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PREFACE

In the 1950s and 1960s, the spectacular success of the campaigns to eliminate urban yellow
fever by eradicating the Aedes aegypti mosquito, also put a major dent in the transmission of
dengue fever. Unfortunately, that situation has slipped since then.

As Aedes aegypti eradication campaigns deteriorated during the 1970s and 1980s, the mos-
quito proliferated and spread to nearly every corner of the Region. Not surprisingly, dengue
activity increased, reaching staggering levels in that last decade.

During the 1980s, Bolivia, Brazil, Ecuador, Paraguay, and Peru, five countries that either
had been free of dengue for several decades or had never recorded the disease, suffered
explosive outbreaks. Moreover, in 1993, the only tropical Latin American countries that had
remained free of dengue—Costa Rica and Panama—reported indigenous transmission of the
disease. Millions of persons are estimated to have been infected during the outbreaks in those
seven countries alone.

More alarming than the spread of dengue has been the fact that the disease’s most severe
form, dengue hemorrhagic fever/dengue shock syndrome (DHF/DSS), has gained a foothold
in the Americas. In 1981, Cuba succumbed to the most serious DHF/DSS outbreak ever
recorded in the Region—344,203 dengue and DHF cases were reported, including 10,312
severely ill patients and 158 deaths. Venezuela suffered the second most serious outbreak in
1989-1990, with 5,990 DHF cases and 70 deaths, and smaller epidemics have been reported in
El Salvador in 1987-1988 and in Brazil and Colombia in the 1990s. Excluding the figures from
the DHF epidemic in Cuba, about 10,100 DHF cases and 165 deaths had been reported in the
Region up to 1992. As DHF/DSS becomes endemic in several countries, the Americas might
face a situation similar to Asia’s, in which several hundred thousand cases are reported in
certain years. In any event, the toll from this disease is already unacceptably high.

Dengue’s meteoric rise made it imperative to have guidelines for the disease’s prevention
and control, especially since previously published guides, manuals, and plans of action were
either incomplete or out-of-date. In order to fill this need, at the end of 1991 the Pan American
Health Organization gathered experts in various aspects of dengue and DHF/DSS from sev-
eral of the affected countries, so that they could update existing materials and develop a new
set of guidelines. That meeting marked the birth of this book.

These guidelines break new ground by dealing with the vector as much as with the disease
itself. In a fundamental departure from previous eradication efforts, this book’s approach
stresses a comprehensive vector control effort that brings together all possible safe, effective,
and economical control methods to keep vector populations at acceptable levels. To that end,
the importance of environmental management has been underscored.

Much consideration also has been given to the elements necessary for sustaining effective
dengue prevention and control programs. Besides a comprehensive vector control effort, this
complex endeavor will require political, financial, and legislative commitments, as well as a
well-planned, decentralized program structure and cooperation within and outside the health
sector. Last, but far from least, is the essential role to be played by the community and the
importance of utilizing health promotion. Because dengue is basically a problem of domestic
sanitation, these guidelines highlight the community’s active involvement in dengue preven-
tion and control activities.

The Pan American Health Organization has published these guidelines as a contribution to
the ongoing battle against dengue, and in the hopes that the Region once again may be poised
at the brink of the disease’s control and, ultimately, its eradication.

Carlyle Guerra de Macedo
Director



1. INTRODUCTION

Classical dengue, along with its more serious
forms, dengue hemorrhagic fever (DHF) and
dengue shock syndrome (DSS), is a serious health
problem in many parts of the Americas, and it may
harm national economies in the Region. Epidemics
are extremely costly in terms of hospitalization,
patient care, and emergency vector control efforts.

The Hemisphere-wide Aedes aegypti campaign
succeeded in eradicating this dengue vector from
most of Latin America during the 1950s and 1960s.
However, the Region’s drastic socioeconomic dete-
rioration subsequently resulted in significant
reductions in public expenditures for health,
including vector surveillance, which led to a rein-
festation in nearly all of the countries, subsequent
epidemics of classical dengue in each one, and
DHF epidemics in Cuba in 1981 and Venezuela in
1989-1990. Obviously, new approaches are needed
to address this problem.

The traditional paternalistic, centralized, ver-
tically structured programs that still exist in many
countries, are largely ineffective, principally
because they are neither affordable nor manage-
able. They overemphasize chemical control and
attempt to cover all infested areas, but have insuf-
ficient resources to do so. Because there is no
dengue surveillance capability that can detect an
increased incidence and that would allow a timely
response, most programs’ reaction to outbreaks
usually is too little and comes too late to signifi-
cantly alter the epidemic’s course. There is little
collaboration with other departments within the
health sector, or with other relevant government
agencies, nongovernmental organizations, and the
community at large.

Dengue is basically a problem of domestic sani-
tation. With little or no expenditure, the members
of each household can easily eliminate the problem
by physical means and without the use of chemi-

cals. The challenge is to find ways of transferring
to the community the responsibility, capability,
and motivation for the prevention and control of
dengue.

Previously published guidelines, manuals, and
plans of action for dengue programs are now obso-
lete or incomplete. The World Health Organization
(WHO) manual, ‘“‘Dengue Hemorrhagic Fever”
(1986), is excellent, but includes very little informa-
tion on vector control, and needs to be adapted to
the conditions in the Americas. The PAHO docu-
ment ** Aedes aegypti: Biology and Ecology’’ (1986),
also includes little control information. The 1982
document, ‘‘Emergency Vector Control after a
Natural Disaster,’” deals only with that aspect of A.
aegypti control, and the paper ‘‘Aedes albopictus in
the Americas” (PAHO, 1986), presents a plan of
action only for that species. Clearly, a comprehen-
sive document that incorporates all of the aspects
of prevention and control of the disease and the
two Aedes vectors, was needed.

With the full support and endorsement of the
Pan American Health Organization’s Member
Countries, a meeting was held at the Organiza-
tion’s Washington D.C. headquarters from 16-20
December 1991, specifically to prepare such a
document. The meeting was attended by eighteen
participants from Brazil, Cuba, Honduras, Mexico,
Panama, the United States, and Venezuela and
eleven staff members of the Pan American Health
Organization, all with experience in some aspect of
prevention and control of dengue or related disci-
plines. These guidelines constitute the report pre-
sented by that group. Subsequent to the meeting,
Erik Martinez of the Hospital William Soler in
Havana, Cuba, and Suchitra Nimmannitya of the
Children’s Hospital in Bangkok, Thailand, also
provided invaluable assistance in the elaboration
of these guidelines.



2. DENGUE AND DENGUE HEMORRHAGIC FEVER

Historical Overview in the Americas

Dengue-like illness has been reported in the
Americas for over 200 years. Until the 1960s, most
dengue outbreaks occurred at intervals of one or
more decades, but thereafter the intervals have
shortened.

The first laboratory-documented epidemic of
classic dengue fever in the Americas was associ-
ated with dengue-3 serotype, and affected the
Caribbean Basin and Venezuela in 1963-1964. Prior
to that, only dengue-2 virus had been isolated in
the Region, in Trinidad in 1953-1954, in a non-
epidemic situation. In 1968-1969, another epi-
demic affected several Caribbean islands, during
which dengue serotypes 2 and 3 were isolated.

During the early and mid-1970s, Colombia was
affected by extensive outbreaks associated with
serotypes 2 and 3; during this period, these
serotypes became endemic in the Caribbean. In
1977, dengue serotype 1 was introduced into the
Americas, and after its initial detection in Jamaica,
spread to most Caribbean islands, causing explo-
sive outbreaks. Similar outbreaks were observed in
northern South America (Colombia, Venezuela,
Guyana, Suriname and French Guiana), Central
America (Belize, Honduras, El Salvador, Gua-
temala), and Mexico. Indigenous transmission of
dengue-1 also was documented in the state of
Texas, U.S5.A., during the second half of 1980.
About 702,000 cases of dengue were reported by
the affected countries during 1977-1980, in which
dengue-1 was the principal serotype circulating in
the Americas. It is likely, however, that during this
period, millions of persons were infected with the
virus, since in Cuba alone, 42% of its 10 million
inhabitants were infected with dengue-1.

Increased Magnitude of the Dengue Problem in
the 1980s

During the 1980s, the dengue problem in the
Americas increased considerably, and dengue

activity was characterized by a marked geographic
spread in the Region (Table 1). In 1982, an epi-
demic caused by serotypes 1 and 4 occurred in
northern Brazil; in 1986, a major outbreak of
dengue-1 affected Rio de Janeiro, and, subse-
quently, the virus spread to several other Brazilian
states. Four other countries with no previous his-
tory of dengue transmission or where the disease
had not been observed for several decades, suf-
fered extensive epidemics due to dengue-1: Bolivia
(1987), Paraguay (1988), Ecuador (1988), and Peru
(1990). During the Peruvian outbreak, dengue-4
also was isolated. Serologic studies suggested that
several million persons were affected during these
outbreaks, although only about 240,000 dengue
cases were reported by the five countries during
1986-1990. During this period, there was a marked
increase in the occurrence of dengue hemorrhagic
fever/dengue shock syndrome (DHF/DSS).

DHF/DSS in the Americas

Table 2 summarizes the suspected and con-
firmed DHF/DSS cases reported during 1960-1991.
To date, the 1981 outbreak of DHF/DSS in Cuba
was the most important event in the history of
dengue in the Americas. During this epidemic,
associated with dengue-2 virus, a total of 344,203
cases of dengue were reported, including 10,312
classified as severely ill (WHO grades I to IV) and
158 deaths (of which 101 were children). In a
3-month period, the majority of the total of 116,143
persons were hospitalized. The Cuban govern-
ment quickly implemented an effective A. aegypti
control program that eliminated dengue and
almost eradicated the vector.

The second outbreak of DHF/DSS occurred in
Venezuela. The outbreak started in October 1989,
peaked in January 1990, then showed a marked
decline and apparently ended in April; however,
cases of DHF continued to be reported in Ven-
ezuela throughout 1990. A total of 5,990 DHF cases
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DENGUE AND DENGUE HEMORRHAGIC FEVER

(2,665 in 1989 and 3,325 in 1990) including 70
deaths! (18 in 1989 and 52 in 1990) were reported.
Approximately two-thirds of these cases and fatal-
ities were among children under 14 years of age.
Isolations of serotypes 1, 2, and 4 were obtained
during the outbreak.

Prior to the Cuban outbreak, only sporadic sus-
pected cases of DHF were reported in the Amer-
icas. These reports originated from Curacao and
Venezuela in the 1960s and from Honduras,
Jamaica, and Puerto Rico in the 1970s, where few
cases were confirmed by laboratory. However,
every year from 1981 through 1991, with the excep-
tion of 1983, confirmed cases of DHF that met the
WHO case definition have been reported annually.

In addition to Cuba and Venezuela, the coun-
tries and other political units that reported cases of
DHF or of severe hemorrhagic disease included
Brazil, Aruba, Colombia, the Dominican Republic,
El Salvador, Honduras, Mexico, Nicaragua, Puerto
Rico, Saint Lucia, Suriname, and the U.S. Virgin
Islands. Most countries have reported fewer than
10 cases, but others such as Brazil, El Salvador,
Colombia, and Puerto Rico, have each had more
than 40 cases. Puerto Rico has reported laboratory-
confirmed cases of DHF/DSS every year from 1985
through 1991, and the disease is considered to be
endemic on the island. Brazil reported a few spo-
radic cases associated with dengue-1 infection dur-
ing 1986-1987.

Following the introduction of dengue-2 in 1990,
an outbreak of DHF was reported in Rio de Janeiro
in the latter part of 1990, with 274 cases and 8
deaths; an additional 188 cases were reported in
1991. In 1991, dengue-2 virus spread to two other
Brazilian states, one of which was previously in-
fected with dengue-1, but to date no hemorrhagic
disease has been reported from these states.
El Salvador reported 153 cases (7 fatal) of DHF in
1987-1988, and 1 in 1991, but few were laboratory-
confirmed. Colombia reported 39 confirmed DHF
cases in 1990 and an additional 96 cases in 1991.
The fact that Venezuela reported 1,980 cases of
DHF (26 deaths) in 1991, suggests that DHF is
becoming endemic in that country.

Regarding the information on Table 2, it should
be noted that several cases did not meet the WHO
case definition for DHF (e.g., Curacao, 1968;
Jamaica, 1977; Aruba, 1985; Brazil, 1986) or the

1The Ministry of Health of Venezuela previously reported 73 deaths
between October 1989 and April 1990 (PAHO Epidemiologic Bulletin, Vol.
11, No. 2, 1990).

clinical information was insufficient or absent to
determine if they fulfilled this definition (e.g.,
Venezuela, 1968; Honduras, 1978; Nicaragua,
1985; El Salvador 1987-1988).

Thus, it appears that DHF/DSS is gradually
becoming endemic in several countries of the
Americas, following the trend observed in Asia.

" The marked increase of DHF/DSS incidence

observed in several Asian countries during the
past 10 years, as compared to the preceding years,
illustrates the potential threat that American coun-
tries face in the future.

Reports of Dengue Cases

Table 1 shows the number of reported cases of
dengue by country in the Americas for 1980-1990
and the circulating dengue serotypes. With the
exception of 1981, when there were 388,591 cases,
numbers for the other years ranged from 39,307
(1984) to 134,390 (1987). The marked underreport-
ing of dengue cases is illustrated in Ecuador, where
only 25 cases were reported in 1988, although a
serological survey in Guayaquil estimated that
422,000 of its inhabitants were infected. In 1986-
1987, a similar situation was observed in Brazil,
which reported 136,764 cases, although serological
surveys estimated that more than one million
infections occurred in Rio de Janeiro during this
biennium. Again excluding 1981, when Cuba
reported 344,203 cases, most dengue fever case
reports during 1980-1984 came from Mexico. In
1985, Aruba and Nicaragua reported the most
cases; in 1986-1987 and in 1990, the greatest num-
ber of cases were reported from Brazil, while Col-
ombia and Paraguay reported the highest number
of cases during 1988 and 1989, respectively.

Dengue Virus

The dengue virus belongs to the family Fla-
viviridae; four serotypes can be distinguished by
serologic methods, and are designated as
dengue-1, dengue-2, dengue-3, and dengue-4. The
infection in humans by one serotype produces life-
long immunity against reinfection with that
serotype, but only temporary and partial protec-
tion against the other serotypes. All four serotypes
have been isolated from autochthonous cases in
the Americas; however, only dengue serotypes 1,
2, and 4 have circulated during the period 1978-
1991, while dengue-3 was last isolated in Colombia
and Puerto Rico in 1977. Although dengue-2 was
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associated with the major outbreak of dengue and
DHF/DSS in Cuba in 1981, dengue-1 and dengue-4
were the predominant circulating serotypes during
the 1980s. In addition to the outbreaks in the five
South American countries discussed above,
dengue-1 also caused significant outbreaks in
Aruba, Mexico, and Nicaragua. The introduction
of dengue-4 into the Americas in 1981 was fol-
lowed by dengue fever epidemics in the Carib-
bean, Central America, Mexico, and northern
South America during 1981-1983, and it subse-
quently caused major epidemics with cases of DHF
in Mexico (1984), Puerto Rico (1986), and El Sal-
vador (1987). Dengue-4 virus is now endemic in
the Region. The simultaneous circulation of
serotypes 1, 2, and 4 over a period of several years
has been observed in several countries, which puts
these countries at high risk for epidemic DHF.
Molecular studies on the nucleotide sequences
of dengue virus genomes allow classification of the
agent into genotypes. One genotypic group of
dengue-1 virus and two of dengue-2 virus are
known to be circulating in the Americas. Another
dengue-1 genotype was isolated in 1980, exclu-
sively in Mexico. The clinical significance of the
infection due to these genotypes in man is pres-
ently unknown, but they are useful for the under-
standing of the epidemiology of dengue viruses.

Dengue Virus Transmission

In the Americas, the dengue virus persists
through a man-Aedes aegypti-man transmission
cycle. Following an infective blood meal, the mos-
quito can transmit the agent after a period of 8-12
days of extrinsic incubation. In addition, mechani-
cal transmission can occur when feeding is inter-
rupted and the mosquito immediately feeds on a
nearby susceptible host. Aedes albopictus, now pre-
sent in the Americas, is a maintenance vector of
dengue in Asia, but so far it has not been associ-
ated with dengue transmission in the Americas.
The epidemiologic significance of transovarial
transmission of dengue virus in A. aegypti and
other vectors in the Americas is presently
unknown.

. Cost and Economic Impact

Few studies of the economic impact of dengue
and DHF/DSS in the Americas have been con-
ducted. A study in Puerto Rico during the 1977
dengue epidemic estimated that the costs in medi-

cal services and loss of work were between US$ 6
million and US$ 16 million; according to recent
studies, the cost of the disease’s epidemics in
Puerto Rico since 1977 is estimated to be between
US$ 150 miltion and US$ 200 million.

The cost of the DHF/DSS Cuban epidemic was
estimated at about US$ 103 million, a figure that
includes the cost of control measures and medical
services. Of this total, US$ 41 million went for
medical care; US$ 5 million, for salaries paid to
adult patients; US$ 14 million, for lost production;
and US$ 43 million, for the direct initial cost of the
A. aegypti control program. It should be mentioned
that the cost of this epidemic would be considera-
bly higher today due to inflation. It is conceivable
that the disease has significantly affected tourism,
particularly during epidemics; however, no esti-
mates are available on the costs due to dengue.

Clinical Manifestations and Diagnosis

Dengue virus infections may be asymptomatic
or may lead to undifferentiated fever, dengue
fever, or dengue hemorrhagic fever (Figure 1). The
incubation period lasts 4-6 days (minimum 3,
maximum 14).

Dengue Fever

The clinical features of dengue fever vary fre-
quently, according to the age of the patient. Infants
and young children may have an undifferentiated
febrile disease with a maculopapular rash. Older
children and adults may have either a mild febrile
syndrome or the classical incapacitating disease
with abrupt onset and high fever, severe head-
ache, pain behind the eyes, muscle and joint
pains, and rash. Skin hemorrhages (with a positive
tourniquete test and/or petechiae) may be present.
Leukopenia is wusually found and throm-
bocytopenia may be observed. The case fatality
rate is exceedingly low.

Many epidemics of dengue fever are accom-
panied by bleeding complications such as epis-
taxis, gingival bleeding, gastrointestinal bleed-
ing, hematuria, and hypermenorrhea. Unusually
severe bleeding has caused death in some of these
cases. It is important to differentiate cases of DF
with unusual hemorrhage from cases of dengue
hemorrhagic fever. Table 3 shows the frequency of
findings in classical dengue fever in adults and
DHF in Thai children.
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Figure 1. Manifestations of the dengue syndrome.
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Dengue Hemorrhagic Fever

Typical cases of DHF, as seen in Asian countries,
are characterized by four major clinical manifesta-
tions: high fever, hemorrhagic phenomena, hepa-
tomegaly, and, often, circulatory failure (Table 4);
moderate to marked thrombocytopenia with con-
current hemoconcentration is a distinctive clinical
laboratory finding. The major pathophysiological
change that determines the severity of disease in
DHF and differentiates it from DF, is the leakage of
plasma, as manifested by a rising hematocrit value
and hemoconcentration. See Annex I for hospital
record sheet for collecting this data.

Table 3. Observed frequency of findings in classical
dengue fever in adults and dengue virus infections in Thai
children diagnosed as hemorrhagic fever.2

Classical DHF in

dengue Thai
Finding in adultsb children
Fever ++++ ++++
Positive tourniquet test ++ ++++
Petechiae or ecchymosis + ++
Confluent petechial rash 0 +
Hepatomegaly 0 + 4+ +
Maculopapular rash ++ +
Myalgia/arthralgia +++ +
Lymphadenopathy ++ ++
Leukopenia ++++ ++
Thrombocytopenia ++ ++++
Shock 0 ++
Gastrointestinal bleeding 0 +

a4 = 1%-25%; ++ = 26%-50%; +++ = 51%-75%; ++++ =

76%-100%
bThe data have been taken from Halstead, S.B., et al. Am } Trop Med Hyg,
18:984-996 (1969) and refer mainly to Caucasian adults.

Dengue Hemorrhagic Fever without Shock

The illness commonly begins with a sudden rise
in temperature, which is accompanied by facial
flush and other nonspecific constitutional symp-
toms resembling dengue fever, such as anorexia,
vomiting, headache, and muscle or joint pains
(Table 5). Some patients complain of sore throat,
and a congested pharynx may be found upon
examination. Epigastric discomfort, tenderness at
the right costal margin, and generalized abdominal
pain are common. The temperature is typically
high and continues so for 2 to 7 days, and then
falls to a normal or subnormal level. Occasionally,
the temperature may be as high as 40°C-41°C, and
febrile convulsions may occur.

The most common hemorrhagic phenomenon is

Table 4. Signs and symptoms observed in dengue hemor-
rhagic fever patients from Thailand.

Criteria (%)

Duration of fever:

2-4 days 23.6
5-7 days 59.0
>7 days 17.4
Hemorrhagic manifestations:
positive tourniquet test 83.9
scattered petechiae 46.5
confluent petechial rash 10.1
epistaxis 18.9
gingival bleeding 1.5
melena/hematemesis 11.8
Hepatomegaly 90.0
Shock 35.2

Source: Based on Nimmannitya, S. et al. Am ] Trop Med Hyg 18:954-971
(1969).
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Table 5. Non-specific constitutional symptoms observed in
hemorrhagic fever patients with dengue in Thailand.

Symptom (%)
Injected pharynx 98.9
Vomiting 57.9
Constipation 53.3
Abdominal pain 50.0
Headache 44.6
Generalized lymphadenopathy 40.5
Conjunctival injection 32.8a
Cough 21.5
Restlessness 21.5
Rhinitis 12.8
Maculopapular rash 12,12
Myalgia/arthralgia 12.02
Enanthema 8.3
Abnormal reflex 6.7
Diarrhea 6.4
Palpable spleen 6.3b
Coma 3.0

Source: Based on Nimmannitya, S. et al. Am | Trop Med Hyg 18:954~
971(1969).

aStatistically significant difference.

binfants under 6 months.

a positive tourniquet test; easy bruising and bleed-
ing at venipuncture sites are present in most cases.
Fine petechiae scattered on the extremities, axillae,
face, and soft palate may be seen during the early
febrile phase. A confluent petechial rash with char-
acteristic small round areas of normal skin is some-
times seen in convalescence, once the temperature
has returned to normal. A maculopapular or
rubella-type rash may be observed early or late in
the disease. Epistaxis and gum bleeding are less
common. Mild gastrointestinal hemorrhage is
occasionally observed.

The liver is usually palpable early in the febrile
phase. The size of the liver varies from just-
palpable to 2-4 cm below the costal margin. Liver
size is not correlated with disease severity, but
hepatomegaly is more frequent in shock cases. The
liver is tender, but jaundice is not usually observed
even in patients with a large, tender liver. Splen-
omegaly is rarely observed in small infants; how-
ever, the spleen is sometimes prominent on X-ray
examination.

In mild or moderate cases, all signs and symp-
toms abate after fever subsides. Fever lysis may be
accompanied by profuse sweating and mild
changes in pulse rate and blood pressure, together
with coolness of extremities and skin congestion.
These changes reflect mild and transient circula-
tory disturbances as a result of some degree of
plasma leakage. Patients usually recover sponta-
neously or after fluid and electrolyte therapy.

Dengue Shock Syndrome (DSS)

In severe cases, the patient’s condition suddenly
deteriorates after a few days of fever. At the time of
or shortly after the temperature drop, between 3
and 7 days after onset, there are signs of circula-
tory failure: the skin becomes cool, blotchy, and
congested; circumoral cyanosis is frequently
observed; and the pulse becomes weak and rapid.
Although some patients may appear lethargic,
they become restless and then rapidly go into a
critical stage of shock. Acute abdominal pain is a
frequent complaint shortly before the onset of
shock.

Shock is characterized by a rapid, weak pulse
with narrowing of the pulse pressure (20 mmHg,
or 2.7 kPa, or less, regardless of the pressure
levels, e.g. 100/90 mmHg) or hypotension, with
cold clammy skin and restlessness. Patients in
shock are in danger of dying if they do not get
appropriate treatment promptly. Patients may
pass into a stage of profound shock with blood
pressure and/or pulse becoming imperceptible.
Most patients remain conscious almost to the ter-
minal stage. Shock lasts a short time; the patient
may die within 12-24 hours or recover rapidly fol-
lowing appropriate volume replacement therapy.
Alternatively, uncorrected shock may give rise to a
more complicated course with metabolic acidosis,
severe bleeding from the gastrointestinal tract and
from various other organs, and a poor prognosis.
Patients with intracranial hemorrhage may have
convulsions and go into coma. Encephalopathy
may occur in association with metabolic and elec-
trolyte disturbances.

Convalescence in DHF with or without shock is
short and uneventful. Even in cases with profound
shock, once the shock is overcome the surviving
patients recover within 2-3 days. Return of appe-
tite is a good prognostic sign. Common findings in
convalescence include sinus bradycardia or
arrythmia and a characteristic dengue petechial -
rash.

Laboratory Findings in DHF

Thrombocytopenia and hemoconcentration are
constant findings in DHF. A drop in platelet count
to below 100,000/mm3 is usually found between
the third and eighth days of illness. A rise in hema-
tocrit level, indicating plasma leakage is always
present, even in nonshock cases; it is always more
remarkable, however, in shock cases. Hemocon-
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centration with hematocrit increased by 20% or
more is considered as an objective evidence of
increased vascular permeability and leakage of
plasma. It should be noted that the level of hema-
tocrit may be affected by early volume replacement
and by bleeding.

The white blood cell count is variable, ranging
from leukopenia to mild leukocytosis. Lympho-
cytosis with atypical lymphocytes is a common
finding near the end of the febrile phase. A tran-
sient mild albuminuria is sometimes observed.
Occult blood is often found in the stool. In most
cases, assays of coagulation and fibrinolytic factors
show reductions in fibrinogen, prothrombin, fac-
tor VIII, factor XII, and antithrombin III. A reduc-
tion in o-antiplasmin (a-plasmin inhibitor) has
been noted in some cases. In severe cases with
marked liver dysfunction, reduction is observed in
the vitamin-K-dependent prothrombin family,
such as factors V, VII, IX, and X. Partial throm-
boplastin time and prothrombin time are pro-
longed in about one-half and one-third of DHF
cases, respectively. Thrombin time is also pro-
longed in severe cases.

The other common findings are hypopro-
teinemia, hyponatremia, and mildly elevated
serum aspartate aminotransferase levels. Meta-
bolic acidosis is frequently found in cases with pro-
longed shock. Blood urea nitrogen is elevated at
the terminal stage of cases with prolonged shock.
Serum complement levels are reduced.

Chest X rays reveal pleural effusion, mostly on
the right side, as a constant finding. The extent of
pleural effusion is correlated with disease severity.

Complications and Unusual Manifestations

Encephalitic signs such as convulsion and coma
are not common in DHF. They may, however,
occur as a complication in cases of prolonged
shock with severe bleeding in various organs
including the brain. Water intoxication as a result
of inappropriate use of hypotonic solution to treat
DHF patients with hyponatremias is not an
uncommon iatrogenic complication that leads to
encephalopathy.

A subtle form of seizure is occasionally observed
in infants under 1 year old during the febrile
phase, and some is considered to be febrile convul-
sions, as the cerebrospinal fluid is normal.

In recent years there has been an increasing
number of reports of dengue, DF, or DHF with
unusual manifestations. Although with low inci-

dence, the unusual central nervous system mani-
festations, including convulsions, spasticity,
change in consciousness and transient paresis,
have been observed and are of major concern.
Some of these cases may have encephalopathy as a
complication of DHF with severe disseminated
intravascular coagulation that may lead to focal
occlusion or hemorrhage. Reported fatal cases
with encephalitic manifestations have been
observed in Indonesia, Malaysia, Myanmar, India,
and Puerto Rico; however, in most cases there
have been no autopsy studies to rule out bleeding
or occlusion of the blood vessels. Further studies
are needed to identify the factors contributing to
these unusual manifestations. Attention should be
given to the study of underlying host factors such
as convulsive disorder and concurrent diseases.
Encephalopathy associated with acute liver failure
is commonly observed and renal failure usually
occurrs at the terminal stage. Liver enzymes are
markedly elevated in these cases, with serum
aspartate aminotransferase about 2.5 times higher
than serum alanine aminotransferase.

Other rarely observed, unusual manifestations
include acute renal failure and hemolytic uremic
syndrome. Some of these cases have been observed
in patients with underlying host factors (e.g. G6PD
deficiency and hemoglobinopathy) that lead to
intravascular hemolysis. Dual infections with other
endemic diseases, such as leptospirosis, viral hepa-
titis B, and melioidosis, have been reported in cases
with unusual manifestations.

Clinical Manifestations in Adults

Cuba’s experience in 1981, with 130 adult cases
(26 with fatal outcome), showed that the infection
was usually manifested by the clinical symptoms
of dengue fever (high fever, nausea/vomiting,
retro-orbital headache, myalgia, and asthenia),
regardless of whether the patient had a fatal out-
come or not. Less frequently, patients demon-
strated thrombocytopenia and hemorrhagic mani-
festations, the most common of which were skin
hemorrhages, menorrhagia, and hematemesis.
Overt shock in adults was less frequently observed
than in children, but was severe when it did occur;
it was found mostly in white adults with a history
of bronchial asthma and other chronic diseases. In
one series of 1,000 adult cases studied in Cuba, the
persons who were severely ill usually showed
thrombocytopenia and hemoconcentration. In the
five cases with hypovolemic shock not associated

11
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with hemorrhage, the disease responded, as in
children, to vigorous fluid replacement.

In the 1986 Puerto Rico outbreak, DHF with
overt shock in adults was not rare, but did occur
less frequently than in children.

Criteria for Clinical Diagnosis of Dengue
Hemorrhagic Fever/Dengue Shock Syndrome

The following clinical manifestations and labora-
tory determinations have been selected as indicat-
ing a clinical diagnosis of DHF. The use of these crite-
ria may help prevent overdiagnosis of the disease.

Clinical

* Fever: acute onset, high, continuous, and last-
ing 2-7 days.

* Any of the following hemorrhagic manifesta-
tions, including at least a positive tourniquet test:2
petechiae, purpura, ecchymosis; epistaxis, and
gum bleeding; and hematemesis and/or melena.

* Enlargement of liver (observed at some stage
of the illness in 90%-96% of Thai children and 67%
of Cuban children with DHF); frequency of hepa-
tomegaly is, however, variable.

* Shock: manifested by rapid and weak pulse
with narrowing of the pulse pressure (20mmHg, or
2.7kPa, or less) or hypotension, with the presence
of cold, clammy skin and restlessness.

Laboratory

* Thrombocytopenia (100,000/mm3 or less).3
* Hemoconcentration; hematocrit increased by
20% or more of recovery value.

The first two clinical criteria, plus throm-
bocytopenia and hemoconcentration or a rising
hematocrit, are sufficient to establish a clinical
diagnosis of DHF. When there is anemia or severe
hemorrhage, pleural effusion (chest x-ray), and/or
hypoalbuminemia provide supporting evidence of

2The tourniquet test is performed by inflating a blood pressure cuff to
a point midway between the systolic and diastolic pressures for 5 min-
utes. A test is considered positive when 20 or more petechiae per 2.5 cm2
(1 inch) are observed. The test may be negative or mildly positive during
the phase of profound shock. It usually becomes positive, sometimes
strongly positive, if the test is conducted after recovery from shock.

3Direct count using a phase-contrast microscope (normal 200,000~
500,000/mm?). In practice, for outpatients, an approximate count from a
peripheral blood smear is acceptable. In normal persons, 4-10 platelets
per oil-immersion field (the average observed from 10 fields is recom-
mended) indicates an adequate platelet count. An average of 2-3 per oil
immersion field or less is considered low (i.e., <100,000/mm3).

plasma leakage; this is particularly useful in those
patients who experience anemia and/or severe
hemorrhage.

Shock with a high hematocrit (except in patients
with severe bleeding) and marked thrombocyto-
penia supports a diagnosis of DHF/DSS.

The relationship of clinical syndromes with phy-
sical and laboratory findings is shown in Figure 2.

Case Definition for Dengue Fever

A case definition for dengue fever has been rec-
ommended. However, given the variability of the
clinical illness associated with dengue infection, it
is not appropriate to adopt a detailed clinical defi-
nition that specifies degrees of fever and number
of criteria. Laboratory confirmation should be
emphasized.

Clinical description

An acute febrile illness characterized by frontal
headache, retro-ocular pain, muscle and joint
pain, and rash.

Case classification

Probable: An acute febrile illness with two or
more of the following manifestations:

* Headache

* Retro-oribital pain

= Myalgias

» Arthralgia

* Rash

* Hemorrhagic manifestations

* and supportive serology (a reciprocal HI anti-
body titer = 1280 or an equivalent IgG ELISA titer,
or a positive IgM antibody test on a single late
acute or convalescent-phase serum specimen to
one or more dengue antigens

* or occurrence at the same location and time as
other confirmed cases of dengue.

Confirmed: a case that is laboratory confirmed.

Reportable: all probable and confirmed cases
should be reported as cases of dengue to local and
national health authorities.

Laboratory criteria for confirmation

* Isolation of dengue virus from serum and/or
autopsy samples, or
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Figure 2. The spectrum of dengue hemorrhagic fever.
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= Demonstration of a fourfold or greater change
in reciprocal IgG or IgM antibody titers in paired
serum samples to one or more dengue virus anti-
gens, or

* Demonstration of dengue virus antigen in
autopsy tissue or serum samples by immu-
nohistochemistry, by immunofluorescence or by
viral nucleic acid detection.

Clinical Case Definition for Dengue
Hemorrhagic Fever

The following must all be present:

* Fever, or recent history of acute fever.

* Hemorrhagic tendencies, as evidenced by at
least one of the following: positive tourniquet test;
petechiae, ecchymoses, or purpura; and bleeding
from mucosa, gastrointestinal tract, injection sites,
or others.

» Thrombocytopenia (100,000 mm?3 or less).

» Plasma leakage due to increased capillary per-
meability as manifested by at least one of the fol-
lowing: hematocrit on presentation that is = 20%
above average for that age, sex, and population;
= 20% drop in hematocrit following treatment;
or commonly associated signs of plasma leakage
—pleural effusion, ascites, and hypoproteinemia.

Clinical Case Definition for Dengue Shock
Syndrome

All of the above-mentioned four criteria, plus
evidence of circulatory failure manifested by all of
the following:

* rapid and weak pulse;

= narrow pulse pressure (20mmHg or less) or
hypotension for age;4 and

* cold, clammy skin and altered mental status.

Reportable Cases of DHF or DSS

These cases will fit the above criteria, plus will
have one of the following:

» Virological or serological evidence of acute
dengue infection, or

* A history of exposure in dengue endemic or
epidemic areas (recognizing that during epidemic
or significant levels of endemic transmission it is
unlikely that many cases will have laboratory
confirmation).

sHypotension: <5 years, 80mmHg; =5 years, <90mmHg (systolic
pressure). Note that narrow pulse pressure is observed earlier while
hypotension is found later, or in cases with severe bleeding.

13
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Grading the Severity of Dengue Hemorrhagic
Fever

The severity of DHF is classified into four
grades:
Gradel: Fever accompanied by non-
specific constitutional
symptoms; the only hem-
orrhagic manifestation is a
positive tourniquet test.
Spontaneous bleeding in
addition to the manifesta-
tions of Grade I patients,
usually in the form of skin
< and/or other hemorrhages.
Grade IlI: Circulatory failure mani-
tested by rapid and weak
pulse, narrowing of pulse
pressure (20 mmHg or less)
or hypotension, with the
presence of cold clammy
skin and restlessness.
Grade IV: Profound shock with unde-
tectable blood pressure and
pulse.

Grade II:

DHF

DSS

The presence of thrombocytopenia with concur-
rent hemoconcentration differentiates Grades I
and Il DHF from dengue fever.

Grading the severity of the disease has been
found clinically and epidemiologically useful in
DHF epidemics in children in the Southeast Asian,
Western Pacific, and American Regions. The expe-
riences in Cuba, Puerto Rico, and Venezuela sug-
gest that this classification also is useful for adults.

Differential Diagnosis

Early in the febrile phase, the differential diag-
nosis includes a wide spectrum of viral, bacterial,
and protozoal infections. In the Americas, diseases
such as leptospirosis, malaria, infectious hepatitis,
yellow fever, meningococcemia, rubella, and influ-
enza should be considered.

The presence of marked thrombocytopenia with
concurrent hemoconcentration differentiates DHF/
DSS from other diseases. In patients with severe
bleeding, evidence of pleural effusion and/or
hypoproteinemia may indicate plasma leakage. A
normal erythrosedimentation rate in DHF/DSS

' helps to differentiate this disease from bacterial
infection and septic shock.

Table 6. Clinically diagnosed DHF cases in children in
which secondary infection was proven, Cuba, 1981.

Studied children

Clinical and No. positive of

laboratory findings 124 examined (% positive)
Fever (>37°C) 120¢ (97)
Vomiting 108 (87)
Thrombocytopenia® 97 (78)
Hepatomegaly 83 (67)
Abdominal pain 78 (63)
Hemoconcentrationb 103 83)
Ascites . 38 (31
Pleural effusion 70 (56)
Petechiae 62 (50)
Hematemesis 37 (30
Melena 10 (8)
Ecchymoses 9 7
Epistaxis 11 9

Adapted from Guzman et al. Bull Pan Am Health Organ 1987.
21(3):270-279.

2<100,000/mm3

bHematocrit increased > 20%

<Four cases had fever history at home

Facts and Figures from the Americas

Findings from studies conducted in the Amer-
icas on the clinical presentation of laboratory con-
firmed DHF cases are shown on Tables 6 and 7.

In Tables 8 and 9 the clinical manifestations and
the autopsy findings of 72 total cases in children
are shown (Cuba, 1981). Not all the pathological
findings are directly related to the pathology of
DHF/DSS.

On the one hand, congestion and pulmonary
edema could be due, in part, to excessive
intravenous-fluid therapy. On the other, the pul-
monary inflammatory reaction was associated
with concurrent infections, and atelectasis was

Table 7. Signs and symptoms in laboratory confirmed DHF
cases, Puerto Rico, 1986.2

Clinical and laboratory findings Number % positive
Fever 29/29 100
Thrombocytopeniab 29/29 100
Hemoconcentration® 29/29 100
Vomiting 18/29 62
Petechiae 14/29 48
Hepatomegaly 9/20 45
Hematemesis 11/29 38
Prolonged PTT 7/20 35
Hematuria 6/29 21
Melena 5/29 17
Purpura/ecchymoses 5/29 17
Epistaxis 5/29 17
Bleeding at venipuncture sites 3/20 15

2All cases met the WHO case definition; CDC unpublished data.
bHematocrit increased > 20%.
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Table 8. Clinical manifestations among 72 children who
died of DHF in Cuba, 1981.2

Table 9. Autopsy findings among 72 children who died of
DHF in Cuba, 1981.2

Number of
Nonhemorrhagic manifestations cases % positive
Fever 72 100
Nausea and vomiting 61 85
Shock 72 100
Hepatomegaly 56 78
Abdominal pain 41 57
Pleural effusion 22 31
Rash 16 22
Ascites 7 10
Splenomegaly 7 10
Hemorrhagic manifestations
Hematemesis 43 60
Petechiae 28 39
Epistaxis 16 22
Melena 14 19
Hematoma 13 18
Hemoptysis 8 11
Gum bleeding 7 10
Ecchymoses 7 10
Enterrohagia 6 8
Hematuria 5 7
Venipuncture bleeding 5 7

a Unpublished information: Bravo, J., Kouri, G., Guzman, M.G., and Mar-
tinez, E., “Pedro Kouri" Institute of Tropical Medicine, Havana, Cuba.
Note: Menorrhagia was present in 8% (3 out of 39) females.

generally due to assisted ventilation. Heart dilata-
tion observed in 12% of cases could not be directly
related to DHF/DSS.

Vector Distribution and Biology

The most important, and perhaps only, vector of
dengue in the Americas is Aedes aegypti. Aedes albo-
pictus, a proven secondary vector in Asia and the
Pacific, has recently invaded the New World, but,
thus far, has not been implicated in transmission of
dengue in this Region.

Aedes aegypti

A. aegypti, a species of the subgenus Stegomyia,
probably originated in Africa, where both sylvatic
and domestic forms occur, whereas the Region of
the Americas only has the domestic forms. It prob-
ably was first transported from the Old World to
the New World in water barrels on ships during
the early European explorations and colonizations.
A. aegypti is commonly known as the ‘‘yellow fever
mosquito,”’ because for centuries this species

Observation % positive
Gastrointestinal hemorrhage 98
Ascites 88
Hepatic necrosis 70
Pleural effusion 70
Lung congestion and edema 70
Pulmonary hemorrhage 68
Intrahepatic hemorrhage 60
Brain congestion and edema 56
Intraventricular hemorrhage 52
Fatty liver 40
Hepatic and splenic congestion 40
Renal congestion 30
Atelectasis 26
Pericardial effusion 20
Hepatic inflamatory reaction 14
Lung inflamatory reaction 14
Heart dilatation 14
Acute gastric ulcer 12
Pericardial and/or epicardial hemorrhage 12
Tracheo-bronchial hemorrhage 12

aUnpublished information, Bravo et al., “Pedro Kouri" Institute of Tropical
Medicine, Havana, Cuba.

transmitted urban yellow fever, a serious public
health problem in Africa and the Americas.
Although sylvatic yellow fever cases transmitted
by mosquitoes other than A. aegypti, are still
reported every year from several South American
countries, for unknown reasons there has been no
documented urban transmission in four decades.

A. aegypti is a tropical and subtropical species
found around the globe, usually within 35° N and
35° S latitudes, corresponding to a winter isotherm
of 10°C. Although it has been found as far north as
45° N, these invasions occur during the warm sea-
son and the populations do not survive the winter.

Distribution of A. aegypti also is limited by alti-
tude. Although it is usually not found above 1,000
meters, it has been reported at 2,121 meters in
India and at 2,200 meters in Colombia where the
mean annual temperature was 17°C.

At the beginning of this century, A. aegypti was
found in all the American countries except Can-
ada, from the southern United States to Buenos
Aires, Argentina. The hemispheric eradication
campaign, which began in earnest in 1947, suc-
ceeded in eliminating A. aegypti from 18 continen-
tal countries and several small Caribbean islands
by 1962. Only the United States, Venezuela, Sur-
iname, the Bahamas and several of the Caribbean
islands remained infested (Figure 3). After 1962,
three more countries eliminated this vector, but in
the meantime reinfestation began to occur in coun-
tries that had previously eradicated it. As of 1991,
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found farther than 100 meters from houses,
although exceptions have been reported in the
West Indies and the southern United States. Prior
to eradication in Cayman Brac, A. aegypti larvae
were found in roof catchment cattle cisterns more
than 400 meters away from human dwellings; on
the island of Anguilla, infestation occurred in fos-
silized coral rock holes (Karst solution holes),
sometimes more than one kilometer away from
dwellings. Both populations apparently had the
coloration of the ‘‘domestic’’ form of A. aegypti. In
southeast Texas, A. aegypti eggs were found in ovi-
position traps more than 8 km from the nearest
human habitation, and larvae were collected from
a tree hole 3.2 kilometers from human dwellings.

Because of its close association with man, A.
aegypti is essentially an urban mosquito. However,
Brazil, Mexico, and Colombia have all reported sig-
nificant rural infestations, sometimes many kilo-
meters from the nearest urban center and the near-
est vehicular road; rural infestation is probably
common in other countries as well. A. aegypti
apparently invades rural areas as eggs or larvae. It
is found in domestic containers that are trans-
ported to rural houses for water storage.

A. aegypti eggs are attached singly to the inside
surface of containers in the damp area just above
the water surface. Embryonic development is usu-
ally completed within 48 hours if the environment
is humid and warm. Once embryonic develop-
ment is complete, the eggs can withstand long
periods of desiccation, sometimes for more than a
year. When the eggs are eventually flooded, most
hatch rapidly, though some may not respond until
they have been inundated several times.

The capacity of the eggs to withstand drying is
one of the greatest obstacles to the eradication of
this vector. Eggs can be transported over great dis-
tances in dry containers. Elimination of adults and
larvae from a locality during many months does
not prevent reinfestation by emergence from
recently flooded eggs that had been hidden in dry
containers.

The larvae pass through four developmental
“instars.”’ Duration of larval development de-
pends on temperature, availability of food, and lar-
val density in the receptacle. Under optimal condi-
tions, the time from hatching to pupation can be as
short as 5 days; under harsh low temperature or
food scarcity conditions, it may take several
weeks.

Although food scarcity may interfere with the
growth of A. aegypti larvae, flooding, rinsing, or
premature draining and drying of containers prob-

ably accounts for much of the immature mortality.
Many discarded containers that serve as produc-
tion sites are small (e.g., tires, tin cans) and are
found outdoors; these are vulnerable to drying
from the sun and flooding and overflowing from
the rain. Other containers used for domestic water
storage are frequently emptied and washed or
variable amounts of water are removed from them.

About 1-2 days after emergence, the mosquitoes
mate and females take a blood meal. These activ-
ities often occur almost simultaneously because,
although the males do not feed on blood, they are
attracted to the same hosts as the females; this
facilitates male-female encounters. Females will
feed on most vertebrates but show a decided pref-
erence for humans. Blood feeding provides a
source of protein for the development of the eggs
and occurs primarily during daylight hours, except
at midday.

Usually, a batch of eggs develops after each
blood meal. However, A. aegypti, more than most
other species of mosquitoes, will frequently feed
more than once between ovipositions, especially if
disturbed before full engorgement, a characteristic
that increases the chances of ingesting and trans-
mitting virus.

The interval between blood engorgement and
oviposition can be as short as 3 days under optimal
conditions of temperature and availability of hosts,
and the female can feed again on the same day that
she lays eggs. Most oviposition occurs in the late
afternoon. The gravid female is attracted to dark or
shaded containers with rough walls on which to
deposit the eggs. Relatively clean, clear, uncolored
water is preferred to turbid, polluted water of high
organic content. Usually, the female distributes
each batch of eggs among several different
containers.

Flight dispersal of A. aegypti is very short when
compared to that of most other mosquito species.
The female often passes her entire lifetime close to
the emergence site, provided that hosts, resting
places and oviposition sites are available. Flight
dispersal of over 100 meters is considered to be
rare. It has been shown, however, that a gravid
female can and will fly up to 3 km in search of a
place to lay eggs if suitable containers are not pre-
sent nearby. Males disperse less than females.
Most dispersal of A. aegypti over great distances
occurs via transport of eggs and larvae in
containers.

When not mating, seeking a host, or dispersing,
the mosquitoes seek dark, quiet places to rest.
Resting A. aegypti are most commonly found inside
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houses in bedrooms, bathrooms, and kitchens and
only occasionally outdoors in garden vegetation.
The preferred resting surfaces are walls, furniture,
and hanging articles such as clothing, towels, cur-
tains, and mosquito netting. Many of the resting
sites are secluded, in bedroom closets, and under
beds and other furniture.

A. aegypti adults can live for several months in
the laboratory, but they usually live only a few
days in nature. Despite their short average life
span, some adults live long enough to transmit
virus.

Aedes albopictus

The ““Asian tiger mosquito’’ is a close relative of
A. aegypti, belongs to the same subgenus, Steg-
omyia, and has many of the same habits. It is
widely distributed in Asia and the Pacific, ranging
from temperate regions to the tropics, and has
recently been found in Italy, South Africa, and
Nigeria. Although several isolated introductions
were found and eliminated in the continental
United States as early as 1946, it was not until 1985
that it was found to be well-established in Texas,
and subsequently in many other states and as far
north as Illinois at 42 N latitude. Since 1986, A.
albopictus has been found in five Brazilian states. In
1993, Santo Domingo (the Dominican Republic)
and some northern border states of Mexico were
found to be infested.

A. albopictus is mainly a forest-edge species that
has adapted to rural, suburban and urban human
environments. It oviposits and develops in tree
holes, bamboo stumps, and leaf axils in the forest,
and in artificial containers in urban areas. It is
much less ““domestic’’ than A. aegypti, feeding and
ovipositing outdoors in the peridomestic environ-
ment or far from human habitation. It is a catholic
feeder, biting animals other than humans much
more frequently than A. aegypti. Its flight range
appears to be somewhat greater than that of A.
aegypti, up to 500 meters. Unlike A. aegypti, it is a
cold-adapted species in northern Asia with eggs
that spend the winter in diapause.

In areas where A. albopictus has become estab-
lished in the United States, there is a tendency for
the A. aegypti population to decrease or disappear
altogether, apparently either through larval com-
petition for food or adult male competition for mat-

| ing with females. In the laboratory, female A.
- aegypti inseminated by A. albopictus males lay infer-

tile eggs and vice versa. There is still much contro-
versy over the occurrence and mechanism of this
phenomenon of ““species displacement.”’

Recent electrophoretic studies have demon-
strated that both the North American and Brazilian
strains of A. albopictus are genetically similar to
Japanese strains; Southeast Asian strains from dif-
ferent locations vary genetically, whereas North
American strains are quite homogeneous. The
genetic similarity between American and Japanese
strains, coupled with the finding of A. albopictus in
tire shipments from Japan, indicates that A. albo-
pictus was introduced into the United States in
tires transported in large cargo containers from
that country. Further introduction of A. albopictus
to other countries in the Americas seems likely.

Earlier conclusions that the Brazilian strains had
a different origin than the North American strains
because of their lack of adaptation to the cold,
were apparently incorrect. The potential for dia-
pause may be latent in these mosquitoes.

In Asia and the Pacific, A. albopictus has been
shown to be a vector of dengue, although it is sec-
ond in importance to A. aegypti. In Brazil, although
A. albopictus occurs in areas with endemic dengue,
A. aegypti is also present in those areas. No dengue
transmission has yet been detected in areas of Bra-
zil where A. albopictus occurs in the absence of A.
aegypti.

In the laboratory, both species have been shown
to transmit dengue virus vertically (transovarially),
although A. albopictus does so more readily than A.
aegypti. Hence, during periods when cases are not
being detected in the human population, the virus
may still be present in mosquito eggs, larvae, or
adults. Vertical transmission apparently occurs too
infrequently to contribute to the magnitude of
human transmission.

In the laboratory, A. albopictus transmits yellow
fever virus to monkeys, but it has not been incrimi-
nated as a vector in the field. There is little overlap
between the distribution of yellow fever and A.
albopictus in the Old World. There is no yellow
fever in Asia, and A. albopictus has been found in
Africa only recently. In the Americas, this mos-
quito may, in the future, bridge the gap between
the sylvatic cycle of yellow fever and the suscept-
ible urban human population.

Eastern equine encephalitis virus has recently
been isolated from A. albopictus in Florida (U. S. A.)
and various nonpathogenic arboviruses also have
been isolated, findings that reflect the broad host-
range of this mosquito species.
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Risk Factors for Dengue and Dengue
Hemorrhagic Fever

“'Risk’’ is a concept used to measure the proba-
bility of a future occurrence of a negative outcome
such as dengue infection or a dengue outbreak.
This probability depends on the presence of one or
more characteristics or determinants of the event.

The transmission dynamics of dengue virus are
determined by the interaction of the environment,
the agent, the host population, and the vector that
exist together in a specific habitat. The magnitude
and intensity of that interaction will define the
dengue transmission in a community, region, Or
country. These components may be divided into
macro- and microdeterminants.

Macrodeterminants of Dengue Transmission:
Environmental and Social Risk Factors.

Among the macrodeterminants of transmission
(see Table 10) are the geographical areas where the
vector develops and contacts the host population.
Dengue is mainly transmitted in the tropical and
subtropical regions of the Americas that lie
between 35° N and 35° S latitudes. Elevation is a
limiting factor for vector and virus development.
At lower elevations, mean annual temperature,
humidity, and pluvial precipitation are the condi-
tions that affect vector survival and reproduction,
and temperature also affects viral replication in the
vector. These geographical and climatological
parameters may be used to stratify the areas where
the expected transmission may be endemic, epi-
demic, or sporadic.

Several social determinants of dengue transmis-
sion are also recognized (see Table 10). In the
Americas, dengue is primarily an urban disease.
Moderate to high human population densities,
unplanned urbanization, and high housing densi-
ties are associated with dengue transmission.
Houses with inadequate screens or no screens at
all allow mosquitoes to come in; rain gutters
blocked with debris allow mosquito production.
Water that is stored inside the home for more than
a week and the use of uncovered water storage
drums and tanks create foci. In many communities
in the Americas, individual piped water supplies
are scarce, and public standpipes provide water
only intermittently; consequently, as people store
drinking water in their homes, foci are created.

Inadequate systems for collecting and storing

Table 10. Macrodeterminants of dengue transmission:
environmental and social risk factors.

e Environmental
Latitude: 35°N to 35°5.
Elevation: < 2200 m.
Ambient temperature range: 15-40°C.
Relative humidity: moderate to high.

Social

Population density: moderate to high

Settlement patterns: unplanned urbanization and high settlement
density.

Housing: screening inadequate or lacking and rain gutters with
debris.

Water supply: water stored in home > 7 days, no individual
piped water supply, intermittent availability, and uncovered
drums or tanks.

Solid waste collection: inadequate storage bins, collection inade-
quate or lacking, discarded small containers < 50 liters, dis-
carded tiresftire piles, and junk autos.

Socioeconomic status

Inactive daytime periods in the home

Beliefs and knowiedge about dengue

Key references: Christophers, 1960; Nelson, 1986; WHO, 1986; Koopman
etal., 1991.

solid waste and failure to remove discarded bulky
items such as junk cars, result in the proliferation
of foci. Discarded tires and small discarded con-
tainers containing less than 50 liters of water have
been associated with an increased risk of dengue
transmission.

Socioeconomic status is another determinant of
dengue transmission; however, in any one com-
munity either the wealthier or poorer neighbor-
hoods may propagate large numbers of foci.
Women and small children who spend long
periods of time in the home, engaged in minimal
activity during daylight hours, may experience
Jonger exposures to potentially infected mosqui-
toes than those who are out of the house or active.
Beliefs and knowledge held by families about
dengue, the causes of the disease, and means to
prevent or control it, affect the level of sanitation in
the domestic environment, and ultimately govern
the availability of larval production sites in the
domestic setting.

In summary, the geographic distribution and
density of human populations, beliefs concerning
dengue, socioeconomic status, the availability of
public services, and housing conditions all may
influence the risk of transmission.

Microdeterminants of Dengue Transmission:
Host, Agent, and Vector Risk Factors.

The risk factors that influence transmission of
dengue virus (Table 11) must be separated from
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Table 11. Microdeterminants of dengue transmission:
host, agent, and vector risk factors.

Individual host factors
Sex
Age
Immune status
Specific health conditions
Occupation

Disease agent factors
Level of viremia

Vector factors
Abundance and types of mosquito production sites
Density of adult females
Age of females
Frequency of feeding
Host preference
Host availability
Innate susceptibility to infection

those that influence the severity of the disease.
Among the categories of recognized risk factors for
transmission, are those of the host, the vector, and
the agent. The host factors include sex, age,
immune status, specific health conditions, and
occupation. All humans are susceptible to infec-
tion but, as noted above, women and small chil-
dren may be at greater risk because their activities
put them in more prolonged contact with the infec-
ted mosquitoes in the domestic setting. The sus-
ceptibility of the human population determines
whether any and how many indigenous cases of
dengue will occur.

A disease agent factor that influences the transmis-
sion of dengue is the level of viremia. Persons with
high viremia provide a higher infectious dose of
virus to the biting mosquito vector. For example, a
person with high viremia may infect 100% of the
mosquitoes taking a blood meal, and even though
mosquito density may be low, some mosquitoes
may survive the extrinsic incubation period and
transmit the virus. On the other hand, a person
with low viremia may not infect any of the mosqui-
toes that take a blood meal, even though mosquito
densities may be high.

Among the most important vector risk factors are

- the densities of adult female mosquitoes, and their
- age, frequency of feeding, and host preference and

availability; the host’s susceptibility to infection (a
highly competent vector may become infected by
feeding on a person with a low viremia); and the
abundance and types of breeding sites. The last
factor is conditioned by such climatological factors
as rainfall, temperature, and humidity, as well as

by the supply of piped water, solid waste collec-
tion, and the behavior of the human population.

Few studies have been done to determine the
relative importance of the risk factors for dengue.
Two studies in Mexico showed that the most
important risk factors at the household level were
the number of potential A. aegypti breeding sites
per premise; at the community level, the most sig-
nificant risk factors were median temperature dur-
ing the rainy season, proportion of houses with
larvae, and proportion of houses with uncovered
water containers.

Risk Factors for the Appearance of
DHEF/DSS

The risk factors responsible for the development
of severe dengue disease are not fully understood,
and of the risk factors that have been postulated
several are controversial.

Sequential infections "with different dengue
serotypes have been shown to be strongly associ-
ated with DHF/DSS in Thailand and Cuba, al-
though in some outbreaks, severe hemorrhagic ill-
ness, sometimes followed by shock and death
have occurred after a primary dengue infection.
Laboratory investigations demonstrate that sub-
neutralizing amounts of dengue antibody enhance
dengue virus replication in mononuclear phago-
cytes. A similar phenomenon may occur during
human infections, provided enough time (approxi-
mately from 6 months to 5 years) has elapsed
between infections by different serotypes or when
maternal derived antibodies in an infant reach a
subneutralizing level.

Viral virulence may also have a significant role in
the severity of dengue disease. Some strains of
dengue virus may have the potential to cause hem-
orrhagic disease. It also has been suggested that
viral virulence may increase after the agent has
passed through several persons. Studies on the
replication of dengue virus in peripheral blood leu-
kocytes provide evidence on the different viru-
lence of different strains; such studies demonstrate
that dengue-2 strains associated with either grade
II DHF or DSS grow to higher titers in peripheral
blood leukocytes than those dengue-2 strains iso-
lated either from uncomplicated dengue or grade I
DHFE.

Individual susceptibility also seems to influence
the occurrence of DHF/DSS. Studies have shown
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that severe disease was found more frequently
among children than in adults, in females than in
males, and in well-nourished children than in mal-
nourished children. Other studies have shown
that DHF/DSS was more common in whites than
in blacks, and also among persons with certain
chronic diseases (such as asthma, diabetes, and
sickle cell anemia).

The intensity of dengue transmission and the
simultaneous circulation of several serotypes also

has been considered as a risk factor for the occur-
rence of DHF/DSS. Therefore, hyperendemicity of
dengue infection would expose a population to
increased risk of appearance of DHF/DSS.

A combination of the above-mentioned risk fac-
tors and perhaps other unknown factors may play
an important role in the appearance of DHF/DSS.

" More studies are needed to clarify the relative con-

tributions of virus and host factors in triggering
DHF/DSS.
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3. SURVEILLANCE

Disease Surveillance

In order to permit immediate actions to prevent
or control epidemic dengue, a surveillance system
must be simple in its structure and operation, repre-
sentative of the population it serves, acceptable to the
users, flexible to allow the incorporation of new
information, and opportune in data collection and
analysis. The system must have adequate sensi-
tivity and specificity to correctly identify those indi-
viduals with the disease in question and to effi-
ciently exclude those without it.

In the case of dengue/DHE, the surveillance sys-
tem must address the disease from both a clinical
and an entomological perspective. The clinical
spectrum of illness associated with dengue infec-
tion may range from nonspecific viral syndrome
to severe and fatal hemorrhagic disease. Because
it often is impossible to clinically differentiate
dengue from ilinesses caused by other viruses,
bacteria, or even some protozoa, surveillance for
dengue/DHF must be laboratory-based.

Surveillance for dengue/DHF can be either
active or passive. Active surveillance involves a
proactive search for dengue infections, especially
in situations where they might be attributed to
other causes, such as influenza or rubella. Passive
surveillance, on the other hand, depends on case
reports from physicians who recognize dengue-
like illness. In most countries where dengue trans-
mission is reported, the surveillance system is of
the passive type, with health authorities waiting
until transmission is recognized by the medical
services and detected through the routine report-
ing system. It is strongly recommended that
dengue be made a reportable disease in every
country at risk, so that dengue/DHF surveillance
programs will have a statutory basis.

Passive (Reactive) Surveillance

Every dengue-endemic country should have a
passive surveillance system, mandated by law,
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that makes dengue/DHF a reportable disease. Pas-
sive surveillance should require case reports from
every clinic, private physician, and health center
that provides medical attention to the population
at risk. The system should define trends in dengue
transmission and detect any increase in dengue
incidence.

A legal mandate for reporting dengue cases is
essential for this type of surveillance. Even so, pas-
sive surveillance is insensitive because not all clini-
cal cases are correctly diagnosed during periods of
low transmission, when the level of suspicion
among medical professionals is generally low.
Moreover, many patients with mild, nonspecific
viral syndrome treat themselves at home and do
not seek medical treatment. By the time dengue
cases are detected and reported by physicians in a
passive surveillance system, substantial dengue
transmission has already occurred and even may
have peaked. In this case, it may be too late
for control measures to significantly reduce
transmission.

Active Surveillance

The objective of an active, laboratory-based sur-
veillance system is to provide early and precise
information to public health officials on four
aspects of increased dengue activity: time, loca-
tion, virus serotype, and disease severity. It
should, therefore, be a proactive surveillance sys-
tem that will allow for early detection of dengue
cases and thus will improve the capacity of health
officials to prevent and control the spread of
dengue. Among the main characteristics of this
type of surveillance is its predictive capability.
Analysis of trends of reported cases, the establish-
ment of sentinel clinics, the confirmation of
dengue cases by the laboratory, and the rapid
identification of the serotypes involved in trans-
mission, provide the necessary information to pre-
dict dengue transmission and guide implementa-
tion of control measures well in advance of peak
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transmission. Proactive clinical surveillance must
be linked to entomologic surveillance, in order to
identify dengue transmission in time and place.

Optimal clinical samples for specific tests must
be accompanied by sufficient clinical information
to allow the disease’s severity to be identified (see
sample form in Annex II). All clinical samples must
be accompanied by a form stating the name, age,
sex, and address of the patient; date of onset of
symptoms; date of sample collection; symptoms (a
short list of important manifestations); travel his-
tory for the two weeks before onset; place of hospi-
talization; and the name, address and telephone
number of the attending physician.

A laboratory-based surveillance system of this
type will provide information on the onset, loca-
tion, infecting virus serotype, and severity of dis-
ease. It also will allow prompt reporting of results
to submitting clinics and physicians, and the abil-
ity to obtain further information, if necessary,
on cases of severe disease or of public health
importance.

Surveillance Systems Adapted to the Disease
Situation

There are three epidemiologic situations where
different levels of surveillance are recommended
(Table 12): 1) countries where no dengue transmis-
sion has been detected, but where A. aegypti is
present; 2) countries where A. aegypti is present,
dengue is endemic, and seasonal increases in
transmission occur; and 3) areas where epidemic
dengue is occurring. For maximum efficiency, the
surveillance system must be adaptable to changes
in disease incidence.

Areas with Aedes aegypti Infestation and
No Dengue Reported

In areas where A. aegypti is present and no
dengue illness has yet occurred, the population is
at risk of a major dengue epidemic. In these areas,
physicians and clinics will not suspect dengue
until late in the outbreak. Dengue surveillance,
therefore, should rely on searching for, and inves-
tigating, clusters of nonspecific febrile illness or
viral syndrome by a method such as the “‘fever
alert.”

In a fever alert system, trends in rates of febrile
illness are monitored as a crude indicator of possi-
ble dengue activity. Health centers should report
to their respective health region, on a weekly
basis, the total number of patients attending the
center and the total number of febrile cases (tem-
perature = 38°C). When weekly reporting by all
centers is not feasible, a sentinel system of at least
30% of the region’s health centers should be
selected for participation on the basis of high clinic
attendance, high vector densities in the catchment
area, and efficient communications between the
data processing center and the diagnostic labora-
tory. The data processing center will update health
center and/or regional incidence summaries.

As soon as a significant increase in febrile illness
or viral syndrome is noted with respect to previ-
ously obtained data, the data center should quickly
inform the reporting clinic and responsible health
authorities, and any cluster of febrile illnesses
should be immediately investigated. Blood speci-
mens should be drawn from a representative sam-
ple of febrile patients or, if appropriate, from
patients with headache and any third symptom
compatible with dengue.

Table 12. Levels of dengue surveillance according to the epidemiologic situation of

the disease.

Surveillance

Proactive (laboratory-based)

Disease status when Reactive

Clinical Laboratory support

Dengue

Severe DF

A. aegypti is present (passive} Feveralert fever (DF) DHF, DSS Serologic Virologic
No dengue + + + + + + + + + + + + +
Endemic dengue + + + + + + + +++ ++++ ++++
Epidemic dengue + + + + ++ + + + + + + + +

Note: The plus (+) signs indicate the relative importance to be given to components of the system in a

given situation.
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Figure 4. Hypothetical epidemiologic curve of dengue epidemic.
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Emergency rooms at pediatric and/or general
hospitals may also be selected for monitoring,
using similar criteria. A predetermined number of
blood samples should be drawn daily for early
dengue virus detection.

When virus isolation facilities are available at the
central laboratory, isolation should be attempted,
but in its absence, serologic testing by MAC-ELISA
will provide a rapid laboratory result. For virus
isolation and identification, a sample of acute
serum appropriately packaged should be sent to a
regional or a reference laboratory without delay.

Febrile illness surveillance that is supported by
laboratory investigation provides information on
early confirmation of dengue infections and early
recognition of a new virus serotype circulating in
the community (Figure 4). An increase in the rate
of fever cases coupled with a higher than baseline
rate of serologic response will serve to alert health
officials before there is an increase in the number

of cases and severity of illness. The alert provided
by febrile illness surveillance should trigger a
switch to intensify active surveillance for cases of
dengue-like illness. All health care providers and
institutions should be reminded of the case defini-
tions and the reporting requirements for dengue/
DHF. During active surveillance, a public health
official, such as an infection control officer, may be
requested to review admissions to the hospital and
outpatient clinics on a daily basis. Any admissions
with fever and other symptoms suspicious of
dengue/DHF would be followed up to ensure that
probable dengue/DHF cases have been identified,
appropriate investigations have been requested,
and confirmed cases have been reported. In addi-
tion, vector control officers may hear about sus-
picious cases in the community, and can bring
these to the attention of the district public health
nurse for active follow-up; these persons may
otherwise not have sought medical care.
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Dengue Endemic Areas

During interepidemic periods and during the
months of the year with seasonally low disease
incidence, there may be little or no case identifica-
tion of dengue/DHF. Therefore, few samples are
sent to _the laboratory for dengue testing. In this
situation, sentinel clinics and medical practices
should be established. Criteria for taking blood
samples must be expanded to include febrile cases
with history of recent travel, and situations where
dengue might be causing clusters of fever cases
with rash. The clinical information provided with
blood samples from these cases is usually suffi-
cient to establish a profile of disease severity. Clini-
cal surveillance can be as simple as maintaining
frequent communications with key clinics or phy-
sicians who are likely to see ill travelers or cases of
febrile illness (infectious disease specialists), rash
illness (pediatricians), or interested physicians
with large practices who are willing to obtain blood
samples for dengue testing. In exchange for the
results of a sophisticated laboratory test, physi-
cians and clinics usually are happy to collaborate in
a detailed evaluation of the patient’s symptoms
and clinical risk factors for infection.

If a new serotype is identified or increased
dengue activity is confirmed, it should constitute
an alert to intensify active surveillance for dengue/
DHF and to coordinate activities with vector con-
trol units of the Ministry of Health.

Areas with Epidemic Dengue

During epidemic periods, and in areas with high
endemicity, (multiple virus serotypes circulating
simultaneously), a surveillance system for clinical
disease provides a comparison and supplements
information provided with blood samples. Such a
surveillance system might include a structured,
hospital-based reporting system, in which infec-
tion control nurses (or similar hospital profes-
sionals) send written summaries by facsimile or
courier, or report by telephone the number of cases
admitted with a presumptive diagnosis of dengue
or in which dengue is included in the differential
diagnosis. The surveillance system must specify
what type of case should be reported, if a blood
sample should be sent, and what clinical informa-
tion is necessary, but the reporting professional’s
work should be kept to a minimum, or the system
will not function well.

For complete documentation of DHF cases,

patient information must include platelet count,
lowest and highest hematocrit value (to measure
hemoconcentration), results of tourniquet test, any
hemorrhagic manifestation, chest x-ray (for pleural
effusions), blood pressure, hepatomegaly, coagu-
lation tests (prothrombin time and partial throm-
boplastin time), and liver enzymes (see Annex I).
All patients hospitalized with hemorrhagic dis-
ease, viral encephalitis, aseptic meningitis, or
experiencing a fatal outcome following a viral pro-
drome, regardless of diagnosis, should have blood
and tissue samples submitted for dengue testing.

During an epidemic, when the clinical syndrome
and the disease diagnosis are established and the
infecting serotype(s) has/have been identified, it is
a misuse of resources to attempt serologic or vir-
ologic confirmation of every suspected dengue
case. Laboratory work should be focused on iden-
tifying new areas where the disease might be
spreading, detecting new serotypes coming into
already infected areas, and monitoring severe and
fatal cases attributed to dengue.

Population-based community serosurveys, con-
ducted in the area shortly after the peak of the
epidemic, provide an estimate of true disease inci-
dence. The serosurvey need not cover an entire
country, province, or city, but may focus instead
on a town, community, or neighborhood of par-
ticular interest. Records of clinic attendance and
school or factory absenteeism may provide an
index of disease activity to identify a severely
affected suspect location. Care must be taken that
the survey will obtain information that will be rep-
resentative of the target population, so that the
data will be useful to validate the accuracy and
sensitivity of the surveillance system.

Laboratory Support for Dengue Surveillance

Table 13 shows the type of specimens to be col-
lected and the way they should be processed for
the laboratory diagnosis of dengue. The following
information should be collected with the blood
sample:

* name of patient;

* address, age, and sex;

* summary clinical history;

= disease suspected;

* date of onset and specimen collection;
* travel history;

* name of physician; and

* name of hospital/clinic.
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Table 13. Collection and processing specimens for laboratory diagnosis of dengue.

Specimen Time of )
type collection retraction Storage Shipment
Acute blood 0-5 days 2-6 hours, 4°C Serum —70°C Dry ice
Convalescent blood 14-30 days 2-24 hours Serum —20°C Frozen or
ambient ambient
Tissue As soon as possible —70°Corin Dry icg or
after death formalin ambient

There are several laboratory tests that can be
used for routine serologic diagnosis of dengue
viruses, including the hemagglutination-inhibition
(HI), the complement fixation (CF), the neutraliza-
tion (N), and the IgM-capture ELISA (MAC-
ELISA) tests. The first three all require paired
serum samples from suspected cases, and use of
these tests, therefore, involves long delays before
laboratory confirmation can be made. The MAC-
ELISA, on the other hand, generally requires only
one serum sample and is a simple, quick test that
requires very little sophisticated equipment. It is,
therefore, the most useful test for surveillance pur-
poses, and has become widely used in recent
years.

MAC-ELISA’s diagnosis is based on detecting
dengue-specific IgM antibodies in the test serum
by capturing them out of solution using anti-
human IgM antibody that was previously bound to
the solid phase of a 96-well plate. If the patient’s
serum contains anti-dengue IgM antibody, it will
bind the dengue antigen that is added in the next
step and can be detected by subsequent addition of
an enzyme-labeled anti-dengue antibody.

Anti-dengue IgM antibody develops rapidly,
and by day 5 of illness, 80% of cases, both primary
and secondary, have detectable IgM antibody; by
day 6 to 10 of the illness, 93% to 99% of cases have
detectable IgM antibody. In some primary infec-
tions that produce large amounts of antibody,
detectable IgM may persist for over 90 days. On
average, however, IgM antibody wanes to unde-
tectable levels between 30 and 60 days after onset
of illness. The major drawback of this test is its
inability to detect dengue infection if the serum
sample is drawn very early (< 5 days) after onset
of illness.

Although the MAC-ELISA is slightly less sensi-
tive than the HI test for diagnosis of dengue infec-
tions, it has the advantage of requiring only a sin-
gle blood sample. In one series of 386 patients,
comparing the MAC-ELISA on single acute serum

samples to paired samples from the same patients
tested by HI, the false negative rate of the MAC-
ELISA was 10% and the false positive rate was
1.7%. Considering the difficulty in obtaining sec-
ond blood samples and the long delay in obtaining
conclusive results by the Hl test, this low error rate
is acceptable in most surveillance systems. It must
be emphasized, however, that because IgM anti-
body may persist for 60 to 90 days, MAC-ELISA
positives on single serum samples are only provi-
sional and do not necessarily mean that the
dengue infection is current. It is reasonably cer-
tain, however, that the person had a dengue infec-
tion within the previous 2 to 3 months.

In summary, the MAC-ELISA has become an
invaluable tool for surveillance of dengue/DHEF,
and is the serologic test of choice for most laborato-
ries. It can be used for clinical surveillance and for
estimating transmission rates from population-
based serosurveys carried out shortly after epi-
demic transmission begins to wane. Reference lab-
oratories should have the capability to do HI, CF
and N tests, but further discussion of these tests is
beyond the scope of this document.

Virologic surveillance complements serologic
surveillance and is critical to developing an early
warning, predictive capability for epidemic
dengue. The method of choice for routine virus
isolation is inoculation of the C6/36 mosquito cell
line, which provides a relatively rapid, sensitive,
and economical method that can be set up in most
general laboratories. Human sera or blood are
inoculated directly into the cell cuitures, which are
incubated for 5 to 10 days, depending on the clone
of cells used, and virus infection is detected by
direct or indirect fluorescent antibody test. Virus
isolates are identified using an indirect flourescent
antibody test with serotype-specific monoclonal
antibodies.

A more sensitive method of virus isolation is
mosquito inoculation. Although this method is
slow and labor intensive, dengue viruses often can
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Figure 5. Representation of the temporal appearance of virus, IgM, and IgG antibodies in persons infected
with dengue virus. Shaded areas represent approximate time periods when virus or antibody can be
detected using current methods; 1° = primary infection; 2° = secondary infection.
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be isolated from severe and fatal cases by mosquito
inoculation when cell culture methods yield nega-
tive results. While it is not possible for all diagnos-
tic laboratories to have this capability, it is impor-
tant that reference laboratories provide the service
for other laboratories in the Region. Reference lab-
oratories also may use polymerase chain reaction
or immunohistochemical methods for viral antigen
detection from serum or tissue samples.

The recommendations for laboratory support for
dengue/DHF surveillance in different epidem-
iologic situations are summarized in Table 12. It
will be noted that both serologic and virologic sup-
port is highly recommended in most situations.
While this may not be possible to achieve imme-
diately, the ultimate goal should be to establish
this capability in every dengue endemic country.
In the interim, support should be provided to facil-
itate shipment of specimens to regional reference
laboratories that can provide this service. Figure 5
shows the temporal appearance of virus, IgM, and
IgG antibodies in persons infected with dengue
virus.

It should be emphasized that effective surveil-
lance is dependent upon an efficient information
exchange. If published at least monthly, the PAHO
“Dengue Newsletter for the Americas’’ could
serve this function, provided that relevant infor-
mation is promptly provided by Member Coun-
tries. This topic is discussed in detail below, but it
should be noted here that timely exchange of infor-
mation between laboratories and epidemiologists
in the Region is critical to developing effective
regional surveillance for dengue/DHF that can be
used for prevention and control of epidemics. It is
recommended that a central laboratory/office be
responsible for collecting and disseminating infor-
mation to participating countries.

Vector Surveillance

Entomological surveillance is used to determine
changes in geographic distribution of the vector, to
obtain relative measurements of the vector popula-
tion over time, and to facilitate appropriate and
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timely decisions regarding interventions. It may
serve to identify areas of high density infestation
or periods of population increase. In areas where
the vector is no longer present, entomological sur-
veillance is critical in order to rapidly detect new
introductions before they become widespread and
difficult to eliminate. Monitoring of insecticide
susceptibility of the vector population also should
be an integral part of any program that uses
insecticides.

There are available methods for detecting or
monitoring larval and adult populations. The
selection of appropriate sampling methods
depends on the surveillance objectives, on the
levels of infestation, and on the skills available for
their implementation. Some guidance as to the
choice of methods is given in Table 14.

Sampling the Larval Population

For reasons of practicality and reproducibility,
the most common survey methodologies employ
larval sampling procedures rather than egg or
adult collections. The basic sampling unit is the
house or premises, which is systematically
searched for water-holding containers. These con-
tainers are examined for the presence of mosquito
larvae, pupae, and larval and pupal skins.
Depending on the objectives of the survey, the
search may be terminated as soon as aedine larvae
are found, or it may be continued until all con-
tainers have been examined. Laboratory examina-
tion is usually necessary to confirm the species.
The following three indices are commonly used to
record A. aegypti infestation levels:

House (premises) index: percentage of houses
infested with larvae and/or pupae.

_ Infested houses
Houses inspected

HI X 100

Table 14. Aedes aegypti surveillance methods.

Container index: percentage of water-holding
containers infested with larvae or pupae.

Containers positive
"~ Containers inspected

d X 100

Breteau index: number of positive containers per
100 houses inspected.

Number of positive containers

= X 100
Houses inspected

The house index has been used most widely for
measuring population levels, but it does not take
into account the number of positive containers nor
the productivity of those containers. Similarly, the
container index only provides information on the
proportion of water-holding containers that are
positive. The Breteau index establishes a relation-
ship between positive containers and houses, and
is considered to be the most informative, but again
there is no accommodation of container produc-
tivity. Nevertheless, in the course of gathering the
basic information for calculating the Breteau index,
it is possible and highly desirable to obtain a pro-
file of the larval habitat characteristics by simul-
taneously recording the relative abundance of the
various container types either as potential or actual
sites of mosquito production (e.g., number of posi-
tive drums per 100 houses, number of positive
tires per 100 houses, etc.). These data are particu-
larly relevant for focusing larval control efforts on
the management or elimination of the most com-
mon habitats and for the orientation of educational
messages for community-based initiatives.

For the selection of appropriate interventions for
targeted container management or elimination, it
is important to understand from the household
resident’s perspective, the significance of the con-
tainer type. If a population considers a man-made
habitat to be ‘‘useful’’ or “‘essential’’ (e.g., a rain-

Objectives Methods
Larval  Human bait Resting Tire Adultlarval Susceptibility
surveys  collections  collections Ovitraps larvitraps bioassay tests

Baseline infestation surveys X

Control program monitoring: levels > 5% X

Low infestation levels <5% X X X

Surveillance against reinfestation X X X

Verification of eradication X X X X

Evaluation of control methods2 X X X X X X X

aChoice depending on intervention used.
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water drum or a house plant) the strategy
employed will most probably be one of manage-
ment or modification rather than destruction or
removal. For a ““useless’’ or ‘‘nonessential’’ cate-
gory (e.g., a discarded tire or abandoned domestic
appliance), the option of removal is open. Natural
habitats (e.g., rock holes, tree holes, plant axils)
constitute a third category that may be subject to
either elimination or management.

It should be noted that larval indices are a poor
indication of adult production. For example, adult
emergence rates from rainwater drums are likely to
differ markedly from those for discarded cans or
house plants, yet the larval survey registers them
only as positive or negative. The implication is that
for localities with similar larval indices but differ-
ent container profiles, adult densities, hence,
transmission potentials, may be quite different.

The rates of recruitment of newly-emerged
adults to the adult mosquito population from dif-
ferent container types can vary widely. Estimates
of relative adult production may be based on pupal
counts (i.e., the counting of all pupae found in
each container). The corresponding index is:

Pupal index: number of pupae per 100 houses

Pl = Number of pupae

Houses inspected

To compare the relative importance of the larval
habitats, the pupal index in ‘‘useful”’ containers
may be compared with the pupal index in ‘‘nones-
sential”” containers and ‘‘natural’’ containers. If
desired, this may be broken down further by con-
tainer type, such as pupal index in tires, flower
vases, etc.

Given the practical difficulties and effort entailed
in obtaining accurate pupal counts, especially from
large containers, this method need not be used in
every survey, but may be reserved for special
studies or used once in each locality during the wet
season and once during the dry season.

Sampling the Adult Population

Adult vector sampling procedures can provide
valuable data for specific studies such as seasonal
population trends, transmission dynamics, or
evaluation of adulticiding interventions. However,
results are less reproducible than those obtained
from sampling of immature stages. The collection
methods also tend to be labor intensive and

heavily dependent on the collector’s proficiency
and skill.

Landing/Biting Collections

Landing/biting collections on humans are a sen-
sitive means of detecting low level infestations, but
are very labor intensive. Both male and female A.
aegypti are attracted to humans. Because adults,
especially males, have low dispersal rates, their
presence can be a reliable indicator of close prox-
imity to hidden larval habitats. Rates of capture,
typically using hand nets or aspirators as mosqui-
toes approach or land on the collector, are usually
expressed in terms of landing-biting counts per hour.

Resting Collections

During periods of inactivity, the adult mosqui-
toes typically rest indoors, especially in bedrooms,
and mostly in dark places such as clothes closets
and other sequestered sites. Resting collections
comprise the systematic searching of these sites
with the aid of a flashlight, and the capture of
adults using mouth or battery-powered aspirators
and hand-held nets. Recent resting collection
studies with backpack aspirators powered by auto-
mobile air conditioner motors and rechargeable
12v power packs have proven to be an efficient and
effective means of evaluating adult densities.

Following a standardized collection routine,
densities are recorded as the number of adults per
house (females, males or both) or the number of
adults per man-hour of effort. With low infestation
levels the percentage of houses positive for adults is
sometimes used.

The Measurement of Oviposition Rates

Oviposition Traps

Also known as ““ovitraps,’’ these devices consti-
tute a sensitive and economical method for detect-
ing the presence of A. aegypti and A. albopictus in
situations where infestations are light and larval
surveys are generally unproductive (e.g., when
the Breteau index is < 5). They have proven espe-
cially useful for the early detection of new infesta-
tions in areas from which the mosquito has been
eliminated. For this reason, they are used exten-
sively for surveillance at international ports of
entry which, according to international sanitary
codes, should be maintained free of vector
breeding.
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The standard ovitrap is a wide-mouth, pint-
sized glass jar painted black on the outside, and
equipped with a cardboard or wooden paddle
clipped vertically to the inside with its rough side
facing inwards. The jar is partially filled with water
and is appropriately placed in the field.

Ovitraps are usually serviced on a weekly basis
and the paddles are examined for the presence of
A. aegypti eggs. The percentage of positive ovitraps
provides the simplest index of infestation levels. In
more detailed studies, all the eggs on each paddle
are counted and the mean number of eggs per ovitrap
is calculated. For accurate interpretation, field
records must indicate the location of each ovitrap
and its condition at the time of servicing; if it was
flooded, dry, missing, or overturned, the data
should be discarded.

A recently developed ““enhanced CDC ovitrap”’
has yielded eight times more A. aegypti eggs than
the original version. In this double ovitrap
method, one jar contains an olfactory attractant
made from a “‘standardized’’ 7-day-old hay infu-
sion, while the other contains a 10% dilution of the
same infusion. Unlike the original version, with
which positivity rates and egg counts are seldom
sufficiently high, the enhanced ovitrap has proven
suitable for monitoring changes in adult female
populations on a daily rather than a weekly basis,
and has been successfully used for monitoring the
impact of adulticidal space spraying on adult
female populations.

Tire Section Larvitraps

Tire section larvitraps of various designs have
also been used for monitoring oviposition activity,
the simplest being a water-filled radial section of
the tire. A prerequisite for any design is that it
either facilitate visual inspection of the water in situ
or the ready transfer of the contents to another
container for examination. Tire larvitraps differ
functionally from ovitraps in that water level fluc-
tuations brought about by rainfall induce hatching
of eggs, and it is the larvae that are counted rather
than the eggs deposited on the inner surfaces of
the trap. Their usefulness as an alternative to the
ovitrap for early detection of new infestations and
for surveillance of low density vector populations
has been well demonstrated.

Insecticide Susceptibility Testing

The initial and continued susceptibility of the
vector to insecticides is of fundamental importance

for the success of larviciding or adulticiding opera-
tions. The development of resistance may lead to
control failure unless it is carefully monitored and
a timely decision is made to use alternative insec-
ticides or control strategies.

Standard WHO bioassay procedures and kits are
available for determining the susceptibility or
resistance of mosquito larvae and adults to insec-
ticides. Biochemical and immunologic techniques
for testing individual mosquitoes also have been
developed in recent years, but are not yet available
for routine field use.

Sampling Strategies

There are only exceptional conditions where
larval surveys of every house (i.e., census) are
warranted. Such situations arise when the objec-
tive is one of vector eradication and there is a
need to locate every larval focus after infestation
levels have been reduced to very low levels
(HI= <1.0%); or to verify that eradication has
indeed been achieved or to ensure that re-
infestation has not occurred. Otherwise, the num-
ber of houses to be inspected should be based on
considerations of available resources, the desired
level of precision of the results, and the total num-
ber of houses in the locality. This is contrary to the
routine procedures employed in many vector con-
trol programs in which eradication campaign
methodologies have persisted and entomologic
data are collected from every house immediately
prior to insecticide treatment, usually by the same
individual administering treatment. Such prac-
tices, if used solely for measuring infestation
levels, are a wasteful use of resources and are
likely to result in poor quality of reporting due to
conflicts of interest and the tedious nature of the
routine work. Whenever possible, it is recom-
mended that a different team or individual con-
duct the entomologic evaluation, or that the two
tasks be performed separately. The sample size for
routine surveys can be calculated using statistical
methods based on the expected level of infestation
and the desired level of confidence in the results.
Annex III gives tables and examples for determin-
ing the number of houses to be inspected.

Several sampling procedures that eliminate or
minimize bias can be applied equally well to the
selection of houses for larval, adult, ovitrap, or
knowledge-attitude-practice (KAP) surveys:

Systematic sampling of every 'n’th house through-
out a community or along linear transects through
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the community. For example, if a sample of 5% of
the houses is to be inspected, every 20th house
(= 100/5) would be inspected. This is a practical
option for rapid assessment of infestation levels,
especially in areas where there is no house num-
bering system. All areas of the locality are well
represented.

Simple random sampling, whereby houses to be
selected are obtained from a list of random num-
bers (either from tables of random numbers in a
statistical text book or from a calculator or
computer-generated list). This is a more laborious
process, as detailed house maps or lists of street
addresses are a prerequisite for identifying the
selected houses. Many statistical tests require ran-
dom sampling. Unfortunately, although every
house has an equal chance of being selected, usu-
ally some areas of the locality are under-
represented and others are over-represented.

Stratified random sampling minimizes the problem
of under- and over-representation by subdividing
the localities into sectors or ““strata,”” usually based
on identified risk factors, such as areas with
houses without a piped water supply, areas not
served by sanitation services, and densely-
populated areas. A simple random sample is taken
from each stratum, the number of houses
inspected being in proportion to the number of
houses in each stratum.

Cluster sampling may be conducted in large cities
or geographic areas where it may be difficult or
impossible to use random or systematic samplings
because of limitations of time, money, and person-
nel or because of other logistical constraints.
Under these circumstances, the sample can be
selected in two stages, in order to minimize the
resources needed for the survey. The first stage is
obtained by simple or stratified random sampling
of population groups or clusters (e.g., city blocks,
villages, administrative districts). Having identi-
fied these clusters, simple or stratified random
sampling procedures are again applied to identify
the specific houses within each cluster for inclu-
sion in the survey.

Frequency of Sampling

The frequency of sampling depends on the fre-
quency and expected duration of the control mea-
sures. For time-limited, insecticide eradication
campaigns with cyclical rounds of treatment every

6-12 weeks, larval evaluation traditionally pre-
cedes each application. For control programs using
integrated strategies, such frequent intervals for
routine assessment of the impact of the applied
measures often are unnecessary. This is especially
true in those instances in which the effect of some
of the alternative strategies being applied outlast
residual insecticides (e.g., larvivorous fish in large
potable water storage containers, source reduction
or mosquito-proofing of containers). On the other
hand, rapid feedback at monthly intervals is desir-
able to evaluate and guide community action activ-
ities and indicate the sectors that need more atten-
tion and activities that need reinforcement. For
specific research studies, it may be necessary to
sample on a weekly, daily or even on an hourly
basis (e.g., to determine the diel pattern of biting
activity).

Non-entomological Surveillance

In addition to the evaluation of aspects directly
pertaining to vector densities and distribution,
community-oriented, integrated pest management
strategies require that other parameters be mea-
sured or periodically monitored.

Distribution and density of the human popula-
tion, settlement characteristics and conditions of
land tenure, housing styles, education, and socio-
economic status are all interrelated and of funda-
mental importance for planning purposes and for
assessing dengue risk. Knowledge of and changes
over time in the distribution of water supply ser-
vices and their quality and reliability, as well as
domestic water storage practices and solid waste
disposal services are also of particular relevance.
This type of information aids in the establishment
of ecological profiles that can be of value for plan-
ning targeted source reduction or management
activities and for organizing epidemic intervention
measures.

Some of these data sets are generated by the
health sector, while others are derived from exter-
nal sources. In most cases, annual or even less
frequent updates will suffice for program manage-
ment purposes. However, in the case of mete-
orological data, especially rainfall patterns, a more
frequent analysis is warranted, such as weekly or
monthly, if it is to be of predictive value in deter-
mining seasonal trends and short-term fluctua-
tions of the vector population.
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The Success and Failure of the
Hemispheric Eradication Program

The first A. aegypti programs were directed
towards yellow fever. Great advances were made
at the beginning of the century in Cuba and Pan-
ama to control this vector, chiefly through source
reduction, oiling, and application of pyrethrins. In
1923, Brazil initiated an eradication campaign. The
last urban epidemic of yellow fever in the Amer-
icas was reported in 1942, but the continued threat
of the reappearance of this disease in urban areas
and the increasing incidence of dengue led to con-
tinued support for vector control programs. The XI
Conference of the Pan American Sanitary Bureau,
held in 1942, urged infested countries to organize
eradication projects based on strategies adopted by
Brazil. With the discovery of the insecticidal prop-
erties of DDT, hemispheric eradication of A. aegypti
seemed feasible.

Before the beginning of the eradication cam-
paign, all Western Hemisphere countries, with the
exception of Canada, were infested with A. aegypti.
By 1962, 18 continental countries and several small
Caribbean island countries had succeeded in erad-
ication. The reasons for this spectacular success
were the following;:

= Adequate local and external funding, for well-
trained personnel, equipment, and insecticides.

= Total coverage of the infested areas in time-
limited programs.

» The use of DDT for perifocal spraying in and
around all breeding sites.

= Streamlined, semiautonomous programs, sep-
arate from the national health programs.

» Centralized, vertically structured programs
that had a military-type organization and clear
lines of command, strict supervision, and a high
level of discipline.
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What went the eradication

programs?

wrong with

= Not all of the countries in the Hemisphere
resolved to eradicate A. aegypti, and those coun-
tries that were still infested became sources of rein-
festation for those countries free of the vector.

* In most of the countries that achieved eradica-
tion, A. aegypti programs lost political importance
as the years went on, and surveillance against rein-
festation gradually diminished until it was inade-
quate to detect small reinfestations.

= When a reinfestation was discovered, the
response usually came too late, and the resources
allocated to eliminate it before it became generalized
and unmanageable usually were insufficient.

It is probably not feasible to attempt another
hemispheric A. aegypti eradication campaign, for
the following reasons:

* The A. aegypti problem is now several orders
of magnitude greater than it was during the first
eradication campaign. The human population in
Latin America and the Caribbean is growing expo-
nentially, with virtually all of this increase occur-
ring in urban centers. There are now many more
houses, there is more travel between urban centers
within and among countries, and there are more
disposable containers per household than ever
before. The delivery of governmental services such
as piped water and garbage collection often is
inadequate in these exploding urban centers, and
urban infrastructures are aging because of insuffi-
cient maintenance.

= Given the present economic crisis in Latin
America and the Caribbean, very few countries
have the resources to execute a vertical, paramili-
tary campaign with total insecticidal coverage.

* Many countries do not place high priority on
A. aegypti programs or even on dengue control.
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There are many other health problems that are
considered more important and receive more
resources.

* On the one hand, A. aegypti is now generally
resistant to DDT throughout the Americas; on the
other, organophosphate insecticides are more
expensive and have shorter residual activity, and
resistance to them is developing also.

* With time, even those well-funded and still
semiautonomous programs often have become
very inefficient: salaries and other monthly bene-
tits are often not delivered to the workers on time,
resulting in frequent strikes.

* Communities are less receptive to vertical dis-
ease control programs and often resist the delivery
of services; there also is increasing public concern
over the use of insecticides.

Current Approaches for Surveillance and
Control

After the ultimate failure of the hemispheric A.
aegypti eradication campaign, many changes have
been recommended and at least partially imple-
mented in the vector control programs.

The Change from Eradication Campaign to
Control Programs

An important policy change was made in the
XXXI Meeting of the Directing Council of PAHO in
1985. Where previous resolutions had insisted on
the eradication of A. aegypti for all countries, resolu-
tion XXVI recognized, and for first time endorsed,
the fact that some countries have programs to con-
trol A. aegypti.

This was an important step. The methodology
used in an eradication campaign is very different
from that used in control programs. Eradication
involves complete and thorough coverage of the
infested areas with frequent treatment cycles in
order to eradicate the vector within a few years,
Control is the cost-effective utilization of limited
resources to reduce vector populations to levels at
which they are no longer of significant public
health importance.

Eradication is not merely ‘‘control done
extremely well,”” because it is unnecessary to elim-
inate every breeding site in every area during a
control program. For example, if treeholes, which
are difficult to inspect and treat, are plentiful, but

entomological surveys show they account for less
than 1% of the actual mosquito production, and if

resources are limited, it is not cost-effective to
attempt to fill every tree hole. Time and manpower
can be better spent treating or eliminating those
containers, such as tires or drums, that account for
most mosquito production.

The following recommendations should be fol-
lowed in order to implement long-term, sustain-
able control programs:

Integration of Vector Control Methods

In pursuing vector control, instead of relying on
a single control method, all of the potential vector
control techniques are combined and integrated in
the most compatible manner (see the section on
"“Integrated Control,”” beginning on page 58).
Foremost in the armory of vector control methods
is environmental management for the physical
elimination or alteration of breeding sources (see
the section on “’Environmental Management,”
beginning on page 49). Chemical control with lar-
vicides should be restricted to containers that can-
not be controlled by any other means, and space
sprays should be reserved for emergency situa-
tions (see the section on ‘’Chemical Control,’’
beginning on page 53). Biological and genetic con-
trol methods are mostly still experimental, or are
used for application under certain special circum-
stances on a small scale (see the section on ‘‘Bio-
logical Control,”” beginning on page 56).

Integrating Aedes Control with Control of Other
Pests

Instead of targeting only one vector, several
related vector species can be included in the same
program. This broader approach, known as com-
prehensive vector control, not only addresses sev-
eral public health problems simultaneously, but it
also gains better public acceptance for the pro-
gram. For instance, Aedes control can be combined
with Culex pipiens quinquefasciatus control, the latter
species being recognized as a much greater nui-
sance by the public. Collection of solid waste for
Aedes programs need not be restricted to Aedes pro-
duction sources, but can also include items that are
associated with filth, flies, and rodents.

Integration with Other Sectors and with the
Community

The original eradication campaign was not sus-
tainable, because of its costliness and isolation
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from the rest of the health sector, other govern-
mental sectors, the private sector, and the
community.

Local Health Care Systems. Instead of isolating
the control program from other health programs, it
may be better and more efficient to integrate it
with the local health care systems, by transferring
responsibility, authority, resources, and knowl-
edge from the central level to the local level (see
the section on ‘‘Organization and Function of Con-
trol Activities,’’ beginning on page 39).

Intra- and Intersectorial Collaboration. Con-
tacts, liaisons, and cooperative activities should be
promoted within the different divisions of the
health sector (national malaria service, national
health institute, epidemiology division, health
education office, legal office), other governmental
sectors (public works, water supply, sanitation,
education), and the private sector (commercial
enterprise, civic clubs). (See section on ‘‘Organiza-
tion and Function of Control Activities,”” begin-
ning on page 39).

Social Participation and Health Education. The
public’s involvement at the individual, family, and
community levels can be promoted through the
mass media, in the schools, at community meet-
ings, and at fairs and contests (see the section on
““Community Participation and Health Promo-
tion,”” beginning on page 44).

Enforcement of Sanitary Legislation

Most countries have laws that prohibit
unhealthy conditions in any public or private
premise, but few enforce those laws regarding
potential breeding sites of mosquito vectors, other
insect pests, and rodents (see the section on ‘‘Leg-
islative Support,’’ beginning on page 47).

Prioritization of High Risk Areas

If resources are insufficient to cover all urban
areas, the localities can be ranked in order of risk
level by dengue incidence or Aedes infestation
levels, so that greater attention is paid to the high
risk areas. This is a dynamic process that should
involve periodic revisions of the ranking.

Stratification

The important risk factors for transmission of
dengue and DHF (see Tables 10 and 11) should be
determined for each area, and the areas may be
grouped according to common risk factors in order

to apply common, selective sets of treatment strat-
egies instead of blanket use of one method
everywhere (see the section on ‘‘Epidemiologic
Stratification,’’ beginning on page 37).

Surveillance, Prevention, and Control Activities

‘Established According to Different

Epidemiologic Situations

At any given time, each country in the Americas
can experience a unique situation regarding the
level of infestation with A. aegypti (from zero infes-
tation to very high levels) and the level of dengue
transmission (from no dengue to epidemic trans-
mission). Although, no single, uniform strategy
for surveillance and control is applicable to every
situation, the diverse country situations can be
grouped by vector and disease characteristics, and
surveillance and control activities can be described
for each group.

In Table 15 seven different situations of A.
aegypti infestation (as measured by house index)
and dengue activity are presented, starting with
the most favorable situation where the vector is
absent and progressing to the worst case where
there is an epidemic under way.

Essentially, there are three kinds of long-term
dengue programs: surveillance against reinfesta-
tion by the vector; eradication programs; and
‘“routine’’ control programs. ‘“Emergency’’ con-
trol is the short-term response to epidemic
situations.

Surveillance against Reinfestation

A few countries (Bermuda, the Cayman Islands,
Chile, and Uruguay) have not been permanently
reinfested by A. aegypti after the initial successful
eradication (see Table 15, situation 1), and some
others (Brazil, Cuba) have large areas free of the
vector. In these cases, surveillance against rein-
festation is of paramount importance. Special
attention should be given to seaports, airports,
cemeteries, and tire recapping facilities.

Seaports. Maritime ports have been an introduc-
tion site for both A. aegypti and A. albopictus in
Asia, the South Pacific, and North America. Ports
receiving vessels from infested areas should have
programs to inspect vessels, and to institute source
reduction measures for shipboard foci and poten-
tial foci. Tires and tarps used to cover cargo and
cargo containers, and water storage tanks and
drums are some of the common shipboard foci for
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Table 15. Surveillance and control activities according to status of Aedes aegypti and dengue.

Situation Type of Type of
Aedes Dengue Program surveillance recommended control recommended
aegypti virus Examples Status Vector Disease  Routinea  Emergency
Eradicated Absent Uruguay, 1993 Surveillance  + + (against reinfestation) (+)
Low Absent Cuba, 1993 Eradication  + + (against reinfestation) +
(<0.1%) .
Medium Absent Panama, 1992 Control ++ ++ +
(0.1-5%)
High Absent Bolivia, 1986 Control + (only to evaluate control ++ +++
(>5%) Ecuador, 1987 program)
Paraguay, 1988
Panama, 1989
High Endemic Puerto Rico, 1993 Control + (only to evaluate control ++ ++
(>5%) Ecuador, 1993 program)
Guatemala, 1993
Venezuela, 1993
and most other
countries
High increasing  Puerto Rico, 1986 Alert + (only to evaluate control ++ +++ ++
(> 5%) program)
High Epidemic  Brazil, 1986 Emergency  + (only to evaluate control ++ ++ +++
(>5%) Bolivia, 1987 program)
Ecuador, 1988
Paraguay, 1989
(+): Optional  +: Necessary ++: Important + + +: Very important.

aRoutine control: Long-term source reduction campaigns with some larviciding and perifocal treatment.

A. aegypti. Surveillance and source reduction also
should be conducted at the entire port facility, its
buildings and grounds, and the immediate sur-
rounding area.

Airports. Airports also represent potentially
important locales for the introduction of urban
Aedes vectors, although it is usually the virus-
infected human host entering a country at airports
or seaports that represents the greater public
health risk.

Cemeteries. Cemeteries act as important Aedes
foci where flowers, live or artificial, are placed in
vases and other containers.

Tire Recapping Facilities. Tire recapping facili-
ties located at or near international seaports and
airports are important potential key sites for the
introduction of urban Aedes vectors. Periodic
inspections for foci should be implemented at
these facilities and include covering tire piles with
tarp or placing tires under rain shelter.

The importance of maintaining a vector surveil-
lance program in areas that are free of A. aegypti
must be stressed. A good surveillance program
designed to avoid reinfestation is much less costly
than an eradication or control program set up after
reinfestation has occurred.

Present-day Eradication Programs

Eradication is still technically feasible in certain
circumstances and areas in the Americas. For
example, the present infestation in Cuba is limited
to a small area of Havana, and intensified efforts
should soon succeed (Table 15, situation 2). How-
ever, the benefits of success will only be realized if
long-term vigilance against reinfestation is main-
tained, which has not been the case in most past
programs.

Guidelines for the execution and verification of
eradication are given in the ‘’Guide for Reports on
the Aedes aegypti Eradication Campaign in the
Americas.”’

Routine Control

The long-term activities aimed against the imma-
ture mosquito population are called routine control,
and the principal method employed is source
reduction. There is no need for space spraying,
and larvicides need only be used in those con-
tainers that cannot be removed, destroyed, dis-
carded, permanently drained, covered, or other-
wise managed. To ensure sustainability, all sectors
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of the community should be brought into the pro-
gram. Table 15 shows the different epidemiologic
scenarios where ‘‘routine’’ control is applicable.

As Aedes infestation increases (situation 3), vec-
tor surveillance becomes important for prioritizing
and stratifying areas for intervention and for mon-
itoring the effect of control efforts; disease surveil-
lance now becomes necessary in order to detect the
introduction and transmission of dengue virus.

When the Aedes infestation is high (shown in
Table 15 as house index > 5%; however, this figure
is arbitrary, because there is no known threshold
level of house infestation below which it can be
assured that there will be no outbreak of dengue)
and if dengue is endemic (situation 5), routine con-
trol operations obviously are failing. Disease sur-
veillance now gathers paramount importance in
the effort to detect an increase in numbers of cases
from the normal endemic level or the introduction
of a new dengue serotype. Emergency prepara-
tions should be initiated: the medical community
should be informed of dengue and DHF/DSS
symptoms and the treatment of cases, a contin-
gency hospitalization plan should be developed,
and preparations for emergency vector control
should be made.

Emergency Response

Emergency control is the intense, short-term activ-
ity directed at a rapid reduction of the adult mos-
quito population, in order to suppress dengue
transmission in an epidemic situation or when an
epidemic appears to be imminent. Space sprays
are the fastest available emergency method, but as
epidemics may continue for several weeks, inten-
sification of routine larval control measures such as
source reduction and larviciding probably also
helps to suppress them (see the chapter on ‘‘Emer-
gency Preparation and Response,’’ beginning on
page 59).

Epidemiologic Stratification

The traditional model of health intervention con-
sidered the study of the dynamics of dengue inci-
dence and the understanding of risk factors for the
disease as matters of minor importance, since it
believed that single, ‘“magic bullet”” interventions
were to be used for all situations and conditions of
dengue outbreaks.

By using a nontraditional socioepidemiologic
approach to dengue transmission, which is based
on epidemiologic stratification, health profes-
sionals are better equipped to assess the short- and
long-term impacts of various control strategies,
incduding social participation and reduction/
elimination of major dengue risk factors. This
approach represents a substantial departure from
traditional control interventions.

Epidemiologic Stratification of Dengue Risk

The epidemiologic stratification of a disease such
as dengue is a dynamic and ongoing process
involving research, diagnosis, analysis, and the
interpretation of information that serves as the
basis for a comprehensive, methodological classi-
fication of geoecological areas and population
groups according to dengue risk factors.

A risk stratum is an aggregate of individuals and
social groups that are located in well-defined geo-
graphical areas and that share a similar hierarchy
of principal risk factors. Consequently, measures
or interventions that are undertaken in order to
modify these risk factors will be similar within
each stratum. For example, for areas where the
principal breeding sites are discarded containers,
emphasis should be placed on the elimination of
solid waste. In other areas where water storage
containers provide most of the breeding sites,
mosquito-proofing the water containers could be a
short-term remedy, and provision of piped water
supply might be the long-term solution.

The main feature of the socioepidemiologic
approach is an epidemiologic study of the risk fac-
tors for specific individuals and social groups that
are responsible for the incidence of dengue at the
local level. The known risk factors for dengue
transmission were discussed in the section on
“‘Risk Factors for Dengue and Dengue Hemor-
rhagic Fever,”’ beginning on page 19, (see also
Tables 10 and 11), and use such critical parameters
as socioeconomic conditions, vector biology, and
the health program’s ability to respond to preven-
tion and control needs.

The establishment of risk profiles and ecological
profiles for dengue transmission can be of great
value for planning targeted source reduction and
environmental management activities, as well as
for organizing epidemic intervention measures.

The stratification process currently used in
dengue programs in the Americas consists of clas-
sifying localities or neighborhoods according to a
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set of assumed risk factors, usually without con-
ducting previous studies to determine which are
the most important factors and what each one’s
relative importance is. The assumed risk factor:
most commonly used by the country programs for
their classification are: elevation, mean annual
temperature, population density, history of infes-
tation with A. aegypti, house index, breteau index,
economic importance, proximity to positive
localities, proximity to ports and international bor-
ders, and current dengue transmission.

Once the localities or neighborhoods have been
classified, they are ranked according to level of
risk. Number, intensity, and frequency of different
control measures are greatest in the localities of
highest risk. If resources are limited, higher-risk
localities are treated first. For example, in Mexico
localities are classified according to three ranges of
elevation (0 to 600 m, > 600 to 1200 m, and > 1200
to 1800 m), three population sizes (> 2500 to
20,000, > 20,000 to 50,000, and > 50,000) and
three mean annual temperatures (< 20°C, 20°C to

25°C, and > 25°C). Localities with the lowest ele-
vation, highest population size, and highest tem-
peratures receive the most frequent interventions
and the most epidemiologic and entomological
surveillance.

In summary, risk stratification and the socio-
epidemiologic risk approach provides a rationale
for dengue prevention and control activities at the
local and regional levels. The purpose of this
approach is to establish an epidemiologic hier-
archy of possible specific measures or interven-
tions that may be used to prevent dengue trans-
mission by eliminating or reducing the underlying risk
factors through primary prevention measures and
appropriate vector control. Proposed specific inter-
ventions are based on the local epidemiologic situ-
ation and its principal risk factors. The approach is
based on the study of epidemiologic, socio-
economic, and environmental parameters, includ-
ing the managerial capability of local health care
programs and the logistic and financial constraints
of countries prone to dengue activity.



5. SUSTAINABLE PREVENTION AND CONTROL PROGRAMS

The failure of dengue control programs in the
past was largely due to an inability to sustain
costly, vertical, centralized, single-method strate-
gies. The current trend is towards decentraliza-
tion, both at the central and at local levels;
increased cooperation with other health sectors;
cooperation with other governmental sectors and
nongovernmental organizations; and the com-
munity’s involvement in the design, execution,
and evaluation of surveillance, prevention, and
control activities that rely on the safe, effective,
and economical integration of all appropriate con-
trol methods (environmental, biological, and
chemical).

Organization and Function of Control
Activities

The organization and function of sustainable
control activities must involve the development of
control programs (appointment of a national coor-
dinator, information and resources review, inte-
gration and balancing disease control measures,
financial considerations, and budget planning),
cooperation within the health sector, cooperation
between the health sector and other sectors of the
economy, community participation and health
promotion, and development and use of appropri-
ate legislation. Each of these components is dis-
cussed, below.

Development of Control Programs

National Coordinator

Each country that is at risk of infestation or
already infested with A. aegypti should appoint a
national coordinator for the prevention and control
of dengue and dengue hemorrhagic fever. This
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person should be responsible for facilitating the
implementation of intrasectorial and intersectorial.
surveillance and control measures at the national
level and function as the liaison with international
experts and technical assistance centers.

The coordinator must establish contacts with
professionals from disciplines that are relevant to
surveillance and control, including biologists,
social scientists (anthropologists, sociologists),
physicians, economists, engineers, and architects.
The coordinator also will need to work with com-
munity leaders, municipal officers, and local politi-
cians, as well as with chiefs of other central gov-
ernment ministries. The national coordinator
should initiate and coordinate the program devel-
opment steps outlined below.

Preparatory Steps for Disease Control Strategy
Development

Regardless of the particular strategy that a coun-
try adopts, the development of a national strategy
and a national program will depend on the follow-
ing preparatory steps:

Review of current data and information. Data
and information on the distribution of the virus,
viral serotypes, vectors, populations at risk, and
the national situation regarding water supply, san-
itation and housing must be carefully reviewed.
(See also the chapters on ‘‘Surveillance’’ begin-
ning on page 23 and ‘‘Evaluation of Prevention
and Control Programs’’ beginning on page 71.)

Surveillance. (See the chapter on ‘‘Surveil-
lance,”” beginning on page 23.)

Estimating disease control requirements. The
human resources, equipment, and supplies
needed for disease diagnosis and treatment and
for vector surveillance and control, should be
based on existing data and information.

A resources inventory. An inventory should be
conducted of health care facilities (primary and

secondary care centers, etc.), laboratory and diag-



40

DENGUE PREVENTION AND CONTROL GUIDELINES

nostic facilities and related facilities in other pro-
grams and sectors, human resources, and major
equipment.

Additional resources. Additional resources may
be needed, including sharing human resources
and funds in existing government programs in
water supply, solid waste management, municipal
sanitation, and slum renovation/urban renewal;
support from local or international nongovern-
mental organizations and charitable foundations
for community-based control measures such as
environmental sanitation and management; and
the identification of grants and loans from appro-
priate bilateral and multilateral development agen-
cies for such activities as the construction of large
water-treatment and delivery systems that require
large capital investments.

Characteristics of a Successful Disease Control
Strategy

Whatever the strategies adopted by the
dengue surveillance and control coordinator and
the Ministry of Health, they should:

* be responsive to both felt and unfelt local
needs,

* be efficacious and cost-effective,

* be economically sustainable,

* utilize appropriate technologies (small- or
large-scale),

* be planned and evaluated with the commu-
nity’s direct assistance,

* be community-based in their implementation,
and

* be socially and culturally acceptable to all
affected populations.

Balance in Disease Control Strategies

The strategies and tactics used in the integrated
control program must consider the particular
urban epidemiologic situation in the affected area
(see also the section ““Current Approaches for Sur-
veillance and Control,”’ beginning on page 34, for
a description of typical epidemiologic situations
faced by control personnel). Control measures also
should be based on an analysis of the most vulner-
able points in the local transmission cycle, and
must reflect local epidemiologic circumstances (for
epidemiologic stratification, see the section begin-
ning on page 37) and socioeconomic and cultural
conditions.

Financial Considerations in Disease Control
Strategies

In selecting the most cost-effective dengue con-
trol strategies (discussed further in the section on
““Economics of Control Programs,’’ beginning on
page 74), administrators should carefully consider
the following cost measures:

Capital versus recurrent costs. Medical surveil-
lance and treatment and vector surveillance and
control are typically long-term programs with
recurrent costs, while improvement of water sup-
plies and housing usually involve large initial capi-
tal costs with only a relative residual of recurrent
costs for maintenance and upkeep.

Foreign exchange substitution. Many of the
Region’s countries that have dengue or dengue
vector control programs purchase some diagnostic
equipment and insecticides from abroad, using
scarce foreign currency. In contrast, improvements
in water supply, solid waste management, and
housing can often utilize local capital resources
and be paid with local currency, when locally avail-
able materials and labor are used.

Opportunity costs. Control program administra-
tors should consider these and other typical
dilemmas: If scarce foreign exchange is used to
fund insecticide-based control programs with their
marginal long-term benefits, what opportunities
for investment of local capital and labor in
improved water supply and sustainable, com-
munity-based environmental sanitation programs
are lost? Given that local communities often have
limited time and energy, is it better to utilize
human resources in neighborhood clean-up cam-
paigns once or twice a year, or to organize the
community to make improvements in more per-
manent water works (e.g., installation of piped
water supply, more reliable pumps, etc.)?

Incidental benefits and disadvantages. Dengue
control program managers should recognize that
in periods between epidemics, vector control pro-
grams based chiefly on chemicals have few bene-
fits beyond the control of mosquito vectors, and
can engender problems if careful, proper pesticide
application is not achieved (e.g., community resis-
tance to pesticide application). In contrast, control
programs based on visible measures such as
improved water supply, sanitation, and housing
have concomitant, but often important, benefits by
reducing the risk of communicable diseases and
providing a universally-desired need, such as
clean piped water.
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Planning the Budget

The budget for control programs should antici-
pate, wherever possible, all the short-term and
long-term costs and benefits described above.
Human resource needs should be estimated in
person-months, while costs for land, capital (i.e.,
interest payments), transport and travel, equip-
ment (with depreciation), supplies and labor (sal-
aries, employment benefits, training), and com-
munity mobilization (health education, public
health communication, household surveys, ento-
mological control aides, local labor pools, prize
monies, community grants, etc.) should all be spe-
cified in local currency and in a key international
currency for imported goods or services. Enough
margin for the implementation of emergency con-
trol measures (outbreak control) and for miscella-
neous and contingency expenses should also be
included in the control program budget.

Program Structure

Traditional A. aegypti eradication programs were
structured vertically. They were usually incorpo-
rated as a department of the National Malaria
Eradication Service, which was a division of the
Ministry of Health, but they had virtual autonomy
from the Ministry’s other divisions, with separate
funds, administrative staff, equipment, supplies,
and physical facilities. There was a clear chain of
command, beginning with the National Malaria
Eradication Service program director at the top of
the pyramid at the central level, moving through
various levels of area chiefs, field supervisors, and
brigade chiefs, and finally ending with the
sprayers. All decisions were taken at the central
level, and all disbursements of funds, supplies,
and equipment were made there. Because local-
level personnel were only required to carry out
orders, they were trained only to perform their
specific tasks. The Service’s area offices were sepa-
rate from the regional health offices and there was
very little contact between them. These vertical,
centralized programs were highly effective, but
not sustainable, mainly due to a lack of ongoing
funds.

The current trend is to decentralize the control
programs and to integrate them with the other
health sectors at both the central and local levels.
Most countries are committed to decentralizing
dengue prevention and control, along with many

other health activities; however, some programs
remain highly centralized, while others have trans-
ferred all activities to the local level. Decentraliza-
tion has been a gradual process: first, contact and
exchange between the National Malaria Eradica-
tion Service and other health personnel at the cen-
tral and local levels are increased; next, funding
and authority are transferred to the Area Offices.
In the Ministry of Health’s organizational chart,
the Service stops being autonomous, becomes par-
allel to other divisions, and nearly always changes
its name (such as to the Division for the Control of
Vector-borne Diseases) or becomes a department
in another division, such as the Division of
Epidemiology.

In the final stage, dengue is no longer dealt with
by one division, and there is no longer a division
or department devoted solely to handling vector-
borne diseases. For example, in this final scenario,
the Division of Epidemiology is responsible for
surveillance, the Division of Personal Health deals
with diagnosis and treatment, and the Division of
Environmental Health is charged with vector con-
trol. The area offices are totally integrated with the
regional health centers and administrated by
them. The central offices retain a technical and
normative function, but not an administrative one.

Unfortunately, the responsibilities for dengue
prevention and control is often passed on to the
local level without funding and without proper
training of local personnel. Along with decentraliz-
ation of functions and responsibilities must come
the decentralization of resources, knowledge, and
managerial skills.

The central level itself should promote the
decentralization process. Clear-cut definitions
must be made of those functions that are under the
responsibility of the central level (e.g., technical
expertise and guidelines) and those that pertain to
the local level (e.g., administration, operations).
Occupational profiles must be prepared, and
workers must be trained in technical and manag-
erial skills.

Cooperation within the Health Sector

The cooperation of other Ministry of Health
departments and other health-related organiza-
tions with the dengue prevention and control
department is necessary at both the central and
local levels. At the central level, dengue preven-
tion and control is not the responsibility of a single
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department. Within the Ministry of Health, collab-
oration is essential among those departments
responsible for vector control and surveillance,
epidemiologic surveillance, clinical diagnosis and
treatment, health education, community participa-
tion, and environmental health, as well as with the
legal department. In addition, alliances may be
formed among groups working with different dis-
eases. For example, in Panama, the dengue and
cholera education campaigns were combined:
““Avoid cholera with personal hygiene; avoid
dengue with environmental hygiene.”’

Other health entities, such as the national health
institutes and the schools of public health also
have an important role to play, and can sometimes
carry out activities that the Ministry of Health can-
not, such as research projects.

At the regional and local levels the dengue pro-
gram becomes part of the local health systems,
wherein lies the responsibility for the planning,
execution, and evaluation of the dengue surveil-
lance, prevention, and control program at the local
level.

Intersectoral Cooperation

Successful dengue surveillance and responsive
dengue control are highly dependent on the care-
ful coordination between the Ministry of Health
and other ministries and government agencies and
the private sector, nongovernmental organizations
(NGOs), and local communities. In emergency sit-
uations, intersectoral cooperation becomes critical,
as sparse or widely-dispersed human and material
resources must be pooled and coordinated in a
rapid effort to stem mortality and the spread of the
disease.

Intersectoral cooperation involves at least two
components, resource sharing and policy adjust-
ment among the various ministries and non-
governmental sectors.

Resource Sharing.

Resource sharing should be sought wherever
the dengue control coordinator can make use of
under-utilized human resources (e.g., prison labor
to manufacture needed tools, seasonal govern-
ment laborers for water supply improvement activ-
ities, or community or youth groups to clean up
discarded tires and containers in neighborhoods);
unused serviceable equipment (e.g., four-wheel
drive vehicles, backpack sprayers), or stored sup-

plies with a limited shelf life (e.g., appropriate
insecticides). (Also see the section ‘“Development
of Control Programs,’’ beginning on page 39.)

Policy Adjustment.

The dengue control coordinator and Ministry of
Health should seek out a mutual accommodation
or adjustment of existing policies and practices of
other ministries, sectors, or municipal govern-
ments to include public health as a central part of
the goals of those sectors and ministries. For
instance, the public works sector could be encour-
aged to adjust its policies to give a first priority to
water supply improvements for those commu-
nities at highest risk of dengue. In return, the Min-
istry of Health could authorize the use of some of
its field staff to assist the Ministry Responsible for
Public Works in repair of water supply and sew-
erage systems in other urban areas.

Opportunities and roles for other ministries and
sectors in dengue control.

The following examples show how several gov-
ernment ministries may contribute towards the
dengue and dengue vector control efforts.

Role of the Ministry Responsible for Public
Works. The Ministry Responsible for Public Works
and its municipal counterparts should play a key
role in dengue control, because they can carry out
"““proactive’’ source reduction by providing safe,
dependable water supply, sanitation, and solid
waste management systems to all planned com-
munities. In addition, through the adoption and
enforcement of housing and building codes, a
municipality may mandate the provision of util-
ities such as individual household piped water
supply or sewerage connections, and rainwater
(stormwater) runoff control, for new housing
developments, or forbid open surface wells.

Cities might emulate Singapore, where the mod-
ernization of decaying urban areas specifically
incorporated an A. aegypti control goal. As long as
all affected populations (e.g., displaced persons) in
the urban renewal zone are reimbursed fairly and
in a timely fashion for lost property and business
opportunities and are provided with improved
housing and related social services, the commu-
nity can view urban renewal with great enthusi-
asm and can benefit from a reduced risk of dengue
and of mosquito and other pest infestations.

Role of the Ministry Responsible for Education.
Where dengue control and dengue vector control
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programs involve a health education (health com-
munication) component targeted to school children,
the Ministry of Health should work closely with the
Ministry Responsible for Education to devise and
communicate appropriate health messages.

Health education models can be jointly devel-
oped, tested, implemented, and evaluated for var-
ious age groups. Research programs in universities
and colleges can be encouraged to include compo-
nents that produce information of direct impor-
tance (e.g., vector biology and control, case man-
agement) or indirect importance (e.g., improved
water supplies, educational interventions to pro-
mote community sanitation, waste characteriza-
tion studies) to dengue control programs. The sec-
tion on ‘‘Community Participation and Health
Promotion,”” beginning on page 44 discusses
health education interventions in more detail.

Role of the Ministry Responsible for Tourism.
The Ministry of Health should coordinate in
advance with the Ministry Responsible for Tour-
ism as to how to properly communicate outbreak
or epidemic alert messages to tourists and the
hotel industry in a timely manner. The Ministry
Responsible for Tourism can work with the Minis-
try of Health and tourist industry to promote edu-
cational messages about dengue control among
both tourists and the communities near the tourist
resorts.

Role of the Ministry Responsible for the Envi-
ronment. The Ministry of the Environment can
help the Ministry of Health collect data and infor-
mation on ecosystems and habitats that occur in or
around cities at high risk of dengue. Data and
information on local geology and climate, land
forms, forest cover, surface waters, and human
populations are useful in planning control mea-
sures for specific ecosystems and habitats. The
Ministry Responsible for the Environment also
may be helpful in determining the beneficial and
adverse impacts of various A. aegypti control tactics
(chemical, environmental, and biological).

Cooperation with NGOs. Nongovernmental
organizations (NGOs) can play important roles in
promoting and implementing environmental man-
agement for dengue vector control, most often
involving health education, source reduction, and
housing improvement related to vector control.
Community NGOs may be informal neighborhood
groups or formal organizations such as private vol-
untary organizations, service clubs, church and
religious groups, and environmental and social
action groups.

After proper training by Ministry of Health staff

in source reduction methods, NGOs can collect
discarded containers (tires, bottles, tins, etc.),
clean drains and culverts, fill depressions, remove
abandoned cars and roadside junk, and distribute
sand or cement to fill treeholes. NGOs also may
play key roles in the development of recycling
activities to remove discarded containers from the
yards and streets.

These organizations also may be able to play a
specific, but as yet unexplored, role in environ-
mental management during epidemic control.
Under guidance from the Ministry of Health,
NGOs could concentrate on the physical control of
locally identified, key breeding sites such as water
drums, waste tire piles, and cemetery flower
vases.

Service clubs such as the Rotary Clubs in Puerto
Rico and Panama have provided money, adver-
tisements, and political support to successful
community-based source reduction campaigns;
while women’s clubs in Indonesia have contrib-
uted to A. aegypti control by conducting household
inspections for foci and carrying out source
reduction.

There are opportunities, mostly untapped, for
environmental organizations and religious service
groups to play similar roles in each A. aegypti-
infested community.

Cooperation with the Community-at-large. The
community’s cooperation and direct participation
provide a necessary counterpart to the govern-
ment’s efforts. (The community may consist of
neighborhood groups or the formal organizations
referred to previously.) The following are two
examples of the community’s cooperation with the
Ministry of Health in dengue and dengue vector
control:

Clean-up Campaigns. These are the most frequent
form of voluntary cooperation between the com-
munity and the Ministry of Health. Some key fac-
tors for success of campaigns include extensive
advertisement in the media, proper planning, pre-
campaign evaluation of the number of foci, execu-
tion as promised to the community, and follow-up
evaluations. Clean-up campaigns are discussed in
more detail in the section on ‘‘Environmental
Management,’’ beginning on page 49.

Novel Approaches to Cooperation with the Commu-
nity. In a unique case in China, the Government
offered so-called ‘‘dengue insurance,’’ whereby
participants who bought the insurance from the
Government were required to inspect their prem-
ises for foci and potential foci, and to destroy any
larvae found. In turn, they were paid a set fee
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towards medical care if they contracted dengue.
The accumulated insurance funds also were used
for vector control. Although this particular model
has not been tried in the Region of the Americas, it
should be noted that this type of cooperation,
where both parties clearly benefit, can build
mutual trust and respect between the general
public and the Ministry responsible for dengue
control.

Community Participation and Health Promotion

Community-based health interventions can be
effective environmental sanitation strategies for
the reduction of vector densities. Material and
information inputs, must be strategic tools, and
must reflect the problems and priorities as defined
by the community.

The following three conclusions can be drawn
from previous experiences with community partic-
ipation and health education in integrated A.
aegypti control:

* Community participation in dengue preven-
tion and control activities can enhance support
for program activities, bring about behavioral
changes, and lead to a reduction in larval indices.
Although not a panacea, community participa-
tion and health communication should be well-
developed components of all dengue control
programs.

* Most community participation programs are
built on one of two models—a public health approach
or a community development approach—each with
strengths and limitations that need to be explored.

* Communication programs also fall into two
groups—health education or health information ap-
proaches and health communication approaches. The
latter should complement traditional information-
based programs.

Although four basic types of community parti-
cipation may be considered—participation in
decision-making, in implementation, in benefits,
and in evaluation—traditionally, community par-
ticipation in A. aegypti control programs has been
actually limited to participation in implementation
and benefits.

The community’s participation in A. aegypti con-
trol almost always involves activities to control the
vector’s larval habitats; this may include the
removal or destruction of cans, bottles, and other

sundry discarded items; storing containers so that
they will not collect water; and covering potable
water collections such as rainwater drums, wells,
and cisterns to physically exclude mosquitoes.
These source reduction efforts are frequently orga-
nized as periodic clean-up campaigns, and may be
initiated through a process of social mobilization
utilizing the mass media, community talks, school-
based programs, legislative and policy reform, and
various other strategies. Communities also can be
encouraged to participate in searches for aquatic
foci, by providing rewards or negative sanctions to
households, and they can help to develop commu-
nication programs.

The following two approaches towards public
participation in health programs have been
described:

The Public Health Approach

With the public health approach, communities
become involved primarily to assist in the control
of A. aegypti. Experts such as vector control special-
ists, epidemiologists, and social scientists define,
manage, and evaluate public participation in these
activities. Advocates of this approach state that
communities can best be mobilized by making
them aware of the threat DHF poses to them and,
especially, to their children, as well as by making
them aware of how the infection is transmitted, of
the vector’s life cycle and main breeding sites, and
how the threat of DHF can be reduced by having
everyone take personal responsibility for eliminat-
ing mosquito production sites on their property.
For adherents of the public health approach,
knowledge is the key to behavior change, and
great efforts are made to ensure that knowledge
reaches people through such efforts as special
classes in schools, community meetings, advertise-
ments, television and radio programs, and pamph-
lets delivered door-to-door.

The perceptions that the general public and the
medical profession have regarding ‘‘classical’’
dengue may confuse the disease with a variety of
other diseases such as influenza and measles.
Moreover, experiences with mild episodes of
dengue fever lead many urban dwellers to con-
clude that, although it can cause great discomfort
for a few days, it is in no way a life-threatening
condition. For these reasons, the public health
approach may be of limited use, except in those
areas where dengue has become a health priority,
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is well-known, and is recognized as potentially
life-threatening.

The Community Development Approach

In this approach, the community’s involvement
in A. aegypti control and other health activities ulti-
mately aims at not just the control of dengue, but
at the development of the community as a whole,
with emphasis on self-reliance and planning in
response to needs articulated by the community
itself. Implicit in this approach is the idea that an
awareness of the A. aegypti problem will lead to the
recognition of or, at least, to a more constructive
focus on other community problems such as defi-
cient refuse collection and irregular potable water
supply. Improving those services should result in
the elimination of larval habitats, with a conse-
quent reduction of A. aegypti infestation levels, but
this is not always the case. For example, potable
water storage vessels may not be eliminated or
removed after a community water supply has been
installed, especially in the absence of health educa-
tion. In fact, the opposite may be true if commu-
nity standpipes are installed instead of household
connections, or if intermittent supplies result from
periods of low pressure.

The suitability of the community development
approach to vector control in a given community
seems to depend on the community’s various
social, cultural, and political features. In small,
well-organized, and culturally homogeneous rural
settings it may work better than in rapidly chang-
ing, socially complex urban and periurban areas.
Unfortunately, the latter are usually the areas at
greatest risk of dengue transmission.

In A. aegypti control projects, a factor that signifi-
cantly influences the suitability of the community
development approach seems to be whether
municipal services (refuse collection, wastewater
disposal, provision of potable water, vehicle-
dispensed spraying of insecticides) are not pro-
vided at all in the community, or whether they are
present, but inadequate. When services are not
provided at all, populations appear to be more
willing to organize themselves to provide them.
When services have been promised or are only
partially delivered, populations appear less willing
to provide the services themselves.

In summary, variations of the community devel-
opment approach are appropriate in some situa-
tions where prerequisites for the approach are
present, (e.g., viable, representative community

organizations, and favorable past experiences with
community-based activities). Elsewhere, especially
in urban areas, these prerequisites are seldom met.

Health Education and Health Communication

Health education efforts have been successful in
raising people’s awareness and understanding of
A. aegypti and dengue, but they have been gener-
ally unsuccessful in changing behavior to achieve
meaningful reductions in vector densities without
the complementary support of community partici-
pation strategies.

“‘Health education’’ has been a catchall term
used to describe all kinds of public information or
behavioral change programs. However, the term
can mean many things, and it has been applied not
only to efforts to communicate with the general
public, but to efforts to educate health workers and
professionals and to characterize the contents of
school curricula and other professional didactic
issues.

Given that, the term public health communication
is preferable for describing health education activ-
ities that entail substantial formative research, the
incorporation of local knowledge in program
design that focuses on establishing a dialogue with
the community in order to bring about behavioral
change, and substantial monitoring of the pro-
gram, including pretesting and modifying mate-
rials as the program progresses.

This approach, like the community development
approach, does not necessarily focus on dengue or
impart health information; instead, it may choose
to promote other ways to engage a community in
activities. A sanitation intervention, for example,
might focus on aesthetic goals or simply on the
need for organization and action, rather than on
the particulars of disease transmission. A simply
expressed idea might replace detailed descriptions
of larval sites, or all mosquito species or all vermin
might be targeted to raise support for the program.
In fact, if a single-species sanitation approach to
dengue prevention and control were to fail to
address, for example, the concerns of a community
that is pestered by Culex pipiens quinquefasciatus,
the program’s credibility and the prospects of that
community’s participation would be greatly
diminished. In short, this approach does not
assume that knowledge will lead to action, but
allows other pathways to be explored.

During the past decade, international health
programs in diarrheal disease control, immuniza-
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tion, acute respiratory infection, and AIDS have
been revolutionized by the move from traditional
health education approaches to public health com-
munication approaches. Communication efforts
have become increasingly specialized and more
professional, as market research and social market-
ing approaches have replaced information-based
didactic approaches with their trademark flannel
boards and flip charts. These contemporary efforts
involve substantial audience research and exten-
sive pretesting, and have introduced such
methods as focus groups, ethnography, and rapid
assessment procedures of the public health audi-
ence. They have emphasized a new model of com-
munication that is interactive and that focuses on
local knowledge and meaning, rather than one
that is merely an academic monolog, and that
focuses on information from other sources.
Formative research (i.e., basic, background
research) that precedes and helps formulate the
intervention is very important for interpreting the
outcomes. Assessing pre-existing community
knowledge and perceptions, significant commu-
nity divisions and characteristics, and popular
forms of participation are all aspects of program
design. This information should be collected not
only through questionnaires, but through open-
ended interviews and other qualitative social sur-
vey methods. The elements of this research are:

* Basic, community-relevant information on the
community’s social and political characteristics
and priority health concerns; understanding of
dengue and other fevers and related illnesses;
knowledge about mosquitoes, their life cycle and
their disease threat; and previous experiences with
health programs that is collected in an open-ended
or semistructured fashion.

= Formative research to document the participa-
tion process and the development of the
intervention.

» Formal evaluation studies that maximize the
potential to learn about the intervention. Such
interventions involve multiple sites and collect
information about the process of implementation.

* Measures of exposure to the intervention and
participation in the program, studied in a way that
can be linked to outcome.

New Approaches to Community Participation in
Vector Control

Experience suggests that programs involving
community participation and public health

communication can be effective, if changes are
made in the ways both participation and commu-
nication are defined and if local governments fur-
ther commit themselves to addressing community
concerns.

How is Participation Defined?

Urban and periurban neighborhoods where pro-
grams take place are not easily organized; few resi-
dents turn out for community meetings and to par-
ticipate in programs. Instead of envisioning the
neighborhood as the community, ‘‘action sets’’
should be used; these are voluntary associations of
people who interact daily in work or institutional
settings, or who come together for special pur-
poses, such as school or church. Action sets have
none of the geographic or cultural implications
that the term community has. Rather, they are
groups organized around shared purposes. For
dengue, these shared purposes will undoubtedly
involve an expansion of activities beyond A.
aegypti control, perhaps to integrated mosquito
control activities. School-based programs that tar-
get both parents and children have been reported
in Puerto Rico, Panama, and elsewhere. Schools
can be an effective starting point, but must interact
with other community organizations and all
households to guarantee coverage.

Limiting the community’s participation in
dengue control to labor-intensive and nontechnical
activities, such as community clean-up campaigns,
has greatly reduced the viability of participatory
strategies. The fact that nontechnical activities tra-
ditionally used in participation programs are per-
ceived by people as low-cost and poor-quality sub-
stitutes for services such as spraying with
insecticides, have consequences that must be
acknowledged. For example, if a ditch is filled
in, there will not be an immediate decrease in the
local adult mosquito population, whereas if
adulticides are effectively sprayed, people will
notice at least a temporary decrease in biting rates
and may even find dead mosquitoes on their
floors. Instead of organizing communities to con-
duct predefined activities associated with vertical
programs, new programs need to incorporate local
knowledge and encourage activities commonly
found in communities.

How is Communication Defined?

Providing information about the seriousness of
DHF and its transmission by mosquitoes, as well
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as information about the lifecycle and aquatic habi-
tats of A. aegypti will remain important, but on its
own it is not enough, at least in the short term, to
bring about participation and behavioral changes.
Information campaigns, even when implemented
through community groups, may not be success-
ful. Often, these programs provide little incentive
for action, since dengue is not perceived as a sig-
nificant health risk.

Although education about the mosquito lifecycle
and other attributes of the vector is relevant,
broader communication activities must be imple-
mented. This communication must provide incen-
tives to participate and must embrace issues
related to rapid social change, urbanization, pov-
erty and the environment, new relationships with
the government, and individual responsibility. It
must identify other incentives for participation in
the program and understand the context of pro-
gram activities.

Because urban environments are diverse, it may
appear unrealistic to think about multiple commu-
nication activities. First, specific targeting of some
audiences is unavoidable. However, by linking
communication activities with participation, com-
munities and groups can be involved in the devel-
opment of their own programs. Group or ‘‘action
set’’ development activities, combined with public
health communications approaches can provide a
powerful synthesis to help shape responses to
dengue and A. aegypti.

To summarize:

* ““Community’’ types and the social and politi-
cal environment in which programs take place
need to be taken into account when planning par-
ticipation in dengue control programs.

= Public health communication approaches that
incorporate local knowledge and concerns need to
be used when developing program goals and plans.

» Programs must contemplate broadening the
interventions to include other vectors (comprehen-
sive control) or other problems locally defined as
linked to dengue, in order to enlist participation.

» ‘’Participation’’ must be defined in consulta-
tion with the communities themselves, so that con-
trol methods that are feasible and have a higher
perceived efficacy are chosen.

* Monitoring the intervention, participation,
and behavioral changes are essential to improving
programs and impact.

* The relationship between the government, the
communities, and individuals at risk needs to be
clarified as part of the communication activities.

Legislative Support

In Latin America, norms directed at the control
of dengue and/or Aedes aegypti usually are part of
sanitary codes, broad health laws, and regulations
for international sanitary control that apply to any
epidemiologic control program.! In most cases,
these provisions were incorporated in the sanitary
codes developed during the 1930s and 1940s, a
period when many dengue/A. aegypti programs
were being implemented. In general, these norms
targeted entomological inspection of houses and
vehicles, reduction of breeding sites by education,
clean up campaigns, and the promotion of cooper-
ation agreements among countries for vector
reduction problems in border areas.

Characteristics of Dengue/Aedes aegypti
Legislation

Contemporary legislation regarding dengue
andl/or A. aegypti control is articulated through
national norms and international agreements. At
the national level, most health codes in Latin
America include norms related to the control of
transmissible diseases, even if they lack specific
regulations for dengue. Most of these codes refer
to the application of the principles contained in the
Pan American Sanitary Code, the International
Sanitary Regulations, and the international agree-
ments signed by the country. Most of these provi-
sions, however, fail to implement the principles
they embody.

The above-mentioned national legislation
deserves some criticism. First, these norms are not
very explicit, because, for the most part, they are
included in a general regulatory framework, which
renders most of them declaratory, at best. In other
cases, fines are not compulsory, and remain
mostly as remnants of past practice. Furthermore,
the enforcement of the regulatory network created
by these norms would require well-developed
administrative frameworks and human resources.

Even though legislation may lack specific provi-
sions on dengue and/or A. aegypti control, sanitary
codes contemplate the control of transmissible dis-
eases in international airports, border cities, and
ports; the control of vehicles; and the disinfection
of areas, buildings, utensils, and other objects

1The legislation analyzed in this section was extracted from the LEYES
database produced by Health Legislation (HLE), under the coordination
of the Health Policies Program (HDD), Pan American Health Organiza-
tion (PAHO).
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exposed to contamination. These laws mandate
that every person in the community allow inspec-
tors to enter premises suspected of posing risks to
health, and request compliance from individuals
and institutions regarding the inspector’s deci-
sions. Most Latin American health codes include
such provisions.

Legislation in the Caribbean is mainly concerned
with eliminating, from any land or premises, con-
ditions that cause or may cause breeding of mos-
quitoes in general, without referring specifically to
dengue. As indicated above, this legislation con-
templates the mandatory entry of health inspec-
tors to premises to search for and destroy any lar-
vae or adult mosquitoes, and to treat these
premises with insecticides. However, the health
officer is required to give a resident previous
notice. This legislation also requires that any water
containers be capable of being emptied and, in
some cases, requires that aircraft and ships be dis-
infected upon arrival. Penalties are provided for
non-adherence to these requirements.

Latin American legislation specifically related to
dengue and/or A. aegypti control was structured
mainly through regulations and ministerial resolu-
tions aimed at modifying the strategic orientation
of programs. In general, these norms envisioned
the implementation of programs directed to that
aim and the development of units specially
charged with their implementation, requiring pub-
lic and private companies working with huge
amounts of water to take the necessary measures
for avoiding mosquito breeding and to implement
other prophylactic measures.

Other provisions require that A. aegypti eradica-
tion programs be implemented in ports and air-
ports and that vessels and vehicles coming from
abroad be inspected and fumigated, and prohibit
introducing used tires into the country without
previous fumigation, keeping used containers and
recipients that are not properly cleaned, and stor-
ing materials that can generate breeding sites.
There also are norms that require citizens to coop-
erate with health authorities in the implementation
of prophylactic activities, and to allow access to
sites and premises for the implementation of such
measures.

Some of the above-mentioned provisions are
accorded the status of norms of public order. Many
others include in their text a variety of fines to
individuals and institutions, or refer to sanctions
contained in criminal codes, as is the case in Cuba,
Nicaragua, Panama, and Singapore. However, use
of sanctions may work as a deterrent to long-term

community cooperation, and carry the risk of cor-
ruption. Home visits or periodic household inspec-
tions com! ‘ned with education, but without the
use of fines, have proven to be effective in Aedes
control in West Java, the Dominican Republic, and
urban areas in Fiji.

Other enforcement methods that may be consid-
ered are:

* Ordinances that require the mosquito proofing
of cisterns, water-storage tanks, wells, and septic
tanks, as in Bombay.

* Ordinances that authorize the removal of junk
cars and other scrap, after proper notification.

* Ordinances that authorize the posting of “’No
Dumping” and ‘“No Littering’’ signs and civil
penalties for violators.

* Ordinances that require homeowners to keep
their yards free of junk, litter, and potential foci,
under threat of civil penalty.

* Ordinances requiring mandatory household
collection of solid waste for all neighborhoods.

* Statutes (i.e., laws) that require certification of
imported tires as being dry and pest-free upon
arrival in port.

* Laws that require disinfection and disinsection
of aircraft arriving from infested countries.

Guidelines for the Formulation of Legislation on
Dengue/Aedes aegypti Prevention and Control

The following guidelines for the formulation
of legislation on dengue/A. aegypti control are
recommended:

1. Legislation should be a necessary counterpart
of all the actions promoted and implemented
by dengue/A. aegypti prevention and control
programs.

2. All existing decrees and resolutions on
dengue/A. aegypti prevention and control must be
reviewed, and their effectiveness must be evalu-
ated in terms of the structural, institutional, and
administrative changes that have occurred in the
last years and of the strategies proposed for pro-
gram organization. It also is important to add
dengue to the list of diseases that require manda-
tory notification in each country.

3. Regulations should be formulated on the basis
of existing sanitary codes, a strategy that is most
needed in those countries that lack legislation on
the subject. For implementing this task, a small ad
hoc group should be constituted to advise the Min-
istry of Health. In countries where sanitary regula-
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tions are primarily the responsibility of agencies
other than the Ministry of Health (e.g., municipal
governments), a coordinated and cooperative line
of action with the Ministry should be developed.

4. Legislation should incorporate the municipal
authorities from the affected regions, in order to
make them the central element for its implementa-
tion and enforcement. Where national legislation
is weak or absent, municipal governments may
consider the adoption of local ordinances for A.
aegypti control.

5. Legislation should contemplate intersectoral
coordination among the ministries involved in
national development, in order to prevent the iso-
lated implementation of their individual programs
and harmful environmental changes that could
create potentially hazardous public health condi-
tions. These ministries should be advised on the
best ways to encourage disease prevention.

6. Legislation should cover all aspects of envi-
ronmental sanitation, in order to effectively con-
tribute to the prevention of all transmissible dis-
eases such as dengue, Chagas’ disease, and
cholera.

7. Laws should contemplate the existing judicial-
administrative framew