Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 94(3): 297-304, May/Jun. 1999 297

Dengue in the State of Rio de Janeiro, Brazil, 1986-1998
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This paper presents epidemiological, laboratory, and clinical data on 12 years of dengue virus activ-
ity in the State of Rio de Janeiro from the time the disease was first confirmed virologically in April 1986
through April 1998. DEN-1 and DEN-2 viruses are the serotypes circulating in the state and were
responsible for the epidemics reported during the last 12 years. The results published here show both
the impact of dengue virus infections on the population and laboratory advances that have improved
dengue diagnosis.
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Dengue viruses occur as four antigenically retively into 91 municipalities (counties), arranged in
lated but distinct serotypes designated as DEN-gjght regions with specific climatic and geographic
2, 3, and 4 (Westaway et al. 1985). They causefeatures: Greater Metropolitan Rio de Janeiro, North-
broad range of disease, including clinically asympwest, North, Mountains, Coastal Lowlands, Middle
tomatic forms, classic dengue fever (characterize@araiba Valley, Central-South, and llha Grande Bay
by sudden onset of fever, headache, retroorbitéifig. 1). The Greater Metropolitan Area, with some
pain, and myalgia), and the more severe formd4,0,000,000 inhabitants, includes the capital of the
dengue hemorrhagic fever/dengue shock syndronsgéate, Rio de Janeiro, and 16 other municipalities
(DHF/DSS). and has been the most heavily affected area by den-

Dengue was first recognized in the State of Rigue outbreaks. During the last 12 years the state
de Janeiro some 70 years ago, when Antonio Pednas reported four epidemics with a total of 400,000
described a disease clinically similar to dengueeported cases (Secretary of Health of the State of
fever in the city of Niterdi (Pedro 1923). No den-Rio de Janeiro 1998).
gue cases were reported for the following 63 years; Dengue virus epidemiology in the State of Rio
Ae. aegypti, the principal mosquito vector, wasde Janeiro Dengue infection was first confirmed
eradicated by Brazilian health authorities in thdy laboratory in the State of Rio de Janeiro in
1950s. April 1986, when the DEN-1 virus was isolated

Ae. aegyptwas detected in the state again irduring an outbreak of exanthematic disease in the
1977, and by the 1980s several municipalities preity of Nova Iguacu (Schatzmayr et al. 1986).
sented high infestation rates. Reintroduction of thdova Iguacu, part of Greater Metropolitan Rio
dengue virus in 1986 launched a period of intense Janeiro, has many small-scale industries and
dengue activity in the state with an enormous imscrap metal yards with numerous mosquito breed-
pact on the population. ing sites. In 1986, Nova Iguacu had household

The State of Rio de Janeiro, with 13,216,83nfestation rates for thie. aegyptivector as high
inhabitants, is divided politically and administra-as 28% in some neighborhoods (Secretary of

Health of the State of Rio de Janeiro 1998). Itis a
low-income suburban city located some 25 km
from downtown Rio de Janeiro, with a large popu-

Supported by CNPg, Fundacdo Banco do Brasilation contingent that commutes daily to surround-
Fundac&o Nacional de Saude and IDRC, Canada.  ing areas. This heavy circulation of human be-
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Fig. 1: politic administrative division of the State of Rio de Janeiro.
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Niterdi, and Duque de Caxias, causing an explo- pyring this epidemic (1990-1991) DHF/DSS
sive epidemic with 95,000 cases reported duringase due to DEN-2 virus with a fatal outcome was
the 1986-1987 period. Underreporting of caseseported in Niteréi. The patient had a prior history
due to lack of knowledge concerning the diseasgf dengue fever in 1987 confirmed by an IgG Elisa
was demonstrated by serological surveys peiter of 1/256,000 for anti-DEN-1 (Nogueira et al.
formed in several municipalities after the epi-1991).
demiC, with an estimated real occurrence of A period of low dengue virus activity charac-
3,000,000 cases of infection since the first reporigrized the period from 1992 to 1994, when 2,568
(Figueiredo et al. 1990). _ cases were reported in the state. Only 7 out of 304
The 1988-89 period was characterized by loweported cases that were submitted for laboratory
dengue virus activity. Only three DEN-1 virusesnyestigation were confirmed by serology.
had been isolated by November 1989, when in- A new epidemic recognized in 1995, extended
creased DEN-1 activity was noted and a new epinto the following year, with a total of 50,000 re-
demic was recognized. _ _ ported cases of dengue fever. Both the DEN-1 and
~ In April 1990, during a period of high DEN-1 DEN-2 serotypes were isolated during this period.
virus activity, a new virus serotype, DEN-2, was  Only 1,361 dengue cases were reported in 1997.
isolated in the city of Niterdi, exactly four yearspowever, in January 1998 a new epidemic broke
after the DEN-1 virus was first isolated (Nogueirayyt in the Middle Paraiba Region, mainly affect-
et al. 1990). Simultaneous circulation of DEN-1ling the municipalities of Pinheiral, Barra do Pirai,
and DEN-2 viruses characterized the Iargest deB'arra Mansa, and \olta Redonda. The epidemic
gue epidemic (1990-1991) reported in the statguickly spread to other municipalities in the state
with a total of 140,000 reported cases (Secretaghd soon reached an important tourist area on the
of Health of the State of Rio de Janeiro 1998). northern coast of the state, including the towns of
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Buzios, Araruama, and Iguaba. DEN-1 virus wag this period the four largest epidemics occurred
the only serotype isolated in the state until Marckguring summer months.
when the DEN-2 virus was isolated in the cities of Co-circulation of the two serotypes in the state
Rio de Janeiro and Niteréi. As of the 14th epideshowed that successive infections increased the
miological week of 1998, 15,727 cases had beappearance of more severe clinical presentations,
reported in the state. as demonstrated by the number of DHF/DSS cases
As observed in Fig. 2, the municipality of Rioreported after introduction of the DEN-2 virus
de Janeiro has been responsible for most of tlf€able ). A predominance of DEN-2 virus isola-
reported dengue cases, although 81 out of 91 mtien from August 1990 to 1991 was associated with
nicipalities in the state have already reported demore hospitalizations (Nogueira et al. 1993). The
gue outbreaks during the last 12 years. maximum number of DHF/DSS cases reported
Fig. 3 shows the monthly accumulated numbeduring the peak month of dengue fever supports
of reported cases from April 1986 to April 1998the iceberg theory of DHF/DSS (Gubler 1988,
and the periodicity of epidemics in the state. Duri993).
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Fig. 2: dengue reported cases in the State of Rio de Janeiro from April 1986 to April 1998.
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Fig. 3: cumulative cases of dengue by month in the State of Rio de Janeiro from April 1986 to April 1998.
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TABLE |
Notified dengue haemorrhagic fever/dengue shock syndrome in the State of Rio de Janeiro, 1990-1998

Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec Total

1990 - - - 2 2 10 7 5 1 3 29 161 220
1991 565 261 145 85 26 1 1 - 1 - 1 - 1,086
1995 3 57 51 9 11 2 - - 1 3 1 - 138
1996 1 2 12 26 20 1 - 1 - - - - 63
1997 2 4 3 3 1 - - - - 1 - 2 16
1998 1 2 3 13 - - - - - - - - 19

a: cases reported until April 1998; Source: Secretary of Health of the State of Rio de Janeiro.

Clinical findings -During the 1986-1987 pe- by Kuno et al. (1987), and/or by virus isolation in
riod, dengue infection presented as a classic degell cultures ofe. albopictuslone C6/3glgarashi
gue fever epidemic. However, a few cases of sd978). Table |l shows the laboratory diagnosis from
vere disease were observed. DEN-1 virus was iseerum samples collected from 15,219 patients dur-
lated from the liver of a 17-year-old male (Nogueirang epidemic periods. All procedures were per-
et al. 1988), and five other fatal dengue cases wifhrmed at the Flavivirus Laboratory, Oswaldo Cruz
involvement of the central nervous system (CNSnstitute/Fiocruz.
were reported (Chimelli et al. 1990). Mac-Elisa was employed for the first time on a

The subsequent epidemics displayed the sarfarge scale in 1986 and made it possible to deter-
classic dengue fever profile observed in 1986. Fignine IgM antibody levels in the population with-

4 shows the signs and symptoms of classic dengoet prior exposure to dengue virus (Nogueira et al.
fever observed during two epidemics (1986-1981992). After introduction of the DEN-2 virus, a
and 1995-1996). The introduction of DEN-2 virusmixture of DEN-1 and DEN-2 antigens was em-
increased the number of severe disease cases withyed, and this assay proved to be useful for de-
the appearance of several cases of DHF/DSS. Sigesting IgM in the secondary immune response
and symptoms of these cases were described @yogueira et al. 1993).

Zagne et al. (1994). Dengue virus isolates were identified by using

Laboratory confirmation -Suspected dengue dengue monoclonal antibodies as described by
cases were confirmed by an IgM capture enzymésubler et al. (1984). During the first epidemic pe-
linked immunosorbent assay (Mac-Elisa) describetiod (1986-1987), a high percentage (41.2%) of

Bleeding

Vomiting

4 o1
Pruritus ml
Rash _—‘

Anorexia

Nausea

Retro-orbital pain

Arthralgia

Prostation

Myalgia

Headache —

P O ————————————————— e —

0 10 20 30 40 50 60 70 80 %

Fig. 4: signs and symptoms of 250 laboratorial confirmed dengue fever in the State of Rio de Janeiro during different periods
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TABLE I
Laboratorial diagnosis of dengue in the State of Rio de Janeiro: April 1986 - April 1998
Years Dengue serotypes % of virus isolation Total of confirmed cases by
virus isolation and/or serology
1986-87 DEN-1 (1039) 1,039/2,520 1,874/3,178
(41.2%) (59%)
1990-91 DEN-1 (225) 413/2,474 2,109/5,964
DEN-2 (188) (16.7%) (35.4%)
1995-96 DEN-1 (37) 132/1,353 921/3,494
DEN-2 (95) (9.8%) (26.4%)
1998 DEN-1 (156) 158/865 505/2,583
DEN-2 (4) (18.35) (19.6%)

DEN-1 virus isolation was achieved, however a In a retrospective study, the use of the immu-
clear downward trend in the virus isolation ratenohistochemical procedure confirmed dengue in-
has been observed over the years. However, in 198&tion in five fatal cases previously described by
new areas in the state where dengue activity is cha&himelli et al. (1990). All of these cases were as-
acterized as a virgin epidemic, like Pinheirakociated with encephalopathy, and in three of them
(Middle Paraiba Valley), showed a 33.6% DEN-Iengue virus antigen was demonstrated in the CNS.
virus isolation rate (81/160). Extended immunohistochemical studies performed
The Flavivirus Laboratory has introduced newn one case demonstrated infiltration of CD68+
methodologies since 1995 in order to improve demmacrophages by the breakdown of the blood-brain
gue diagnosis. The method employing reverse trabarrier, showing that virus-infected macrophages
scription followed by polymerase chain reactiorcould be one of the pathways by which virus en-
(RT-PCR) described by Lanciotti et al. (1992) wasers the brain. Dengue virus antigen was also de-
employed during the 1995-1996 epidemic for rapidected in hepatocytes and in the cytoplasm of ph-
dengue virus identification. RT-PCR from clinicalagocytic mononuclear cells from the liver, spleen,
samples identified DEN-1 and DEN-2 in 41% (41/and lung (Miagostovich et al. 1997a).
100) of cases previqusly confirmed by serology DISCUSSION
where no virus isolation was achieved and proved ) . )
to be an applicable method for retrospective den- The Greater Rio de Janeiro Metropolitan Area
gue diagnosis, especially in fatal cases. In addnas the largest population and labor force in the
tion, it is rapidly becoming useful for monitoring state. Most of the state’s industry is located in this
dengue virus activity in new areas of the statéegion, constituting a highly diversified industrial
(Miagostovich et al. 1997b). Other RT-PCR procomplex. Eighty percent of the state’s population
tocols have also supported molecular epidemiologis concentrated in the Greater Metropolitan Area,
cal studies conducted over the years. Analysis 6RUSINg intense social conflict and pressure, since
DEN-1 and DEN-2 viruses isolated in the stat@conomic growth has not achieved the expected
using endonuclease enzyme restriction and partiggsults. Major problems include the lack of urban
genome sequencing showed that the viruses bgervices and infrastructure, an increasing housing
|ong to the Caribbean and Jamaican genotype@?fiCit, marked by the Spread of substandard hous-
respectively (Rico-Hesse 1990, Deubel et al. 1998)9 and slum areas, and environmental degrada-
Lewis et al. 1993, Vorndam et al. 1994 tion. All these factors have contributed to the
Miagostovich et al. 1998). Greater Metropolitan Area’s high percentage of
During the same period, serum specimens préotal dengue cases reported in the state. During
viously screened by Mac-Elisa were also used t@cent years, the only municipalities that have not
characterize the immune response analyzed by Ig&&ported authoctone dengue cases were from the
Elisa. The high sensitivity and specificity of lgG-Mountain Region. _ _
Elisa support the use of an association of IgM and  Transmission of dengue virus by the. aegypti
lgG Elisa tests to perform rapid dengue diagnosias demonstrated by dengue virus isolation from
and classify the immune response, especially i Vector pool during the 1986 epidemic (Nogueira
severe disease, to evaluate the role of sequent@ilal. 1988). Althoughhe. albopictushas been
infection (Miagostovich, unpublished data). present in the State of Rio de Janeiro since 1986,
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there is no evidence for transmission of dengue hlaneiro, difficulties in performing routine hemat-
this mosquito species in the state. ocrits and platelet counts, along with the rigidity
The city of Rio de Janeiro is very important aof these criteria, resulted in the non-characteriza-
a tourist center, mainly during summer months, thuson of various cases of DHF stages | and Il. This
explaining the rapid spread of DEN-1 and DEN-Zact is likely responsible for the high dengue case
viruses to other states of Brazil in 1986 and 199@atality rate not only in the State of Rio de Janeiro
respectively. Virus dispersion occurred along mabut in Brazil as a whole.
jor highways that link the State of Rio de Janeiro Clinical aspects of dengue surveillance empha-
to various other urban areas of the country. Twensize the importance of differential diagnosis, in-
out of 26 Brazilian's states have already reporteduding not only exanthematic diseases like rubella,
dengue epidemics, of which 16 presented co-cimeasles, and enteroviruses (Morens et al. 1978,
culation of two serotypes (Brazilian Ministry of 1986), but also non-exanthematic diseases. For
Health). The State of Rio de Janeiro has been rimstance, during 1986 some suspected dengue cases
sponsible for a high percentage of all dengue casesdth negative dengue serology were confirmed
reported in Brazil, mainly during epidemic peri-serologically as influenza A (H3N2) and others as
ods: e.g., 67.2% (1986-1987), 76.5% (1990-1991hfluenza B. That same year the influenza virus
and 17.4% (1995-1996). was isolated in Rio de Janeiro between July and
The endemicity of dengue viruses in Brazil is éAugust (Nascimento & Nogueira 1992).
major concern, since two serotypes are now wide- Different patterns of clinical manifestations for
spread. Several states have reported an increasel@ngue infection, like viral hepatitis and encepha-
DHF/DSS cases since 1990, when the DEN-2 viitis, should be also taken in account, since liver
rus was introduced into the country (Nogueira eind brain involvement have been demonstrated in
al. 1993, Zagne et al. 1994, Souza et al. 1998gngue infection (Lum et al. 1993, 1996, Patey et
Vasconcelos et al. 1995). Co-circulation of mul-al. 1993, Dietz et al. 1996, Row et al. 1996, Nguyen
tiple serotypes has been associated with DHF/DSS al. 1997). In the State of Rio de Janeiro, liver
in Southeast Asia (Halstead et al. 1967, Gublenvolvement was recorded by elevation of
1993). DEN-2 infection following a DEN-1 epi- aminotransferases in 35 cases of DHF/DSS (Zagne
demic has also been suggested as an important fat-al. 1998) and brain involvement demonstrated
tor in the emergence of more severe forms of ires previously described (Miagostovich et al.
fection (Guzman et al. 1986, Halstead 1970, Theih997a).
et al. 1997). Another aspect to be considered in dengue sur-
During the 1990-1991 epidemic in the State ofeillance is the gathering of clinical samples. Dur-
Rio de Janeiro, a study of 56 well-documentethg a period of low activity, it is very difficult to
cases of DHF/DSS demonstrated a predominaanbtain serum samples from febrile disease in order
involvement of adults with secondary infectionto conduct active surveillance. On the other hand,
(Zagne et al. 1994). The lack of DHF/DSS in chil-during epidemic periods, collecting too many se-
dren with secondary infection was also demorrtum samples in the same area causes a delay in
strated during a serological survey conducted ilaboratory processing and may hinder investiga-
the municipality of Niter6i (Cunha et al. 1995). tion of samples from severe cases and those col-
A high proportion of DHF/DSS in adults waslected in areas where the virus has been introduced
also observed in many countries of the Americaecently. Improper processing and handling of
(Gubler 1993). This disease pattern is quite diffesamples is also troublesome. It is essential to pro-
ent from that of Southeast Asia, where 95% ofide clear-cut guidelines for collecting and trans-
DHF/DSS cases occurred in children under 1porting samples for laboratory diagnosis of den-
years of age (Knudsen 1996). The lower endemigrue, including autopsy specimens.
ity of dengue viruses in the Americas as compared The risk of introduction of new serotypes into
to Southeast Asia, where large dengue epidemi&azil poses an additional threat for developing
with DHF/DSS have occurred since the 1950s, hd3HF/DSS. DEN-4 virus is endemic in countries
resulted in a large number of adults susceptible twordering on Brazil, like Venezuela and Colom-
dengue infection, which could explain this obserbia, and the DEN-3 virus, reintroduced into the
vation. Americas in 1994, has been isolated in Nicaragua,
According to the World Health Organization,Panama, Mexico, Costa Rica, Guatemala, Belize,
DHF/DSS has four major clinical signs: high fe-El Salvador, Honduras, and Puerto Rico. The
ver, hemorrhagic manifestations, hepatomegalgtrains of DEN-3 isolated in the Americas belong
and circulatory failure. The laboratory profile isto the Sri Lanka genotype, the cause of major epi-
characterized by thrombocytopenia and hemocomtemics in India and Sri Lanka (Anonymous 1995).
centration (WHO 1986). In the State of Rio deDEN-3 and DEN-4 viruses are potential agents for
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new and extensive epidemics in Brazil considering Regional Publication, SEARO no. 22. _
the large population of individuals susceptible tésubler DJ, Kuno G, Sather GE, Velez M, Oliver A
both serotypes, and their circulation could charac- 1984. Use of mosquito cell cultures and specific
terize a hyperendemic profile for the country. monoclonal antibodies in surveillance for dengue
There is an obvious need to detect the initial derzni viruses.Am J Trop Med Hyg 3358-165. .
. zman MG, Kouri G, Bravo J 1986. Is sequential
gue cases before a major outbreak develops, a 4

- ; . . . infection a risk factor for DHF/DSSArthropod-
active epidemiological surveillance backed by labo-  5me Virus Information Exchang72-175.

ratory diagnosis is the only way to detect the introggistead SB, Nimmannitya S, Cohen SN 1970. Ob-
duction of new serotypes or genotypes of dengue servations related to pathogenesis of dengue hem-
into an area. Development of new assays is an im- orrhagic fever. IV. Relation of disease severity to
portant tool to help quell the spread of dengue virus antibody response and virus recoveiale J Biol
activity, since the association of different method- Med 42311-328.
ologies increases the number of confirmed cases.'"a|slt§§$ Sl—?ér’r\wllar?rmhgg?(l:tﬁvsér\(i?wm%aati|(a:r’1cF1{-uf12(\enl/;K
Since Rio de Janeiro is a large port city with a : : . C
major human contingent circulating through its in-  Knowledge regarding etiologypn J Med Sci Biol

ternational airport, it has been the port of entry for 20: 96-103.

- . . o ‘Isqarashi A 1978. Isolation of a Singi#edes albopictus
dengue viruses into Brazil, therefore meriting clos€’ ™ .| cione sensitive to dengue and chikungunya

attention by the state’s epidemiological surveillance jruses. J Gen Virol 40531-544.
system. Kuno G, Gomez |, Gubler DJ 1987. Detecting artifi-
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