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Dengue fever: a prevention
summary for Pacific health workers

Davib M. Morens, MD *

Introduction

Although used in English-speaking countries since the
early 1800s, the term “dengue fever” is of uncertain origin. It
appeared before the contagion theory of epidemic diseases
was accepted, and before many febrile diseases were distin-
guished from each other, so that “dengue” was undoubtedly
applied to several different conditions, including Chikungunya
virus infection. In modern international usage, however, the
terms “dengue fever” and “dengue” refer exclusively to
human disease caused by any one of four related mosquito-
borne flaviviruses that circu-
late worldwide in tropical and
subtropical regions.

Uncomplicated cases of
dengue fever, which predomi-
nateinall epidemics andin all
locales, are simply called “den-
gue”, “uncomplicated den-
gue”, “dengue fever”, or “mild
dengue fever”. (The latter
term may be a misnomer for
a disease that can cause se-
vere prostration lasting up to
two weeks, and asthenia and
post-illness depression for months thereafter). When wide-
spread Southeast Asian epidemics of severe and fatal dengue
suddenly began to replace non-fatal epidemicsin the 1950s,
the World Health Organization (WHO) developed diagnos-
tic criteria for two related categories of severe dengue
complications: dengue hemorrhagic fever (DHF ) and dengue
shock syndrome {DSS). WHO also developed a system for
grading clinical severity of DHF and DSS. But the terms
dengue fever, DHF, and DSS are often misapplied. Moreo-
ver, i fatal and non-fatal dengue epidemic cases of dengue
fever with “mild” hemorrhagic signs that do not progress, and
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“ The origin of dengue fever is
obscure ... Dengue may thus
have been spread from Africa to
the Americas, the Pacific, and
Southeast Asia sometime be-
tween the early sixteenth and
late eighteenth centuries in
association with the slave and
spice trades.”

which do not meet criteria for DHF/DSS, are common,
inevitably causing diagnostic confusion.

In the Pacific and Pacific rim countries, dengue occurs in
two distinct epidemiologic patterns. Large populous nations
like Indonesia have year-round circulation of most or all of
the four dengue viruses (each of the four dengue viruses is
referred to as a “serotype” because, until the recent develop-
ment of monoclonal antibodies, they were normally identi-
fied using reference immune or hyper-immune animal se-
rums). Such large nations may have annual or periodic
epidemics lasting many weeks during the rainy seasons (a
“hyper-epidemic pattern”). The second epidemiologic pat-
tern of dengue occurrence ( a “sporadic” pattern), seen
predominantly in the smaller and less populous Pacific is-
lands, is one of long periods of time without any dengue
circulation — lasting some-
timesfordecades—followed
unexpectedly by a sudden,
brief epidemic, and subse-
quent disappearance of the
virus.

Most Pacific locales will
either have one or the other
epidemiologic pattern of
dengue occurrence. It is
important that health offi-
cials and health workers
know which pattern prevails,
in order that dengue epi-
demics can be anticipated, prevented, and controlled when
they occur.

History

The origin of dengue fever is obscure. Aedes aegypti, the
mosquito that typically transmits dengue, is of African origin.
Dengue may thus have been spread from Africa to the
Americas, the Pacific, and Southeast Asia sometime between
the early sixteenth and late eighteenth centuries in associa-
tion with the slave and spice trades. From roughly 1500 until
the early twentieth century tropical febrile diseases were
common in Europeans resident in their tropical colonies. But
as few European medical experts were in attendance, these
illnesses went largely undiagnosed. Outbreaks of febrile
illnesses during this period sometimes seemed to bypass
native persons, who presumably had acquired immunity
from previous exposures.
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Ancient records and reports of dengue are often inconclu-
sive, as exemplified by the situation surrounding the earliest
detection of possible dengue in Egypt. A dengue epidemic
was reported from Cairo as early as 1648. A 1658 Egyptian
epidemic ofdengue-like illness appears more consistent with
influenza, a speculation supported coincidentally by docu-
mentation of a European influenza pandemic in the same
year. The Egyptians themselves distinguished the 1658
influenza-like epidemic (which they called “Abou Chamaa”)
from the 1648 epidemic of possible dengue (which they
called “Makassa”, and which
occurred during a year in
which influenza was not
prominent elsewhere). The
1648 epidemic was de-
scribed by a French traveler
as causing victims to “think
all their limbs to be broken”,
a dengue-like description,
although attribution of this
epidemic to dengue is con-
fused somewhat by the oc-
currence in 1647 of a Euro-
pean spring-summer outbreak of purported influenza that
was associated with epistaxis and other bleeding phenom-
enon. ‘

Epidemiologic confusion between dengue and influenza
persists to this day. Similarly, suspected dengue epidemics in
Spain in 1764-1765 are of inconclusive etiology, although
they coincided with an epidemic of hemorrhagic dengue-
like disease in Mexico (1763), attributed at the time to typhus,
but questioned by other observers as being inconsistent with
typhus. The first recognized epidemic of probable dengue
fever occurredin the Isthmus of Panama around 1699~ 1700,
andthe secondin 1779in the Dutch colony of Batavia, within
present-day Jakarta. (One historian has argued, however,
that this epidemic was caused by Chikungunya viruses).
Within the year, a similar epidemic was observedin Cairo and
- quite anomalously, because of its northern latitude -
Philadelphia. The association of epidemic dengue with
international portsin the Pacific, the Americas, and East Africa
predominated for a century.

Epidemic dengue in Philadelphia in 1780 - the farthest
north the disease has ever been seen - was observed and
described by the prominent physician Benjamin Rush (a
signer of the American Declaration of Independence). Rush
provided one of the earliest accurate accounts of the disease,
commenting wryly on the frequency and severity of post-
illness depression by suggesting that the name of the disease
mightwellbe changed from “breakbone fever”, asitwas then
called, to “break-heart fever” '

In 1824-1825 dengue was widely epidemic in India, and
perhaps also regionally pandemic. In 1827-1828 a true
dengue pandemic raged through the Caribbean islands and

“ Epidemiologic confusion
between dengue and influenza
persists to this day ... The
association of epidemic dengue
with international ports in the
Pacific, the Americas, and East
Africa predominated for
a century.”
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into the southern coastal United States®. The term “dengue”
became permanently established in all major European lan-
guages during this pandemic. In 1850-1853 withthe whaling
industry at its peak and international travel increasingly
common, dengue epidemics prevailed worldwide, including
India, Réunion, and some of the Pacific islands. For the next
125 years dengue was an unwelcome guest all over the
tropical and subtropical world. Itusually prevailed in the same
pattern of sporadic epidemics now associated with small
islands, though at the time it was more commonly noted in
portcities. By the early twen-
tieth century when popula-
tion crowding hadincreased,
dengue had adapted to en-
demic transmission in
densely packed urban
centers in inland as well as
coastal regions.

Throughout this period
dengue was largely a nui-
sance disease. Although
dengue was always known
to be potentially fatal, deaths were rarely seen, and tended to
occur mainly in the very old. Neurologic complications were
also well documented, though uncommon. In 1871-1873
however, many fatal cases associated with hemorrhage and
shock were seen in India®. In 1897 an epidemic devastated
Charters Towers, North Queensland, Australia, killing a large
number of children®. Within the next decade or so, several
fatal sporadic cases or small shipboard outbreaks were seen
in Indo-Chine (now Vietnam). Neither these cases, nor later
fatal cases seen in South Africa and Australia before and
during World War I?, were given much notice by medical or
public health authorities. At the time, it was not appreciated
that many of these fatal cases were associated, omniously
with “cardiovascular collapse”.

Little further attention was paid to dengue anywhere in the
world untilamassive 1928-1929 epidemicin Athens/Piraeus
claimed 1,250 lives®. The Athenian epidemic, and a tempo-
rally-related epidemic in Alexandria, Egypt, were well-stud-
ied by the Office of Hygiene, League of Nations. But after the
1936 decline of this organization, interest in dengue again
disappeared.

It took the Pacific war to engage American interest in
dengue. The American military suffered 90,000 dengue
casualties {though only four deaths), mostly in the Pacific
theater* . During the war a young army physician, Albert B.
Sabin, discovered the first two of the four dengue virus
serotypes by isolating them in the brains of suckling mice.
These two prototype viruses are referred to, respectively, as
the Hawai’i strain of dengue type 1 and the New Guinea C
strain of dengue type 2, the former having been recovered
during an O’ahu, Hawai'i epidemic, and the latter isolated
from an aviator who had left an epidemic in New Guinea.
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Sabin also worked on developing a live attenuated dengue
vaccine. Though unsuccessful, after World War [l Sabin drew
upon his dengue experience to develop the polio vaccines
used worldwide today.

Inthe early 1950s, massive epidemics of fatal “hemorrhagic
fevers” suddenly began to appear all over Asia and Southeast
Asia’>. The newly-coined term “hemorrhagic fever” was
non-specific and referred to different signs commonly found
in a variety of unrelated mild and severe ilinesses. Without
knowledge of the eticlogy of these fevers, they were named
after each country in which they had been recognized: e.g,,
Korean Hemorrhagic Fever, Philippine Hemorrhagic fever,
and Thai Hemorrhagic fever. Korean hemorrhagic fever was
later linked to a hantavirus, but virtually all of the other
hemorrhagic fevers - in the Philippines, Thailand, Vietnam,
Indonesia, Malaysia, etc.,, were eventually shown to be
caused by dengue viruses®.

Today dengue is “hyper-epidemi” in much of Southeast
Asia, is regularly associated with fatal DHF/DSS, andisamong
the leading infectious disease-related causes of death in
many nations of the region™
. In the smaller Pacific is-
lands, where dengue appears
only sporadically, epidemics
may be either benign or as-
sociated with fatalities. In
recent years, severe and fa-
tal epidemics have occurred
in Tahiti”'?, Niue'?, Fiji'* "5,
Hainan island, People’s Re-
public of China'®, the Re-
publicofPalau'’, the Repub-
lic of the Marshall Islands'®, Nouvelle-Calédonie', and the
Samoas. But the smaller Pacific islands remain largely unpre-
pared for epidemics that will inevitably appear in the future.

Clinical appearance

In countries with the hyper-epidemic pattern involving
crowded urban centers, dengue occurs almost exclusively in
children ranging in age from about 4-5 months old to about
10-14 years old. This is because continual circulation of
multiple serotypes results in infections in early life leading to
immunity laterin life. By the age of childbearing mothers have
become immune; they pass on maternal IgG antibodies to
their babies, who thus become passively immune to dengue
for the first few months of life. After abouta year of age, when
maternal antibodies have disappeared, young children are at
continual risk of infection, and typically they soon acquire a
first, and then eventually a second dengue infection. In the
smaller isiands, and in more remote or less crowded areas of
larger nations, dengue is often a sporadic disease, so that
epidemics affect persons of all ages.

“In countries with the
hyper-epidemic pattern
involving crowded urban

centers, dengue occurs almost
exclusively in children ranging
in age from about 4-5 months old
to about 10-14 years old. ”
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In a given locale, the age pattern of suspected dengue is
thus a powerful etiologic clue. Knowledge of the local
epidemiology of dengue is also importantin clinical diagno-
sis, since children and aduits may have different symptoms
and signs when experiencing dengue fever.

Uncomplicated dengue fever is said to be an “influenza-
like illness”, associated with sudden onset, fever, headache,
myalgia, and malaise?®. As is true for many infectious
diseases, signs and symptoms tend to be less apparent and
less specific in infants and very young children. Beyond the
age of about five, children with uncomplicated dengue tend
to have illnesses that are clinically much like those of adults.
Small and large-joint arthralgia are common. Cough is
prominentin about 20% of cases. Maculopapular or papular
rashes may be seen in 20-50% of patients, but are usually
mild, non-specificin appearance, and transient. Persons with
dengue typically have two distinct exanthems - an early
“flushing” at the time of illness onset, and a later (“terminal”)
maculopapular rash on about the fifth day. Rash is described
much less frequently in persons with dark skin. The following
diagnostic signs are found in many arboviral diseases (e.g.,
Chikungunya, Rift Valley fe-
ver), but may be helpful or
even pathognomonic in re-
gions  where  other
arboviruses do not circulate:
lower lumbar pain, retro-or-
bital pain, and pain associ-
ated with movement of the
extraocular muscles. Occa-
sionally mental dullness simi-
lar to that seen in epidemic
typhus also occurs.

Fever is normally intermediate in degree, often “hectic”,
and classically occurs in the “saddle back” pattern seen with
some other arbovirus diseases: tending to diminish on about
the third day, but returning on the fourth or fifth day, and
resolving shortly thereaiter. [tisimportant to appreciate that
mild hemorrhagic signs may be seenin up to 10% ofinfected
persons, even in epidemics without severe and fatal cases?'.
Thus recognition of bleeding phenomena in the course of a
dengue epidemic does not necessarily mean that DHF will
occur. The most common of these bleeding phenomena are
spontaneously~-appearing petechiae, with epistaxis and
gingival bleeding occurring at lower frequency. Positive
tourniquet tests are common, and dengue may first be
suspected when the physician notices petechiae on the
ventral forearm after routine placement of a tourniquet for
venipuncture.

In uncomplicated dengue fever, the laboratory picture is
generally non-diagnostic. The white blood cell count is
usually normal or slightly depressed. Platelet counts are
usually normal, but even in benign dengue epidemics throm-
bocytopenia is likely to be encountered in some cases if it is

-




Paciric HeattH Diacoc VoL 3. No. 1

Review PAPERS

Table 1. World Health Organization clinical laboratory criteria for
diagnosis and staging of dengue hemorrhagic fever (DHF) and dengue
shock syndrome (DSS)

Fever Acute onset, high, continuous, and

Hemorrhagic Including at least a positive toumiquet
manifestations test and any of the following:

Enlargement of liver Observed at some stage of illness in

Shock Manifested by rapid and weak pulse

lasting for two to seven days.

- Petechiae, purpura, ecchymoses
- Epistaxis, gum bleeding
- Hematemesis and/or melena

90% to 96% of Thai children and 60%
of adults.

with narrowing of pulse pressure (<=20
mm Hg) or hypotension, with the
presence of cold, clammy skin and
restlessness.

DHF (

DSS

Thrombocytopenia

Hemoconcentration

\ |
il

r Grade | Fever accompanied by nonspecific

Grade Il The additional manifestation to those of

Grade Il

L Grade IV Profound shock with undetectable blood

ALY

<=100,000/mm3

Hemocrit increased by >=20%

I

‘M

constitutional symptoms; the only
hemorrhagic manifestation is a positive
tourniquet test.

Grade | is spontaneous bleeding (skin
and/or other hemorrhages).

Circulatory failure manifested by rapid
and weak pulse, narrowing of pulse
pressure (<=20mm Hg) or hypotension,
with the presence of cold, clammy skin
and restlessness.

pressure and pulse.

* The presence of thrombocytopenia with concurrent hemoconcentration will differentiate
Grades [ and Il from normal or classic dengue.

looked for. The hematocrit is normal, unless the patient is
dehydrated by vomiting, reduced fluid intake, or fever.

Both spontaneous abortions in dengue-infected pregnant
women and neurologic complications appear to be relatively
uncommon. The major complications of dengue are “DHF”
and DSS?%, defined and graded in severity by WHO criteria
(Table 1). itshould be noted that DSS comprises the two most
advanced grades of DHF (WHO grades Il and IV). Thus, the
severe complication of dengue is DHF, and the severestform
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of DHFis DSS. In common but confusing usage, however, the
term “DHF” may be used either to refer to illness of all four
grades, including DSS, or only to the two milder (non-DSS)
grades, WHO Grades | and Il. In speaking of DHF it may thus
be important to refer specifically to the illness grade.

As the WHO clinical criteria?? were derived largely from
data on children, they may be less applicable to adults. Most
notably, liver enlargement is less common in acute adult
dengue than in acute childhood dengue.
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Diagnosis of DHF/DSS is not difficult if the condition is
anticipated. Inrural Thailand and Vietnam, and in other parts
of Southeast Asia lacking sophisticated tertiary care, the
diagnosis is routinely made with considerable precision by
rural health workers, and even by parents. As cases tend to
occur in the midst of dengue epidemics - with the exception
of the year-round endemic occurrence seen is some large
urban centers of Southeast Asia - DHF/DSS should be
anticipated whenever large numbers of cases of uncompli-
cated dengue begin to appear.

Pacific Heatth DiatoG. Vou 3. No. 1

to the disappearance of dengue-infected macrophages from
the circulation and from the tissues. Whatever the source, an
unidentified short-acting vascular permeability factor is pos-
tulated to cause a sudden opening of small capillary pores
throughout the body, leading to extravasation of fluids,
electrolytes, and low molecular weight proteins, which leave
the vascular compartment to enter the extravascular space.
This sequence of events explains the major clinical findings of
DSS: edema, pleural and pericardial effusion, decreased urine

output, intravascular compart-

DHF/DSS condition begins as
uncomplicated dengue fever.
Hemorrhagic signs are at first ei-
ther mild or, more typically, ab-
sent. Itis on about the fifth day of
illness, whenthe feveris expected
to resolve, and when the indi-

Table 2. World Health Organization recommendations for
intravenous fluid therapy of childhood DHF and DSS.
Lactated Ringer or other similar solutions are
recommended (See text).

Weight on admission

ment collapse, rising hematocrit,
falling blood pressure, and ulti-
mately shock.

Hemorrhagic features of DHF/
DSS may be viewed as by-prod-
ucts of this pathogenetic proc-
ess: the combined effect of wide-

vidual may at last begin to feel a <15Ib  16-251b  26-401b >40 Ib spread immune complex deposi-

bit better, that dengue fever may , tion on the vascular endothelium
N ; .. F 00 0 0

develop into DHF?, Suspicion of rst day ! & 6 4 and on platelets leads to throm-

DHF at this stage is critical be- | Second day 75 60 40 40 bopathy, thrombocytopenia, vas-

cause intervention and treatment 60 40 40 40 cular damage, and extravasation

Third day

results in virtually 100% survival.
Although the onset of DHF may
be insidious, it is predicted by

Weight on admission

of red blood cells into the tissues.
Evidence of diffuse intravascular
coagulation may also be found,

somnolence or mental dullness,

but is generally of mild degree

decreased urine output, and <T kg 7-11kg 12-18kg >18kg and is viewed as a secondary
sometimes by appearance or pro- First day 220 165 132 88 effectof the primary pathogenetic
gression of hemorrhagic signs - processes.

e.g., by the appearance of exten- | Second day 165 132 88 88

sive petechiae, ecchymoses, or Third day 132 88 88 88 Given the above, it is not diffi-

hematochezia.

cult to appreciate that even with

However, itisimportant realize that despite its name, DHF
fatalities are rarely caused by hemorrhage. The hemorrhagic
signs, frightening though they may appear, are most signifi-
cant as easily visible external indicators of the pathogenetic
processes occurring within the vascular compartment. Den-
gue fatalities result from low-output cardiac shock associ-
ated with collapse of the intravascular compartment by
massive extravasation of fluid into the tissues. Fatal dengue
may occur - albeit rarely - in the absence of any major
hemorrhagic signs at all.

Virtually all of the clinical phenomena seenin DHF/DSS are
believed to result from poorly-understood effects of the
immune elimination response - the body’'s attempt to rid
itselfof dengue viruses and their antigens. The principle target
cell of dengue viruses is the macrophage, fixed in various
tissues throughout the body and circulating in the vascular
compartmentas the monocyte. Itisbelieved that DHF results
from the release of some yet-to-be-identified vascular
permeability factor associated with the immune assault.
Macrophages themselves are suspect, as their phospholipid
membranes break down easily into potent vascular media-
tors, and the onset of DHF/DSS has been temporally linked
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unsophisticated laboratory sup-
port, the diagnosis of DHF can generally be confirmed by the
clinical picture, supported by serial hematocrit determina-
tion. The hematocrit begins to rise regularly over 6-24 hours
before the onset of DSS, and prompt treatment at this critical
time can abort progression to shock and death. Serial
hematocrit determination, ideally while the patient is under
the continual supervision of atleastanurse, may be extremely
helpful in prevention and treatment of DHF/DSS.

Treatment

Uncomplicated dengue requires only supportive care and
observation. For vomiting, dehydration, or acidosis, or for
hemoconcentration in a child who does not have DHF or
DSS, intravenous fluid therapy, similar to that used for diarrhea
with moderate dehydration, should be instituted. WHO
recommends that 1/3 to 1/2 of the total fluid be a physiologic
saline solution (PSS), and the rest should consist of 5%
glucose in water (50 g/L), with supplemental bicarbonate for
acidosis, e.g., one partof 0.1 67 mol/L sodium bicarbonate in
three parts of PSS?2. Fatal DSS is thought to be entirely
preventable by administration of fluids and electrolytes ac-
cording to WHO guidelines.
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Fluid therapy in DHF/DSS is more aggressive, using either
lactated Ringer solution, 5% glucose in PSS, 5% glucose in 2
PSS, 5% glucosein 2 lactated Ringer solution, or 5% glucose
in 1/3 PSS, according to the WHO schedule for three day
replacement (Table 2). In some medical centers plasma or
“plasma expanders” are given, but their use appears to be
largely unnecessary. When intravenous fluids are unavail-
able, oral rehydration solution may be given to the mentally
alert patient. Response to simple fluid replacementis perhaps
the most dramatic in all of clinical medicine: even moribund
children with undetectable blood pressure may be walking
about the hospital room within a day of treatment. Relapses
of shock and hemorrhage are rarely seen after treatment. On
theoretical grounds, aspirin, a “thrombasthenic” agent, is
generally not advised for anyone - ill or well - during dengue
epidemics?2,

Virology

The four dengue viruses are classified as flaviviruses, single-
stranded RNA viruses closely related to yellow fever virus.
(Yellow fever is transmitted by the same mosquito, Aedes
aegypti, but does not - for mysterious reasons - circulate in
either the Pacific or Southeast Asia). The dengue viruses are
also closely related to Japanese encephalitis virus and Murray
Valley encephalitis virus, both seenin the region. Yetanother
related virus, St. Louis encephalitis virus, is a source of
periodic epidemicsin the continental United States, butis not
found in the Pacific region.

The human flaviviruses fall
into two medical categories
- those that cause febrile
illnesses with or without
hemorrhage (like dengue
and yellow fever), and those
that cause encephalitis (like
the three encephalitis viruses
mentioned above). Uncom-
monly, encephalitishas been
associated with dengue vi-
ruses, suggesting that the tissue tropism of the two flavivirus
groups may not be entirely distinct. Too few cases of dengue
encephalitis have been investigated to provide any firm
conclusion about the nature and spectrum of dengue
neurovirulence.

Although there are at least 17 flaviviruses theoretically
capable ofinfecting humans, all are geographically restricted;
individuals are thus unlikely to encounter more than a few
flaviviruses in a lifetime, although they may receive yellow
fever or Japanese encephalitis vaccines. Infection by more
than two different flavivirusesis probably infrequent because
of the nature of the immune response. Each of the four
dengue virus serotypes (referred to as DEN-1, DEN-2, DEN-
3, and DEN-4) has at least two surface epitopes (antigenic
sites capable of eliciting antibody): one suchssite, the “flavivirus

_“ Although there are at least 17
- flaviviruses theoretically
capable of infecting hu

are geographically restricted;
individuals are thus unlikely to
__encounter more than a few
flaviviruses in a lifetime ... ”
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group epitope”, is shared by all four dengue viruses and all
other flaviviruses. The other site, the “serotype-specific
epitope”, is unique for each of the four dengue stereotypes.
A first infection with any one virus serotype, which is called
aprimary infection, resultsin animmune response to both the
flavivirus group epitope and to the specific serotype epitope,
but the levels of antibody elicited to each of these epitopes
are relatively low. Apparently the low-level antibody to the
serotype epitope affords lifelong protection against reinfec-
tion with that type; but low-level antibody to the flavivirus
group epitope is unable to preventinfection against the other
three dengue stereotypes. Within a few months following
primary infection (thatis, following a short period of absolute
flavivirus immunity), a secondary infection with another
dengue serotype can occur. If it does, the immune system
mounts a similar low-level antibody response to the second
serotype epitope, which it has not “seen” before, but also
mounts a brisk and high-level response to the flavivirus group
epitope, which it has now “seen” a second time?°. This type
of antibody response, referred to as an “anamnestic antibody
response”, produces an outpouring of IgG antibody against
the groups epitope, whose titers remain extraordinarily high
throughout the lifetime of the individual, and normally pre-
vent further flavivirus infections.

That serologic studies (which measure antibodies to viral
components) cansorthealthy individualsinto prior flaviviruses
exposure categories has supported many important epide-
miologic studies. Serologic studies can place people into at
least six different categories
of prior infection: no prior
infection, priorinfection with
DEN-1 alone, priorinfection
with DEN-2 alone, prior in-
fection with DEN-3 alone,
prior infection with DEN-4
alone, or prior infection with
sequences of two dengue
stereotypes®. In theory, it
would be possible to further
categorize people who had
had two prior sequential infections by sereotypes and se-
quence (e.g., DEN-4 followed by DEN-2). But tests that
could do this - while technically feasible - have not yet been
developed. A partial exception is the curiously-named
“original antigenic sin” phenomenon, described by epidemi-
ologist Thomas Francis for influenza, in which persons
sequentially infected with two antigenically-related viruses
maintain higher antibody levels to the first than to the second.
In recent years, simultaneous infection with two different
dengue sereotypes has been documented with increasing
frequency, usually from persons with mild clinical courses.

mans, all

The serologic phenomena noted above are not merely of
theoreticalinterest. They underlie diagnostic tests and epide-
miologic studies upon which public health control program
are built. They may also be related to disease pathogenesis.
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Ithasbeen notedin India, Thailand, Tahiti, Cuba, China, and
elsewhere, that DHF/DSS occurs disproportionately in asso-
ciation with secondary infections, especially those ending
with DEN-2 (3). The DEN-I/DEN-2 sequence seems most
dangerous, based on data from Thailand, Cuba, and Greece?.
These observations have led to one of the most controversial
hypotheses in medicine. The “Immune Enhancement Hy-
pothesis”, put forward by Scott Halstead, formerly of the
University of Hawaii, posits that DHF/DSS results from
dengue virus infection of macrophages that is enhanced by
anti-dengue antibody incapable of neutralizing it?*. This
anti-dengue antibody would have been elicited by a prior
infection with a different serotype, either a directinfection of
the individual or, in the case of infants, a prior infection of the
mother (either before or, rarely, during pregnancy).

Much experimental and observational work supports this
hypothesis. While DHF/DSS has been unquestionably linked
to secondary infections in a
number of nations, including
Thailand and Tabhiti, proof is
lackingin others (e.g. indone-
sia). Furthermore, even in
Thailand primary dengue in-
fections can lead to DSS, so
secondary infections may at
best explain most, but not all
cases. Itis also to be remem-
bered that hemorrhagic fe-
ver epidemics have occurred
in the smaller Pacific Islands
(e.g., Tahiti, 1964; Niue, 1972;
Fiji, 1975; Palau, 1988; the
Marshall Islands, 1989; and Nouvelle Calédonie, 1995) in
association with primary infections. Nevertheless, the asso-
ciation of DHF/DSS with secondary infections has been
sufficiently established that public health officials must take
note of it in planning prevention responses.

Epidemiology

In the Pacific/Southeast Asian region, dengue is transmit-
ted by the peri-domestic mosquito Aedes aegypti, and by
related mosquitos such as Aedes albopictus and Aedes
polynesiensis. Excepting rare laboratory accidents, dengue
viruses are always transmitted in a mosquito-man-mos-
guito-man cycle, with an approximate 5-day intrinsic {i.e.,
“inman”)incubation period, and an approximate 8 to 14 days
extrinsic (i.e., “in mosquito”) incubation period.

The peri-domesticity of Aedes mosquitoes is remarkable.
Aedes oviposit (lay their eggs) in containers associated with
human habitation (used tires, tin cans, flower pots, yard
debris), and have a severely restricted vertical and horizontal
flight range. The mosquitos that cause dengue and DHF are
usually the mosquitos thatinhabit either the house or the yard
- literally within a matter of feet from where the victim lives

246

Pacipic HealtH Diacoc. Vou 3. No. 1

and sleeps. As the mosquito cannot survive near salt water
and cannot fly above three or four stories of a building,
tourists who walk along the beach and stay in high-rise hotels
are atlow risk. Aedes mosquitoes are “crepuscular”, tending
to bite victims at dusk and dawn; at night they may also be
found on the inside walls of homes.

As dengue viruses are injected into peri-capillary tissues
by infected mosquitos during “probing” to find a capillary,
and are not injected directly into the bloodstream, transmis-
sion can occur even with an interrupted bite in which the
mosquito does not take blood. If the mosquito takes blood
from an infected person, the mosquito may itself become
infected. After 8-14 days, when such a mosquito has
oviposited and is ready for the next blood meal, the salivary
glands will have become infected and the virus can be spread
to man during “probing”. (That tissue-injected virus is first
taken up into regional lymph nodes may in part explain the
variable lymphadenopathy
seenindengue, and also the
occasional unilateral appear-
ance of “Castellani nodes”
in the posterior cervical tri-
angle).

The relative length of the
intrinsic-plus-extrinsicincu-
bation periods might sug-
gest that dengue should
spread slowly through a
population. In fact, for rea-
sons that are not entirely
clear, the opposite is true.
While no widely-accepted mathematical models for dengue
transmission have been generated, it is clear from empiric
observation that virtually no disease other than influenza -
highly transmissible by aerosol with a two day incubation
period - can spread through a human population so quickly.
Even when as few as one per 100 mosquitoes are delectably
infected, dengue epidemics routinely spread through millions
of people, dispersed over thousands of square miles, in only
a few weeks. As is also true of influenza, epidemic dengue
may appear to emerge simultaneously in distant locales.
Presumably this is due to widespread parallel build-up
transmission below the threshold of detection, whichin many
nations may be disturbingly high. When a sufficient number
of viremic individuals are produced in the log growth phase
of mosquito reproduction during the rainy season - when
high biting rates and near-simultaneous biting of numerous
susceptible persons follows extrinsic incubation - explosive
dengue transmission results. All too typically, dengue epi-
demics have peaked before public health responses can be
mounted?!, and sometimes before the epidemic is even
identified. In smallerislands, tens of thousands of persons can
be infected within about three weeks.
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Clustering of secondary cases within households is com-
mon - the extent to which this occurs is so remarkable that
in one epidemic of simultaneous dengue and influenza,
household clustering of dengue was significantly greater than
for the directly and rapidly transmissible virus of influenza?'.
Dengue cases have also been notedto “march” sequentially
from one house to the next down a street. As hospitals in
some tropical nations have unscreened rooms, outbreaks in
hospital employees may be common, further crippling con-
trol efforts.

It bears repetition that the epidemic pattern of dengue in a
given locale is likely to be of only one of two types - hyper—
epidemic/endemic or associated with sporadic or rare epi-
demics. The former pattern tends to occur in populous urban
areas, and the latter on smaller Pacific islands. Apparently the
dengue virus does not “over-winter” in smaller Pacific is-
lands, and endemic transmission is unsustainable. However,
in more complex environments over-wintering may result
from trans-ovarial transmission by Aedes mosquitoes.

Public health responses will necessarily be markedly differ-
entdepending on the epidemiologic pattern, which may also
predict different clinical aspects of dengue as well. in hyper~
epidemic/endemic locales, at least a few cases of dengue
may be recognized year-round, with epidemics during the
rainy season, and with cases
being confined almost exclu-
sively to young children. In
the sporadic epidemic pat-
tern, adult and childhood
casesare seen simultaneously,
but only during brief inten-
sive epidemics (also usually
during the rainy season).

in island epidemics there tends always to be obsessive
curiosity about where the epidemic came from - too often
this curiosity provides an excuse to stigmatize one or another
immigrant or visitor group. Presumably the virus must be
introduced from the outside, but since infected persons
transmit virus to local mosquitos before they themselves
become ill, and are probably less likely to do so after they
became ill, most introductions of dengue will probably
always remain undiscoverable. The knowledge that dengue
is mosquito-borne has sometimes led otherwise sane airline
or even public health officials to spray passenger cabins with
insectrepellant. Thisrather foolish activity may do more harm
than good by frightening passengers and creating a false
illusion of personal prevention at a time when community
public health prevention is urgent. Dengue viruses are
transmitted from one island to another by infected (but
usually healthy) humans, not by infected mosquitos. Neither
cabin spraying, passenger screening, quarantine, nor isola-
tion are likely to prevent dengue importation. Thus early
detection and proper action are the keys to control.
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Public health and community
prevention

As noted, dengue prevention activities must differ depend-
ing on the epidemiologic pattern associated with a given
locale. Generally accepted principles of prevention common
to both types of situations are emphasized below?* %,

High index of suspicion: Dengue epidemics are usually
recognized first by primary care physicians. Clinicians and
public health officials must understand how to recognize
dengue, and primary care physicians and non-physician
health workers must maintain a highindex of suspicion so that
early epidemic cases can be recognized in time to set
prevention measures in motion. Periodic continuing educa-
tion may be essential in regions where dengue is only seen at
long intervals.

Dengue surveillance systems: Dengue surveillance sys-
tems (andresponse strategies) should bein placein all regions
of the world where dengue occurs, i.e., the region of the globe
between and somewhat beyond the Tropics of Cancer and
Capricorn. Inrecent years, an important public health lesson
has begun to emerge: that disease-specific surveillance for
dengue may be inefficient, or even worthless, due to the
nonspecificity of signs and symptoms in individual cases, and
to inevitable diagnostic de-
lays. More efficientand sim-
pler sentinel surveillance
system are based on febrile
illness surveillancein one or
more appropriate sentinel
sites - e.g., clinics that re-
ceive large numbers of
drop-in patients for acute minor non-trauma. Epidemics of
misdiagnosed non-specific febrile ilinesses almost always
precede - often by several weeks - epidemics of recognized
dengue, suggesting that febrile illness surveillance may give
public health officials significant time in which to institute
epidemic control. This is not to imply that dengue case
definitions are of no value; they may be of great use to
physicians as well as public health investigators engaged in
the process of characterizing (rather than identifying) an
epidemic.

The important question of how to set up a dengue surveil-
lance system where none has been in place previously is
beyond the scope of this review. As this question will be
mostly relevant to small jurisdictions and isolated island
populations, typically with limited resources and personnel, it
may be particularly valuable to make use of existing informa-
tion systems, rather than set up new ones. For example, a
“new” dengue surveillance system might make use of clinics
or physicians offices, or the offices of health assistants. Totals
of allfebrileillnesses seen - regardless of diagnosis - might be
recorded on an ongoing basis and reported weekly. The
primary effort of the surveillance system might thus be non-
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specific febrile illness monitoring, rather than dengue moni-
toring, but when weekly case totals of febrile illnesses rose
above some threshold - determined by local experience -
secondary surveillance activities would then be put in place.
This mightinclude, for example, active investigation of febrile
illnesses (patient interviews, examination of specific diag-
noses in log books and medical records, hospital chart
reviews, or laboratory testing). Suspicion of dengue wouldin
any case lead to obtaining specimens for laboratory identifi-
cation (see below). Although not discussed at length, ento-
mologic surveillance and virology laboratory-based surveil-
lance activities directed at virus isolation in mosquitoes and
humans are also valuable elements of surveillance systemsin
jurisdictions with sufficientresources. Obviously, knowledge
of dengue type-specific antibody prevalence - determined
by active population serosurveillance - is important in
predicting population risk by age, and by other relevant
demographic factors such as occupation and geographic
locale.

Surveillance-response linkage: Itis often observed, in the
Pacific and elsewhere, that surveillance systems seem to have
awill to existin isolation from public health action. Too often,
surveillance systems are more successful atfilling file cabinets
than fending off disease. With dengue, linkage between
surveillance and response is
critical because the epidemic
can be expected to quickly
enter a logarithmic growth
phase, by which time even
“proper” public health re-
sponses will be completely
ineffective. To be effective,
febrile illness surveillance
should probably, at a bare
minimum, monitor over 100-200 clinic visits per week, and
results should be presented to a senior public health official
for evaluation weekly. Febrile illness surveillance has the
added advantage of supporting early detection of influenza,
measles, and other conditions that require prompt action.

S

With the possible exception of obvious inconsequential
viral upper respiratory infection, detection of increased fe-
brile illnesses must be followed up by a rapid clinical-
epidemiolfogic investigation. Ideally this should be com-
pleted in no more than two or three days. The purpose of the
investigation is primarily to identify the illness, whether
definitively or presumptively. Preliminary control measures
should be started immediately, before waiting for diagnosis,
which may depend on distant and slowly responsive labora-
tories. While control measures are being instituted, epide-
miologic characterization of the outbreak must continue.
When dealing with rapidly spreading diseases like dengue,
influenza, and measles, waiting to discover the “person,
place, and time” of the epidemic is dangerous. The epidemic
can be expected to quickly disseminate widely, dictating that
prevention measures must also be universally applied imme-

-
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diately. This is probably also true in most “outlying” islands,
because frequent or occasional boat or air travel may intro-
duce infection even when ill persons are not among those
who visit.

Confirmation of diagnosis: Effective clinical/epidemio-
logic investigation can presumptively identify, with reason-
able accuracy, dengue and most other important febrile
ilinesses before laboratory confirmation. However, labora-
tory confirmation should always be sought. Itis thus impor-
tant to have a relationship with an appropriate referral
laboratory, and to appreciate what it can and cannot do to
support diagnosis. Most laboratories that perform referral
serology cannot accurately identify dengue; laboratories that
can reliably identify dengue are generally research or govern-
mental service laboratories. A 1989 dengue epidemic in the
Marshall Islands got out of control because, despite the
conviction of experienced public health officials and physi-
cians treating dengue victims, a clinical diagnostic laboratory
on the U.S. mainland failed to detect evidence of dengue
infection in multiple specimens tested with a “non-tradi-
tional” serologic test.

Every health departmentin a dengue-receptive area must
know who to contact regarding diagnostic confirmation.
Ideally, combined epidemio-
logic-laboratory consulta-
tion can be quickly sought.
The referral laboratory will
obviously vary from place;
to place. In the Southeast
Asian nations national labo-
ratories of the Ministry of
Health, the military, or aca-
demic universities are gen-
erally designated, including WHO collaborating centers. In
the smaller Pacific islands, WHO and the South Pacific
Commission (SPC) may be extremely helpful in arranging for
support and consultation. The former Trust Territories of the
Pacific Islands are served by the U.S. Centers for Disease
Control and Prevention, which provides diagnostic confirma-
tion and epidemic investigation support. French Polynesia is
supported by l'Institut Territorial de Recherches Médicales
Louis Malardé, in Papeete. Other private or government
organizations, such as the University of Hawai’i, the Fiji
School of Medicine, Australia’s Queensland Institute of Bio-
medical Research, and the Virus Research Unit at the Univer-
sity of Otago-based Health Research Council of New Zea-
land may also sometimes assist in epidemic responses.
However, all such assistance should be coordinated through
senior agencies such as WHO, SPC, and CDC.

Prevention and control efforts during
epidemics

Prevention and control efforts will vary greatly from place
to place depending not only on the epidemic situation, but
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also onresources, budget, geographic constraints, health and
governmental organizational structure, and many other fac-
tors. Experience suggests, however, thatpersonal prevention
is a key to dengue control, if only because large-scale
government intervention programs can rarely be started up
quickly. Many of the smaller Pacific islands are fortunate in
having radio stations capable of reaching and informing large
segments of the population immediately. if used effectively,
the media may well be a key to dengue control in their
capacity to immediately inform citizens about specific per-
sonal and general prevention measures they can take.

These measures include, first and foremost, “source reduc-
tion” - the elimination by private citizens of mosquito
breeding sites within at least 100 feet of their premises by
cleaning up all debris - prominently including rubber tires,
cans, jars, bottles, and coconut husks, by emptying all flower
pots, by seeking out and draining all other potential mosquito
breeding sites, and by completely covering all necessary
sources of standing water within containers.

Residents should also be instructed to sleep under bed nets
(impregnated with insecticides, if available), keep doors and
windows screened (if possible), use insect repellant when
mosquito exposure is expected, and become aware of
dengue preventionissues. in some locales mosquito larviciding
- treatment of water-containing vessels with anti-larval
chemicals - is effective. However, unless such chemicals are
routinely in use, and familiar to the public, their value in
epidemic control may be minimal. In the past, mosquito
control of dengue epidemics has been attempted by
“adulticiding” - the killing of adult mosquitoes (some of which
will be dengue-infected) by either aerial spraying of insecti-
cides such as technical grade
malathion, or truck- or hand-
mounted fogging or dusting.
As killed adults mosquitoes
are immediately replaced by
hatching larvae, unaffected -
by aerialinsecticides while in
the larval stages, adulticiding
must be repeated in succes-
sive cycles (e.g., every four or
five days; less than the extrin-
sic, and ideally less than the intrinsic incubation periods) if it
is to have any hope of success. Even then, it is an open
question as to whether adulticiding actually reduces human
cases ormerely prolongs the period during which “fixed” case
totals will occur?®. Many entomologists and epidemiologists
view adulticiding more as a public relations gimmick than an
epidemic control measure. Even the public relations value of
adulticiding can backfire as citizens become irritated or ill by
the chemicals, inconvenienced by the trucks, planes, or spray
workers (people must stay indoors during spraying, which
may last minutes to hours), or suffer automobile paint dam-
age from spray droplets.

arely | e started up quickly. ”
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In addition to media efforts, rapid dissemination of informa-
tion via school-children has been effective in some epidem-
ics. Mothers, who traditionally stay at home during the day,
are most likely to take responsibility for the personal/residen-
tial measures noted above. Moreover, itis mothers who most
frequently care for the ill child. In Thailand and Vietnam, the
worlds’ epicenters for DHF, maternal recognition of dengue
and DHF, and of personal/household prevention, is believed
to be a key control element.

Organization of control resource
personnel

Responding to a dengue epidemic requires the coordi-
nated efforts of clinical and public health personnel. Signifi-
cant coordination of efforts with government, civil, and
community agencies may also be necessary. In some cases,
public health personnel may need to be temporarily reas-
signed to dengue control efforts.

Dengue prevention and control
efforts between epidemics

As optimal dengue control measures in inter-epidemic
periods are so expensive as to be beyond the financial and
technical abilities of many nations?’, each health department
must make careful, informed decisions about resource alloca-
tion and control program activities. These may range from
nothing more than febrile illness surveillance and “routine”
education atone extreme, to complete entomologic monitor-
ing and aggressive vector control at the other. Although the
latter offers some advantage, the differences may be slight,
and not cost-effective.

There is no general agree-
ment on long term strate-
gies for dengue control in
endemic/epidemic areas.
Aggressive vector control is
universally recommended
but infrequently practiced.
Inthe pastdecade twoideas
have begun to emerge:

- that simple iliness surveil-
lance systems may be sensitive in detecting epidemics
(see above); and

+ that community-level control programs, including cycli-
cal home visits by health educators, may be more effec-
tive than national programs.

Although there are too little data to prove these points, they
may be worth considering in design of local programs.

Aggressive vector control programs require maintaining
large permanent staffs of entomologists and vector control
personnel, purchase and maintenance of expensive equip-
ment, purchase of larvicides and expensive insecticides
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which may be hazardous to transport and store, extensive
records-keeping and data systems, and labor-intensive ef-
forts at continual source-reduction. In the tropics, source-
reduction seems to be difficult to stay ahead of, as debris and
garbage associated with mosquito breeding sites tend to
accumulate faster than they can be removed. Debris disposal
on many smaller islands is a problem in its own right.

The situation may not, however, be as bleak as it might first
appear. Inexpensive clinic-based surveillance of febrile
illnesses coupled with an inexpensive rapid response capac-
ity aggressively utilizing the media, and directed towards

personal/household preven-
tion measures, can ideally
blunt or even end, within a
matter of days, a dengue |
epidemic in the pre-loga- .
rithmic growth phase? 29,
The key to success is three-
fold: public health capabil-
ity, unrestricted accesstothe |
mass media, and public re-
sponsiveness. Such surveil-
lance-response efforts
should also be supported by
continued education of the
public, and of dinical and
public health workers,

through a variety of means*-
32

thls questlon may differ from place to place

* and “KAB” surveys (assessing knowledge,
sractices/ beliefs) have been applied to dengue
3132 allowing development of successful pre-
res. The growing experience of programs in

elsewhere is noteworthy, and successes are
- 32

t clean-up campaigns have, in emergencies,
en, butthey are generally considered too slow
sive to be practical. For this reason, eachisland
vidual island in the Pacific should develop its
revention plan thatdraws uponlocal resources
» meet the criterion of achievability. it should
ed, when such planning is undertaken, that
mics typically appear suddenly and progress
esponse plan must not only be realistic, and
foundation of ongoing prevention activities
capable of immediate implementation with
nel and resources.

1 is more complex for locales with endemic or

ic transmission. Here, a greater role for govern-
ble. Rapid notification is less important, but

Fatal dengue may be entirely preventable with early
identification and treatment - a powerful incentive to main-
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The achievability of dengue control in
the Pacific region

it should be clear from the above discussion that dengue is
among those important regional diseases amenable to con-
trol efforts, and that clear roles for government and for private
citizens can be identified. For the smaller Pacific islands, at
risk for occasional major epidemics, the most critical element
may be government-maintained sentinel surveillance (ide-
ally, monitoring weekly totals of febrile illnesses), coupled
with rapid responsiveness. This is a relatively simple public
health task whose most critical component is an effective
management system. Obvi-
ously, whenaproblemisiden-
tified, something needs to
be done. At this stage, rapid
and effective dissemination
= of information (both instruc-
_ tional and educational)
serves to shift the burden of
. effort from problem identifi-
cation (largely a governmen-
-~ tal role) to implementation
of the problem solution
 (largely a citizen role, with
variable governmentinvolve-
. ment).

Most public health experts
believe dengue epidemics in small islands can be aborted. A

key questlon is: “if citizens are lnstructed to empty flowerpots
CHVEIHaN B SUN eI AR ( """"""""

Prevention of death from dengue
hemorrhagic fever

That regional hospitals, and many village health stations,
have been successfulin preventing DHF fatalities with simple
measures underscores the fact that a key to preventing
dengue mortality is early recognition leading to early treat-
ment. In Thailand, Vietnam, and other hyperendemic areas
of Southeast Asia mothers appear to have a high awareness
of the symptoms and signs of dengue and DHF, and routinely
bring their children to appropriate medical attention at a
sufficiently early stage thatdeath can be prevented. There are
no specific data on the impact of home treatment on children
with, or at risk for, DHF when medical attention is not
immediately available. Vietnam’s experience, however, rein-
forces the common sense notion that, in the absence of
immediate rnedical care, aggressive hydration {e.g., with oral
rehydration fluids, available in many villages, or with rice
water or salt-containing solutions such as those routinely
used in diarrheal diseases) is of benefit.
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continual community education about source reduction
should play a prominent role. While it may only be in rare
circumstances that dengue can be prevented entirely (e.g.,
excellent ongoing control programs coupled with a highly
motivated populace), reduction of case totals is an appropri-
ate goal. Secondly, specific measures to prevent deaths from
DHF and DSS are important, largely through continual edu-
cation of mothers, physicians and other health providers, a
notification system, and, where feasible, a tertiary care refer-
ral system. Nevertheless, tertiary care for DHF/DSS is not
necessary if health providers are well trained: in Vietnam and
other poor agrarian countries deaths from DHF/DSS can
often be prevented at the
village level, sometimes
when only oral rehydration
solution is available. Once
again, planning for dengue
control should include a re-
alistic appraisal of local re-
sources, so that cases and |
fatalities can be reduced to
the extent possible. A good
example of what can be
achieved was seen in Thai-
land, a hyper-epidemic na- |
tion where DHS/DSS deaths
were reduced 50-fold by
basicmeasures such asthose
described above.

In summary, dengue is a potentially fatal tropical disease
that appears unpredictably in epidemic form throughout the
Pacific region. In parts of the region, itis among the leading
infectious disease-related causes of childhood death. It can
be effectively prevented and controlled with simple, inexpen-
sive public health measures directed towards education and
effective surveillance-response capacity. Prompt epidemic
and clinical recognition leading to early treatment can com-
pletely prevent fatalites. A dengue control strategy and
program should be in place in every dengue receptive locale.
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“ Clearly, in the area of basic health services and consistent |
with WHO's strategies for Health for All by the year 2000,
the development of decentralised and organised Primary
health Care Services for all FSM citizens is an affordable and
priority strategy which will dramatically decrease death and
suffering ... ”

THe HONORABLE DR. ELiuerL K. PRETRICK
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I
I
I
I
I
I
I
I
I
I
I
J



