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Abstract 
The objective of this work was to assess the intensity of transmission of hepatitis A in Rio de Janeiro, 
Brazil. We also used the estimation of the parameters of a deterministic model to study the effects of risk 
factors. Age-specific seroprevalence of antibodies against hepatitis A virus (HAV) was obtained from a 
survey screening in a city of the metropolitan area of Rio de Janeiro, in 1997. From the seroprevalence 
data, we estimated the age-dependent force of infection (1) and the average age of first infection (A), 
using a deterministic model. To evaluate the influence of the environmental risk factors, we estimated 
the same parameters stratifying the sample for the selected socio-environmental risk factors: the number 
of years of schooling of the female responsible for the house, crowding within the bedroom, number of 
water taps and fittings, and the presence of sewage in front of the house. For the whole sample, the 
maximum force of infection estimated was 0.12/year and the average age of infection was IO.1 years. 
This last parameter decreased as the number of persons per bedroom increased, and also when the 
number of water taps and the number of years of schooling of the woman responsible for the house 
decreased. The proposed environmental interventions may lead to a decrease in the intensity of 
transmission of HAV and an increase in the average age of first infection in the next few years. This may 
have public health implications, since hepatitis A is more severe in adults. In this context, specific 
vaccination programmes may be necessary, as in developed countries. 
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Introduction 
Seroepidemiological studies of hepatitis A have been 

carried out since the 1970s when commercial kits for 
laboratory analysis became available. In general, an 
association has been reported between the seropreva- 
lence of antibodies against hepatitis A virus (HAV) and 
socio-environmental conditions (SIEBI(E et al., 1982; 
MORALES et al., 1992). 

The main route of transmission for hepatitis A infec- 
tion is faecal-oral and/or direct contact (person-to- 
person) (KOFF, 1998). Factors that contribute to the 
transmission of the infection are associated with 2 
specific domains, the household environment and the 
neighbourhood (CAIRNCROSS et al., 1996; MUSE- 
ZAHL et aZ., 1996; CDC, 1999; STRUCHINER et al., 
1999). The environmental conditions of these domains 
are strongly related to the socio-economic status of 
the residents, and the improvement of community 
sanitation has been shown tb reduce the occurrence df 
infection. esDeciallv in the 2 first decades of life (TAPIA- 
CONYERet al., 1993; TANAKA, ZIOO). 

To quantify the dynamics of hepatitis A transmis- 
sion, some authors have modelled hepatitis A seropre- 
valence data from cross-sectional survevs using 
different stochastic or deterministic models (S~HENZL: 
et al.. 1979: YANG & CHANG. 1990: KEIDING. 1991: 
AMA~J, 2001). We used a ‘dete&inistic r&&l to 
estimate the force of infection (1) and the average age 
of acquisition of the first infection (A) with hepatitis A 
using seroprevalence data from a large survey carried 
out in the municipality of Duque de Caxias, an area of 
intervention of a major sanitation programme in Rio de 
Janeiro State, Brazil (RIO DE JANEIRO, 1993). The 
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average age at first infection can be estimated from the 
force of infection, and both parameters can be assessed 
using seroprevalence data (MASSAD et al., 1995). 

After obtaining the parameters for the whole sample, 
we considered a stratification of the sample based on 
some risk factors that are reckoned to influence the 
transmission of hepatitis A infection. The stratification 
of the parameters can supply a first approach to the 
impact that such interventions could have on the mod- 
ified and stabilized environment and on the dynamics 
of transmission of infectious diseases such as hepatitis 
A. 

Methods 
Study site 

The study was located in the county of Duque de 
Caxias, in greater Rio de Janeiro, Brazil, an interven- 
tion area of the Guanabara Bav Pollution Control 
Programme. The average household had 4 members 
and lived in a house with 4.4 rooms which generally 
included at least one bedroom and one bathroom. 
Piped water was supplied to 81.6% of households and 
a further 15.9% used well water only. There was no 
formal sewage system but 48.1% of households used 
septic tanks discharging to the rainwater drainage net- 
work. Only 43.6% of households benefited from solid 
waste collection. The average household head had 
5.1 years of schooling and a monthly income, which at 
the time of the study would be equivalent to approxi- 
mately US$294, or approximately double the Brazilian 
minimum wage at the time. Among the 43 census tracts 
within that area, 19 were selected randomly for the 
study. In 1991, they encompassed a population of 
29 729 living in 7565 households (FIBGE, 1991). 

Design and conduct of the study 
The study began before the completion of sanitation 

interventions in the area (time zefo). The seropreva- 
lence survey for total antibodies against HAV was 
carried out -in 1997. The sample population was se- 
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lected at random among the residents of the study area 
after conducting a census of all households. The sample 
size was calculated by a random sampling technique 
considering the seroprevalences obtained in the pilot 
study in each of the following age groups: 1, 2, 3, 4, 5, 
6, 7, 8, 9, 10-14, 15-19, 20-29, and 230years 
(ALMEIDA et al., 1999). 

The fieldwork lasted from June to December 1997. 
Households of selected individuals were visited to col- 
lect blood samples, after obtaining written consent 
from the subjects or, for children, from their guardians. 
Interviews were carried out to collect information on 
the physical and sanitary conditions of the house and 
environs, and the socio-economic status of the family 
(ALMEIDA et al., 1998). The age-specific seropreva- 
lence results are summarized in Table 1. 

Data analysis 
After obtaining the seroprevalence data of the indivi- 

duals and socio-environmental data for the respective 
families, a database was constructed for data analysis 
and mathematical modelling. Using mathematical 
modelling to analyse the age-dependent force of infec- 
tion and the corresponding average age of first infection 
according to the socio-environmental variables showing 
significant correlation with hepatitis A infection, we 
estimated the effects of environmental interventions as 
a first approximation. 

Steps of data analysis and mathematical modelling 
The age-dependent force of infection, h(a) (where a 

represents age), which is defined as the per capita rate 
at which susceptible individuals acquire infection, can 
be described as a non-negative function, with a null 
value at birth due to the protection given by maternal 
antibodies. If we suppose that the force of infection 
rises to a peak at the age corresponding to the maxi- 
mum number of infections, with a subsequent decline 
in higher ages, we can assume, according to the sugges- 
tion proposed by FARRINGTON (1990), the following 
model 

h(a) = klaemkZa (1) 

where kl and k2 are parameters to be fitted. In the 
above function, we supposed an exponential decline, 
whose intensitv is related to the parameter k7. The 
parameter k,, on the other hand, is related to the initial 
rise of the force of infection, and also to its amplitude. 

The proportion of seropositive individuals of age a, 
S+ (a), can be related to the force of infection through 

Table 1. Age-specific seroprevalence of hepatitis 
A in 3068 individuals in Duque de Caxias, Rio de 
Janeiro State, Brazil, 1997 

Age group 
(wars) No. 

Positive 
n (%) 95% CI 

1 342 21 (6.1) 
2 368 28 (7.6) 
3 324 45 (13.9) 
4 285 80 (28.1) 
5 240 77 (32.1) 
6 238 97 (40.8j 
7 205 90 (43.9) 
8 185 
9 156 
10-14 245 149 (60.8) 
15-19 175 138 (78.9) 
20-29 152 138 (90.8) 
230 153 149 (97.4) 

3.8-9.2 
5.1-10.8 

10.3-18.1 
22.9-3.7 
26.2-38.4 
34.5-47.3 
37.0-50.9 
41.3-56.1 
52.1-67.9 
54.4-66.9 
72.1-84.7 
85.0-94.9 

93.44-99.3 

the so-called catalytic approach (e.g. GRENFELL & 
ANDERSON, 1985) 

(2) 

Considering h(a) given by equation (I), we can 
integrate equation (2) to obtain an expression for S+(a) 

$ [(k,a+ 1) X e6k2a - 1] (3) 
2 

We fitted this function to the seroprevalence data by 
the maximum likelihood method, assuming a binomial 
likelihood, once each individual is considered to be 
either seropositive or seronegative. After fitting the 
parameters-k, and k2, we can estimate the age-depen- 
dent force of infection. It follows that the average age of 
acquisition of first infection is (ANDERSON & h;LAy, 
1985): 

I” &(a)[1 - S+(a)]da A = JoL s h(a)[l - S+(a)]da 
0 

(4) 

where [l - S+ (a)] is the proportion of susceptible 
individuals with age a, and L is the human lifespan for 
that community, considered here as equal to 60years. 
We can also calculate another parameter related to the 
proportion of HAV antibody-positive individuals: the 
age in which h(a) has its maximum value, antax. 

The average age of first infection depends on the 
parameters kI and kz of the fitted S+(a) function [equa- 
tion (l)]. Accordingly, we can estimate a confidence 
interval for the average age of infection based on the 
variance-covariance matrix of the fitting parameters. 
We used a Monte Carlo algorithm as described by 
AMAKU et al. (2001). 

After this stage of analysis, we estimated the force of 
infection and the average age of first infection, stratify- 
ing the data sample for selected variables representing 
socio-economic status and sanitary conditions. These 
variables were: the number of years of schooling of the 
female responsible for the household, crowding (per- 
sons per bedroom), the number of water taps and 
fittings, and the presence of sewage in front of the house. 
The selection of these variables was based on another 
analysis (for risk factors), using the database restricted 
to children aged 1 to 9 years, including all environmen- 
tal and domestic variables (ALMEIDA et al., 2001). 

They were incorporated into the analysis as follows: 

(i) Years of schooling of the woman responsible for the 
house: 1 = none to 7 years of schooling (incomplete 
primary education); 2 = eight and more years of 
schooling (complete primary education or more). 

(ii) Crowding (persons per room used for sleeping): 
1 = up to two persons; 2 = more than two, up to 
three persons; 3 = more than three persons. 

(iii) Number of water taps and fittings: 1 = two taps or 
less; 2 = three or more taps. 

(iv) Presence of an open sewage channel in front of the 
house: 1 = present; 2 = absent. 

Results 
In total 3271 sera samples from individuals, aged 

from 1 to 83 years, were collected and 3068 (94%) 
answered the household questionnaire. 

Figure 1 shows the proportion of seropositives by age 
(a), the curve fitted by the maximum likelihood method 
and the force of infection by age h(a) for the whole 
sample. 

We can see that the proportion of seropositive cases 
grows faster after 3 years of age. This is the time when a 95% CI, 95% confidence interval. 
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Fig. 1. Seroprevalence data, the corresponding fitted curve (thin line) and the age-dependent force of infection (thick line) of 
hepatitis A for 3068 individuals in Duque de Caxias, Rio de Janeiro State, Brazil, 1997. 

child begins to play with other children (socialization). schooling for woman responsible for the house. If there 
At around 30 years of age almost all the population is was a sewage channel in front of the house the para- 
infected. The maximum force of infection estimated for meter decreased too. The difference between the curves 
hepatitis A in the whole sample was 0.12/year and of force of infection could be observed for all variables, 
average age of first infection was 10.2 (*0.4) years. notably ‘crowding’ and ‘number of water taps’. 

Figures 2 and 3 show the age-dependent proportion 
of seropositives and force of infection stratified by the 
selected risk factors. The age corresponding to the h(a) 
maximum (a,,) decreased as the number of persons 
per room increased. The opposite happened with the 
number of water taps and the number of years of 

Table 2 shows the age corresponding to the maxi- 
mum force of infection (a,,,), the respective force of 
infection (h,,,) and the average age of first infection, 
for the whole sample and for the selected variables. The 
lowest ages corresponding to the h(a) maximum and 
the lowest average ages of first infection were found 
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Fig. 2. Seroprevalence of hepatitis A for 3068 individuals in Duque de Caxias, Rio de Janeiro State, Brazil, 1997, by risk factors: (A) 
years of schooling of female responsible for the house; (B) crowding (persons per bedroom); (C) number of water taps and fittings; 
and (D) presence of sewage channel in front of the house. S+(a), proportion of seropositive individuals by age. 
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Fig. 3. Age-dependent force of infection of hepatitis A for 3068 individuals by risk factors in Duque de Caxias, Rio de Janeiro State, 
Brazil, 1997: (A) years of schooling of female responsible for the house; (B) crowding (persons per bedroom); (C) number of water 
taps and fittings; and (D) presence of sewage channel in front of the house. 

Table 2. Age corresponding to the maximum force of infection, respective 
force of infection and average age of first infection for the whole sample, 
and selected socio-environmental conditions for hepatitis A in Duque de 
Caxias, Rio de Janeiro State, Brazil, 1997 

Variable 
aman 

(years) 
h max 

(per year) 

Average age of 
first infection 

(years & 1 SD) 

Whole sample 9.3 0.12 
Schooling of female responsible for house (years) 

o-7 1z.z 0.13 
28 0.11 

Crowding (persons per bedroom) 
>3.0 7.7 0.14 
2-l-3.0 10.2 0.12 
0.1-2 16.1 0.10 

Number of water taps and fittings 
o-2 1Y.i 0.17 
33 0.11 

Open sewage channel in front of house 
Present 8.6 0.14 
Absent 10.3 0.11 

10.1 It 0.2 

9.0 zt 0.2 
12.5 zt 0.5 

8.7 zt 0.5 
10.4 * 0.8 
13.2 AZ 0.6 

7.5 It 0.3 
11.2 zt 0.3 

9.1 * 0.2 
11.1 zt 0.3 

amax, maximum force of infection; h,,,, respective force of infection. 

with a low level of schooling of the female responsible 
for the house, high crowding, few water taps (or none 
at all), and the presence of a sewage channel in front of 
the house. 

Discussion 
Models can help us to understand how some factors 

influence the transmission of an infectious disease 
(GIESECKE, 1994). They can provide an idea about the 
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moment when the transmission is more intense and 
how some factors can change this scenario, being also a 
tool for measuring the impact of a given intervention. 
Here, we only considered age as a factor when we 
estimated the parameters. Otherwise, the force of infec- 
tion curves, stratified by selected variables, are a way to 
show how some socio-environmental risk factors can 
change them. We have used the estimation of the 
parameters of a deterministic model to study the effects 
of risk factors. We considered this procedure as a first 
approach to assess the possible health impact of specific 
environmental interventions that are under way in the 
study area. This allowed us to see the age at which an 
individual has the highest chance of being infected if 
he/she is in a specific condition, and how it could be 
modified by an intervention that changes this condi- 
tion. This is very important when a disease has more 
than one route of infection because it could imply a 
need to review the disease control strategy. 

As expected for an area with poor sanitation, the 
force of infection of hepatitis A was higher among 
infants. It rose to a peak at the age of 9, corresponding 
to the maximum contact rate of susceptible with infec- 
tious individuals. This may be related to some sanita- 
tion improvements in recent years (TAPIA-CONYER et 
al., 1999). 

ZANETTA et al. (1996) estimated the force of infec- 
tion and the average age of first infection from a 
seroprevalence survey in another city of Brazil and 
found an average age of first infection smaller than our 
result, namely 6.7 years, with a force of infection of 
0.1 Yyear, higher than ours. 

Other authors have estimated the force of infection 
for hepatitis A using mathematical models. SCHENZLE 
et al. (1979), with different assumptions, estimated the 
force of infection for 7 European countries, using a 
catalytic model. They considered the populations 
homogeneous with respect to susceptibility and expo- 
sure to infection. The data fitted reasonably with the 
model in some cases but not for the others. They 
considered that the bad fit for some countries could be 
related to the failure of the seroprevalence rate to rise 
monotonically with age. 

We know that the effects of each specific intervention 
are not independent of other applied interventions, 
which can produce a larger combined effect. Environ- 
mental interventions can impact on health conditions 
in more than one way, acting directly and indirectly. 
For example, in the medium range, the improvement 
of sanitary conditions impacts positively on the eco- 
nomic conditions of the area, which can amplify the 
final effect on the health of the residents. On the other 
hand, the pre-existing socio-economic status of the 
family can modify the magnitude of the effects of 
environmental interventions. They determine condi- 
tions in the household, which is the main place where 
other infectious diseases are transmitted, notably those 
that depend on a certain pattern of personal and 
domestic hygiene. We can observe that the household 
conditions can be heterogeneous between houses 
although relatively homogeneous from the outside. 

Higher levels of mother’s education seem to contri- 
bute ;o the protection of children from infection in 
many ways (CALDWELL, 1994). In general, the female 
responsible for the household determines the standard 
of personal hygiene and cleanliness. This is explained, 
to some degree, by the relationship between education 
level and access to information on hygiene and health. 

Our data show that the age corresponding to the 
maximum force of infection and the average age of first 
infection decrease as the number of persons per bed- 
room increases. Crowding generally affects these para- 
meters of all infectious diseases related to water access 
and hygiene in the household. Crowding has also been 
identified as a risk factor for hepatitis A in Portugal 
(BARROS et al., 1999). The association of hepatitis A 

with crowding suggests that transmission within the 
domestic environment-as opposed to the public one- 
accounts for a significant proportion of all cases 
(CAIRNCROSS etal., 1996). 

Infectious diseases transmitted by the faecal-oral 
route are obviously affected by the degree of access to 
safe water (quantity and quality). A good measure of 
water consumption, as a proxy for that variable, is the 
number of water taps and fittings (WHITE et al., 1972). 
Water consumption in a household is also an indicator 
of hygiene. In our study, we found that increasing the 
number of water taps and fittings is associated with an 
increase in the average age of first infection and the age 
corresponding to the maximum force of infection. This 
finding is consistent with previous studies, which found 
an association between water supply and the seropreva- 
lence of hepatitis A (TANAKA, 2000). The improve- 
ment of safe water access is the most important 
intervention that is taking place in the study area now. 

Data also showed that the presence of an open 
sewage channel in front of the house could contribute 
to the transmission of hepatitis A. Sewage channels, 
partially obstructed by solid waste, overflow when it 
rains. On these occasions, some streets concentrate 
large pools of sewage near the individuals’ houses. 
Children play in these streets and return to the houses 
with sewage contamination on their shoes. This fact, 
associated with intermittent water supply, can play an 
important role on the transmission of faecal-oral dis- 
eases (CAIRNCROSS et al., 1996). 

Hepatitis A is a disease with many transmission 
routes: person-to-person; person-environment-per- 
son; contaminated food or water; sexual contact; use of 
intravenous drugs and blood derivative transfusion 
(SHAPIRO et al., ~~~~;JOHNSON et al., 1995; BALLES- 
TEROS et al., 1996). The virus can persist in the 
environment for several months. In the human host, 
the shedding of virus is short-lived: only a few weeks. 
This is a possible reason for the fact that sanitation can 
reduce the seroprevalence of hepatitis A dramatically in 
a community. It interrupts the person-environment- 
person route of transmission of the disease, reducing 
the probability of contact between a susceptible indivi- 
dual and the virus and the generation of new index 
cases. Within the household, access to safe water and 
sanitary facilities are fundamental to implement new 
habits of personal and domestic hygiene, and can also 
reduce person-to-person transmission and the genera- 
tion of secondary cases. The force of infection then 
decreases. Consequently, the number of cases in the 
whole population also decreases and the seroprevalence 
of antibodies against hepatitis A virus in the community 
goes down, mainly among children. As a consequence, 
the pool of susceptibles in the population increases, 
and so does the average age of acquisition of first 
infection. The probability of periodic outbreaks (epi- 
demic waves) increases, and also increases the prob- 
ability of infected adults showing moderate or severe 
forms of the disease. Sanitation is very important be- 
cause it reduces the incidence of many other infectious 
diseases and influences the nutritional status and 
growth of children. But, if universal coverage of urban 
services is implemented, then vaccination emerges as 
an important strategy to control hepatitis A transmis- 
sion and prevent the severe cases and deaths. 

Meanwhile, many women are naturally immune, 
passing their antibodies against HAV to their babies 
during pregnancy. Therefore, it is not recommended 
that vaccination be implemented during the period 
when maternal antibodies are present. The next step of 
this research is therefore to estimate the optimal age for 
hepatitis A vaccination in Brazil. 
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