
Arch Pediatr Infect Dis. 2021 January; 9(1):e107218.

Published online 2020 October 24.

doi: 10.5812/pedinfect.107218.

Research Article

Evaluation of Varicella-Zoster Virus Immunoglobulin G in Children

With Malignancies on Chemotherapy

Shiva Nazari 1, *, Mohammad Naderisorki 2, Shahnaz Armin 3 and Zari Gholinejad 3

1Pediatric Congenital Hematologic Disorders Research Center, Research Institute for Children’s Health, Shahid Beheshti University of Medical Sciences, Tehran, Iran
2Thalassemia Research Center (TRC), Hemoglobinopathy Institute, Mazandaran University of Medical Sciences, Sari, Iran
3Pediatric Infections Research Center, Research Institute for Children’s Health, Shahid Beheshti University of Medical Sciences, Tehran, Iran

*Corresponding author: MD, Pediatric Congenital Hematologic Disorders Research Center, Research Institute for Children’s Health, Shahid Beheshti University of Medical
Sciences, Tehran, Iran. Email: shnazari2000@gmail.com

Received 2020 July 06; Revised 2020 August 16; Accepted 2020 August 26.

Abstract

Background: Varicella-Zoster Virus (VZV) infection in children with different malignancies on chemotherapy has become an alarm-
ing problem. There are insufficient data about VZV seroprevalence among patients in Iran.
Objectives: The current study was conducted to assess the seroprevalence of VZV serum IgG antibodies in children with malignan-
cies on chemotherapy.
Methods: The current single-center cross-sectional study was conducted from January 2018 to December 2019 at Mofid children’s
hospital, Tehran, Iran. Five milliliters of blood samples were collected from the patients. Serum samples were then tested in dupli-
cate for the IgG antibody against VZV using Varicella-Zoster ELISA IgG/IgM kit.
Results: A total of 54 children with different malignancies were included. Overall, 24 and 30 serum samples were collected from fe-
males and males, respectively. The children were five months to 15-years-old with a mean age of 5.5 years. The overall seroprevalence
of VZV IgG in the children was 21.1% (n = 13/54). Of patients with positive VZV IgG antibody, 9 (69.2%) were male, and four (30.8%) were
female. Besides, Acute Lymphocytic Leukemia (ALL) with 61.1% (n = 33/54) was the most common underlying malignancy among
these patients. The prevalence of anti-VZV IgG antibodies was 21.2% (n = 7/33) in the group of children with ALL. The highest sero-
prevalence of the VZV IgG antibody was seen in 11 to 15-year-old children (n = 3/7; 42.9%). The prevalence rates of IgG antibodies
against VZV among children aged 0-2 years, 3-5 years, and 6-10 years were 28.6%, 25.9%, and 7.7%, respectively.
Conclusions: The results showed that children with different malignancies on chemotherapy are quite susceptible to chickenpox
infection. It is suggested that a safe and effective live attenuated varicella vaccine in line with the WHO recommendations be incor-
porated into Iran’s national immunization program for children with various malignancies.
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1. Background

The Varicella-Zoster Virus (VZV) is a member of al-
phaherpesviruses, extremely infectious, and still endemic
in different parts of the world (1). The VZV has no ani-
mal reservoir and typically infects humans (2, 3). Trans-
mission of VZV primarily occurs in two ways: I) direct
contact with skin lesions and II) airborne transmission
(4). In most cases, VZV rests chronically in spinal nerves
and can target ganglia, epithelial cells, and T lympho-
cytes (1). This virus can cause two forms of the disease:
chickenpox (varicella) and shingles (herpes zoster) (5, 6).
The infections resulting from VZV exhibit different clini-
cal manifestations such as fever, headache, localized skin
lesion, malaise, loss of appetite, rash, retinal necrosis,
vasculopathy, and neuropathy (7). Several conditions,

such as Human Immunodeficiency Virus (HIV) infection,
malignancies (acute lymphoblastic leukemia, neuroblas-
toma, and adenocarcinoma), immune suppression due to
chemotherapy, steroid therapy, old age, and organ trans-
plants are considered as risk factors for VZV infections (6,
8).

Chemotherapy of children with malignancies may de-
crease the number of T-lymphocytes, B-lymphocytes, and
total immunoglobulins (9). Therefore, these patients are
highly susceptible to VZV infection. VZV infections in
immunosuppressed patients can give rise to various se-
vere abnormalities including hepatic involvement, gas-
trointestinal diseases, pneumonia, encephalitis, and rarely
death (10). It is estimated that at the initial step of
chemotherapy, approximately 28% of pediatric patients
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with acute lymphoblastic leukemia experience VZV (11).
In recent years, the application of live attenuated vari-

cella vaccines and suitable antiviral therapies has reduced
related complications and mortality rates from chicken-
pox. The total varicella-induced mortality rate in most
countries is estimated at 0.05% to 1% (12). However, the
mortality rate from VZV infection is 3% in pediatric patients
with malignancy on chemotherapy without vaccines (11).

2. Objectives

In Iran, there is insufficient information about VZV
infection in children with different malignancies on
chemotherapy. Therefore, this study aimed to assess the
VZV immunoglobulin G in this patient group.

3. Methods

3.1. Ethics Statements

This study was approved by the Ethics Committee of Pe-
diatric Infectious Research Center, Shahid Beheshti Univer-
sity of Medical Sciences, Tehran, Iran.

3.2. Study Population and Data Collection

The present single-center cross-sectional study was car-
ried out on children with malignancy on chemotherapy
who were hospitalized in Mofid children’s hospital from
January 2018 to December 2019. A questionnaire was de-
signed for each of the children, and written informed
consent was obtained from all patients and their par-
ents during sample collection. Demographic informa-
tion was gathered, including age, gender, weight, history
of vaccination, familial/relative relationship between par-
ents, and clinical manifestations such as fever, rash, his-
tory of VZV infection, and the type of underlying ma-
lignancy. In general, children with different underlying
malignancies such as Acute Lymphocytic Leukemia (ALL),
neuroblastoma, Burkitt lymphoma, rhabdomyosarcoma
of nasopharynx, hepatoblastoma, adenocarcinoma, juve-
nile myelomonocytic leukemia, nephroblastoma, and lym-
phadenopathy were included in the present study.

3.3. Determination of VZV-specific IgG antibodies by ELISA

In the present study, five milliliters of blood sam-
ples were taken from children with malignancies on
chemotherapy. The blood samples were centrifuged at
1,300 g for 10 min, and serum samples were separated.
Then, they were kept at -20 °C before further analysis. They
were tested in duplicate for the IgG antibody against VZV
using the Varicella-Zoster ELISA IgG/IgM kit (Vircell, S.L.
Santa Fe, Granada, Spain). Briefly, for the IgG test, 100 µl

of serum diluent was added to all wells. At the next step, 5
µl of each sample, 5 µl of positive control, 5 µl of negative
control, and 5µl of cutoff control (in duplicate) were added
to the corresponding wells. Each of the wells was covered
with a sealing sheet and incubated at 37 °C for 45 min. Fol-
lowing incubation, all wells were washed five times with
0.3 ml of washing solution per well. At the next step, 100µl
of IgG conjugate solution was immediately added to each
well, the wells were covered with a sealing sheet and in-
cubated at 37 °C for 30 min. They were then washed sepa-
rately five times with 0.3 ml of washing solution, and 100µl
of substrate solution was immediately added to each well.
The wells were incubated at room temperature for 20 min
and shielded from light. At the final step, 50µl of stopping
solution was added immediately to each well, and the wells
were read with a spectrophotometer at 450/620 nm within
one hour of stopping. Vircell IgG positive and negative con-
trols containing Neolone and Bronidox, , were commer-
cially included in the Varicella-Zoster ELISA IgG/IgM kit. All
of the previous steps and the process of determining the
cutoff amount were carried out as per the instructions of
the manufacturer.

3.4. Statistical Analysis

Information of all patients was collected from the hos-
pital database. A descriptive analysis was conducted using
SPSS 23 Package program (SPSS Inc., Chicago, IL, USA).

4. Results

4.1. Demographic Data and Characteristics of Children With
Malignancies

In this research, a total of 54 children with different
malignancies were studied from January 2018 to Decem-
ber 2019 at the Mofid children’s hospital, Tehran, Iran. Data
on demographics and VZV seroprevalence among these pa-
tients are summarized in Table 1. Overall, 24 serum samples
were collected from females and 30 serum samples from
males. Among different malignancies, ALL with 61.1% (n
= 33/54) and neuroblastoma with 9.3% (n = 5/54) were the
most common underlying malignancies among the pa-
tients. The results showed that nine (16.7%) children were
born from parents with consanguineous marriage.

In general, the mean weight of the children was 18 ±
0.2 kg, in the range of 5 to 58 kg. The age of the children
ranged from 5 months to 15 years, with a mean age of 5.5±
0.5 years. Among the studied participants, 50% (n = 27/54)
and 24.1% (n = 13/54) were in the age range of 3 to 5 years
and 6 to 10 years, respectively. The mean age of females was
4.6± 8.7, within the age group of 5 months to 15 years. On
the other hand, the age of males ranged from 1 to 14 years,
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Table 1. Demographic Information of Children With Malignancy on Chemotherapy and VZV Seroprevalence Among These Patients

Demographic information Number of all participants: 54
(100%)

Number of anti-VZV IgG-positive
subjects: 13 (24.1%)

Number of anti-VZV IgG-negative
subjects: 41 (75.9%)

Gender

Female 24 (44.4%) 4 (16.7%) 20 (83.3%)

Male 30 (55.6%) 9 (30%) 21 (70%)

Age groups (years)

0-2 7 (13%) 2 (28.6%) 5 (71.4%)

5-Mar 27 (50%) 7 (25.9%) 20 (74.1%)

10-Jun 13 (24.1%) 1 (7.7%) 12 (92.3%)

15-Nov 7 (13%) 3 (42.9%) 4 (57.1%)

Weight (kg)

1-10 5 (9.3%) 1 (20%) 4 (80%)

11-15 18 (33.3%) 5 (27.8%) 13 (72.2%)

16-20 13 (24.1%) 4 (30.8%) 9 (69.2%)

21-30 11 (20.4%) 1 (9.1%) 10 (90.9%)

> 30 7 (13%) 2 (28.6%) 5 (71.4%)

Vaccination

complete 33 (61.1%) 6 (18.2%) 27 (81.8%)

incomplete 21 (38.9%) 7 (33.3%) 14 (66.7%)

Malignancy

ALL 33 (61.1%) 7 (21.2%) 26 (78.8%)

Neuroblastoma 5 (9.3%) 2 (40%) 3 (60%)

Burkitt lymphoma 1 (1.9%) 0 (0%) 1 (100%)

Rhabdomyosarcoma of
nasopharynx

1 (1.9%) 0 (0%) 1 (100%)

Hepatoblastoma 1 (1.9%) 0 (0%) 1 (100%)

Port Catheter 1 (1.9%) 0 (0%) 1 (100%)

Hypospadias 1 (1.9%) 0 (0%) 1 (100%)

Adenocarcinoma 2 (3.7%) 1 (50%) 1 (50%)

JML 1 (1.9%) 0 (0%) 1 (100%)

Nephroblastoma 2 (3.7%) 0 (0%) 2 (100%)

Gastroenteritis 1 (1.9%) 1 (100%) 0 (0%)

Lung cancer 1 (1.9%) 0 (0%) 1 (100%)

Lymphadenopathy 1 (1.9%) 1 (100%) 0 (0%)

CML 1 (1.9%) 1 (100%) 0 (0%)

AML 1 (1.9%) 0 (0%) 1 (100%)

Frenulum of tongue 1 (1.9%) 0 (0%) 1 (100%)

Fever

Yes 21 (38.9%) 2 (9.5%) 19 (90.5%)

No 33 (61.1%) 11 (33.3%) 22 (66.7%)

Rash and erythema

Yes 8 (14.8%) 2 (25%) 6 (75%)

No 46 (85.2%) 11 (23.9%) 35 (76.1%)

History of VZV infection

Yes 2 (3.7%) 2 (100%) 0 (0%)

No 52 (96.3%) 11 (21.2%) 41 (78.8%)

Abbreviations: JML: Juvenile Myelomonocytic Leukemia, AML: Acute Myeloid Leukemia, CML: Chronic Myelogenous Leukemia, ALL: Acute Lymphocytic Leukemia.
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with a mean age of 6.1 ± 3.3 years. Among the 54 children,
33 (61.1%) had a previous history of vaccination against vari-
cella. Moreover, two (3.7%) patients had a previous history
of VZV infection. In general, analyses indicated that 38.9%
(n = 21/54) of the children had a fever and 14.8% (n = 8/54)
had rash and erythema.

4.2. Serum Findings

Generally, the results of the ELISA test indicated that
the overall seroprevalence of VZV IgG was 21.1% (n = 13/54)
in children with malignancies on chemotherapy. The sero-
prevalence of VZV among sex groups and age groups (be-
low 15 years) is shown in Table 1 and Figure 1. Of the pa-
tients with positive VZV IgG antibody, nine (69.2%) were
males, and four (30.8%) were females. The rate of VZV in-
fection was higher in males than in females. Male and fe-
male percentages for VZV infection were 30% (n = 9/30)
and 16.7% (n = 4/24), respectively. The highest seropreva-
lence of VZV IgG antibody was seen in children aged 11 to
15 years (n = 3/7; 42.9%). On the other hand, the lowest sero-
prevalence of VZV IgG antibody was seen in children aged
6 to 10 years (n = 1/13; 7.7%). The prevalence rates of IgG
antibodies against VZV among age groups of 0-2 years, 3-5
years, 6-10 years, and 11-15 years were 28.6%, 25.9%, 7.7%, and
42.9%, respectively. The prevalence of VZV IgG antibodies
was low (9.1%, n= 1/11) among children with weights rang-
ing between 21 and 30 kg. Moreover, the seropositivity of
anti-VZV IgG was higher in unvaccinated children (33.3%,
n = 7/21) than in vaccinated children (18.2%, n = 6/32) (chil-
dren over four-years-old who had received perfect national
immunization). The prevalence of anti-VZV IgG antibod-
ies was 21.2% (n = 7/33) in the group of children with ALL.
This group included four (57.1%) males and three (42.9%) fe-
males within the age group of 1.5 to 15 years. Furthermore,
the prevalence of anti-VZV IgG antibodies was 40% (n = 2/5)
in the group of children with neuroblastoma. This group
included one (50%) male and one (50%) female within the
age group of 1.5 to 5 years. The prevalence of anti-VZV IgG
antibodies was 100% (n = 2/2) among patients with a his-
tory of VZV infection.

5. Discussion

In general, VZV is transmitted through close personal
contact or airborne droplets (11). Children are susceptible
to VZV infection, and it is estimated that approximately
90% of VZV infections are diagnosed in children aged <
15 years worldwide (13, 14). Children on chemotherapy
are more susceptible to VZV infection (15). This study was
carried out to survey the seroprevalence of anti-VZV IgG
antibodies in children with underlying malignancies on

chemotherapy. In this study, 13 out of 54 children (21.1%)
(age 0-15 years) were seropositive. There are various re-
ports of the prevalence of VZV antibodies among different
groups of patients and healthy subjects in different coun-
tries. In 2020, Zawitkowska et al. found that 29.4% of the
pediatric population with ALL were seropositive (9). Luan
et al. revealed that among 3,014 studied children in China,
more than 54% with varicella vaccination were anti-VZV
IgG-positive (16). In 2016, Ojha et al. found that the inci-
dence rate of VZV infection was 2.3% among patients with
pediatric cancer in developing countries (17). In a nation-
wide population-based cohort study, Lin et al. reported
that children with cancer had a higher risk of contract-
ing VZV infection, the incidence rate of which was higher
in children with cancer than in those in the non-cancer
cohort (20.7 vs. 2.4 per 10,000 person-years; IRR=8.6; 95%
CI=4.8–15.6) (18). In Iran, Fahimzad et al. revealed that
among 570 healthy individuals, 393 subjects were tested
positive for VZV IgG (19). In the present study, most of the
children were diagnosed with ALL, and the results revealed
that they faced a high risk of VZV infection. Therefore, im-
munization against VZV is required to prevent virus in-
fection and transmission. Given that the use of various
drugs, such as steroids, leads to the suppression of the
immune system in patients, VZV infection among chil-
dren with different malignancies such as ALL, neuroblas-
toma, Acute Myeloid Leukemia (AML), and Chronic Myel-
ogenous Leukemia (CML) may occur more frequently than
in healthy children.

Moreover, it is predicted that VZV infection can cause
many problems during the treatment and recovery of the
patients (8, 10, 18). In the current national immuniza-
tion program in Iran (Sep. 2012), vaccination against VZV
is conducted only among high-risk groups (20). How-
ever, it is recommended that vaccination against VZV in
these patients be conducted following the completion of
chemotherapy and the full recovery of the immune system
(17). The highest seroprevalence of VZV IgG antibody was
seen in 11- to 15-year-old children. The obtained results are
in agreement with those of previous studies conducted in
China and the USA, which reported that the prevalence of
VZV IgG antibodies was high among children aged 7 to 12
years and > 10 years, respectively (17, 18). However, this re-
sult is not consistent with those of published studies by
Fahimzad et al. in Iran (19) and Luan et al. in China (16).
These two studies found that the VZV seropositivity was
> 90% and 50% in individuals aged > 19 years and 4 to 6
years, respectively. The divergence observed in the preva-
lence and incidence outcomes of studies conducted in dif-
ferent countries may be due to factors such as 1) different
sample sizes and methods used to detect VZV, 2) varying
public knowledge/awareness levels, 3) different hygienic
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Figure 1. Prevalence of anti-VZV IgG antibody according to gender and age in children with malignancy on chemotherapy in Tehran, Iran. The figure legends show the
percentage of VZV seropositivity among different age groups.

conditions of countries, 4) social and demographic differ-
ences, and 5) different immunization programs (17).

However, our study has several limitations. First, the
number of included patients and the sample size were
small. Of note, a single children’s hospital was considered
only for research; thus, the results might not be generaliz-
able to all hospitals in Tehran. Second, constrained by low
budget, we could not apply molecular methods to detect
VZV in samples, and thus, this research remained limited
in scope to analyzing the seroprevalence of anti-VZV IgG
in children. Finally, we could not analyze the association
between treatment strategies for childhood malignancies
and VZV infection.

In conclusions, according to the results of this study,
the seroprevalence of VZV was 21.1% in children with malig-
nancy on chemotherapy. This incidence rate showed that
these patients are highly susceptible to chickenpox infec-
tion. Moreover, these results illustrated that the applied
therapeutic approach was not suitable and effective for the
patients. Therefore, it is suggested that, based on recom-
mendations of the World Health Organization (WHO), a
safe and effective live attenuated varicella vaccine be incor-
porated into the national immunization program for chil-
dren with different malignancies in Iran.
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