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ABSTRACT

Introduction: This study aimed to analyze the relationship between the incidence of severe dengue during the 2008 epidemic in
Rio de Janeiro, Brazil, and socioeconomic indicators, as well as indicators of health service availability and previous circulation
of the dengue virus serotype-3 (DENV-3). Methods: In this ecological study, the units of analysis were the districts of Rio de
Janeiro. The data were incorporated into generalized linear models, and the incidence of severe dengue in each district was
the outcome variable. Results: The districts with more cases of dengue fever in the 2001 epidemic and a higher percentage
of residents who declared their skin color or race as black had higher incidence rates of severe dengue in the 2008 epidemic
[incidence rate ratio (IRR)= 1.21; 95% confidence interval (,, CI)= 1.05-1.40 and IRR= 1.34; _, CI= 1.16-1.54, respectively].
In contrast, the districts with Family Health Strategy (FHS) clinics were more likely to have lower incidence rates of severe
dengue in the 2008 epidemic (IRR= 0.81; , CI= 0.70-0.93). Conclusions: At the ecological level, our findings suggest the
persistence of health inequalities in this region of Brazil that are possibly due to greater social vulnerability among the self-
declared black population. Additionally, the protective effect of FHS clinics may be due to the ease of access to other levels of

care in the health system or to a reduced vulnerability to dengue transmission that is afforded by local practices to promote health.
Keywords: Severe dengue. Health inequities. Self-declared skin color. Family Health Strategy. Epidemiology.

INTRODUCTION

In recent decades, dengue fever has gained prominence
as one of the most important arboviral diseases in Brazil
and worldwide because of the increasing number of people
living in endemic areas as well as increases in severe clinical
manifestations and lethality rates'.

Brazil accounts for more than 70% of notified cases in the
Americas, and the City of Rio de Janeiro has become one of
the most endemic cities in Brazil with a long history of dengue
virus circulation3,

Successive epidemics have been reported in Rio de Janeiro,
beginning in 1986 with the introduction of dengue virus
serotype-1 (DENV-1)8. After an interval of four years, the city
experienced an epidemic of dengue virus serotype-2 (DENV-2)
from 1990-1991. During this epidemic, only a few cases of
hemorrhagic fever were reported’. From 2001-2002, the largest
epidemic to date, in terms of total cases, attributed to dengue
virus serotype-3 (DENV-3) occurred in the city. This epidemic
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resulted in more than 288,000 notified cases with 1,831 cases
of hemorrhagic fever and 91 deaths®’. Subsequently, the City
of Rio de Janeiro was affected in 2008 by the largest dengue
epidemic ever reported in terms of mortality. The 2008 epidemic
was associated with a variant strain of the DENV-2 serotype,
which was characterized by a greater proportion of severe
cases in children compared with previous epidemics>>!%!1,

No consensus is currently available on the determinants
of a poor clinical prognosis in dengue patients; however, the
excessive number of severe cases in Rio de Janeiro in 2008
may be explained by a combination of factors that range from
proximal determinants, such as the genetic variant of the DENV-2
serotype, the immune status of the population, the supply and
quality of health services, and the socioeconomic context from
which the severe cases emerged*>!!.

Therefore, this ecological study aimed to analyze the
association between the occurrence of severe cases of dengue
in the 2008 epidemic and socioeconomic indicators, as well as
indicators of health service availability and previous circulation
of the DENV-3 serotype.

METHODS

Study area

The study area was Rio de Janeiro, the capital of the State
of Rio de Janeiro in the southeast region of Brazil. According
to 2010 census data, the city has a population of 6,323,037
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inhabitants within an area of 1,182km? that is divided into
160 districts. These districts were the units of analysis in this
ecological study.

Data sources

This study analyzed confirmed cases of severe dengue fever
[dengue hemorrhagic fever (DHF); dengue shock syndrome
(DSS); and dengue with complications (DCC)] that occurred in
Rio de Janeiro in 2008. Data were collected from the National
System for Notifiable Diseases [Sistema Nacional de Agravos
de Notifica¢ao (SINAN)]. Duplicate records and inconsistencies
were removed from the database, and the cases were categorized
according to the district of residence.

In Brazil, the Ministry of Health has adopted the definitions
for suspected and confirmed cases of dengue fever and
hemorrhagic dengue fever that were proposed by the World
Health Organization (WHO). However, because of difficulties in
classifying severe cases of disease, an intermediate classification
called dengue with complications [dengue com complicagoes
(DCC)] was adopted in Brazil'2. Dengue with complications is
assigned to cases with clinical outcomes that do not completely
meet the traditional WHO classification criteria for dengue
hemorrhagic fever. Additionally, DCC may indicate cases in
which the dengue fever rating is unsatisfactory given the severity
of the clinical and laboratory manifestations. Therefore, DCC
includes cases with at least one of the following clinical and
laboratory changes: cardio-respiratory dysfunction, liver failure,
massive gastrointestinal bleeding, neurological abnormalities, a
leukocyte count equal to or less than 1,000 cells/ml, a platelet
count less than 20,000/ml, pleural effusion, pericardial effusion
or ascites. In addition, fatal dengue cases that do not meet the
criteria for hemorrhagic fever may be classified as DCC'2.

The data on health facilities were extracted from the National
Register of Health Establishments [Cadastro Nacional de
Estabelecimentos de Saude (CNES)]. We selected only public
health units and classified them according to type and location.
The data used to construct the socioeconomic indicators were
obtained from the 2010 census from the Brazilian Institute of
Geography and Statistics [Instituto Brasileiro de Geografia e
Estatistica (IBGE)]. The district populations for 2001 and 2008
(inter-census) were estimated based on the geometric growth
model.

Data analysis

Using the available data from the 2010 census, we
constructed 15 possible indicators related to the disease. The
following indicators were calculated per district: the number
of severe dengue cases in the 2001 epidemic (considered to be
a proxy for the prior circulation of the DENV-3 serotype); the
percentage of residents who declared their skin color or race
as black; the proportion of permanent private domiciles that
store rain water in cisterns; the proportion of permanent private
domiciles that discharge domestic waste on empty lots or on
the street; the ratio of the population within a given district to
the district area in km?; the proportion of permanent private
domiciles in substandard settlements; the proportion of residents
who live in substandard settlements; the proportion of permanent
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domiciles in substandard settlements in which domestic waste is
collected by open skip (waste is accumulated in a large dumpster
without a lid, which is shared with the whole neighborhood and
collected at time intervals that are usually longer than those of
standard domestic waste collection service); the proportion of
permanent private domiciles with no connection to the sewage
system and no septic tank; the proportion of permanent private
domiciles in which the head of the family has an income less than
the Brazilian monthly minimum wage (approximately US$290);
the proportion of residents in permanent private domiciles with
no exclusive bathroom available and no toilet; the proportion
of permanent private domiciles in which domestic waste is
collected by open skip; the proportion of permanent private
domiciles in which the water supply is from a well or spring on
the property; the number of primary health facilities; and the
number of Family Health Strategy (FHS) clinics.

The Family Health Strategy program was designed to
reorient the Brazilian health care model by implementing
multidisciplinary teams in primary care units. These teams are
responsible for monitoring families who reside in a particular
geographical area, and they usually work in the community
on initiatives for health promotion and prevention, including
the rehabilitation of diseases and health disorders. The aim of
the FHS is to achieve health assistance that is equitable and
comprehensive!>*415,

Subsequently, the indicators were separated into groups
according to subject (sanitation, income, health services and
education) and a collinearity diagnostic was performed using
the variance inflation factor (VIF) test (with a tolerance value
greater than 10) to select variables for the model. The explanatory
variables were tested separately in univariate models, and the
variables with statistical significance were analyzed in multivariate
models using forward selection logistic regression. The likelihood
ratio test was used to assess the best-fit model. Only the results
of the negative binomial model with the best fit are presented.
Moran’s index was used to measure the spatial autocorrelation
of the residuals from the model. The analyses were performed
using the R software environment (R Development Core Team
2011; R Foundation for Statistical Computing, Vienna, Austria).

The distribution of the means and standard deviations of
the explanatory variables was calculated for the overall set of
districts; the values were subsequently standardized using the
Z-scale [(X-mean)/standard deviation]. Using this method, the
magnitude of the change in the incidence rate ratio for severe
dengue cases was compared for each predictive variable'*!S.

The data were incorporated into a negative binomial
regression model, which is commonly used for counting data and
when the variance exceeds the mean'’. Because the dependent
variable (severe dengue cases) was influenced by the incidence
rate of dengue fever, the analysis was adjusted for the number
of dengue fever cases in 2008.

The dependent variable Y, for each district ("% 3+ 15¢) has
an expected value of p, and a dispersion parameter 0, which
was used to capture the extra-variation in the data'’. The
overdispersion of error terms was tested using the poisgof
function in the epicalc package, which was included in the
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R software program 2.11.1 (p-value= 0.0082). The model was
expressed as log (W= By + €, where y, is the standardized
independent variable (with its associated regression coefficient,
f) and ¢ represents the error term'’. The natural logarithm of
the district population was included as the offset variable.
The exponential of each f, regression coefficient provides the
incidence rate ratio for each 1-standard-deviation change in the
corresponding independent variable.

Ethical considerations

All of the activities in this study were in compliance with
the guidelines of the research ethics committee of the Escola
Nacional de Saude Publica, decision number 43/11.

RESULTS

In 2008, a total of 59,395 cases of dengue were reported in
Rio de Janeiro, of which 12,620 cases were classified as DF,
5,082 as DCC, 621 as DHF, and 18 as DSS. A final classification
was not available for 41,054 cases; therefore, approximately
31% of the total cases were classified. The age group that was
most affected by all clinical forms of the disease were children
and adolescents 6-15 years of age. Higher incidence rates were
found in this age group compared with other age groups (Table 1).

Furthermore, according to the data provided by Sistema
Nacional de Agravos de Notificagdo (SINAN), a total of 5,463
patients with dengue were hospitalized in Rio de Janeiro in
2008, representing 9% of the 59,395 dengue cases reported in
the city. The highest proportion of death was found in patients
who were 6-15 years and those older than 60 years.

In the univariate analysis, two variables were significantly
associated with the occurrence of severe dengue cases in the
2008 epidemic: the number of dengue fever cases per district
in the epidemic year of 2001 and the percentage of residents
who declared their skin color or race as black. The number

of FHS clinics and the proportion of permanent domiciles in
substandard settlements in which domestic waste was collected
by open skip were inversely associated with the incidence
of severe dengue, and these associations were significant.
However, when these variables were combined in a multivariate
model, the proportion of permanent domiciles in substandard
settlements in which domestic waste was collected by open
skip lost statistical significance as an explanatory factor and
was therefore eliminated from the final model. Additionally, a
direct association was observed between the number of dengue
fever cases and the incidence of severe cases in 2008 (Table 2).

The districts with more cases of dengue during the 2001
epidemic (an epidemic attributed to the DENV-3 serotype)
presented higher incidence rates of severe dengue during the 2008
epidemic, both in the univariate and multivariate models. Similarly,
the districts with a higher percentage of residents who declared
their skin color or race as black were more likely to have higher
incidence rates of severe dengue in 2008 in both the univariate
and multivariate models. In contrast, the districts with more FHS
clinics were more likely to have lower incidence rates of severe
dengue in the 2008 epidemic. All of the multivariate analyses were
adjusted for the number of dengue fever cases in 2008 (Table 2).
The incidence rates of dengue fever and severe dengue in 2008 for
each district in Rio de Janeiro are shown in Figure 1 and Figure 2.

For each increment of one standard deviation in the mean
number of dengue cases in 2001 (approximately from 166 to
263), the incidence rate of severe dengue in 2008 increases
1.21 times (assuming the other variables remained constant).
Similarly, for each increment of one standard deviation in the
mean percentage of residents who declared their skin color or
race as black (approximately from 11.5% to 16%), the incidence
rate of severe dengue in 2008 increases 1.34 times. For each
increment of one standard deviation in the mean number of FHS
clinics (from 0.2 to 0.6), the incidence rate of severe dengue in
2008 was 0.2 times lower (Table 2 and Table 3).

TABLE 1 - The incidence of dengue according to age and clinical form in Rio de Janeiro, Brazil in 2008.

Age group Dengue fever Severe dengue NM+ Total
(years) cases incidence* cases incidence*

<5 1,016 204.1 410 82.4 3,668 5,094
6-15 3,269 364.1 2,632 293.1 11,017 16,918
16-20 1,099 308.8 365 102.6 3,810 5,274
21-35 2,956 194.8 784 51.7 10,667 14,407
36-50 2,335 180.6 766 59.2 7,101 10,202
51-60 1,141 159.9 377 52.8 2,888 4,406
> 60 804 90.8 387 43.7 1,903 3,094
Total 12,620 204.8 5,721 92.9 41,054 59,395

+ Number of missings: cases with missing classification. *Incidence per 100,000 inhabitants; +the number of case records in which the final
classification was ignored or not completed; the cases classified as dengue hemorrhagic fever, dengue shock syndrome, and dengue with

complications were considered to be severe infections.
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TABLE 2 - Parameters of the univariate and multivariate analyses and their respective incidence rate ratios of severe dengue in
Rio de Janeiro, Brazil in 2008.

Univariate analysis ~ Multivariate analysis

Indicator IRR 95% CI IRR 95% CI
Previous circulation of DENV-3 serotype (number of dengue cases in the 2001 epidemic)* 1.23 [1.04-1.46] 1.21 [1.05-1.40]
Family Health Strategy clinics* 0.89 [0.58-0.92]  0.81 [0.70-0.93]
Self-declaration of race or skin color as black* 1.30 [1.12-1.51] 1.34 [1.16-1.54]
Number of dengue fever cases in 2008 1.28 [1.11-1.48] 1.21 [1.05-1.39]
Water supply 1.15 [0.99-1.33]

Population density 1.04 [0.89-1.20]

Population living in favelas 1.10 [0.95-1.28]

Primary health care clinics 0.99 [0.86-1.15]

Low income 1.07 [0.87-1.31]

Domestic waste collection service 1.02 [0.88-1.19]

Domestic waste collection service in substandard settlements* 0.84 [0.73-0.98]

IRR: incidence rate ratio; 95% CI: 95% confidence interval; DENV-3: dengue virus serotype-3. *Variables with statistical significance in
the univariate analysis; IRR reflects the variation in the incidence rate per each 1-standard-deviation increment in the mean of the predictive
variable. The indicator domestic waste collection service in substandard settlements lost statistical significance as an explanatory variable in
the multivariate analysis and was therefore eliminated from the final model.

TABLE 3 - Descriptive characteristics of 160 districts in the City of Rio de Janeiro, Brazil.

Variables/indicators per district Mean Standard deviation Range [min-max]
Population per district in 2008 38,807.9 54,491.6 [160-321,949]
Number of severe dengue cases in 2008 36.6 42.7 [0-241]
Number of dengue fever cases in 2008 80.6 154.0 [0-1,575]
Water supply service? 0.02 0.05 [0-0.47]
Number of Family Health Strategy clinics 0.21 0.59 [0.0-4.0]
Previous circulation of the DENV-3 serotypeb 65.7 197.23 [1.0-898.0]
Population density® 14,878.6 12,402.7 [17.4-96,515.8]
Population living in favelasd 16.07 15.76 [0.0-71.7]
Number of primary health care clinics 0.47 0.90 [0.0-6.0]
Low-income population® 0.11 0.42 [0.0-4.2]
Self-declared black populationf 11.15 4.68 [1.5-27.7]
Domestic waste collection service& 0.54 1.32 [0.0-10.6]
Domestic waste collection service in substandard settlements? 34.69 31.82 [0.0-98.7]

DENV-3: dengue virus serotype-3. #Proportion of permanent private domiciles that store rain water in cisterns. YNumber of cases in the 2001
dengue epidemic. “Ratio of the district population to its area in km?. dProportion of residents living in substandard settlements. Proportion of
residents in permanent private domiciles with no exclusive bathroom access and no toilet. fPercentage of residents who declared their skin color
or race as black. 8The proportion of permanent private domiciles that discharge domestic waste on empty lots or on the street. hProportion of
permanent domiciles in substandard settlements in which domestic waste is collected by open skip.
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Districts of Rio de Janeiro City
Dengue fever incidence in 2088 (per 100,000 inhabitants)
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FIGURE 1 - Dengue fever incidence rate per district in Rio de Janeiro, Brazil in 2008.

Regarding the number of dengue cases in 2001 (considered to
be a proxy for the prior circulation of the DENV-3 serotype), the
districts presented an average of 65.7 cases with a range of 1-898
cases and a standard deviation of 197.2 cases (Table 3). Overall, the
distribution pattern of dengue cases in 2001 suggests that cases were
concentrated in the center, western and northern districts of the city.

The quartile with the highest percentage of self-declared
black residents ranged from 14.7%-27.7% and comprised 38
districts. Notably, the overall mean percentage of self-declared
black residents per district was 11.1% with a range of 1.5%-
27.7% and a standard deviation of 1.3 (Table 3). The distribution
pattern of self-declared black residents suggests that higher
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percentages of these individuals were located in the western
and northern districts of the city.

The spatial distribution of the FHS clinics revealed only one district
with four FHS clinics and one district with three clinics. Furthermore,
six districts had two FHS clinics each, whereas 13 had only one
clinic each. Therefore, of the 156 districts that were examined, 135
did not have FHS clinics. Both the location and quantity of FHS
units are determined according to the population size, political-
administrative factors and the local demand for health services.

Moran’s coefficient for the residuals from the final multivariate
model was not statistically significant (p-value= 0.183),
indicating a lack of spatial correlation.
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Districts of Rio de Janeiro City

Severe dengue incidence in 2008 (per 100,000 inhabitants)
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FIGURE 2 - Incidence rate of severe dengue per district in Rio de Janeiro, Brazil in 2008.

DISCUSSION

The higher incidence rates of severe dengue in 2008 in the
districts with a higher incidence of dengue fever during the 2001
epidemic (attributed to DENV-3) suggests that more individuals
were susceptible to secondary infection in these areas which may
partially explain the substantial increase in severe cases, particularly
in the 8- to 17-year-old age group. In 2008, 8- to 17-year-olds
represented a large contingent of individuals who had been
exposed to the DENV-3 serotype in the 2001 epidemic; however,
these individuals were also susceptible to DENV-2 because they
were born after the emergence of this serotype in 1990-19913°,

www.scielo.br/rsbmt | www.rsbmt.org.br

Although several studies have demonstrated the occurrence
of severe and fatal cases in primary dengue infection, sequential
infection by multiple serotypes has been suggested as one
of the main risk factors for the severe clinical evolution®'®.
According to Barraquer et al.'’, the accumulation of homotypic
and heterotypic immunity against dengue virus serotypes in the
Brazilian population since 1986 when dengue reemerged in
Brazil created the conditions responsible for the changes that are
now being observed in the clinical and epidemiological profiles
of the disease. To the extent of a hyper-endemic scenario, adult
individuals are acquiring new infections and accumulating
heterotypic immunity to various serotypes.

However, when only severe cases of dengue (DHF and
DSS), classified according to the WHO criteria, were used as
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the dependent variable in the regression analysis of this study,
the explanatory variable confirmed dengue fever cases in 2001
lost statistical significance in the final multivariate model.

At the individual level, several genetics studies on the
relationship between dengue severity and ethnicity/ancestry
have demonstrated that afro-descendant individuals are less
susceptible to the severe forms of the disease??!. In contrast, at
the ecological level, our findings indicate a higher risk of severe
dengue in districts with a higher percentage of self-declared
black residents.

This finding may be related to the historical socioeconomic
vulnerability of this group, which in turn reflects the morbidity
and mortality patterns of many health problems, including
dengue and its severe forms?**. These social inequalities may
lead to several disadvantages, ranging from a lack of health
promotion to a reduced capability to successfully treat severe
and potentially fatal cases, resulting from limited access to early
diagnosis and timely clinical management?*,

Most of the districts with a higher percentage of self-declared
black residents have large areas of substandard settlements
and favelas, which are generally associated with poor living
conditions.

The national health system in Brazil is guided by the
underlying principle of universal and egalitarian access to
health care among socially disparate individuals; however,
health inequities persist due to differences in living conditions
and the availability and accessibility of health services?>?.
Several authors have argued that income constitutes an enabling
resource, whose availability positively influences health
service access, i.e., the ability to use health services when
necessary>>>>26,

Moreover, the characteristics of healthcare supply, such
as availability and geographical location (proximity of health
resources and services), can facilitate or hinder health service
utilization®. The results of this study demonstrate a protective
effect against various forms of severe dengue in the districts
with FHS clinics.

The introduction of the FHS was aimed at reorienting and
strengthening the healthcare model in Brazil; therefore, the
districts that have FHS clinics should have their health needs
better met. Accordingly, ease of access to health care for
individuals at the family level, in addition to preventive actions
and health promotion, might have attenuated the vulnerability
to dengue and its severe forms®.

Roriz-Cruz et al."* emphasized the importance of structuring
primary health care, especially the FHS, to achieve control of
dengue in a comparison of Rio de Janeiro with its neighbor
City, Niter6i. They argue that although the cities are close and
have similar profiles in terms of population density, climate
and levels of sanitation, the incidence of dengue and related
vector infestation rates are considerably lower in Niterdi
than in Rio de Janeiro. They attribute this difference to the
high level of coverage by primary health care and the FHS,
as the coverage in Niter6i has increased from less than 1%
to 77.4% over 20 years compared with 7.2% coverage in

690

Rio de Janeiro. Accordingly, the actions of community health
workers at FHS clinics are directed at eliminating the foci of
vectors and educating the community, which are critical factors
to understanding the differences between the two cities in terms
of the epidemiological profile of dengue'“.

Most FHS clinics are not directly integrated with the dengue
vector control program (dedes aegypti); however, the actions of
FHS are essential to health promotion and disease prevention,
which includes reducing the risk of exposure to and transmission
of dengue. Moreover, FHS teams are trained in early disease
recognition, ensuring the referral of these patients to other care
levels within the health system when necessary!'>!¢.

This study had several limitations, such as the low rate of
final classifications in the case records. The overloading of
health care facilities, particularly during the dengue epidemic,
may have contributed to information loss with respect to the
classification of dengue cases. Therefore, even though severe
cases tend to be recorded more carefully than are classic dengue
cases, this issue should be considered while interpreting the
results.

In conclusion, our results indicate the need for further studies
to address the routine practices of the FHS with regard to dengue
fever and its severe forms, including studies on the development
of policies and procedures aimed at effective disease prevention
from the perspective of primary health care at the local level.
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