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Abstract

The dynamics of dengue virus circulation in the intra-urban spaces of large cities and the risk factors for
the occurrence of such infections are still not well known. Although it has been established that poverty
is one of the determinants of the majority of infectious and parasitic diseases, in the case of dengue this
is still a matter of some controversy. This study had the objective of describing the distribution of dengue
seroprevalence and seroincidence in different intra-urban spaces within a large and complex city in
north-eastern Brazil. The study investigated whether there is any relationship between the intensity of
virus circulation and the population’s living conditions or between group immunity and Aedes aegypti
infestation rates. The variability in the risk of such infections was also examined. A prospective study was
conducted by means of serological investigations among a sample of people living in 30 different
spaces (“sentinel areas”) in the city of Salvador, which was selected according to extreme differences in
living conditions. High rates of seroprevalence (67.7%) and seroincidence (70.6%) were found for the
circulating serotypes (DENV-1 and DENV-2). Similar to what has been occurring in south-east Asia, the
seroincidence was high (55%) even when the group immunity had already been partially established
(42%) and the Ae. aegypti infestation rates were relatively low (<3%). Contrary to the ecological analysis,
at the individual level, substantial heterogeneity in dengue exposure was observed. This paper discusses
this apparent contradiction, highlighting its implications for the effectiveness of vector control strategies.

Keywords: Dengue; Prospective study; Herd immunity; Seroprevalence; Seroincidence; Spatial distribution;
Aedes aegypti; Epidemiology.

Introduction studies of dengue infections have been
neglected,™ even though they are important
for developing dengue prevention and control
strategies, as has recently been recognized in
the dengue research agenda of WHO.™

The dynamics and determinants of dengue virus
circulation in urban areas, particularly in large
cities, are not well-established. Epidemiological

HE-mail: magloria@utfba.br; Tel (71) 32837412; Fax 32837460

36 Dengue Bulletin — Volume 31, 2007



Exposure to the risk of dengue virus infection in an urban setting

The re-emergence of this disease in several
continents and its potential virulence is of great
concern to public health worldwide. Moreover,
the available control strategies are based on
vector control, and these have not always been
effectively implemented to prevent
transmission of the disease.®* Unlike yellow
fever, restrictions on human movement
through quarantine are not applicable for the
control of dengue for lack of vaccines.

In the large urban centres that are infested
with Aedes aegypti, large numbers of
susceptible individuals and high population
density® probably facilitate more extensive
transmission of dengue virus as mosquito
vectors, because of multiple probing/feeding
behaviours are likely to infect multiple
individuals in different households. However,
the risk of exposure to dengue virus infection
in relation to the range of social and economic
conditions in big cities remains unclear. These
risk factors are related both to low income areas
and areas with more favourable conditions.>%!

In Salvador, a large city in north-eastern
Brazil, the dengue virus was first detected in
January 1995, and, by the end of 1999, there
had been two recorded epidemics. The mean
annual incidence over that period reached 691
reported cases per 100 000 inhabitants.'”” We
carried out a serological study of the prevalence
and incidence of dengue virus infection in this
city,® at a time when only DENV-1 and DENV-
2 were circulating.”’ The present study
attempts to examine the relationship between
the spatial distribution of dengue virus
circulation and the population’s living
conditions, group immunity and Ae. aegypti
infestation rates, and also to find out any
variability in the risk of such infections.

Materials and methods

This prospective study on dengue
seroprevalence and seroincidence was carried
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out in Salvador, Bahia state, Brazil. This city
had more than 2.3 million inhabitants in 1998
and presented marked differences between
specific areas with regard to socioeconomic
conditions and environmental sanitation. The
present study considered 30 spatial units of
analysis that were named “sentinel areas”.
These were selected by stratified sampling
using data obtained from the Brazilian Institute
for Geography and Statistics™ regarding
sanitation system coverage and income levels,
which were taken to be estimators of living
conditions, using the following strata:

(1) High: more than 80% of the homes
were connected to the sanitation
system and more than 50% of the
families had an income of more than
five minimum salaries (80 US dollars
at the time of the study) (6 areas).

(2) Medium: 50% to 80% of the homes
were connected to the sanitation
system and more than 50% of the
families had an income of between
one and four minimum salaries (19
areas).

(3) Low: less than 50% of the homes were
connected to the sanitation system
and more than 50% of the families
had an income of less than one
minimum salary (5 areas).

This selection strategy has been described
in more detail elsewhere.n”

To determine the number of individuals
for the serological surveys, a seroprevalence
of 50% was assumed because this was the
mean observed in previous surveys in Brazilian
state capitals.'*"" With this, and assuming
precision of less than or equal to 3% and a
confidence level of 5%, the sample size was
estimated to be 1503 individuals. After adding
30% to compensate for possible losses, the
result was 2149 individuals. Using the database
of a demographic census carried out in 30
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sentinel areas in 1997, when 68 749 individuals
were counted, a random draw for the
participants was made (without replacements).
These individuals were then grouped in areas
by taking the home address into
consideration.

Two surveys were carried out. The first, in
1998, is referred to here as “the seroprevalence
survey”. The second, one year later in 1999,
is termed “the seroincidence survey.”

After the approval of the study protocol by
the Ethics Committee for Scientific Research of
the Gongalo Moniz Research Centre (Oswaldo
Cruz Foundation, Bahia), a structured
questionnaire was formulated during May
through July 1998. The data sought in the
questionnaire included: name, address, sex, age,
educational level and history of vaccination
against yellow fever. Just after the interview,
these individuals were provided with
clarifications regarding the nature of the study
and they were asked to sign an informed-consent
form. Following this, the first blood sample was
collected. Three individuals previously
vaccinated against yellow fever were excluded
in order to avoid false positive serological test
results due to cross-reactions. A second blood
sample was collected a year later, from the
individuals who were negative during the first
serological survey, or had positive reactions to
only one serotype of the dengue virus.

Blood samples were collected in 10 ml
sterilized vacuum tubes, and the serum was
separated by centrifugation and stored at
“20 °C. These samples were sent in thermal
boxes containing ice to the arbovirus laboratory
of the Evandro Chagas Institute. There, the
haemagglutination inhibition (HI) test,1"® as
modified by Shope, " was carried out using
antigens for the four serotypes of the dengue
virus and four other flaviviruses (YE Rocio,
[lhéus and St. Louis encephalitis), although
these do not circulate in Salvador. There is a
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controversy regarding the interpretation of the
serological response to flaviviruses, which
differs between the first (primary) infection and
any subsequent (secondary) infection with
another flavivirus or serotype (flaviviruses show
an increasingly strong response on subsequent
infection and serological cross-reactions are
frequently observed).

Thus, for the interpretation of serological
response, the WHO!®! criteria was followed,
i.e. Hl titres of 1:20 or higher, exclusively for a
specific dengue serotype, or titres four times
higher for one serotype than for another (DENV-
1 or DENV-2), were considered positive and
specific for that serotype (primary response).
Titres indicative of secondary response also
followed the WHO criteria."'® These were also
confirmed by 1gG  enzyme-linked
immunosorbent assay!"® and were considered
positive to both serotypes, meaning that infection
with both DENV-1 and DENV-2 had occurred.

For each sentinel area, the seroprevalence
and seroincidence rates of dengue infection were
estimated both unadjusted (crude) and with
standardization by age using the indirect method
(Rothman),"” and the total composition of the
study sample as the reference population. Since
the interval between the two surveys was one
year, the seroincidence was expressed as an
annual rate per cent. The prevalence ratio (PR)
and relative risk (RR) of dengue virus infection
with 95% confidence intervals (Cl) were
estimated by taking as the reference standard
the sentinel areas with the lowest
seroprevalence (area 427) and seroincidence
(area 7), respectively, among the areas in the
highest socio-sanitary stratum. For the three
strata according to living conditions, the
respective seroprevalence and infection
incidence were calculated after Rothman,"”' and
the chi-squared test for trend was applied.

From the information collected using the
questionnaire, the frequency indicators were
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estimated for each area by taking into
consideration the proportions of individuals
according to sex, age greater than or equal to
15 years, schooling (assuming that individuals
were at risk if they were 15 or more years old
and had not completed elementary schooling)
and mean family income less than or equal to
two minimum monthly salaries. The mean
population density was obtained from the 1996
census."” Calculations of Pearson'’s correlation
coefficient were used to investigate the
existence of associations between the variables
of interest.

In April 1999, health workers trained and
supervised by the research team visited and
inspected all the houses in the 30 sentinel areas.
The existence of foci of Ae. aegypti was checked
and records were made of these visits. The unit
of analysis for these data was the sentinel area.
Every building with one or more breeding sites
containing the larvae of this mosquito was
considered to be positive, and the Premises
Index (PI) was estimated as the percentage of
positive buildings. The infection incidence was
calculated for different Pl bands (less than or
equal to 3%; 3.1% to 5%; 5.1% to 10%; and
over 10%) using covariance analysis,"® with
adjustments for age and mean seroprevalence
(herd immunity indicator). The preventable
fraction was estimated by considering individuals
who lived in areas with Pl less than or equal to
3% to be “non-exposed”.

The data were entered using Epi-Info 6.0
and analysed using SAS and STATA.

Results

Among the 1515 individuals who took part in
the seroprevalence survey, 58% were female
and 71% were aged 15 years or older, mainly
in the age groups 15 to 29 (33%) and 30 to 49
(29%). The majority (68%) had had schooling
for eight years or less. Around 25% reported
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that their family income was less than two
minimum salaries and 50% earned from two
to less than five minimum salaries. There were
595 individuals in the seroincidence survey, out
of 860 who were eligible according to the
criteria established, which represented a loss
of 31%. The great majority of these losses
were due to changes of address, and it was
not appropriate to locate these losses since this
was an ecological study of sentinel areas.
Nonetheless, the social and demographic
structure of the sample remained similar to
what was found in the first survey. Among the
sentinel areas, the population density varied
widely, from a maximum of 49980 to a
minimum of 1834 inhabitants per km?.

The mean seroprevalence was 69%
(ranging from 16% to 98% among the sentinel
areas), and this distribution was little changed
after standardization for age. The prevalence
ratio (PR) indicated a risk of positive findings
that ranged from 0.36 in sentinel area 1011 to
2.20 in area 1054, which were both in the
medium stratum of living conditions (Table 1).

As shown in Table 2, the stratum of lowest
living conditions had the highest mean
seroprevalence (74.0%), and this trend was
statistically significant (x*> = 8.386; p = 0.004).
It can be seen from Table 3 that the
seroprevalence presented a positive correlation
(r=0.4914; p = 0.006) with population density
and a weak negative correlation (r = —-0.2778;
p = 0.137) with the proportion of individuals
aged 15 years or over who had had less than
eight years of schooling. No statistically
significant association was found with mean
income (r = 0.0571; p = 0.764).

The mean seroincidence was 71.0% per
year. Three areas in which the sample size was
less than four were not taken into consideration;
in the others, the seroincidence ranged from
50% (area 323) to 90% (area 678) (Table 1). In
the areas in which the seroprevalence was
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lower, the incidence of infection indicated by
a change in serological status was high, except
in area 571. There was only one area (575) in
which no individuals seroconverted in the
second survey, although the number of initially
negative individuals was only two and this area
had the lowest Pl (0.27%) (Table 1). The
relative risk of seroincidence among the areas
in the second survey ranged from 0.64 to 1.52,
excluding area 575, in which there were no
new cases. In addition, there was a statistically
significant negative correlation between the
incidence of infection and the proportion of
individuals aged 15 years or over, who had not
completed elementary schooling. For mean
income and population density, a negative
correlation was also found, but without
statistical significance (Table 4).

Differing from the seroprevalence survey,
the highest unadjusted or standardized
seroincidence rates were in the stratum of
highest living conditions (Table 2), but the chi-
squared test for trend did not show statistical
significance (x> = 1.332; p = 0.248).

A comparison between the incidence
adjusted for age and the mean seroprevalence
in the sentinel areas (herd-immunity indicator),
when grouped according to the Pl ranges
considered (Figure), revealed that the lowest
seroincidence (55%) was in the group with PI
less than or equal to 3% and the highest (77%)
was in the group from 3% to 5%. The
differences were statistically significant at the
5% level only between the first and second Pl
groups (p < 0.01) and between the first and
fourth groups (p = 0.02).

Table 2: Seroprevalence (%) and seroincidence (%) of dengue, prevalence ratio (PR), relative risk
(RR) and confidence interval (Cl: 95%) according to living condition strata in 30 sentinel areas of
Salvador — Bahia, Brazil, 1998-1999

Seroprevalence* (1998)

Seroincidence** (1999)

Stlzs::gof Crude d d " Crude d d "

High 64.8 68.8 75.0 76.6 —
Middle 68.7 69.2 1.06 0.96; 1.16 70.6 70.3 0.94 0.81; 1.09
Low 74.0 78.4 1.19 1.07; 1.33 66.2 66.7 0.88 0.71; 1.09

Test for trend: *x? = 8.386, p= 0.004; ** x> = 1.332, p= 0.2484

Table 3: Seroprevalence and seroincidence for two serotypes of dengue virus in Salvador, Brazil,
1998-1999

Serology

1 serotype 2 serotypes

No. examined

Seroprevalence 1515
Seroincidence prior immune status
Negative 331
Positive for one serotype 264
Total 595
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386 25.5 655 43.2
77 233 124 37.5
219 83.0 = =
296 49.8 124 20.8
41
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Table 4: Spearman correlation coefficient (r) for association between crude and standardized
seroprevalence and seroincidence for dengue virus and selected variables for residents of 30
sentinel areas in Salvador — Bahia, Brazil, 1998-1999

Seroroprevalence (1998) Seroincidence (1999)

Variable Standardized Standardized

Education -0.26 0.17 -0.28 0.14 -0.50 0.01 -0.50 0.01
(proportion > 15

years old with less

than middle school)

Average income -0.04 0.85 -0.06 0.76 -0.09 0.63 -0.12 0.52
Population density -0.49 0.01 -0.49 0.01 -0.17 0.36 -0.15 0.43
(inhab/km?)

Premises Index (PI) 0.21 0.27 0.17 0.36

Figure: Incidence of dengue (and 95% Cl) adjusted for initial seroprevalence and mean age
and compared with Premises Index (PI) for Aedes aegypti, in 30 areas of Salvador, Brazil

Incidence (%)

Pl (%)

100

80 —

\
60 — —

40

20

0

<3.0 3.1-5.0 5.1-10.0 > 10.0
[P

In the individual analysis, it was observed that, period of approximately one year. Among those
among the individuals who in the seroprevalence who had been positive for one of the serotypes
survey had been negative, 38% presented a risk in the first examination, 83% had a second

of being infected by the two serotypes within a infection within this period (Table 4).
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Discussion

The high seroprevalence level for dengue virus
infection found in this study (69%), and the
subsequent high incidence level (71%), were
surprising. This was particularly so given the short
period of time (around four years) that had
elapsed since the virus was introduced into
Salvador. These findings demonstrate the force
of the transmission of this virus in Salvador, given
that surveys carried out in other Brazilian state
capitals after similar periods of time of virus
circulation revealed lower mean seroprevalence
(41% to 44%).%"1 One plausible explanation
for the rates that were so high in Salvador may
relate to the almost complete lack of vector
control measures at the outset of virus
transmission in this city. Such measures were
only” had waned. On the other hand, in other
cities'®' such measures had already been
implemented routinely even before the
introduction of the dengue virus.

It is worth emphasizing that the results
from the present investigation have made it
possible to estimate that, between 1995 and
1999, around two million individuals in Salvador
were infected by the dengue virus. This means
that the population was at a higher risk for
haemorrhagic dengue, given that DENV-3
started circulating in 2002.

The association found in 1998 between
dengue seroprevalence and precarious living
conditions (Table 2) disappeared in the
seroincidence for the subsequent year. In other
words, the risk of being infected by the dengue
virus became practically the same between the
different economic strata of the population as
viral transmission became established in
Salvador. This distribution, which was relatively
homogeneous between the strata, has also
been observed in Fortaleza and Sao Luis do
Maranhao. The risk in Fortaleza was even found
to be slightly higher in the districts with better
socioeconomic indices.®'” These facts strongly
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suggest that dengue in Brazil is a disease that
affects all social classes.

Despite the statistically significant
associations found between dengue
seroprevalence and population density and also
between seroincidence and degree of Pl and
schooling, it can be seen that the risk of infection
was high in almost all the areas, including in the
areas with good living conditions. Itis likely that
this dynamics is at least partially due to the fact
that in Salvador high population density and Pl
are found both in areas with precarious living
conditions and in those where economically
more favoured populations live, even if some
people may have been infected away from
home, for instance at school or at work.

This possible similarity of exposure to the
risk of being infected by the dengue virus, in
different intra-urban environments,
differentiates this agent from those of the great
majority of infectious and parasitic diseases. In
particular, it differentiates dengue from the
microorganisms whose transmission routes are
connected with the environment and which
predominantly affect poor populations.

In contrast to the uniformity of exposure
suggested by the ecological comparison
described above, our results indicate substantial
heterogeneity in exposure to dengue at the
individual level. Since there is no evidence of
variation in the susceptibility of naive individuals
to dengue infection, our finding of a higher
incidence of seropositivity (83%) among
individuals who were initially seropositive to
one serotype, is strongly indicative of
heterogeneity in the degree of exposure among
the individuals of the population of this city.
The lack of variation in exposure between
neighbourhoods, as described above, suggests
that the main differences are between
individual households or people.

These results suggest puzzling and
apparently contradictory conclusions regarding
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the degree to which exposure to dengue
infection varies across the population, unrelated
to the observed Ae. aegypti density in each
area. The lack of association between mosquito
density and dengue seroincidence is particularly
remarkable in view of the way in which
differentials existing between individuals can
be expected to be amplified in ecological
comparisons.?” It is hard to see how people’s
movement about the city could explain this
phenomenon; by bringing each individual into
contact with various local environments, one
would expect mobility to render their exposure
more homogeneous rather than the contrary.

The larval survey was carried out by the
research team in 100% of the households,
which is grounds for confidence in this indicator,
but the use of only one measure of the vector
population constitutes one of the limitations
of this study. Perhaps an option to refine our
results might have been to count viable pupae,
or adult females, per person.?"??' However,
this was not possible, for reasons of cost and
operational complexity. For these same reasons,
most vector control programmes use only larval
indicators in their routine monitoring. Though
the larval densities vary widely during the course
of a year,% the geographical patterns remain
consistent through time.*¥ So, our results have
disturbing implications for the effectiveness of
vector control strategies.

An approach that takes into account the
lifestyles that potentially favour greater
exposure to the risk of being infected by the
dengue virus ought to form one of the lines of
research for elucidating this question. This is
because the differences may be related both
to the public and the private domain, since
the environment of the home and its
surroundings have a decisive influence on the
transmission of dengue virus.

Another important finding from this study

relates to the high incidence of dengue virus
infection even when the infestation indices were
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relatively low and group immunity had already
been partially established (42%), which also
expresses the transmission strength of this agent.
It was found that seroincidence did not vary
with Pl when this was greater than 3%. This
finding has strong implications for Ae. aegypti
control programmes, since it suggests that it is
necessary to intensify vector control and bring
Aedes densities under 3%, before an observable
impact can be registered. This finding is in
agreement with the observation in Singapore
that from the early 1990s the incidence of
dengue rose considerably, even when the PI
was less than 2%. The lack of a safe and
effective vaccine against the virus increases the
need for improved strategies and technologies
for vector control, and for epidemiological
studies to identify changes in infection patterns,
such as the locations of transmission foci, the
age group of peak incidence, and falling herd
immunity. The last of these was one of the
most important factors in the re-establishment
in recent years of intense dengue virus
circulation in Singapore.®!

It can be understood, therefore, that the
results from this investigation should be
considered at the time of defining dengue
control policies and improving vector control
measures. On the one hand, observation that
the dengue virus in our environment does not
respect social spaces strengthens the principle
that vector control measures must always be
universally applied in each territory. On the
other hand, the identification of specific risk
factors in the domestic domain may indicate a
need for other evidence-based interventions
which can help to eliminate the disease from
cities such as Salvador.
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