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SUMMARY
Objective: to ascertain the seroprevalence of antibodies to varicella-zoster virus in the Madrid population prior to the introduction of vaccina-

tion.
Study design: Cross-sectional antibody seroprevalence study.
Methods: Population: persons aged 2 to 40 years in Madrid. Field work: September 1999 to April 2000. Data were collected on demographic and 

socio-economic variables and on a number of exposures. IgG antibodies were determined using Enzyme Linked ImmunoSorbent Assay (ELISA), 
and antibody prevalence broken down by age group. Logistic regression was used to analyse the association between the presence of antibodies 
and the respective study variables. The results were compared against those of an earlier seroprevalence survey in Madrid (1993).

Results: A total of 2,131 subjects were included, with a non-response rate of 20.4%. Antibody prevalence was estimated at 90.2%; the 90% 
mark was reached at 11 years of age and almost 100% of adults presented with antibodies. In the case of children, school attendance associated 
with the presence of antibodies. No significant differences were observed vis-à-vis the results of the earlier survey.

Conclusions: The seroprevalence profile coincides with those of other Spanish regions and European countries, and remains stable over time. 
Antibody presence rises sharply in children from aged 2 years to adolescence. Further seroprevalence studies are called for to study the disease 
trend and assess preventive measures.
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INTRODUCTION 

Varicella-zoster (VZV) virus belongs to the herpes virus group 
and causes two diseases, i.e., varicella (chickenpox) and herpes 
zoster. Varicella is a highly contagious, typically childhood 
disease having a respiratory transmission route. It develops into 
vesicular exanthema and fever of generally benign progression, 
with a low rate of complications, which tend to be more frequent 
among adults (1). After the primary infection, VZV remains dor-
mant in dorsal root ganglia and can be reactivated in 15% of the 
population, giving rise to the clinical features of herpes zoster. 
Herpes zoster is more frequent in persons of advanced age, and 
may leave sequelae, one of the most frequent of which is post-
herpetic neuralgia (2-4).

The introduction of universal varicella vaccination in children 
has been controversial, owing to its possible effects on the disease 
itself and on herpes zoster (5). Initially the vaccine was exclusively 
used on immunodepressed patients, but subsequently its general 
use was authorised in a number of countries, including Japan, 
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South Korea (6), the USA (7,8), Sweden and Germany. Since its 
introduction in the USA, there has been a decrease in varicella 
incidence and mortality (9, 10). Here in Spain, it was first intro-
duced in 1997 for high-risk patients. In 2005 it was included in 
the vaccination schedule for administration to adolescents, and in 
2006 the Madrid Autonomous Region (MAR) included universal 
varicella vaccination in its systematic vaccination schedule for 
children aged 15 months (11).

A number of studies have targeted varicella morbidity and 
disease burden, as well as the cost-effectiveness and possible 
impact of vaccination (12-15). In addition to furnishing informa-
tion on the dynamics and distribution of diseases, seroprevalence 
studies are a useful collaborative decision-making tool when it 
comes to the question of introducing vaccines (3, 16, 17). In the 
case of vaccine-preventable diseases, such studies can also furnish 
relevant information on vaccination coverages, vaccine failures 
and loss of immunity.

This study sought to ascertain VZV antibody seroprevalence 
and its trend in the population of the Madrid Region, in the stage 
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preceding inclusion of universal varicella vaccination in the vac-
cination schedule.

MATERIAL AND METHODS

This was a cross-sectional antibody seroprevalence study that 
included various diseases. For the purposes of our study, data on 
varicella were used.

Target study population: persons of both sexes aged 2 to 60 
years, residing in the MAR, who attended blood collection centres 
in the period during which the field work was carried out, were 
enrolled (September 1999 to April 2000).

Sampling framework: outpatient blood-collection centres 
belonging to the Madrid Health Institute.

Age groups: 2 to 60 years (2–5, 6–10, 11–15, 16–20, 21–30, 
31–40 and 41–60 years). Seven independent samples were ob-
tained, corresponding to each of these age groups. In the case of 
varicella, we dispensed with the last-mentioned age group since 
there are no significant changes in the prevalence of antibody to 
varicella after the age of 40 years. A sample size of 300 individuals 
per age group was estimated, thus making a total sample of 2,100 
individuals. Taking into account the non-response rate reported in 
an earlier survey (31.3%), the number of persons who had to be 
contacted totalled 3,057. Subjects were selected using two-stage 
cluster sampling with stratification of stage-one units:
• Stratification: by Health Area and sex for each of the six age 

groups considered. Allocation of blood-extraction centres per 
stratum: proportional to the population assigned to each area 
on the basis of health cards.

• The number of individuals selected at each centre was initially 
constant in each age group. At each centre, individuals were 
selected using random start systematic sampling separately for 
each age group.

Variables:
• Identification data: on interviewees (name, address, telephone 

number, age, sex and place of birth) and blood-extraction 
centres (name, health area, town and district).

• Data on individuals who refused to participate: age, sex, surface 
area of home and educational level.

• Socio-economic variables: interviewee's educational level 
(or that of the father and mother in the case of children aged 
2 to 15 years) and occupations of the interviewee and main 
provider of financial support. Measurement of educational 
level was based on the classification and coding used by 
the Madrid Regional Statistics Department (Departamento 
de Estadística de la Comunidad de Madrid, Consejería de 
Economía, 1993). Occupation was compiled in accordance 
with the National Classification of Occupations (Clasificación 
Nacional de Ocupaciones - CNO-946).

• Other variables of interest: place of birth, surface area of home, 
number of cohabitants in the household, number of interview-
ee's older and younger siblings,  number of children, school 
attendance (only in subjects under the age of 6 years).

• History of diseases or exposures of interest: immunodepres-
sion-related health problems and diseases targeted for analy-
sis.
To validate the sample, the sampling distribution of the vari-

ables of educational and socio-economic level was compared to 

the distribution of these variables in the Madrid Region Public 
Health Survey, a population-based survey conducted at about the 
same time (first half of 2001). The distribution of educational 
level was likewise compared to that of the 1996 Municipal Vot-
ers' Roll.

Surveys were conducted by interviewers at blood-extraction 
centres or by telephone, and study serum samples were taken by 
nursing staff employed at the centres.

Laboratory techniques:
Determination of IgG specific to varicella virus obtained from 

cell culture. Technique: commercially available indirect ELISA 
(Enzygnost, Dade Behring, Germany). 

Interpretation of results: qualitative and quantitative assess-
ment. Quantification of results, expressed in international milli-
units per millilitre (mUI/ml), was performed using a standardised 
one-point procedure (α-method). According to the manufacturer's 
definition, any increase in net absorbance of over 0.1 is to be 
deemed positive; under optimal conditions, this value equals 
50 mIU/ml.

Serological determinations were performed at the Madrid 
Region Public Health Laboratory.

Prevalence of varicella antibody was determined by age group. 
Antibody prevalence was compared to that obtained in the 1993 
seroprevalence study, by age group, using comparison of propor-
tions for independent samples. 

We calculated the predictive value positive of history of 
varicella.

The association between antibody prevalence or non-preva-
lence and the respective study variables was obtained. We used the 
Student's t-test for independent samples in the case of quantitative 
variables, and the χ2 test for qualitative variables.

To assess the independent association between the presence 
of VZV antibody and the study variables, two binary logistic 
regression models were fitted, one for individuals under the age 
of 6 years (the age group in which incidence is highest), and the 
other for the whole sample, taking the presence of antibodies 
against varicella as the outcome variable, and as covariables, 
those in which a statistically significant association (p<0.05) 
was observed with antibody prevalence, and those that, despite 
not displaying said association, were considered relevant for 
transmission of infection.

RESULTS

A total of 2,131 subjects were included. The non-response rate 
was 20.4% (18% in men and 22.7% in women). The main reason 
for non-response was lack of interest in the survey combined with 
expressed refusal to collaborate, which accounted for 41.4% of 
total non-response. Fear of blood collection was the second lead-
ing reason (21.3%). In case of variables concerning of educational 
level and socio-economic level, no significant differences were 
observed as against the Madrid Region Public Health Survey and 
Municipal Voters’ Roll.

Estimated prevalence of varicella antibody in the population 
aged 2 to 40 years was 90.2% (95% CI: 89.6 – 92.2). The preva-
lence of individuals with varicella antibody increased progres-
sively from 2 to 11 years, at which age prevalence rose to 90% 
(Table 1). Thereafter, prevalence continued to rise steadily, though 
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much more slowly, so that close on 100% of persons reached adult 
age with positive antibodies (Fig. 1). No significant differences 
in prevalence were observed between the sexes. Of the subjects 
with positive history of varicella, 98.4% were positive.

In the comparison of antibody prevalence between 1993 
and 1999, no statistically significant differences were detected 
(Fig. 2).

After the bivariate analysis, age (OR = 1.18; 95% CI: 1.15 
– 1.21) and history of varicella (OR = 53.9; 95% CI: 32.1 – 90.4) 
were used as covariables in the logistic regression model of the 
entire sample.  In the model fitted in the under-7  age group, the 
covariables were age (OR = 1.71; 95% CI: 1.13 – 2.59), his-
tory of varicella (OR = 65.1; 95% CI: 24.8 – 170.9), and school 

attendance, which displayed a strong and almost significant 
(p = 0.057) association with the dependent variable (OR = 4.6; 
95% CI: 0.96 – 21.9).

DISCUSSION

This study took place within the overall context of a cross-
sectional, general seroprevalence study undertaken in the Madrid 
Autonomous Region in 1999.

No relevant differences were observed in the variables chosen 
for validation against the Madrid Region Public Health Survey 
and Municipal Voters’ Roll. One limitation of the study was the 
absence of population that made no use of public health services 
(even though all inhabitants enjoy access to such services in 
Spain). The non-response rate was significantly lower than that 
reported in the 1993 seroprevalence survey (31.3%).

In a situation of absence of vaccination, such as that prevail-
ing in Spain in 1999, the proportion of susceptible individuals 
was observed to remain stable in the period between the 1993 
and 1999 surveys.

The seroprevalence profile observed agrees with the results 
reported by other studies conducted in Spain (18,19) and other 
European regions (3, 20, 21), though in other areas a very high 
prevalence was reached at lower ages (16, 22, 23). In a situation 
where there is no vaccination, it seems that permanent contact with 
the wild virus leads to the presence of antibody being maintained 
with age, since no decrease in antibodies was observed at adult 
age. This may be important because the booster effect attribut-
able to sustained contact with the virus is thought by some to 
reinforce immunity and cause herpes zoster incidence to remain 
stable (24).

As was to be expected, the strength of the association 
with history of having suffered from varicella was very high. 
Furthermore, in line with the results obtained in other studies 
(19, 25), the predictive value positive of history of varicella was 
also very high.

Among children under the age of 7 years, there was an almost 
significant association with school attendance, which seems 
logical in view of the close contact among children in junior and 
nursery schools and the extreme contagiousness of the disease. 
No significant association was observed with other factors, such 
as the surface area of the home, number of cohabitants, edu-
cational level (of the patient or parents), or social class, which 
goes to confirm that the disease affects the whole population to 
an equal extent.

Varicella is an extremely contagious disease, and vaccination 
against it has been a very controversial topic (5). The vaccine ap-
pears to be effective in reducing both the incidence of the disease 
(26, 27) and its complications (10), which, coupled with the high 
vaccination coverages attained in Spain, would result in a high im-
munised-population percentage. Some of the objections raised to 
the vaccine are that, though it is highly effective, its effectiveness 
is nevertheless not total, and indeed there have been descriptions 
of vaccine failures leading to outbreaks (24, 28). An additional 
concern lies in the possibility that the age of disease presentation 
may be shifted towards adulthood, when it is more severe (5, 24, 
29). It is also not clear just how universal vaccination would affect 
the epidemiology of herpes zoster (30).

Table 1. Prevalence of varicella antibodies by age group

Age (years) n Prevalence 95% CI

2 to 5 279 44.2 38.4 50.0
6 to 10 308 80.5 76.1 84.9
11 to 15 310 93.8 91.1 96.5
16 to 20 313 93.9 91.2 96.6
21 to 30 317 95.8 93.6 98.0
31 to 40 302 97.4 95.6 99.2
Total 1829 90.9 89.6 92.2

CI, confi dence interval
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Fig. 1. The prevalence of varicella antibodies by age. The 
prevalence is expressed as a percentage. At 11 years preva-
lence reaches 90 %, and since then, it will increase steadily.
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Fig. 2. The prevalence of varicella antibodies by age groups, 
comparison of seroepidemiologic surveys, 1993 and 1999, 
done in Madrid. The prevalence is expressed as a percentage. 
Results are similar for both surveys.
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In Spain, vaccination is recommended by the Ministry of 
Health & Consumer Affairs in children aged 10 to 14 years, though 
universal vaccination at 12 months has been urged by some sci-
entific societies since 1999 (31) and nothing is known about the 
possible effect of administration of vaccine at a private level in 
the interim. The MAR recently introduced vaccination for children 
aged 15 months into its systematic vaccination schedule (11). This 
is the reason for planning and conducting of subsequent studies on 
seroprevalence, vaccination coverages, and the effectiveness of 
varicella vaccine. Such studies will assess the influence of vaccine 
introduction on the dynamic of the disease and of herpes zoster, 
and to detect pockets of susceptible individuals. Similarly, use 
of other sources, such as sentinel medical practitioner networks 
or individualised case reports, could furnish relevant information 
in the post-vaccination stage.
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