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SUMMARY

This study investigated anti-dengue serotype-specific neutralizing antibodies in a random sample
of dengue IgG-positive individuals identified in a survey performed in a hyperendemic setting in
northeastern Brazil in 2005. Of 323 individuals, 174 (53-8 %) had antibodies to dengue virus
serotype | (DENV-1), 104 (32:2%) to DENV-2 and 301 (93:2%) to DENV-3. Monotypic
infections by DENV-3 were the most frequent infection (35:6 %). Of 109 individuals aged

<15 years, 61:5% presented multitypic infections. The force of infection estimated by a catalytic
model was 09 %, 0-4 % and 2-5 % person-years for DENV-1, DENV-2 and DENV-3, respectively.
By the age of 5 years, about 70 %, 30 % and 40 % of participants were immune to DENV-3,
DENV-2 and DENV-1, respectively. The data suggest that infection with DENV-1, -2 and -3

is intense at early ages, demonstrating the need for research efforts to investigate dengue infection
in representative population samples of Brazilian children during early infancy.
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INTRODUCTION which it is endemic [1]. In the Americas, about five
million cases were reported between 2000 and 2007,
and the four dengue virus (DENV) serotypes
(DENV-1, -2, -3, -4) were reported to be in circulation
[2]. Brazil accounts for more than 50% of dengue
cases in the American continent and about 60 % of

registered cases in the world [3].

Dengue is a leading cause of morbidity and mortality
in tropical and subtropical regions and demands
progressive efforts and investments by the countries in
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Currently, there is a global consensus on the urgent
need for the development of a safe dengue vaccine
with the ability to stimulate a strong protective


https://doi.org/10.1017/S0950268812001367

response of neutralizing antibodies against all four
serotypes [4].

Dengue infection induces a long-lasting protective
immunity to homologous serotypes and a short
period of immune protection to heterologous sero-
types [5]. The co-circulation of different DENV sero-
typesis a risk for the emergence of severe cases because
it increases the chance of secondary infections and
also the emergence of more virulent genotypes [6, 7].

The immune resistance and susceptibility of the
population to different DENYV serotypes is one of the
factors that modulate the intensity of viral circulation
and the occurrence of epidemics in the population [8].
Studies investigating anti-dengue serotype-specific
antibody status at the population level provide infor-
mation about the dynamics of DENYV serotype infec-
tion in a specific region and are useful for estimating
the optimal age for implementation of future dengue
vaccines [9].

The plaque reduction neutralization test (PRNT) is
considered to be the gold standard for detecting anti-
bodies specific for different serotypes of DENV and
has been widely used in studies evaluating the im-
munogenicity of dengue vaccines under development
[10, 11] and in other studies [12-14]. However, de-
termining serotype-specific antibodies in population
studies using PRNT has been difficult because it
requires skilled technical staff and long periods of
time to perform the tests [15]. Moreover, the cross-
reactivity between different flaviviruses and DENV
serotypes may result in difficult interpretations of the
results in regions where different flaviviruses are cir-
culating [15].

The northeastern region of Brazil, which is the
country’s second most populous region, contained
about 20 % of reported dengue cases in January—April
2011. Additionally, 34-2% of severe cases were re-
ported in the state of Pernambuco [16]. Between 2005
and 2006, a population-based serological survey con-
ducted in Recife, the capital of Pernambuco state,
showed an overall anti-dengue I1gG positivity of about
90%, indicating the intense viral transmission of
dengue [17]. The estimated time-constant force of
dengue infection in a subset of this study population
(aged 5-20 years) yielded 5:2 % cases of infection per
year. However, this previous simulation lacked data
on serotype-specific immune status by PRNT, which
is necessary to accurately estimate the dynamics of
viral circulation [9]. In this paper, we report the
dengue serotype-specific neutralizing antibodies re-
sults (PRNT;g) of the participants of this survey. The
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potential risk factors for infection by one, two or
three serotypes were assessed. We also estimated the
distribution of susceptible individuals by the different
DENYV serotypes according to age using a simple
catalytic model.

METHODS
Characteristics of the area and study population

The city of Recife is an area of 219 km? divided into
94 neighbourhood districts with a population of
1537704 inhabitants in 2010 [18]. In Recife, which is
the capital of the state and the major urban centre, the
first reports of dengue fever occurred in 1987 with
the circulation of DENV-1, which caused the first
epidemic. In 1995, the introduction of DENV-2 led to
a second epidemic, in which the first cases of dengue
haemorrhagic fever (DHF) were reported [19]. In
2002, DENV-3 was introduced and caused the largest
and most severe epidemic in the city, with over 35000
reported cases, 208 DHF cases and 14 deaths [20]. In
2005, during the period in which the population-based
dengue survey was conducted, a total of 4796 dengue
cases were reported by the surveillance system and
DENV-3 was the only serotype isolated in the city
(Health Department of Recife, unpublished data).

A major population-based survey (n=2819) was
conducted in three selected areas, based on their dis-
tinct socioeconomic and physiographic character-
istics, to represent a deprived, an intermediate and
a high socioeconomic setting in the city of Recife
in northeastern Brazil between 2005 and 2006.
Concisely, dengue serostatus and individual- and
household-level risk factors for infection were ob-
tained from individuals aged between 5 and 64 years.
Anti-dengue IgG antibodies were measured using
commercial ELISA (Dengue-IgG ELISA, PanBio
Ltd, Australia). The dengue seroprevalence was
91-1%, 87-4%, 743 %, respectively, in the deprived,
intermediate and high socioeconomic areas, respect-
ively. Details on the sampling procedure, selection of
the participants, data collection, and measurement of
seroprevalence and risk factors have been described
previously [17].

In the current study, we chose the intermediate so-
cioeconomic setting (the neighbourhood of Engenho
do Meio) to explore the serotype-specific immunity
of the population. This setting was selected due its
intermediate levels of endemicity (87-4 %) and greater
heterogeneity in its socioeconomic characteristics
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compared to the others [17]. Briefly, of 923 individuals
investigated, 807 were dengue-IgG positive and a
random sample was selected for PRNT evaluation.

Sample size calculation

Of 807 positive individuals, 323 stored samples were
randomly selected to undergo PRNT. This sample
size is large enough to estimate proportions of about
10% for the different serotypes in a single sample,
assuming a maximum random error of about 2-5%
[21].

Laboratory procedures

The anti-dengue serotype-specific antibodies were
determined by PRNT;, following a modified proto-
col by Morens et al. [22], and according to the
World Health Organization guidelines [15]. The tests
were performed at the Laboratory of Virology
and Experimental Therapy (LaViTE), Centro de
Pesquisas Aggeu Magalhdes/FIOCRUZ in Recife,
Pernambuco.

Dengue and yellow fever virus preparation

The virus strains DENV-1 (PE/97-42735), DENV-2
(PE/95-3808) and DENV-3 (PE/02-95016), which
were isolated in Pernambuco state and donated by the
Public Health Laboratory of Pernambuco (LACEN-
PE), were used to prepare viral stock by cell inocu-
lation. Since DENV-4 was not circulating in the re-
gion at the time of the survey and therefore no virus
strain was isolated in the entire period from the start
of dengue circulation in 1987 to 2006 [19] this virus
strain was not available for testing. The cross-
reactivity was assessed using Yellow Fever virus hu-
man vaccine (YFV-17DD) obtained from the
Oswaldo Cruz Foundation (Rio de Janeiro, Brazil).
The vaccine was reconstituted with the distilled water
provided, kept in an ice bath and used for cell inocu-
lation. Vero (African green monkey kidney) cells were
grown in minimal essential medium (MEM; Gibco
BRL, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco BRL), and 1% penicillin/strep-
tomycin solution (Gibco BRL) and kept at 37 °C
in 5% CO,. Sub-confluent Vero cells grown in T175
flasks were infected with each DENV serotype at a
multiplicity of infection of 0-1 for 5-6 days in MEM
with 2% FBS and incubated at 37 °C in 5% CO.,.
After freeze-thawing, the cell suspensions were cen-
trifuged at 931 g for 10 min at 4 °C. Supernatants
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containing each one of the DENV particles were col-
lected and stored in vials at —80 °C.

PRNT

Briefly, assays were performed with Vero cells that
had been seeded at a density of 300000 cells/ml and
grown in MEM with 10% FBS and 1% penicillin/
streptomycin solution in 24-well plates (0-5 ml/well)
for 24 h before the assay. Serum samples were in-
activated for 30 min at 56 °C before diluting in MEM.
The assay for screening DENV-specific neutralizing
antibodies was performed after dilution of serum
(1/20 and 1/80) into 96-well microtitre plates and
the addition of 30 plaque-forming units (p.f.u.) of the
challenge virus (DENV-1, -2, -3) to the wells. After
incubation at 37 °C in a 5% CO, atmosphere for 1 h,
the medium of the 24-well microplates was discarded,
and 50 ul of each dilution of the mixture serum/virus
was inoculated in duplicate. The plates were then in-
cubated at 37 °C in 5% CO, for 1 h to allow virus
adsorption. After incubation, the cells were covered
with 500 ul of semi-solid medium [MEM 10 x, 10%
FBS, 10% carboxymethylcellulose (3%), 1% peni-
cillin/streptomycin]. After incubation for 6—7 days at
37°C in 5% CO,, the semi-solid medium was dis-
carded and the cell monolayer was fixed with formalin
solution (3-5m) for 1h and stained with Crystal
Violet (0-5 ml/well). The plates were washed with
water and subsequently counted after drying. The
PRNT positivity was defined based on a >50% re-
duction in plaque counts (PRNTj,) at the lowest ser-
um dilution used (1:20).

To ensure accuracy and to avoid intra- and inter-
test variations, the same technician performed all the
procedures. The entire sample was tested indepen-
dently by investigators who were blinded with regard
to the previous serological status of the individuals
and other information such as age and sex. Positive
and negative controls were included in each assay.
Wells that contained uninfected cells were also used as
controls. The following criteria were used to validate
the test results: integrity of the monolayer of unin-
fected cells, the presence of little or no reduction in
plate count of negative sera and appropriate plate
counting of the positive control.

To assess cross-reactivity, all samples that were
simultaneously positive for DENV-1, -2 and -3 in
individuals aged <15 years (n=12) were tested for
yellow fever virus (YFV-17DD) neutralizing anti-
bodies. The neutralizing antibody titres for dengue
serotypes were also determined in these samples at
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serum dilutions 1/20 to 1/1280, following the standard
protocol of PRNTj;,.

Data analysis

The frequency distribution of the main characteristics
of the study population was described. The neu-
tralizing antibody titres (PRNTj9) were determined by
probit regression and transformed to the logarithmic
scale (logyg). The comparison of the means of the
antibody titres of the three serotypes was performed
using analysis of variance (ANOVA).

The analysis of the association between the num-
bers of DENYV serotypes (one, two and three simul-
taneous serotype infections) and mean age was
performed using ANOVA, whereas their association
with gender and report of healthcare seeking behav-
iour during the acute disease was tested through x*
test for trend. To produce the inferences of the sero-
type-specific susceptibility by age group in the general
population, we first took the serotype-specific sus-
ceptibility and its 95 % confidence interval (CI) in the
positive subsample. Then, we incorporated the varia-
bility of the serotype-specific susceptibility in the
overall susceptibility (not specific) measured in the
serosurvey.

The force of infection (FOI) corresponds to the in-
cidence and is used to explore the intensity of trans-
mission of dengue infection in a population. Since age
reflects duration of exposure, an age-stratified, strain-
specific serological survey performed at one point
in time can potentially provide information on the
dynamics of infection [23, 24]. In this serosurvey, the
FOI was estimated for the three serotypes (DENV-1,
-2, -3) by a simple catalytic model using the age-
specific distribution of the susceptible population.
The assumptions of the model were absence of cross-
protection among serotypes and absence of antibody-
dependent enhancement response following primary
infection [9].

Statistical analysis was performed using Epi Info v.
6.04 (CDC, USA), GraphPad Prism v. 4.0 (GraphPad
Software, USA), and SPSS v. 13.0 (SPSS Inc., USA).

Ethical considerations

Written consent to participate in the study was ob-
tained from each person (or their guardian) after a
full explanation of the study was provided. The data
were treated confidentially and anonymously. The
research was approved by the Ethics and Research
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Table 1. Demographic and clinical characteristics of
study subjects (n=323). Engenho do Meio, Recife,
northeastern Brazil, 2005

Variables n %

Individual characteristics
Age group (years)

5-14 109 33:6
15-49 168 519
=50 47 14-5
Sex
Male 136 42-0
Female 188 580
Schooling levels (age > 15 years)
Illiterate 9 42
Basic 65 30-4
Secondary 118 55-1
University 22 10-3
Clinical characteristics
Self-reported dengue* 125 39-1
Healthcare seekingt 56 452
Anti-dengue serotype-specific antibodies
DENV-1 6 19
DENV-2 3 09
DENV-3 115 356
DENV-1/DENV-2 13 4-0
DENV-1/DENV-3 98 30-3
DENV-2/DENV-3 31 9:6
DENV-1/DENV-2/DENV-3 57 17-7

* Previous dengue infection reported by the subject during
the interview (four participants had missing information).
1 Participants who reported seeking medical assistance in
the acute phase of the disease (one participant was missing
information).

Committee of the Centro de Pesquisas Aggeu
Magalhdes — FIOCRUZ (No. 8.19).

RESULTS

In total, 323 out of 324 selected dengue IgG-positive
individuals had serotype-specific antibodies deter-
mined by PRNT.

Table 1 shows the main characteristics of the par-
ticipants. The median age of participants was 23 years
(range 5-64 years). In total, 58 % were female and
55% had completed secondary school. About 60 % of
residents did not report previous dengue illness, sug-
gesting a high frequency of unapparent infection.
Of 125 residents who reported clinical disease, 56
(45-2%) sought medical assistance during the acute
phase. Of 323 infected individuals, 174 (53-8 %) had
antibodies to DENV-1, 104 (32:2%) had antibodies
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Table 2. Number of dengue serotypes according to demographic and clinical characteristics. Engenho do Meio,
Recife, 2005

Number of dengue serotypes

Characteristic One Two Three P value
Age, mean (+5s.D.) 25-854+16:19 26:484+17-30 33-24+17-19 0-016*
Sex, n (%)
Male (N=135) 44 (32-6) 67 (49-6) 24 (17-8) 0-251%*
Female (N=188) 80 (42:6) 75 (39-9) 33 (17-6)
Self-reported dengue, n (%)t
Yes 42 (33-6) 52 (41-6) 31 (24-8) 0-015%**
No 81 (41-8) 88 (45-4) 25 (1249)
Healthcare seeking, n (%)§
Yes 19 (339) 22 (39-3) 15 (26-8) 0-819%**
No 23 (33-8) 29 (42-6) 16 (23-5)

s.D., Standard deviation.

1 Previous dengue infection reported by the subject during the interview.
i Participants who reported seeking medical assistance in the acute phase of the disease.

* ANOVA, ** » for trend.

to DENV-2 and 301 (93:2%) had antibodies to
DENV-3. The frequencies of monotypic and multi-
typic infections were 124 (38:4%) and 199 (61:6 %),
respectively. Monotypic infections by DENV-3 were
the most frequently found (35:6%), followed by
multitypic infections by DENV-1 and DENV-3
(30:3%) and by DENV-1, -2 and -3 (17-7%). Of 109
individuals aged <15 years, 61-5% presented more
than one serotype and thus had a multitypic dengue
infection.

Table 2 shows the association between the number
of dengue serotype markers (one, two or three dengue
serotypes) and age, sex, self-reported dengue, and
healthcare-seeking behaviour during the acute dis-
ease. Individuals who were co-infected with three
dengue serotypes were older compared to individuals
infected by one or two serotypes (F test=4-152,
P=0-016). There was no significant difference in
the number of serotypes detected between men and
women.

There was a significant increased trend of being
symptomatic according to exposure to one, two or
three serotypes (y* for trend=590, p.F.=1, P=
0-015). No association was found between self-
reported healthcare seeking during the acute phase
with the detection of one or more circulating sero-
types.

Figure 1 shows the proportion of individuals sus-
ceptible to dengue infection by the different DENV
serotypes according to age using a simple catalytic
model. Individuals were most commonly susceptible
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to DENV-2, followed by DENV-1 and DENV-3. By
the age of 5 years, about 70% of the children were
immune to DENV-3 infection, whereas about 30 %
were immune to DENV-2 and about 40% were
immune to DENV-1. With increasing age, fewer in-
dividuals were susceptible to all three DENV infec-
tions. Less than 10% of the population was
susceptible to DENV-3 infection by the age of 60
years. The estimated FOI was 2-5% (95% CI 1-1-6-1)
for DENV-3, 0-9% (95% CI 0-7-2-4) for DENV-1,
and 0-4% (95% CI 0-1-0-6) for DENV-2.

Among children (<15 years) with simultaneous
detection of DENV-1, -2 and -3, none had detectable
levels of neutralizing antibodies to YFV (antibody
titres < 1/20). Higher titres of neutralizing antibodies
were detected in individuals infected with DENV-3
(4-57+1-05) compared to DENV-1 (2:06 +0-50) and
DENV-2 (2:16 £0-49) (P<0-001) (Fig. 2).

DISCUSSION

This study detected a high frequency of multitypic
DENYV infections in a population-based survey con-
ducted in a major city in northeastern Brazil. Our
study showed evidence of intense co-circulation of
DENV in the area, with a predominance of DENV-3
and DENV-1 and a low frequency of DENV-2.
DENV-3 had the highest time-constant incidence
(2:5% per year) in the model, which was twice as high
as the FOI for DENV-1. Moreover, the high pro-
portion of children who were already immune to
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serotypes between individuals aged <15 years who had
serological markers to three dengue serotypes (P <0-001).

DENV-3 by the age of 5 years, as depicted by the
catalytic curves, indicates the intense transmission of
DENV-3 in early childhood. These findings are in
accord with the epidemiological patterns of dengue in
Brazil, where DENV-1, -2 and -3 have co-circulated
since 2001, with DENV-3 predominating during the
study period [19, 25]. Locally, the introduction of
DENV-3 and its first outbreak occurred 3 years prior
to the current survey, which took place in 2005; about
30000 registered dengue cases with 14 deaths were
observed during the outbreak [20].

To our knowledge this is the first study that tested
a large number of DENV-infected individuals by
PRNT in a region of hyperendemicity in northeastern
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Brazil; seroprevalence of about 90 % was found at the
population level [17]. In the same period, another
survey was conducted in urban districts in the city of
Belo Horizonte, in the southeast region of Brazil,
which is a low endemic region. This survey found
seroprevalence of 12% with serotypes varying from
0-85% (DENV-2) to 3-95% for the concomitant in-
fection with of DENV-1, -2 and -3 [26]. Furthermore,
a high proportion of individuals susceptible to the
three serotypes were detected in the previous study, in
contrast with the high levels of multiple serotype in-
fections in our study in the northeast. However, the
predominance of DENV-3 solely or in combination
with other serotypes and a low frequency of DENV-2
was a common feature of both Brazilian surveys. It is
of note that the distinct epidemiological scenarios,
with a variability of co-circulation of multiple sero-
types in regions in a continental country such as
Brazil, are reported by the national surveillance sys-
tem [27].

In the study setting, the co-positivity of DENV-1,
-2 and -3 were more likely to be detected in adults.
Similar results were found in a retrospective sero-
logical study that analysed the immunological status
by age group in the city of Taiwan and showed an
increased age-dependent rate of secondary infection
from 0 % (birth cohort 1990 and after) to 100 % (birth
cohort between 1931 and 1935) [28]. In South East
Asia, a study of 166 volunteers found evidence that
58 % of the adult population were infected with the
four serotypes [29]. Of note, dengue re-emerged in
Brazil in the late 1980s, [27] whereas South East Asia
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has experienced dengue epidemics since the 18th
century [30].

One of the most marked findings of our study
regarding the PRNT evaluation was that 11% of
children and adolescents (<15 years) already had
detectable antibodies against the three serotypes,
showing an intense DENV co-circulation at an early
age. In fact, surveillance data have noted a steady
shift in dengue incidence towards younger age groups,
combined with increased hospitalization, particularly
in the northeast region where our study was conduc-
ted [27, 31].

In our survey, about half of the infected individuals
did not recall having the disease, suggesting a high
frequency of unapparent infection in agreement with
other epidemiological studies [27, 32]. Interestingly,
individuals who had serological markers for the three
serotypes of the virus were more likely to report
dengue disease. Under the assumption of long-term
protection only for homologous serotypes [5], it is
likely that repeated viral exposure to the different
serotypes, as detected in our study, would increase the
chance of symptomatic disease [13, 33].

The catalytic model of infection for dengue, as we
presented, is a simplified approach to age-distribution
for the incidence of each DENV serotype individu-
ally. The study of the dynamic of dengue infection is
complex because each of the four serotypes causes
not only long-term protection for the homologous
virus but also short-term cross-protective infection
in a naive population. This model assumes a constant
FOI in a susceptible population, and it does not take
into account the time period of the introduction of
the different serotypes, nor the heterogeneity of the
population with respect to previous dengue exposure
or the distribution of the vector population [§].

Even with these caveats, this model using PRNT
data showed regression curves with similar shapes.
This pattern may reflect the cumulative acquisition of
dengue infection for each serotype over time, similar
to other viral infectious diseases [34]. However, the
FOI of DENV-3 and DENV-1 was higher than
DENV-2. Our data indicated the predominance of
DENYV-3 infection in the population as a whole and
identified DENV-3 as probably the last circulating
serotype. In fact, for young individuals with multi-
typic infections DENV-3 had the higher antibody
titres, suggesting a more recent infection than the
other viruses in the tested subsample. These findings
are in accord with the large epidemics of DENV-3
in 2001 and the less frequent reporting of DENV-2
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isolated in registered cases according to the official
surveillance system. In our study, the attack rate for
the three serotypes ranged from 1-9 to 9-1, which is
the sum of the lower and higher 95 % CI values. These
incidence values were in line with the estimated vari-
ation found in a previous simulation model that
also used the seroprevalence data from this survey
conducted in the city of Recife [35]. Several differences
can be noted between both analyses. The current
paper presents dengue serotype results to calculate
distinct FOI, while the former publication applied
mathematical modelling and assumed similar attack
rates for the distinct serotypes to describe the evol-
ution of the Brazilian dengue patterns [35].

One of the limitations of the present study is that
the analysis of the serotype-specific prevalence was
performed in a subset of individuals since the
PRNT is a very laborious technique and the study
population may not be representative of the entire
city. Although our results provide valuable data on
previous immunity at population level they cannot
be extrapolated for the population as whole. We
also acknowledge that a comprehensive approach
considering both the effect of ecological and im-
munological determinants would be valuable to the
understanding of the dynamic of dengue transmission
in the population. Nevertheless environmental factors
were beyond the scope of the present study.

In summary, the current study showed evidence
of intense exposure and multiple DENV-1, -2 and -3
infections at an early age. The epidemiological pat-
terns presented here note the need for knowledge of
dengue serotype infections in neonates and early
childhood in representative samples of the Brazilian
population. Furthermore, research efforts should be
performed to study the vertical transmission of the
virus and the consequences of antibody decay in in-
fants in order to provide data for the optimal age of
vaccination for the forthcoming vaccine era.

ACKNOWLEDGEMENTS

The authors acknowledge the partial support of the
P. M. S. Castanha by Fundagdo de Amparo a Ciéncia
e Tecnologia do Estado de Pernambuco (Grant BFT-
0190-4.06/10). C. M. T. Martelli and W. V. Souza
received research scholarships (CNPq numbers
306489/2010-4, 305281/2010-0) and are research
members from the National Institute of Science and
Technology for Health Technology Assessment.


https://doi.org/10.1017/S0950268812001367

DECLARATION OF INTEREST

None.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Guzman MG, et al. Dengue: a continuing global threat.
Nature Reviews Microbiology 2010; 8: S7-16.

. San Martin JL, et al. The epidemiology of dengue in

the americas over the last three decades: a worrisome
reality. American Journal of Tropical Medicine and
Hygiene 2010; 82: 128-135.

. Teixeira MG, et al. Dengue: twenty-five years since

reemergence in Brazil. Cad Saude Publica 2009; 25:
S7-18.

. Swaminathan S, Batra G, Khanna N. Dengue vaccines:

state of the art. Expert Opinion on Therapeutic Patents
2010; 20: 819-835.

. Kyle JL, Harris E. Global spread and persistence of

dengue. Annual Review of Microbiology 2008; 62:
71-92.

. Rico-Hesse R. Dengue virus virulence and transmission

determinants. Current Topics in Microbiology and
Immunology 2010; 338: 45-55.

. Halstead SB. Dengue. Lancet 2007; 370: 1644—1652.
. Kuno G. Review of the factors modulating dengue

transmission. Epidemiologic Reviews 1995;17: 321-335.

. Ferguson NM, Donnelly CA, Anderson RM. Trans-

mission dynamics and epidemiology of dengue: in-
sights from age-stratified sero-prevalence surveys.

Philosophical Transactions of the Royal Society of

London, Series B: Biological Sciences 1999; 354:
757-768.

Simasathien S, et al. Safety and immunogenicity of a
tetravalent live-attenuated dengue vaccine in flavivirus
naive children. American Journal of Tropical Medicine
and Hygiene 2008 ; 78: 426-433.

Capeding RZ, et al. Live-attenuated, tetravalent dengue
vaccine in children, adolescents and adults in a dengue
endemic country : randomized controlled phase I trial in
the Philippines. Vaccine 2011; 29: 3863-3872.

Reiskind MH, et al. Epidemiological and ecological
characteristics of past dengue virus infection in Santa
Clara, Peru. Tropical Medicine and International Health
2001; 6: 212-218.

Sangkawibha N, et al. Risk factors in dengue shock
syndrome: a prospective epidemiologic study in
Rayong, Thailand. 1. The 1980 outbreak. American
Journal of Epidemiology 1984 ; 120: 653—669.
Sanchez-Burgos GG, et al. Prevalence of neutralizing
antibodies to dengue virus serotypes in university
students from Tabasco, Mexico. Salud Publica de
Mexico 2008 ; 50: 362-366.

Roehrig JT, Hombach J, Barrett AD. Guidelines for
plaque-reduction neutralization testing of human anti-
bodies to dengue viruses. Viral Immunology 2008; 21:
123-132.

Brazilian Ministry of Health (http://portal.saude.
gov.br/portal/arquivos/pdf/informe_dengue_2011_
janeiro_e_marco_13_04.pdf.). Accessed 23 July 2011.

https://doi.org/10.1017/50950268812001367 Published online by Cambridge University Press

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Dengue serotypes antibodies in Brazil 1087

Braga C, et al. Seroprevalence and risk factors for
dengue infection in socio-economically distinct areas of
Recife, Brazil. Acta Tropica 2010; 113:234-240.
Instituto Brasileiro de Geografia e Estatistica (IBGE).
(http://www.ibge.gov.br/cidadesat/topwindow.htm1).
Accessed 23 July 2011.

. Cordeiro MT, et al. Dengue and dengue hemorrhagic

fever in the State of Pernambuco, 1995-2006. Revista da
Sociedade Brasileira de Medicina Tropical 2007; 40:
605-611.

Montenegro D, et al. Clinical and epidemiological as-
pects of the dengue epidemic in Recife, PE, 2002.
Revista da Sociedade Brasileira de Medicina Tropical
2006; 39: 9-13.

Scheaffer RL, Mendenhall W, Ott RL. Simple random
sampling. In: Scheaffer RL, ed. FElementary Survey
Sampling. Boston: Duxbury, 1979, pp. 48—49.

Morens DM, et al. Simplified plaque reduction neu-
tralization assay for dengue viruses by semimicro
methods in BHK-21 cells: comparison of the BHK
suspension test with standard plaque reduction neu-
tralization. Journal of Clinical Microbiology 1985; 22:
250-254.

Egger JR, et al. Reconstructing historical changes in the
force of infection of dengue fever in Singapore: im-
plications for surveillance and control. Bulletin of the
World Health Organization 2008 ; 86: 187—196.
Anderson R, May R. Infectious Diseases of Humans:
Dynamics and Control, 1st edn. New York: Oxford
University Press, 1991, pp. 63.

Nogueira RM, de Araujo JM, Schatzmayr HG. Dengue
viruses in Brazil, 1986-2006. Revista Panamericana de
Salud Publica 2007 ; 22: 358-363.

Pessanha JEM, et al. Dengue fever in three sanitary
districts in the city of Belo Horizonte, Brazil: a
population-based seroepidemiological survey, 2006 to
2007. Revista Panamericana de Salud Publica 2010; 27:
252-258.

Siqueira JB, et al. Dengue and dengue hemorrhagic fe-
ver, Brazil, 1981-2002. Emerging Infectious Diseases
2005; 11: 48-53.

Chang SF, et al. Retrospective serological study on
sequential dengue virus serotypes 1 to 4 epidemics in
Tainan City, Taiwan, 1994 to 2000. Journal of Micro-
biology, Immunology and Infection 2008 ; 41: 377-385.
Wilder-Smith A, et al. Serological evidence for the co-
circulation of multiple dengue virus serotypes in Singa-
pore. Epidemiology and Infection 2005; 133: 667-671.
Gubler DJ. Dengue and dengue hemorrhagic fever.
Clinical Microbiology Reviews 1998 ; 11: 480-496.
Cavalcanti LP, et al. Change in age pattern of persons
with dengue, northeastern Brazil. Emerging Infectious
Diseases 2011; 17: 132-134.

Endy TP, et al. Determinants of inapparent and symp-
tomatic dengue infection in a prospective study of pri-
mary school children in Kamphaeng Phet, Thailand.
PLoS Neglected Tropical Diseases 2011 5: €975.
Guzman MG, et al. Epidemiologic studies on Dengue in
Santiago de Cuba, 1997. American Journal of Epidemi-
ology 2000; 152: 793-799.


https://doi.org/10.1017/S0950268812001367

1088 P. M. S. Castanha and others

34. Alencar Ximenes RA, et al. Multilevel analysis of hepa- 35. Rodriguez-Barraquer I, et al. From re-emergence to
titis A infection in children and adolescents: a house- hyperendemicity: the natural history of the dengue
hold survey in the Northeast and Central-west regions epidemic in Brazil. PLoS Neglected Tropical Diseases
of Brazil. International Journal of Epidemiology 2008 2011; 5:¢e935.

37:852-861.

https://doi.org/10.1017/50950268812001367 Published online by Cambridge University Press


https://doi.org/10.1017/S0950268812001367

