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Abstract
Brazil currently accounts for the majority of dengue cases reported in the Americas, with co-
circulation of DENV 1, 2 and 3. Striking variation in the epidemiological pattern of infection
within cities has been observed. Therefore, investigation of dengue transmission in small areas is
important to formulate control strategies. A population-based household survey was performed in
three diverse socio-economic and environmental areas of Recife, a large urban center of Brazil,
between 2005 and 2006. Dengue serostatus and individual- and household-level risk factors for
infection were collected in residents aged between 5 and 64 years. A total of 2,833 individuals
were examined, and their residences were geo-referenced. Anti-dengue IgG antibodies were
measured using commercial ELISA. The dengue seroprevalence and the force of infection were
estimated in each area. Individual and household variables associated with seropositivity were
assessed by multilevel models for each area. A spatial analysis was conducted to identify risk
gradients of dengue seropositivity using generalized additive models (GAM). The dengue
seroprevalence was 91.1%, 87.4% 74.3%, respectively, in the deprived, intermediate and high
socioeconomic areas, inversely related to their socio-economic status. In the deprived area, 59% of
children had already been exposed to dengue virus by the age of 5 years and the estimated force of
infection was three times higher than that in the privileged area. The risk of infection increased
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with age in the three areas. Working or studying outside the home area was a risk factor for
seropositivity in the deprived area (OR=2.26; 95% CI: 1.18-4.30). Number of persons per room
was a risk factor for seropositivity in the intermediate (OR=3.00; 95% CI: 3.21-7.37) and
privileged areas (OR=1.81; 95% CI: 1.07-3.04). Living in a house, as opposed to an apartment,
was a risk factor for seropositivity in the privileged area (OR=3.62; 95% CI: 2.43-5.41). The main
difference between the privileged and other areas could be attributed to the much larger proportion
of apartment dwellers. Intensive vector control, surveillance and community education should be
considered in deprived urban areas where a high proportion of children are infected by an early
age.
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1. Introduction
Dengue is a vector-borne disease considered a global public health threat in tropical and
subtropical countries. Approximately 2.5 billion people – two fifths of the world population
- are at risk of infection, mostly in urban regions given that the main vector (Aedes aegypti)
is widespread and well adapted to such environments (Gubler, 1998, WHO, 2009). South-
east Asia is one of the most affected regions, where dengue haemorrhagic fever (DHF) has
been a leading cause of hospitalization and death among children (WHO, 2009). In the
Americas, where all four serotypes (DENV 1, 2, 3, 4) circulate, dengue incidence has
increased dramatically in the last two decades (PAHO, 2008, Torres and Castro, 2007).
From 2001 to 2008, more than 5 million cases of dengue were reported, including
approximately 100,000 cases of dengue hemorrhagic fever and 1,500 deaths (PAHO, 2008).
Brazil currently accounts for the majority (~80%) of the cases reported in Latin American,
with co-circulation of three serotypes (DENV 1, 2, 3) in most of the country, with sporadic
epidemic waves in several urban areas (Teixeira et al., 2009, PAHO, 2008, Siqueira Jr et al.,
2005).

Dengue has a broad spectrum of manifestations and the number of reported cases
underestimates the number of infections, because most are asymptomatic and not all
symptomatic ones are reported (Kyle and Harris, 2008). Hence, serosurveys and longitudinal
studies are used to assess past and current dengue infection and transmission rates at the
population level (Thai et al., 2005, Endy et al., Teixeira et al., 2002) .

The spatial distribution of dengue infection can vary greatly be heterogeneous between
neighboring areas in urban settings (Vanwambeke et al., 2006, Reiter et al., 2003, Vallee et
al., 2009, Almeida et al, 2007). Among possible individual and household risk factors,
predictors of infection have included higher age (Yew et al., 2009), low socioeconomic
status (Vasconcelos et al., 1998, Siqueira Jr et al., 2004), lower education level (Teixeira et
al., 2002, da Silva-Nunes et al., 2008) and lack of household protective measures such as
unscreened houses or absence of air-conditioning (Ko et al., 1992, Reiter et al., 2003) In
turn, this shows the importance of understanding small-scale variation in dengue infection
when formulating control strategies.

The aim of the current population-based household study, conducted in the city of Recife in
the Northeast of Brazil, was to estimate the prevalence of dengue infection between
privileged and non-privileged areas and identify individual and area-level risk factors for
infection in three urban areas. In addition, we describe the spatial distribution of risk of
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dengue infection to explore intra-urban variations in dengue infection that could be valuable
in suggesting alternative control strategies.

2. Materials and Methods
2.1 Study settings

Recife (1.5 million inhabitants) lies on the Atlantic coastal plain (8° 03′ S 34° 52′ W) at a
mean altitude of 5 meters above sea, level and is relatively flat. The city’s area of 217 km2 is
divided in 94 neighborhoods (IBGE, 2009) as shown in Figure 1. Its climate is tropical
humid, with average temperature of 25°C and rainfall of around 2000 mm per year, with no
major variation between neighborhoods (ITEP, 2009). Dengue vector surveillance and
control covers the whole city and relies on premise visits for elimination of breeding sites
and use of biological larvicides (Bacillus sphaericus and Bacillus thuringiensis israelensis)
(Regis et al., 2008).

Three non-contiguous areas were selected to represent deprived, intermediate and high
socio-economic areas. Another criterion for selecting these areas was the feasibility of
conducting field work there, due to the established willingness of the community to
participate (Regis et al., 2008). The deprived area, Brasília Teimosa neighbourhood, is
located on the coast in the southern region, largely composed of lower income families and
lacking sanitation and waste collection (Figure 1, area 4.41 km2; population 19,155; with 2
minimum wages as the average income of the head of the family). The intermediate area,
Engenho do Meio neighbourhood, is situated in the western zone of the city and is
composed mostly of middle class families (area: 4.58 km2; population 10,560; with 5
minimum wages as the average income of the head of the family). The high socio-economic
area is composed of the Casa Forte and Parnamirim neighborhoods in the northern part of
the city, whose residents mainly live in apartment blocks (area: 6.76 km2; population 9,838;
with 26 minimum wages as the average income of the head of the family) (IBGE, 2000).

2.2 Subjects and assessment of variables
The field work was carried out between August 2005 and September 2006. Residents aged
between 5 and 64 years were eligible for the survey. During the household visits, all
participants or guardians (for children under 13 years) were interviewed by a trained team
using a structured questionnaire. Individual-level variables were age (in years), sex,
schooling (University/secondary and Basic/illiterate levels), and whether the participant
commuted outside the area to study or work. Household-level variables were type of
household (house or apartment), number of persons per room (up to 1 and more than 1),
whether connected to public water supply, regular water supply, water containers in the
residence, whether connected to the public sewer and garbage collection. All the residences
of participants were georeferenced using Global Positioning System (GPS) machines
(GeoXM; Trimble Navigation Ltd., Sunnycale, CA) that, according to the product catalog,
have an accuracy of 1 to 3 meters.

2.3 Blood collection and serologic tests
After the interview, a blood sample (10 mL) was collected into Vacutainer® tube (Becton
Dickinson, Franklin Lakes, NJ) for all volunteers during the household visit. Serum samples
were separated within 12 hours and stored at –20°C for later use. Serum samples were
screened for IgG antibodies against dengue virus by using an enzyme-linked immunoassay
commercial kit (Dengue IgG-ELISA, PanBio, Ltd., Brisbane, Australia). Samples were
processed in duplicate and tests were performed according to the manufacturer’s
instructions. Results were calculated as “PanBio units” with results <9.0, 9.0–11.0, and >
11.0 defined as negative, equivocal and positive, respectively. Samples that initially returned
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an equivocal result were retested to confirm the result. This commercial kit does not
discriminate between dengue serotypes.

2.4 Sample size calculation
The study population was stratified into two age groups (5-14 and 15-64 years). The sample
size was calculated assuming the following parameters: seropositivity of 30% in the
population <15 years and of 40% for the population ≥15 years, based on a previous study
(Siqueira Jr et al., 2004); precision of 5%; and 95% confidence interval (CI). A design effect
of 1.5 was applied to take into account the variation of positives in each household. Finally,
a non-response rate of 20% was allowed for in the estimated sample size. Under these
parameters, it was determined that approximately 560 participants aged 5-14 years and 640
participants aged 15-64 years should be enrolled in each area.

2.5 Sampling strategy
The sampling strategy was based on Census 2000 Demographic that provide the total
population size, number of households and age distribution in the three areas (IBGE, 2000).
All census tracts of each study area were included in the sample. The census tract is the
smallest geographical unit of the Demographic Census with approximately 300 households
(about 1000 inhabitants). A systematic age stratified sample was drawn up, with a sampling
fraction for each area that was calculated from the proportion aged 5 to 14 years, and the
number of households. The sample was then drawn in accordance with the sampling
fraction, seeking the target number of 5 to 14 years-olds inhabitants, with a subsample to
obtain the target number of 15 to 64 years-olds. A greater number of houses was required to
achieve the sample size for the younger age group than for the older one. Therefore, in some
houses, only people aged 5-14 years were assessed.

2.6 Data analysis
The force of dengue infection was estimated in each of the three areas by assuming that it
was constant over the exposure history of people in the study, and that seroconversion is
permanent. The force of infection was fitted from a generalized linear model with serostatus
as the outcome variable, a binomial distribution family, complementary log-log link
function, and the natural logarithm of age as an offset (Collett, 1991).

The analysis of potential risk factors was weighted to adjust for age distribution. The
weights were calculated by comparing the proportions of the age groups in the sample to
those in the national census. These weights were implemented in the STATA software via
the ‘iweight’ option. The association between outcome (seropositivity) and individual and
household variables was initially assessed by odds ratio (OR). This was done with the
Generalized Linear and Latent Mixed models (GLLAMM) package in Stata 9.2, again using
the ‘iweight’ option.

2.7 Spatial point analysis
For each area, a spatial analysis was conducted to identify risk gradients of dengue infection
using Generalized Additive Models (GAM), which extend the generalized linear models to
include non-parametric smoothing terms such as spline curves (Kelsall and Diggle, 1998).
For the current study, the dependent variable was seropositivity and all explanatory variables
mentioned in section 2.2 were considered in the model, as well as spatial smoothing via
spline functions of latitude and longitude of the residence of each participant (Wood, 2003).
The final model was selected using backward stepwise procedure and was used to produce a
smoothed map of the odds ratio of being seropositive, adjusted for the covariates. These
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models were fitted using the ‘mgcv’ library of the R software (Wood, 2006). No adjustment
for multiple comparisons was made in the spatial or non-spatial analysis.

2.8 Ethical considerations
Written consent to participate in the study was obtained from each person (or their guardian)
after a full explanation of the study was provided. All data were handled confidentially and
anonymously. This study was reviewed and approved by ethics committee of the CPqAM-
Fiocruz / Brazilian Ministry of Health (N° 49/04).

3. Results
A total of 2,819 individuals, approximately half of them aged 5 to 14 years, were analyzed
in the three areas. Participants living in the high and intermediate socioeconomic status areas
were, on average, more highly educated and more likely to commute outside their home area
(Table 1). Around 90% of people lived in houses in the deprived and intermediary areas,
compared to more than 40% in apartment buildings in the high socioeconomic area. Around
25% of the dwellings in the high socioeconomic area were not connected to public water
services, since many buildings have private wells. Data show irregularity of water supply in
a daily basis in all three areas, with the poorer area having the lowest proportion of
households with regular water supply (12.7%). More than 90% of the households in each
area have containers for storage of water.

The seroprevalences in the deprived (91.1%) and intermediate areas (87.4%) were
statistically significantly higher than that (74.3%) in the rich area (Table 1). The overall
refusal rate was 13.2%, ranging from 10.2% to 23.7% in the intermediate and high socio-
economic area respectively.

The estimated force of infection was 17.7, 11.0 and 5.3 per hundred person-years for the
deprived, intermediate and privileged settings, respectively (Figure 2, see discussion for
interpretation).

Table 2 shows the results of the univariate analysis of risk factors for dengue seropositivity
for each area considering individual- and household-level characteristics. Older age was
associated with higher risk in all three areas, while no association with sex was found. In the
intermediate and high socio-economic status areas, living in a dwelling with more than one
person per room was a risk factor for infection. In the high socio-economic area, living in a
house instead of an apartment, was a risk factor, as were commuting for study or work, and
irregular water supply. Low level of schooling was negatively associated with infection in
the deprived and intermediate areas. In addition to age, which was uniformly significant in
all areas, the following risk factors were generally maintained in the multivariable analysis
(GAM model, Table 3). Not commuting away from the area was a risk factor for
seropositivity in the deprived area. Higher number of persons per room remained a risk
factor for seropositivity in the intermediate socio-economic area, whereas living in a house
and higher number of persons per room were risk factors for seropositivity in the high socio-
economic area. The smoothing terms were associated with dengue seropositivity in the
intermediate area (Engenho do Meio neighborhood) suggesting spatial variation in risk. No
such associations were found in the deprived (p=0.35) and high socio-economic areas
(p=0.75) (Table 3). For this reason, we present the surface risk map only for the intermediate
area: Figure 3 shows a gradient of increasing risk of dengue infection from the north to the
south of the area.
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4. Discussion
This household survey of a Northeastern Brazilian city found dengue seroprevalence ranging
from 74% to 91%, with the risk being inversely associated with socio-economic status. This
variation in prevalence is unlikely to be explained by climate, because local temperature,
rainfall, humidity and altitude are similar among these three areas of the city. Further,
entomological research found that infestation rates of Aedes aegypti are similarly high in the
three study areas (Regis et al., 2008).

In the deprived area, 59% of children had already been exposed to dengue virus by the age
of 5 years and the estimated force of infection was three times higher than that in the
privileged area. In the intermediate and privileged areas, the age-prevalence curves reached
plateaus by the age of about 20 years, suggesting that, rather than a constant force of
infection, they experienced spikes in incidence sometime in the previous 20 years. The
inverse association between dengue infection and wealth is in agreement with previous
studies and reinforces the role of socio-economic factors in dengue transmission (Gomez-
Dantes and Willoquet, 2009, Teixeira et al., 2002, Reiter et al., 2003).

As expected, given the cumulative nature of the serostatus outcome, older age was a risk
factor in all three areas. Men and women had been similarly exposed to viral infection, as
previously reported elsewhere (Siqueira Jr et al., 2004; Teixeira et al., 2002; Yew, 2009;
Van Benthem et al., 2005) The negative association between schooling level and dengue
seropositivity found in the univariate analysis for the intermediate and poor areas
disappeared after adjustment in the multivariate model, suggesting possible confounding
with age.

Of note, the risk factors identified differed between the three study areas. In particular,
living in a house, as opposed to an apartment, was a risk factor for seropositivity in the rich
area. The high proportion of apartment-dwellers in this area may explain the much lower
seroprevalence, despite high entomological indices. The likely explanation for apartments
being a protective factor, in this and other studies (Koh et al., 2008; Yew, 2009, 1971), is
that some characteristics of these dwellings, such as the distance from potential breeding
sites, may reduce man-vector contact. Another factor that is possibly involved is the fact that
most apartment buildings in the city have private water wells that reduce the need to store
water in containers indoors. The irregularity in water supply by the public system inner city
favors water storage which is a potential breeding site. Nevertheless, no direct association
with water storage containers was found in the current study.

In the intermediate and rich areas, a higher number of residents per room was identified as a
risk factor for dengue seropositivity, as found in other studies (de Mattos Almeida et al.,
2007) (Lian et al., 2006, Barrera et al., 2000). Greater density of people per household room
has been considered to facilitate household dengue transmission possibly because gives
greater feeding opportunities to the vector (Kuno, 1995). Although our study design does not
permit establishing the place of infection, in the deprived area the risk for infection was
associated with not commuting to study or work which suggests dengue transmission within
the neighborhood. This finding is in agreement with a prospective study in Thai
schoolchildren which concluded that most viral transmission occurred within the community
(Endy et al., 2002).

In our study, the lack of demonstrable spatial variation within the privileged and low income
areas could be explained by more homogeneous characteristics in terms of living conditions
and environmental risk factors. There is no evidence of associations between dengue
infection and several potential predictors, such as public sewerage or type and regularity of
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water supply. Only the intermediate area showed evidence of spatial heterogeneity in the
distribution of seropositive individuals, with a northeast to southwest gradient. This spatial
risk distribution is consistent with pattern of urban occupation of this area, in which low
standard residences and junkyards are concentrated in the southwest region (data not
shown).

In Central Brazil, two household surveys conducted in consecutive years showed spatial
temporal variation in dengue infection, suggesting that herd immunity played a role in the
pattern of inner city dengue distribution over time (Siqueira et al., 2008).

One of the limitations of the present study is that, given its large population screened, it was
not feasible to use a test to distinguish between dengue serotypes such as Plaque Reduction
and Neutralization Test (PRNT) (WHO, 2007). Moreover, children in the first four years of
life were not surveyed, since it was not considered culturally feasible to collect blood at
home from asymptomatic children of this age. On the other hand, we did include a large
representative sample of older children and adolescents in each area, showing high
prevalence of past dengue infection in early years of life in these settings. The simplest way
to characterize this experience is in terms of a constant force of infection, corresponding to
smooth increase in seroprevalence with age. This seems to capture the age profile in the
deprived area. However, in the intermediate and rich areas, prevalence reached plateaus by
an age of about 20 years, so the fitted curves underestimate prevalence at low ages and over-
estimate it at high ages. Such patterns could have resulted from people being more exposed
when younger, independently of calendar time. However, it seems more likely they resulted
from past outbreaks, i.e. exposure varying over time, as found in other urban settings
(Almeida et al., 2008; Egger, 2008).

This household survey estimated population levels of dengue seropositivity, and hence
infection history, in multiple areas of a single city, showing the diversity of urban
epidemiological scenarios. The main difference between the privileged and other areas can
be attributed to the much larger proportion of apartment dwellers in the area. Intensive
vector control, surveillance and community education should be considered in deprived
urban areas where a high proportion of children are infected by an early age. Conversely,
surveillance of this young group, in which seroprevalence has not yet saturated with age,
should be useful in identifying areas of highest risk, to which control measures should be
targeted.
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Figure 1. Geographic location of selected study areas in Recife (Brazil).
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Figure 2. Age-specific dengue seropositivity in three areas of Recife, with lines showing the fitted
values based on constant force of infection.
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Figure 3. Adjusted odds ratio for seropositivity in Engenho do Meio (intermediate socioeconomic
area). Recife, Northeastern Brazil, 2005-2006.
(*)The Universal Transverse Mercator (UTM) System
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Table 1
Main individual, household and area level characteristics of study areas. Recife,
Northeastern Brazil, 2005-2006.

Characteristics

Area

Brasilia Teimosa
(n=976)

Engenho do
Meio
(n=923)

Casa Forte/
Parnamirim
(n=920)

Individual

 Proportion in 5-14 year age stratum (%) 44.9 48.6 42.9

 Age (Mean ± SD) 23.4 ± 16.2 25.2 ± 17.3 29.5 ± 17.6

 Male sex (%) 46.5 45.1 37.9

 University degree (%) 1.9 7.0 21.7

 Commutes outside study area for school or work (%) 17.5 34.4 50.4

Household

 Number of households visited 350 436 434

 Apartment (%) 8.2 9.1 44.7

 More than 1 person per room (%) 45.2 24.2 26.5

 Connected to public water supply (%) 93.1 99.7 74.8

 Regular water supply (%) 12.7 59.3 56.4

 No water containers in the residence (%) 4.9 4.9 8.9

 Connected to public sewer system (%) 52.5 91.2 80.1

 Garbage collection (%) 87.9 100.0 97.4

Dengue seropositivity (% and 95% IC) 91.1 (89.1-92.8) 87.4 (85.1-89.5) 74.3 (71.4-77.1)
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Table 3

Generalized Additive Models results for the association of past dengue infection with individual and
household risk factors in three settings of Recife, Northeast of Brazil.

Characteristics
Brasília Teimosa1 Engenho do Meio2 Casa Forte/

Parnamirim3

OR4 95% CI OR4 95% CI OR4 95% CI

Age group (years)

 5-14 1.00 - 1.00 - 1.00 -

 ≥ 15 8.15 4.48 – 14.84 4.86 3.21 – 7.37 2.51 1.72 – 3.66

Commutes outside study area for
school or work

 Yes 1.00 -

 No 2.26 1.18 – 4.30

Type of residence

 Apartment 1.00 -

 House 3.62 2.43 – 5.41

Persons per room

 Up to 1 1.00 - 1.00 -

 > 1 3.00 3.21 – 7.37 1.81 1.07 – 3.04

1
Spatial smoothing term: p=0.349

2
Spatial smoothing term: p<0.001

3
Spatial smoothing term: p=0.748

4
odds ratio
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