts of the continent. 

The Nordic countries form an exception to this trend 
with prevalence similar to that in Southern Europe 
(Ljungman and Brandan, 2007). This begs a categor-
ical interpretation. Day care centers were introduced 
earlier in Nordic countries than in the rest of Europe 
which may be one plausible explanation. Although our 
study included only Caucasians, this does not make 
our region a biased one because the Serbian popu-
lation is bona fide consisting only of whites. Finally, 
administration of blood products is not infrequently 
performed in hematological patients even before the 
treatment commences. Therefore, a passive transfer 
of donor CMV IgG antibodies cannot be entirely ex-
cluded. For our subjects, the full extent of blood and 
blood product transfusion prior to chemotherapy was 
not known. In consequence, this data was not used. 

5. Conclusion

The evidence presented favors a tendency of CMV 
seropositivity to prevail in females rather than males 
which accords with similar studies. Older patients are 
more frequently CMV IgG positive than the young-
er. Our results do not demonstrate an unambiguous 
difference between discrete age categories and the 
CMV seroprevalence – a larger patient cohort might 
accomplish stronger statistical inferences. No one 
underlying B-cell malignancy had an advantage in 
CMV prevalence over another. Involvement of more 
participants, adjusting populations for gender and 
age, as well as detailed investigation of other factors 
influencing CMV seropositivity might allow for more 
precise results. 
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