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1. Introduction

  Varicella (chickenpox) is an acute infectious disease caused by 
primary infection with the alpha-herpes varicella-zoster virus 
(VZV)[1]. Following primary infection, VZV persists in sensory 
nerve ganglia, and reactivation may occur several years later 
presenting as herpes zoster (shingles)[2,3]. Varicella has a worldwide 
distribution. In temperate climate, the incidence of varicella is 
highest among children 5–9 years of age. On the other hand, in 
tropical and subtropical climates, the incidence is highest among 
adolescents and young adults[4]. 
  Humans are the only source for VZV; transmission occurs via 
contact with persons with varicella or herpes zoster or airborne 
spread from respiratory secretions or skin lesions of a person with 
varicella. The incubation period is usually 14–16 d[2,3]. The clinical 
course of varicella in healthy children is generally mild and self-
limited[2-4]. The disease is characterized by a pruritic maculopapular 
rash that progresses to vesicular lesions before crusting. The 

rash usually appears first on the head, followed by the trunk and 
extremities; the highest concentration of lesions is on the trunk. 
Lesions may also occur on mucous membranes of the oropharynx, 
respiratory tract, vagina, conjunctiva and the cornea[1-4]. 
Complications include secondary bacterial infection of skin lesions, 
pneumonia, encephalitis, cerebellar ataxia, Reye syndrome and 
death; the risk of complications is greater in immunocompromised 
persons, infants younger than 1 year of age and persons more than 
15 years of age[3,4]. In 2010, the global estimate for varicella deaths 
was 6 800[5]. 
  Immunity following varicella infection is long-lasting and second 
occurrences are rare. Serologic tests are available for confirmation 
of the disease; single IgG tests are used to determine the immune 
status of persons. Persons with past exposure to VZV either 
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through illness, asymptomatic infection or by vaccination become 
seropositive for antibodies to the VZV. Seronegative persons are at 
risk for VZV infection as adults, who usually have severe disease[3].
Varicella is a vaccine-preventable disease. In industrialized countries, 
varicella vaccine is included in the national immunization programs. 
The epidemiology, public health and socioeconomic impact with 
scarce resources have limited its inclusion in national vaccination 
programs in developing countries[6]. 
  Sri Lanka, a lower middle income country in South Asia[7], is an 
island with a population of about 20 million[8]. The country provides 
universal health care free of cost and scores higher than the regional 
average having a high life expectancy (male, 72 years; female, 78.6 
years) and low maternal (22/100 000 live births) and infant mortality 
(9.9/1 000 live births)[9] than other countries in the South Asian 
region. 
  The impact of varicella infection on the health care system appears 
to be high. Data from the Infectious Disease Hospital in Sri Lanka 
for the period 2000–2001 indicate that 65% of admissions were due 
to VZV infection (91% varicella and 9% herpes zoster); the mean 
age was 33 years (range, 3 d–94 years). The case fatality rate was 
4.1% (41/989) for varicella[10]. The country has a strong public 
health program controlling most communicable diseases. Although 
varicella surveillance began in 2005[11], varicella vaccine is not 
included in the national immunization program[12]. 
  Data on VZV seroprevalence in the country are limited. Only 
three previous studies reported seropositive status among selected 
population groups. A population-based survey conducted in the 
Colombo district in 2000 of 913 participants (0–60 years) found a 
seroprevalence of 36.0%[13]. Another survey among 451 medical 
and engineering university students in Peradeniya in 2003 reported 
a seroprevalence of 50.9%[14]. A third survey of 271 school children 
(12–19 years) in 2005 in Kandy district reported a seroprevalence of 
34.0%[15]. Additional data on VZV seroprevalence will be useful in 
guiding recommendations for varicella vaccination in the country. In 
two companion papers, we discussed: incidence and costs associated 
with varicella infection; and predictive value of self-reported 
varicella infection.

2. Materials and methods

2.1. Ethical review

  The study was approved by the Ethics Committee of University of 
Colombo, Sri Lanka. 

2.2. Study setting 

  Colombo district is one of three (Colombo, Gampaha and Kalutara) 
districts of the western province in Sri Lanka with a land area of 
676 km2. It has a population of about 2.3 million with a population 
density of 3 300 / km2[8]. The district is divided into urban (72.1%), 
rural (27.6%) and estate (0.3%) sectors. The national health system 
has divided districts in the country into smaller health administrative 
units for ease of rendering health care. Each district is divided into 
Medical Officer of Health areas; that is the area that is covered by 
one or more medical officers. The Medical Officer of Health areas 
are further divided into ‘Public Health Inspector’ and ‘Public Health 
Midwife’ areas. ‘Grama Niladari’ is the smallest local government 

administrative unit under a ‘Public Health Midwife’ area. The study 
was carried out during 2013 in six of the 12 Medical Officer of 
Health areas in the Colombo district.

2.3. Study design and study population

  This field survey was designed as a cross-sectional, age-stratified 
VZV seroprevalence study of the Colombo district population of 
all ages and both genders. To be included in the study, participants 
had to be resident for at least 6 months in Colombo district. The 
sample size was calculated based on multistage cluster sampling 
with probability proportionate to size; one ‘Grama Niladari’ area 
was considered as a cluster. The estimated sample size was 1 230. To 
allow for nonparticipation, 1 300 subjects were selected and invited 
to participate in the study. Of these, 1 258 participated (participation 
rate, 96.8%). 

2.4. VZV seroprevalence

  The detection of VZV immunoglobulin (IgG) antibodies by VZV 
IgG enzyme-linked immune-sorbent assay (ELISA) is an indicator 
of previous VZV infection. VZV IgG is detectable within the first 4 d 
of clinical symptoms and thereafter remains detectable for decades. 
Seropositive status indicates immunity and seronegative status 
indicates susceptibility to VZV. To determine seropositive status 
for this study, serum samples were tested using a commercially 
available validated VZV ELISA-IgG antibody test kit with a reported 
sensitivity of 99.4% and specificity of 97.0%[16]. 

2.5. Data collection

  The study was embedded in the national health care system. 
Subjects were recruited by government public health midwives in 
their homes and invited to participate. If they agreed to participate, 
a signed informed consent was obtained; in the case of infants or 
children, informed consent was obtained from parents or guardians. 
The midwife then administered a questionnaire that elicited 
demographic information, collective household income and past 
history of varicella and herpes zoster. A government public health 
nurse collected a blood sample which was then transported to a 
government university microbiology laboratory for testing.

2.6. Data analysis

  Seroprevalence was computed as the number of positive cases 
divided by the number of examined sera with associated 95% 
confidence intervals (95% CI). Seroprevalence was computed for 
age-, gender- residence-and social economic status (SES)-specific 
strata. Monthly household income information was used to classify 
subjects into three SES groups (low: < 20 000 Sri Lankan Rupees; 
medium: 20 000–40 000 Rupees; and high: > 40 000 Rupees). The 
chi-square test was used to determine differences in seroprevalence 
among subgroups. Data were analyzed using SPSS. 
  Table 1 presents the demographic characteristics of the study group. 
The mean age was 31 years (standard deviation, 19.2 years) with 
a range of 6 months–87 years. Study subjects were predominantly 
female (70.0%), and 60.2% lived in urban areas. 76.2% of study 
subjects had secondary school to pre-university education. 65.1% 
belonged to the low SES group. Most (91.1%) subjects were of 
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Sinhala ethnicity. 

Table 1
Sociodemographic characteristics of study population.

Characteristic     n  Percentage (%)

Total 1 258  100.0
Age (years)a
  < 5      96      7.6
  5–14    190    15.1
  15–45    650    51.7
  46–59    204    16.2
  ≥ 60    118      9.4
Sex
  Female    883    70.2
  Male    375    29.8
Residence
  Urban    757    60.2
  Rural    501    39.8
Education
  Lower than primary    266    21.1
  Secondary/pre-university    958    76.2
  Diploma/degree      34      2.7
Socioeconomic status
  Low     819    65.1
  Medium     361    28.7
  High       78      6.2
Ethnicity
  Sinhala  1 146    91.1
  Moor       74      5.9
  Tamil       38      3.0

aThe mean ± SD of age was (31.0±19.2) years with median of 29.0 years and 

range of 0.5–87.0 years. 

3. Results
 
  VZV antibodies were detected in serum samples from 682 of 
1 258 subjects, yielding an overall seroprevalence of 54.2% 
(95% CI = 51.5%–57.0%) (Table 2). Seropositivity was 0.0% for 
children below 1 year of age and increased to 9.7% in the 1–4 year 
age group and 10.3% in the 5–9 year age group. Thereafter, the 

antibody prevalence increased about 3-fold to 34.5% in the 10–19 
year age group, and then doubled to 63.1% among the 20–39 year 
age group. From 40 years onwards, about 75% were seropositive 
for VZV. Statistically significant differences were noted for gender 
and educational level: males had a lower seropositivity compared to 
females (43.2% vs. 58.8%, P<0.000 1); and seropositivity was lower 
among the subgroup with only primary education compared to those 
with secondary school upwards to a college degree education (25.6% 
vs. 62.0%, P<0.000 1). Differences by urban/rural residence or SES 
were unremarkable. 
  Table 3 provides seropositivity status among the subgroup of 
women of childbearing age (15–45 years). The overall seropositivity 
was 62.0% (95% CI = 57.7%–66.1%). Similar to patterns in the 
overall group, seropositivity was low in the 15–19 age group (37.0%) 
and then rose to 60.6% in the 20–24 age and 67.3% in the 25–29 
age group; seropositivity then slightly tipped down to 63.7% in the 
30–34 age group and 64.3% in the 35–39 age group. Thereafter, 
seropositivity increased to 71.7% in the 40–45 age group. No large 
differences were noted by area of residence, educational level or 
SES. 

4. Discussion

  This study found a VZV seroprevalence of 54.2% in Colombo 
district in Sri Lanka. Children below 1 year of age were seronegative, 
and only about 10% of children between 1–10 years of age were 
seropositive. Thereafter, the seropositive status rose steeply and by 
the age of 40 years, about 75% were seropositive. Males and subjects 
with less than primary education had a relatively low seropositivity. 
There were no significant differences in seroprevalence by urban/
rural residence or SES. Among women of childbearing age, the 
overall seroprevalence was 62.0% but was low (37.0%) in the 15–19 
age group. 
 Seroprevalence of VZV varies geographically and climatically 
across countries. Other tropical countries in the Southeast Asian 
countries reported similar VZV seroprevalence as found in this 
study, Thailand (52.8%)[17], Pakistan (41.8%)[18] and Singapore 
(55.3%)[19]. India reported a slightly higher seroprevalence 
(68.2%)[20]. In contrast, countries with temperate climates reported 

Table 2
Seropositivity according to selected sociodemographic characteristics and age groups (%).

 Characteristics

Age groups
Total 

(n=1 258)

< 1 year

 (n=4)

1–4 years

 (n=92)

5–9  years

 (n=97)

10–19 years  

(n=206)

20–39  years

 (n=434)

40–59  years

 (n=307)

≥ 60 years  

(n=118)

Total 54.2 0.0 9.7 10.3   34.5 63.1 74.3   76.3
Gender
  Male 43.2 0.0 9.7 18.4   35.5 59.7 71.4   72.7
  Female 58.8 0.0 9.8    2.1   33.3 63.9 74.9   77.6
Residence
  Urban 53.6 0.0 10.7 11.5   33.9 64.2 70.8   77.9
  Rural 55.1 0.0   8.3    8.3   35.4 61.5 79.5   74.0
Education
  Lower than primary 25.6 0.0     7.7    9.5   18.1 83.3 76.5   73.1
  Secondary/pre-university 61.9 0.0 100.0  50.0   35.1 63.4 74.3   75.9
  Diploma/degree 61.8 0.0     0.0    0.0 100.0 54.2 50.0 100.0
Social economic status
  Low 56.2 0.0 11.4 10.8   37.4 65.8 74.9   77.9
  Medium 49.6 0.0   3.4   8.7   29.3 56.8 74.0   65.0
  High 55.1 0.0 100.0 11.1   22.2 63.8 74.0 100.0
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a much higher VZV seroprevalence, United States (97.8%)[21], 
Italy (93.0%)[22], Spain (90.2%)[23], Canada (88.9%)[24], etc. 
Effects of climate, competition with other viruses and level of 
social interactions have been suggested as potential reasons for 
these differences between tropical and temperate climates, but none 
have been substantiated[25]. 
  The age-specific seroprevalence patterns reported in this study is 
similar to that reported by Thailand, Singapore and Pakistan. Overall, 
the seroprevalence increased with age and plateaued at 60 years. For 
example, in Thailand, age-specific seroprevalence increased with 
age; it was 15.5% in 9 months–4 years age group and increased to 
75.9% in the 20–29 age group[17]. Children less than 1 year were 
naive to varicella in present study. Similar findings were reported in 
Canada where 96.4% of newly migrant children below 1 year of age 
had no detectable VZV antibodies[26]. 
  A statistical significant difference in seroprevalence between males 
(43.2%) and females (58.8%) was noted in this study. This difference 
is not consistent; for females, a dip is noted in the 5–9 age group and 
two peaks at the 20–39 and 40–59 age-groups. The overall finding 
of lower seroprevalence in males is consistent with other studies that 
also reported a lower seroprevalence in males compared to females: 
Thailand (males, 49.5%; females, 55.2%)[17]; Pakistan (males, 
39.6%; females, 45.2%)[18] and Singapore (males, 67.9%; females, 
73.0%)[19]. 
  Subjects with less than primary education had low seropositivity 
reflecting the low seropositivity associated with the < 9 year age 
group. Of the 266 subjects with less than primary education, 189 
(71.0%) were less than < 9 years of age.
  This study found that 62.0% of women of childbearing ages are not 
protected against VZV infection, doubling to 37.0% among teenage 
women. A high seroprevalence among child bearing age group 
women has been reported in industrialized countries and some Asian 
countries. Pregnant women in temperate countries have shown high 
seropositivity, 98.0% in France[27], 97.0% in Eastern Germany[28], 
96.2% in South Western Finland[29], 96.0% in Spain[30], 92.1% in 
Canada[24], and 80.9% in Italy[22]. Some Asian countries reported 
a higher seroprevalence among women of childbearing age than 
that found in this study; over 90.0% in South Korea[31], 71.0% 
in Singapore[19], 75.9% in Thailand[17] and 88.1%–91.1% in 
India[20]. VZV infection in pregnancy causes intrauterine growth 
retardation in 23% and low birth weight in almost all babies. The 
highest rate of mortality and morbidity occur in the presence of 
congenital varicella syndrome, maternal varicella pneumonia and 
neonatal varicella[32,33]. VZV infection occurring in the first 20 

weeks of gestation, particularly between 8–20 weeks of gestation, is 
associated with a risk of congenital varicella syndrome (about 12% 
in infected fetuses)[34], characterized by skin lesions, hypoplasia of 
limbs, encephalitis, microcephaly, ocular abnormalities and mental 
retardation; mortality is about 30%. Maternal pneumonia complicates 
10%–20% of varicella infection in pregnancy. The risk increases 
with increasing gestational age; about 40% of these women require 
mechanical ventilator support due to the pressure of the gravid uterus 
on the diaphragm; mortality is 3%–14%. Maternal VZV infection 
occurring 5 d prior to delivery to 48 h postpartum may result in 50% 
of neonates being infected, and about 25% presenting with clinical 
varicella; mortality may be as high as 30%[32-34]. 
  Varicella vaccine is available as a monovalent varicella only or in 
combination with measles, mumps and rubella vaccine for healthy 
children > 2 months, adolescents and adults[35] for prevention. 
The WHO recommends: a single dose of vaccine to children less 
than 13 years (seroconversion was noted in about 95% of healthy 
children following one dose of vaccination)[6]; and two doses 
of vaccine in adolescents and adults 4–8 weeks apart[6]. In most 
developing countries, varicella is not high in the priority list of 
vaccine preventable disease as other vaccine preventable disease 
cause greater morbidity and mortality than varicella. Countries 
need to consider several factors before including varicella vaccine 
in national immunization programs such as control of other more 
serious infectious diseases, cost, age of vaccination, coverage (85%-
90%) and storage (-15 曟)[6].
  In Sri Lanka, with the commencement of the Expanded Programme 
on Immunization in 1978, the country’s focus strengthened to 
eliminate childhood vaccine preventable diseases. The national 
immunization program has continued to make excellent progress 
over the past three decades, most notably in terms of achieving high 
immunization coverage 90% and disease control[12,36]. 
  Although varicella vaccine is not included in the national 
immunization program, it is available in private hospitals/clinics since 
2004. Therefore, only subgroups of the population who access these 
services are likely to avail of the varicella vaccine. Sri Lanka has an 
excellent primary health care system in South Asia. The government’s 
health expenditure as a percent of total government expenditure is 
5.96[9]. The country has established the feasibility of high coverage 
of its national immunization programs and control of other serious 
vaccine preventable diseases. Varicella is a notifiable disease since 
2005[11]. The epidemiological pattern of varicella in the country may 
be changing due to partial vaccination coverage, with increasing 
cases in adolescents and adults, groups that are at high risk for severe 

Table 3
Seropositivity of women of childbearing age according to selected sociodemographic characteristics and age groups (%).

Characteristics
Age group

Total (n=503) 15–19 years (n=62) 20–24 years (n=94) 25–29 years (n=95) 30–34 years (n=51) 35–39 years (n=87) 40–45 years (n=85)

Total 62.0   37.0   60.6 67.3   63.7   64.3 71.7
Residence
  Urban 61.9   37.8   61.2 61.6   68.0   64.1 72.5
  Rural 62.1   36.0   59.3 77.1   57.5   64.7 70.5
Education
  Lower than primary 75.0     0.0 100.0   0.0 100.0 100.0 71.0
  Secondary/ pre university 62.3   36.6   64.3 67.8   63.6    63.0 71.7
  Diploma/degree 44.4 100.0     0.0 75.0   50.0 100.0   0.0
Social economic status
  Low 64.1   41.6   66.6 77.3   65.0   60.8 70.3
  Medium 57.1   20.0   50.0 51.4   65.6   66.6 68.1
  High 64.4   25.0   33.3 71.4   50.0   71.4 88.8
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disease[6]. The impact on the healthcare system is high. Further, the 
low seropositivity in younger women of childbearing age is of concern. 
In view of these considerations, the justification of including varicella 
vaccine in the national immunization program is compelling. 
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