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SUMMARY

In order to establish the differences in transmission pattern of varicella-zoster virus (VZV), a
comparative seroepidemiological study was carried out in two different children samples.
Children aged 1-11 years, were randomly selected from state schools of Sdo Paulo city, Brazil.
Individuals aged 1-15 years were sampled by cluster from Caieiras city. Children aged 3 years
or under from Caieiras were not attending school, while those from Sdo Paulo were attending
all-day nurseries or kindergarten. The presence of antibodies to VZV was analysed by ELISA
technique. The force of infection and contact rate were determined by mathematical techniques.
The average age of first infection was 2-:87+0-14 years and 4-07 +0-47 years for Sdo Paulo and

Caieiras, respectively. The average force of infection estimated was 0-29 year™! for Sdo Paulo
and was 0-26 year ! for Caieiras. The proportion of seropositivity and the force of infection
were higher in Sdo Paulo school children up to 3 years of age compared with Caieiras children,
where the social contact starts later. In conclusion, social changes affecting contact among

children may influence varicella epidemiology.

INTRODUCTION

Varicella is generally mild and self-limited disease in
otherwise healthy children. Varicella-zoster virus
(VZV) is transmitted person-to-person through direct
contact with skin lesions and by airborne respiratory
droplet infection. Patients with zoster can transmit
varicella to susceptibles contacts [1-3]. The risk of
complications appears to be higher in children under
1 year of age, in adults and immunocompromised
persons [4]. Although less infectious than other
diseases, varicella is a very contagious disease in
closed populations and 80-90% of exposed suscep-
tibles contacts will develop disease within households
[3, 5, 6].

The incubation period of varicella is 1416 days and
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cases are infectious several days before the onset of
symptoms. In the absence of vaccination, almost all
persons will acquire varicella over the course of
lifetime [1, 3]. An apparent seasonality in reported
cases is noted in temperate climates, with most cases
reported during winter and spring. The seasonality is
thought to be due primarily to high contact rates
among children who attend school, where they have
close contact during the coldest months [3, 7]. This
seasonality is not seen in the tropics, which can be
explained by heat, humidity and lack of exposure to
the agent in confined spaces during the winter months.
Varicella in the tropics mainly affects young adults,
which could be attributable to agent-specific factors
[8]. Varicella in temperate climates is a disease
affecting predominantly pre-school and school-aged
children. Varicella depends on closer contact to be
transmitted compared to other infectious diseases,
such as measles [3, 5, 9]. Accordingly, social changes


https://doi.org/10.1017/S0950268801006124

494 A.L.F. Yu and others

that affect the pattern of contact among children may
influence its epidemiology. There has been an in-
creased incidence among children under 5 years old in
the 1990s. Because of the increasing number of pre-
school-aged children now participating in organized
group child care, many children 1-4 years of age now
acquire varicella in day-care setting [3].

Serological data from a population can provide the
profile of disease prevalence by age, allowing the
estimation of the age-related force of infection.
Mathematical models have been developed to de-
termine whether changes in contact rates between and
within different age groups could be described and
understood regarding transmission dynamics of viral
infection among different groups of children. The
force of infection in viral diseases shows a pronounced
age dependence, which is probably related to the
increased transmission among school children [10].

This study aimed to quantify the differences in
varicella transmission in two samples of children with
different social behaviour in the State of Sdo Paulo.

METHODS
Population

Sao Paulo city is the capital of the State of Sao Paulo,
Brazil. It is crossed by the Tropic of Capricorn,
located in the southeast Brazil, with around 10 million
inhabitants, 97 % living in the urban area [11]. The
state education network of Sdo Paulo comprises 2500
schools, including nurseries, kindergartens and first
grade schools, corresponding to a school population
of about 2 million children. This study was carried out
in the State Education and WellFare System of Sdo
Paulo by a random sampling selection of 304 schools.
In each school, seven children were chosen, aged 1-11
years old in 1992. The sampling technique is described
elsewhere [12].

Caieiras is a small town located in the northern part
of Sdao Paulo city, also crossed by the Tropic of
Capricorn, with about 30000 inhabitants in 1990,
over 90% living in the urban area. Individuals were
sampled by cluster, in families within randomly
selected administrative regions, stratified by age
(range: 1-15 years); children 3 years old or under
were not enrolled in school. Out of the 62 ad-
ministrative regions in the city, with 150 dwellings
each, 32 were randomly selected [13].

Serology

Blood was taken by finger prick with Glucolet™
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disposable lancet and collected into two 2-5cm
diameter circles of Whatman® No. 1 filter paper.
Blood elution was done using 500 ul of a phosphate
buffered saline (PBS). Eluates were frozen and stored
at —20 °C for up to 5 years. The eluates were thawed
for 12 h in refrigerator before being tested.

In Sdo Paulo, 1112 eluates were tested for specific
IgG antibody against VZV using an in-house ELISA
technique as described elsewhere [14] and 656 eluates
using a commercially available enzyme immunoassay
(ELISA TEST-HRP, Hycor Biomedical GmbH,
Kassel, Germany); 33 eluates were analysed by both
methods. The agreement of the two different ELISA
techniques was evaluated by Kappa analysis [15], and
were considered concordant. In Caieiras, all 371
eluates were tested for specific IgG antibody against
VZV using an in-house ELISA technique [14].

Data management

A database was created, recording identification and
serological data of individuals. Results were analysed
to determine the VZV antibody-positive proportion
by age, and the respective 95% confidence interval
(exact binomial method).

After establishing the proportion of VZV antibody-
positive individuals for each age class S(a), a
continuous function was fitted, using a modification
of a function proposed by Farrington [16].

St(a) = 1—exp { %[(kz(a—Lc)—f— 1)

X exp(_k2(a_Lo))_ 1] }5 a 2 Lm (1)

where k, (i =1, 2) are the fitting parameters to the
seropositive function, and where L, = 0-5 year is the
age until which there is the influence of maternally
derived antibody protection.

Considering that children from Sao Paulo seem to
come from two different exposure experiences,
namely, children attending nursery facilities from the
beginning of their lives and children entering graded
school at 4 years of age or later, as revealed by the
seroprevalence profile [15], it is necessary to split the
fitting of the serological data in two parts in order to
represent better the seroprofile. Sdo Paulo force of
infection will be estimated for nursery attendees.

Let a* be the age of transition from nursery to
grade school. The VZV antibody-prevalence function
under a* is given by equation (1). Let us assume that
at age a* the proportion of VZV antibody-positive
children, s*, is lower due to the contribution of VZV
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antibody-negative children entering grade school at
that age and presumably not as exposed as nursery
children to VZV infection. Therefore, a correction
must be applied to the seroprevalence fitting curve as
follows:

Si(a) =1—0exp { %[(k.z(a—L,,)—i-l)
xexp (—ky(a—L,))—1] } aza*, (2

where 0 is the susceptibility ratio at age a* between
primary school arrivers (mixing of children from
household and nursery) and nursery leavers, given by

_1-S5(a")

P=1-5ia

A3)
with ST (a) and S5 (@) being given by equations (1) and
(2), respectively.

Using the VZV antibody-prevalence continuous
function as defined above, the per capita rate in which
susceptibles were infected (force of infection), A(a),
can be derived by the catalytic approach [17], applied
to the formulation proposed by Farrington. The
corresponding A(a) is

Ma) = ky(a—L,) exp (—ky(a—L,)), a=>L,. “4)

To simulate varicella transmission dynamics the
model assumes a stationary age-dependent way of
transmission. Based on the model developed by
Massad et al. [18] we assumed that the total
population was divided into susceptible, infected and
recovered individuals.

In assuming an equilibrium situation, we could
calculate the force of infection as follows [18]:

AMa) = ,ujm da’'f(a, a’)Ja/ da’A(a”)

xexp (—(pu+y)d’) exp (ya") exp [ - fl A(s)ds ] . (9

L,

where x4 is a constant mortality rate, y is a recovery
rate and f(a, @’) is an effective contact rate, defined as
a continuous function which describes the contacts of
susceptibles of age a with infected of age @’ and it also
takes into account the probability of such contacts
result in infection [18]. In the modelling, we have
considered x = 0-017 year™, equivalent to the inverse
of the human life expectation, assumed as 60 years,
and y =730 year !, related to the inverse of a
recovery period of 5 days [17].

Assuming that children are stratified mainly by age
into classrooms the probability of contacts is maxi-
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mized between children of same age. Thus it is
reasonable to model f(a, a’) as a symmetric function
under changes between a and o', i.e. f(a, a’) = f(a’, a).
To satisfy the above assumption, we have chosen:

pa, a’) = b,(a+a’) exp (—by(a+a))
—(a—a')?

(b3+b4(a+a’))2}’ fora> L, (6)

X eXp {
where b,(i = 1, 2, 3, 4) are the fitting parameters. This
function is the product of a bell-shaped curve with an
asymmetric function that resembles the force of
infection A(a), given by equation (4). After the fitting
of the seroprevalence function S*(¢) and the es-
timation of A(a) by means of equation (4), we could
estimate the parameters b, of the contact function by
fitting the A(a) curve derived from equation (5) to A(a)
related to the seroprevalence data, obtained from
equation (4).

The average age of first infection a, , in persons
eventually infected, is defined by the equation:

fxa)((a) x(a)da
y =" ()
j AMa) x(a)da

where x(a), the proportion of remaining susceptibles
can be approximated by [1 —S*(a)].

We can also define two other parameters related to
the proportion of VZV antibody-positive individuals
S*(a): the age in which A(a) has its maximum value,
.. and the median age at which susceptibles acquire
infection, a,,.,, corresponding to an age in which half
of the population under study has become VZV
antibody-positive, equivalent to S*(a,,.,) = 50 %.

The average force of infection is estimated by:

Jl)l(a)x(a)da
W= ®)
f x(a)da

The integrals of the expressions (7) and (8) were
evaluated in the interval from L, to the age a,;,,, where
ay,,, 1s the maximum age observed in the data samples.
For Sao Paulo, we have considered «,;,, = 12-0 years
and, for Caieiras, a;,, = 16-0 years.

RESULTS

The age VZV antibody-prevalence data is recorded in
Table 1. The age interval over 10 years old is
condensed. During 1992, the age VZV antibody-
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Table 1. Sao Paulo and Caieiras VZV antibody-prevalence by age (1992)

Sao Paulo Caieiras
Age (years) No. % pos S.E. No. % pos S.E.
1 115 33 0-085 72 18 0-088
2 175 634 0-071 49 24-4 0-12
3 185 735 0-063 31 483 0175
4 154 655 0-075 30 533 0178
5 192 58-8 0-069 29 72:4 0-162
6 185 71-3 0-065 24 875 0-132
7 204 789 0-055 21 952 0-091
8 196 79 0-056 16 937 0-118
9 190 84-7 0-051 21 952 0-091
> 10 172 80-2 0-059 78 94-8 0-048
S.E. = standard error.
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Fig. 1. Sdao Paulo and Caieiras varicella VZV antibody-prevalence data and fitted curves.

prevalence data revealed that in Caieiras children, the
VZV antibody-positivity rose slowly from 18 % at 1
year of age to 90 % at 6 years, then it remained stable

Table 2. VZV antibody-prevalence fitting parameters
and standard error (S.E) for Sdo Paulo and Caieiras

around this value. We observed a higher proportion Sao Paulo Caiciras
of VZV antibody-positive children 1-3 years of age k, 1-02 0-235
in Sdo Paulo city, enrolled in nurseries or day-care  (S:E) 0-10 0048
centres, with a decrease in VZV antibody-positivity in &, 0617 0222
children 4 and 5 years old. From 6 years of age, there ~ (SE.) 0-04 0-055
was an increase in VZV antibody-positivity, reaching X 18:6 9-51

a plateau around 80-85% at 10 years of age.
To fit the Sao Paulo VZV antibody-prevalence

data, we have taken into account the drop in the VZV
antibody-positivity in children between 4 and 5 years
old (Table 1), in accordance with the methodology
described in the previous section, and considering a*
=45 years. From the fit, we have obtained the
susceptibility ratio at age 4-5 years, 0 = 2-71 +0-44. As
we can see in Figure 1, the second part of the curve
(from 4-5 years on) reaches a plateau at 80 % of VZV
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antibody-positivity. The Caieiras fitted curve shows a
more gradual rise in VZV antibody-positivity until 5
years of age and a later stable pattern (Fig. 1). The
fitting parameters, standard errors and goodness-of-
fit y? test are shown in Table 2.

Based on fitted seroprevalence S*(a), the resulting
force of infection A(a) (equation (4)) for Sao Paulo
and Caieiras are illustrated in Figure 2. We noted that
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Fig. 2. Varicella force of infection for Sdo Paulo and Caieiras.
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Fig. 4. Caieiras varicella contact rate f(a, ).

the force of infection in Sao Paulo rose rapidly and it
was concentrated in early childhood (around 2 and 3
years), dropping slowly and then coming close to null
values after 12 years of age. The average force of
infection estimated for Sdo Paulo was 0-29 year™.

In Caieiras, the curve presented a different profile
with a slow ascendant and descendant phases, and it
was present at around 5 years of age, and it did not
come close to null values even at 16 years of age. The
average force of infection estimated for Caieiras was
0-26 year™.

Those differences were also observed with the
contact rate. In Sao Paulo (Fig. 3), the age dependent
transmission coefficient f(a, a’), representing the con-
tact between the susceptibles of age a with the infected
of age a’ raised sharply in the first 3 years of age,
reaching a maximum value at this age interval,
dropping close to null values with age increment. In
Caieiras (Fig. 4), a slow rise was noted, with more
spreaded curve, reaching the maximum value later
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Table 3. Varicella contact rate f(a,a’) fitting
parameters for Sdo Paulo and Caieiras

Sao Paulo Caieiras
b, 2143:58 41116
b, 0-1673 0-0300
b, 02654 1-968
b 02915 0-2691

N

and with the contact continuing along the age
increase. The contact rate f(a, ¢’) fitting parameters
are shown in Table 3.

The average age of first infection and its cor-
responding standard error was 2:87+0-14 years and
4074047 years for Sdo Paulo and Caieiras, re-
spectively. The difference between these results was
statistically significant (P < 0-05). The calculated
values for the median ages of infection, a,,,,, and for
the ages corresponding to the A(a) maximum, «

max>
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were 2-10 and 2-12 years for Sdo Paulo.The q,,., and
values for Caieiras were 3-52 and 500 years.

amax

DISCUSSION

Although less infectious than measles, varicella is
nonetheless highly contagious, especially in closed
populations, where secondary attack rates in sus-
ceptible household contacts is greater than 85%.
Social changes affecting contact among children
influence its epidemiology, such as children gathering
at school, where presumably children establish more
contact [3, 5, 6, 9].

The results observed in this study outlined the
differences related to social behaviour of children
aged 1-3 years in Sdo Paulo, attending all-day
nurseries or kindergarten. These children interact
socially, resulting in early exposure and providing
means for efficient transmission of the viruses [20].
The ecarly school entry determines groups of close
acquaintance, increasing dissemination of infection
with greater number of contacts among children of
the same young age [3, 9]. Sdo Paulo children 4 and 5
years old came from all-day nurseries or day-care
centres, or they started school at this age. The
observed decrease of VZV antibody-positivity at this
age may have occurred due to the integration of
children of different degrees of sociability. In addition,
children at this age, spend less time (half-day) together
in the school compared with younger children. A 90 %
VZV antibody-prevalence in children over 10 years
old was also observed in Sdo Paulo in 1993 and 1994,
as published elsewhere [15]. This cross-sectional study
from 1992 measured VZV antibody-prevalence in
children 1-12 years of age in Sao Paulo. The observed
steady fitted VZV antibody-prevalence around 80 %
after 6 years of age in Sdo Paulo children resulted
from data analysed until 12 years of age. The
seroprevalence behaviour could not be estimated after
this age.

Farrington’s function was a simple model for S*(a)
and can give us an approximate idea of the sero-
prevalence age-dependence. It enables us to estimate
an approximate effective contact rate f(a,a’), as
shown in Figures 3 and 4, which can be the basis for
a future analysis of the prospective outcomes of a
vaccination programme for varicella.

This study utilized a different form of age dependent
transmission coefficient, presumably better reflecting
the real situation. We assumed £ as an arbitrary age-
dependent continuous function which reflected the
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seroprevalence and it could substitute the contact
matrix previously proposed [21].

The observed differences showed in the shape of
A(a) and the age scale of f(a, a”) could be attributed
to distinct epidemiological patterns between the
studied populations. Sdo Paulo children 1-3 years old
spent more time with each other in the all-day nursery
and kindergarten, consequently with higher contact
among them.

Caieiras household children of this age interval
presented a different degree of sociability, with the
VZV antibody-positivity probably resulting from the
infection introduction by school-aged children [3].
Considering that more susceptible children entered
later in the school in Caieiras than in Sdo Paulo, it is
possible that they have had more social contacts later
and therefore they had acquired infection at older
ages.

The contact patterns among school and pre-school
children play an essential role in the transmission
dynamics of VZV, and it should be necessary to have
a good comprehension of these patterns in order to
assess the impact of a varicella control strategies.
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