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Challenges encountered using standard vector control measures for
dengue in Boa Vista, Brazil
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Problem In 2010, dengue virus (DENV) serotype—4 was detected during a dengue outbreak in the Amazonian city of Boa Vista. At that
time Brazil was already endemic for DENV-1, DENV-2 and DENV-3. This was the first time DENV-4 was observed in the country after it was
initially detected and eliminated in 1981.

Approach To hinder the spread of DENV-4 throughout Brazil, standard vector control measures were intensified. Vector control professionals
visited 56 837 households in 22 out of 31 districts of Boa Vista, to eliminate mosquito-breeding sites. Water storage containers were treated
with the larvicide diflubenzuron, and deltamethrin was sprayed for adult Aedes aegypti mosquitoes. Fifteen days later, a second larvae survey
and additional deltamethrin applications were performed.

Local setting In Brazil, dengue vector control is managed at all three government levels. Reqular surveillance of Aedes aegypti is done four
to six times a year to strengthen mosquito control activities in areas with high-vector density. Educational dengue control campaigns in
communities are scarce, especially between outbreaks.

Relevant changes In spite of extensive implementation of all standard control actions recommended by the Brazilian dengue control
programme, only a slight decrease in mosquito density was detected.

Lessons learnt There is a need to redesign all levels of dengue control. Public consultation and engagement, behaviour change and actions
that go beyond technical impositions are required. Vector control programme managers need to reflect on what constitutes good practices
and whether intermittent information campaigns are effective measures for dengue prevention and control.

Abstractsin ( ,<, H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Dengue is currently the arbovirus affecting the highest number
of people worldwide. The World Health Organization (WHO)
estimates that 50-100 million dengue infections occur annu-
ally, and that about 2.5 billion people are at risk of infection.’
Currently, there are four distinct serotypes of the dengue virus
(DENV) that infect humans.' Infection with one dengue sero-
type induces permanent immunity against that serotype, but not
against the others. A person infected with the virus for the first
time can develop high fever together with rash or headache and
eye, joint, muscle or bone pain. However, a sequential infection
with another serotype increases the risk of developing severe
dengue, with potentially deadly complications.

In 1981, a dengue outbreak caused by DENV-1 and
DENV-4 occurred in Boa Vista in northern Brazil. Local vector
control measures successfully contained the virus, probably
because of the geographic isolation of Boa Vista at that time.
However, since the introduction of DENV-1 into the State of
Rio de Janeiro in 1986, dengue has become a nationwide public
health problem, with more than 60% of all Latin American
cases of dengue occurring in Brazil.” Since then, DENV-2
and DENV-3 have also been detected in Rio de Janeiro State,
highlighting this area as the port of entry and dissemination
of DENV in Brazil.’

In a 2010 dengue outbreak in Boa Vista, DENV-1 and
DENV-2 were co-circulating. At the end of the outbreak,
DENV-4 was detected in the serum sample from a patient who
had presented clinical symptoms seven weeks before (Fig. 1).
This was the first time DENV-4 was observed in Brazil after
it was initially detected in Boa Vista in 1981."°

Approach

Immediately after the confirmation of DENV-4, intensification
of regular vector control actions were started in Boa Vista to
reduce the density of Aedes aegypti and hinder dissemina-
tion of this serotype in the country. Standard vector control
protocols, recommended by the Brazilian dengue control
programme, were followed.® Source reduction was performed
in all houses in 22 out of 31 districts of Boa Vista. These dis-
tricts, which covered 75% of all habitations, included all those
where DENV-4 cases had been diagnosed or there had been
a history of repeated dengue outbreaks. After householders
had given oral consent, all potential breeding sites identified
in each dwelling were inspected for larvae by vector control
professionals. Whenever possible, potential breeding sites
were removed, as recommended by WHO.” Permanent water
containers (e.g. tanks, wells and pools) were treated with
diflubenzuron.® Larvae samples were brought to the laboratory
to identify the species. A second larval survey was conducted
15 days later in 10% of the habitations of the same 22 districts.
As in the first survey, these actions were accompanied by ve-
hicles mounted with an ultra-low volume sprayer to administer
2% deltamethrin against adult mosquitoes.’

Local setting

All three government levels (federal, state and municipality)
share responsibility for dengue control in Brazil. The federal
level provides guidelines for vector control, allocates resources
to the states and purchases insecticides and equipment, such
as vehicles mounted with an ultra-low volume sprayer to sup-
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port chemical control. The states assist
and supervise municipalities, acquire
consumables and small equipment, such
as nylon nets or lids for water tanks or
mosquito traps, and gather information
about the municipalities to notify the
Health Ministry. The municipality is
responsible for operations such as man-
agement of vector control professionals
and actions, following central level rec-
ommendations. In practice, this shared
responsibility can reduce the efficiency
of vector control; for example, decision-
making processes can be bureaucratic
and time-consuming.

In Brazil, routine surveillance of Ae.
aegypti is based on the larval index rapid
Aedes assay. This assay consists of random
sampling of a proportion of dwellings
(3.5-4%) per district over a period of
up to one week and is performed to get
a snapshot of the infestation scenario.
The surveillance is carried out four to six
times each year in the municipalities most
affected by dengue. Larval registers are
used as an Ae. aegypti infestation indica-
tor.” These registers take into account both
house index (i.e. number of positive houses
per total of inspected houses) and Breteau
index (i.e. number of breeding sites per to-
tal of inspected houses). Mosquito control
activities are then strengthened in the areas
with higher mosquito density.

In Brazil, ultra-low volume space
spraying is recommended only during
dengue outbreaks.” However, mosquito
adulticides are used as the primary vec-
tor-control tool in some municipalities,
resulting in high pyrethroid resistance
rates,'' leading to decreased chemical
control effects during outbreaks when
the adulticides are most needed.

During periods between epidemics,
few resources are allocated to increase
awareness in the affected communities
regarding the importance of dengue
prevention and almost no regular
educational efforts are conducted. One
exception was the “D-Day Against Den-
gue”, a mobilization initiative originally
performed once a year, just before the
dengue season. This campaign was aban-
doned because it encouraged people to
have good dengue practices on one day
each year, rather than continually.

Relevant changes

Confirmation of DENV-4 in Boa Vista
led to the rapid formation of a commit-
tee with municipal, state and federal
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Fig. 1. Dengue in the city of Boa Vista, Brazil, 2004-2013
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Box 1.Summary of main lessons learnt

- Aproactive attitude from both public health managers and the general population towards
the correct identification and elimination of vector breeding sites is still the cornerstone

of dengue prevention.

- In Ae. aegypti control, the complementary nature of chemical insecticides and new
technologies against adult mosquitoes must be kept in perspective to avoid the loss of

effectiveness of such tools.

- Attempts to block outbreaks using insecticides in locations where resistance has been
detected previously will rapidly increase and disseminate resistant vectors, hampering the

effectiveness of insecticides for a long time.

health secretaries, which ensured that
all standard control actions recom-
mended by the Brazilian dengue control
programme were accomplished.
Intensification of vector control in
Boa Vista included inspection of 56 837
houses, 10% of them were visited again
15 days later. 94 325 containers were re-
moved from these houses or treated with
diflubenzuron. Most positive containers
(601/1017) were classified as miscel-
laneous receptacles (usually domestic
garbage items that could become small
isolated breeding sites).” Concomitantly,
ultra-low volume deltamethrin spraying
was done in the affected areas. However,
only a slight decrease in vector density
was detected; the house index was re-
duced from 1.7 before interventions
to 1.37 immediately after the second
survey.’ This reduction did not result
in a significant change in the seasonal
dynamics of dengue, when taking into
account the history of cases in the mu-
nicipality (Fig. 1). This could be due to
highly-productive cryptic containers
that were not inspected by vector control

professionals. Additionally, the rapid
twofold to threefold increase in the resis-
tance rate of the local Ae. aegypti adults
indicates a strong selection of resistant
mosquito populations due to intense
insecticide application.” These results
highlight the low efficacy of standard
recommended vector control measures.

Lessons learnt

In Boa Vista, simply intensifying rou-
tine vector control measures to stop
DENV-4 spreading throughout Brazil
was unsuccessful. The low efficacy of
these measures in reducing Ae. aegypti
density points to the need to change the
control programme at all levels (Box 1).
There are no simple solutions, but it is
expected that the basis of effective ac-
tions for prevention and control will be
changes in behaviours and attitudes of
both dengue control managers and the
affected population, with a strong com-
mitment to eliminating breeding sites
and avoiding contact with mosquitoes.
An example of more effective dengue

Bull World Health Organ 2014;92:685-689| doi: http://dx.doi.org/10.2471/BLT.13.119081



Rafael Maciel-de-Freitas & Denise Valle

control measures comes from Singa-
pore, where in 2004-2005, a massive
community initiative was carried out by
volunteers from government agencies
and nongovernmental organizations to
eliminate breeding habitats. This initia-
tive was linked to a strong interagency
dengue task force and is a well-known
example of a powerful reduction of
infestation levels and, consequently,
of a highly-significant decrease in the
incidence of dengue outbreaks.'

The challenge in rapid, efficient and
large-scale control of Ae. aegypti is to
change current strategies and what are
seen as good practices. For instance,
where insecticide resistance is high
at baseline, insecticide use during an
outbreak should be reconsidered. Also,
assuming that insecticides will be the
primary means of vector control deliv-
ers a false sense of security to the local
community and confuses overall vector
control with chemical vector control.
The use of insecticides must be consid-
ered as just one of the available measures
for vector control and not the primary
strategy to keep vector density low.
Currently, new approaches to reducing
dengue transmission are being tested,
such as an endosymbiotic bacterium
or transgenic mosquitoes.'>'* Although

development of such strategies must be
encouraged, it should not be forgotten
that these complement good sanitation
and health behaviour practices.

Brazil’s current dengue vector con-
trol programme is designed and run
by the government and individuals are
not usually encouraged to take respon-
sibility for appropriate and continuous
dengue control in their own dwellings.
Given the Ae. aegypti life-cycle, inspec-
tion of all houses in all metropolitan
regions is not feasible and vertically
structured programmes have proved to
have a low chance of success."”

Using current standard measures
to urgently control for infestation
during a dengue outbreak has been
shown not to work. Effective control
throughout the year will be achieved
only if dengue control moves towards
a more participative focus. Starting
community-based control programmes
in the low-transmission season may also
help to keep mosquito density below a
critical threshold during periods of high
transmission.

In Boa Vista, as in several other
municipalities, most receptacles con-
taining larvae are small containers (i.e.
domestic garbage cans). Therefore,
community engagement efforts that
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focus on waste reduction, allied with
appropriate removal of garbage, would
decrease the availability of these breed-
ing sites and, potentially, Ae. aegypti
density.

Local input is needed to identify
the best way to raise awareness and
empower residents to accomplish ef-
fective and sustainable dengue preven-
tion. Where a local community joins
dengue-prevention activities, high-
lighting practical actions in their own
dwellings and neighbourhoods, vector
control efforts will improve. Effective
dengue control requires public engage-
ment with committed vector control
professionals.
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Résumé

Difficultés rencontrées en utilisant les mesures standard de lutte antivectorielle pour la dengue a Boa Vista, au Brésil

Probléme En 2010, le sérotype-4 du virus de la dengue (DENV) a été
détecté pendant une épidémie de dengue dans la ville amazonienne de
Boa Vista. A Iépoque, le Brésil était déja endémique pour les sérotypes
DENV-1, DENV-2 et DENV-3. Cétait la premiére fois que le sérotype
DENV-4 était observé dans le pays apres avoir été initialement détecté
et éliminé en 1981.

Approche Pour empécher la propagation de DENV-4 dans tout le
Brésil, les mesures standard de lutte antivectorielle ont été intensifiées.
Des professionnels de la lutte antivectorielle ont rendu visite a
56 837 ménages dans 22 des 31 districts de Boa Vista pour éliminer
les sites de reproduction des moustiques. Les réservoirs d'eau ont été
traités avec le larvicide diflubenzuron, et de la deltaméthrine a été
pulvérisée pour éliminer les moustiques adultes Aedes aegypti. Quinze
jours plus tard, une deuxieme évaluation des larves et des applications
supplémentaires de deltaméthrine ont été effectuées.
Environnementlocal Au Brésil, la lutte antivectorielle de la dengue est

gérée aux trois niveaux gouvernementaux. La surveillance réguliére des
moustiques Aedes aegyptiest effectuée 4 a 6 fois par an pour renforcer les
activités de lutte contre les moustiques dans les zones a densité élevée
de vecteurs. Les campagnes d'information pour lutter contre la dengue
dans les communautés sont rares, en particulier entre les épidémies.
Changements significatifs Malgré la mise en ceuvre étendue de
toutes les actions standard de lutte recommandées par le programme
brésilien de lutte contre la dengue, seule une légere diminution de la
densité des moustiques a été détectée.

Legons tirées Il est nécessaire de redessiner tous les niveaux de la
lutte contre la dengue. La consultation et l'engagement du public, le
changement de comportement et des actions qui vont au-dela des
impositions techniques sont requis. Les directeurs des programmes
de lutte antivectorielle doivent réfléchir sur ce qui constitue de bonnes
pratiques et évaluer si les campagnes intermittentes d'information sont
des mesures efficaces pour la prévention et la lutte contre la dengue.

Pesiome

Mpo6nembl, BO3HMKLUNENPMNCNONb30BaHUNCTaHAAPTHbIXMepno 60pb6e ¢ nepeHOCUMKaMM NIMXOPaAKK ieHre

B boa-Bucra, bpasunua

Mpo6nema B 2010 roay, BO Bpema BCMbILIKM NMXOPaAKL AeHre B
ropope boa-BucTa B H6acceliHe pekn AMasoHKHM, Obil 0OHapyxeH
BMPYC AeHre 4-ro cepoTuna (DENV-4). K aTomy BpemeHn bpasunnua
yxe ABNAnacb aHaeMnuHom no cepotmnam DENV-1, DENV-2 n
DENV-3. Cepotnn DENV-4 Habniogancas cTpaHeBnepBblenocne
nepBOHaYanbHOro BbiABNEHNA U NMKBMZaumm 8 1981 rogy.

Moaxop [1na BOCNpenATCTBOBAHNA PACMPOCTPaHEeHMIO cepoTmnna
DENV-4 no Bcel bpa3unun, 6binv ycuneHsl CTaHaapTHbIe Mepbl
no 6opbbe C nepeHocUMKamy UHGeKUU. Ana yHUUTOXeHUA
MECT Pa3MHOXEHWA KOMapOB CrielnanicTbl Cy»Kobl no 6opbbe ¢
nepeHoCYMKaMn MHGEKLIUIA MOCETUNN 56 837 [OMOXO3ANCTB B 22
13 31 panoHa ropoaa boa-Bucta. KoHTelnHepbl Ans xpaHeHvs BoAbI
06pabaTbiBanicb NapBrLMAOM AndIy6eH3ypoH, a ansa 6opbbbl Co
B3POC/IbIMM OCOOAMM XEeNTONMXOPAA0UHBIX KoMapoBAedesAegypti
pacnbinAnca aenstametpuH. Cnycta 15 aHel Obino nposeaeHo
BTOPOE NCCNefOBaHNE Ha NPeAMET HaNIMUMA NINYMHOK VM NPpOom3BeaeHa
[oMnoNHUTeNbHaA 06paboTka feNtTaMeTPUHOM.

MecTtHble ycnoBua B Bpasvinumv 6opsba ¢ nepeHocUMKamim IMXOpaaKy
[leHre KOHTPONMPYETCA Ha BCEX TPEX MPABUTENbCTBEHHBIX YPOBHSAX.
Hansop 3a AedesAegypti npoBoanTCA perynapHo 4-6 pas B rof

ANA yCUneHna MeponpuaTii No 6opbbe C KoMapamy B paioHax ¢
BbICOKOW MAOTHOCTHIO NMEPEHOCUMKOB MHGEKLINIA [TpocBeTUTENbCKIE
MEPONPUATVA NO KOHTPOSIO 3aMXOPaJKOM AeHre B COOOLeCTBax
MPOBOAATCA PEAKO, OCOBEHHO B NepUOAbl MeXKAY BCMbILUKAMU.
OcyLecTBneHHble nepeMeHbl HecMOTpA Ha WWpOKOMacluTabHoe
npoBefeHne BCex CTaHAaPTHbIX MEPONPUATHIA MO Hopbbe ¢
nepeHoCcUYMKamm MHGeKLNN, peKoMeHA0BaHHbIX Bbpa3nnbCcKom
nporpammoi no 6opbbe C NMXOPafKoW AeHre, YAaNoch JOCTUYb
NI HE3HAYUTENBHOMO CHXKEHMA MIOTHOCTM KOMApOB.

BbiBoAbl Heobxoanm nepecMoTp MeponpuaTuii no 6opbbe
C NMMXOPAaJKOW AeHre Ha BCex YpoBHAX. TpebyeTca yyactue u
npoBefeHVe KOHCYNbTaUunin ¢ 0bLeCcTBeHHOCTbIO, M3MEeHeHne
Mofenu NoBeAeHNs 1 IeCTBIIA, BbIXOAALIME 33 PaMKM TEXHUYECKIX
Mep. PykoBoauTenam nporpaMmel No 6opbbe ¢ nepeHocuvkamm
NH EKLMIA HeOBXOAMMO NMPOAHANM3NPOBATb NEePeAoBble MPAKTUKM 1
PeLLWTb, ABAAIOTCA N Neproandeckyie MHGOPMALMOHHbBIE KaMMaHNK
3bheKTBHON Mepoi No NpodunakTvke 1 6opbdbe C NMXOPaAKON
JeHre.
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Resumen

Los desafios encontrados al utilizar las medidas estandar de control vectorial del dengue en Boa Vista, Brasil

Situacion En el afio 2010 se detectd el serotipo 4 del virus del dengue
(DENV) durante un brote de dengue en la ciudad amazdnica de Boa Vista.
En aquel momento, en Brasil ya eran endémicos los serotipos DENV-1,
DENV-2 y DENV-3.Tras su deteccion inicial y eliminacién en 1981, esta
fue la primera vez que se volvia a observar el DENV-4 en el pais.
Enfoque Con objeto de impedir la propagacion del DENV-4 por todo
Brasil, se intensificaron las medidas de control vectorial estandar.
Profesionales del control vectorial visitaron 56 837 hogares en 22 de
los 31 distritos de Boa Vista para eliminar los criaderos de mosquitos.
Los recipientes de almacenamiento de agua se trataron con el
larvicida diflubenzuron, y se roci¢ deltametrina contra los mosquitos
adultos Aedes aegypti. Quince dias mas tarde se llevé a cabo una
segunda encuesta de larvas y se realizaron aplicaciones adicionales
de deltametrina.

Marco regional En Brasil, el control vectorial del dengue se gestiona
en los tres niveles gubernamentales. El control regular de Aedes aegypti

se realiza de cuatro a seis veces al afio para reforzar las actividades de
control de los mosquitos en dreas con una densidad vectorial elevada.
Las campafias educativas en las comunidades sobre el control del
dengue son escasas, especialmente entre los brotes.

Cambios importantes A pesar de la amplia aplicacion de todas las
acciones de control estandar recomendadas por el programa de control
del dengue brasilefio, inicamente se detecté una disminucion leve en
la densidad de mosquitos.

Lecciones aprendidas Hay una necesidad de redisefiar todos
los niveles de control del dengue. Son necesarios una consulta y
compromiso publicos, un cambio en el comportamiento y acciones
que vayan mas alla de las imposiciones técnicas. Los directores de los
programas de control vectorial deben reflexionar sobre qué constituye
las buenas précticasy silas campafias de informacién intermitentes son
medidas eficaces para controlar y prevenir el dengue.
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