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Autochthonous dengue infections were last reported in
Hawaii in 1944. In September 2001, the Hawaii Department
of Health was notified of an unusual febrile illness in a resident with no travel history; dengue fever was confirmed.
During the investigation, 1,644 persons with locally
acquired denguelike illness were evaluated, and 122 (7%)
laboratory-positive dengue infections were identified;
dengue virus serotype 1 was isolated from 15 patients. No
cases of dengue hemorrhagic fever or shock syndrome
were reported. In 3 instances autochthonous infections
were linked to a person who reported denguelike illness
after travel to French Polynesia. Phylogenetic analyses
showed the Hawaiian isolates were closely associated with
contemporaneous isolates from Tahiti. Aedes albopictus
was present in all communities surveyed on Oahu, Maui,
Molokai, and Kauai; no Ae. aegypti were found. This outbreak underscores the importance of maintaining surveillance and control of potential disease vectors even in the
absence of an imminent disease threat.

engue viruses cause a wide range of illness, including
dengue fever (DF), dengue hemorrhagic fever (DHF),
and dengue shock syndrome (DSS). Four dengue
serotypes, known as DENV-1, -2, -3, and -4, can cause
severe and fatal disease. Dengue typically occurs in tropical and subtropical areas in the world and is transmitted by
Aedes mosquitoes; Aedes aegypti is the principal vector
worldwide (1). DF and DHF are the most important
arboviral diseases of humans; ≈50–100 million dengue
infections and several hundred thousand cases of DHF
occur annually (2).
The first large-scale dengue fever epidemic in Hawaii
occurred in the late 1840s; a second outbreak occurred at
the turn of the century, with an estimated 30,000 cases
(1,3). During those periods Ae. aegypti was widespread in
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Hawaii (4). Epidemic dengue occurred again on Oahu in
1943 to 1944, when 1,498 infections were reported, mostly in urban areas of Honolulu (5). Ae. albopictus had been
introduced into Hawaii at the beginning of the century, and
by 1940 it was the dominant day-biting Stegomyia mosquito species in the islands (4,5).
After the Second World War, no confirmed autochthonous dengue infections were reported in Hawaii.
Nevertheless, dengue illnesses were occasionally identified among travelers to Hawaii who had been infected
overseas. The annual number of imported cases was low,
with 20 infections recorded during the 10-year period from
1991 through 2000 (P. Effler, unpub. data).
On September 12, 2001, the Hawaii State Department
of Health (HDOH) received a call from a physician in
Hana, Maui, who had seen a patient with febrile illness and
rash 1 week earlier. The physician indicated that several of
the patient’s family members had become symptomatic;
none had a history of recent foreign travel. On investigation by HDOH staff, dengue fever was suspected, and clinical specimens were collected and forwarded to the
Centers for Disease Control and Prevention (CDC) for
diagnosis. On September 21, CDC confirmed recent
dengue infection in the index patient. We report the results
of an investigation into the first outbreak of dengue fever
in Hawaii in 56 years.
Methods
Case Finding

From September 23 to 28, 2001, HDOH contacted all
licensed physicians in the state by email or facsimile to
request that any patient with a denguelike illness (DLI) be
1
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tested for dengue, regardless of travel history. DLI was
defined as fever or chills plus 2 or more of the following
symptoms (6): myalgia, headache, arthralgia, eye or
retroorbital pain, rash, or hemorrhagic manifestation (e.g.,
petechiae, hematuria, hematemesis, menorrhagia, melena).
On September 24, 2001, active surveillance was established at 51 clinical settings across the state. All acute-care
hospitals and major clinics were contacted daily to determine the number of clinically compatible illnesses seen in
the previous 24 hours and to arrange for laboratory evaluation of suspected cases. Although HDOH recommended
dengue testing only for patients meeting DLI criteria, it
was performed whenever requested by a physician.
HDOH staff interviewed persons with suspected
dengue infection to obtain symptom and travel histories.
Visits to residences and work sites were conducted.
Patients’ household contacts or co-workers with a history
of illness were urged to be tested for dengue.
Laboratory Surveillance

All clinical laboratories in Hawaii were asked to report
any requests for dengue diagnostic testing and to forward
aliquots of serum samples obtained for dengue testing to
the HDOH State Laboratories Division. Laboratory analyses to detect anti-dengue immunoglobulin (Ig) M and IgG
and to isolate and identify the virus were performed by
methods previously described (7–12).
RNA was extracted by using QIAmp Viral RNA Mini
kits (Qiagen GmbH, Hilden, Germany). Sequencing was
performed by using the Taq DyeDeoxy Terminator Cycle
Sequencing kits (Applied Biosystems, Foster City, CA,
USA). Sequencing products were cleaned by using agarose
gel electrophoresis and silica gel adsorption (Qiagen PCR
purification columns) and analyzed on an ABI PRISM 377
DNA sequencer (Applied Biosystems). Sequences were
assembled and aligned with Lasergene software
(DNAStar, Madison, WI, USA), and phylogenetic trees
were generated with PHYLIP v. 3.5c (University of
Washington, Seattle, WA, USA).
Case Definition

Laboratory-positive recent dengue infection was
defined as a person who had 1) dengue virus isolated from
serum, 2) a positive dengue IgM antibody test result, or 3)
a positive IgG antibody test result in a person initially tested for dengue >60 days after onset of DLI and who was
epidemiologically linked to another person with recent
dengue infection identified by virus isolation or positive
IgM serologic test result.
Persons were classified as negative for dengue infection if they had at least 1 specimen collected 6–60 days
after illness onset that was IgM negative or a first specimen collected >60 days after illness onset that was IgG

negative. Persons were classified as indeterminate for
dengue infection if all specimens were collected <6 days
after illness onset and were negative for virus isolation and
for anti-dengue IgM. Imported dengue was defined as illness in a person with laboratory evidence of recent dengue
infection and a history of international travel within 14
days of illness onset.
Entomology

During the outbreak investigation, a CDC entomology
team conducted spot checks of potential breeding sites in
29 communities (at least 20 sites per community) on all
islands except Hawaii and Lanai. From March to May
2002, HDOH vector-control staff placed ovitraps at 295
sites throughout the state; local vector-control staff relied
on prior experience to select sites with known populations
of day-biting mosquitoes. In both surveys, larvae were collected from breeding sites and identified to species. In the
second survey, eggs were reared to the fourth larvae or
adult stage before speciation. Adult mosquitoes attracted to
humans were also captured and identified at many of these
sites; in the outbreak areas; landing counts were obtained
by recording the number of mosquitoes landing on a stationary person during a 5-minute period.
Statistical Analysis

Univariate analyses were conducted by using EpiInfo
Version 6.4c (CDC, Atlanta, GA, USA). A difference in
proportions was considered significant if the chi-square
p value was <0.05.
Results
From September 12, 2001, to April 30, 2002, a total of
1,644 persons in Hawaii without a history of recent foreign
travel were tested for possible dengue infection. Of these,
122 (7%) had laboratory evidence of a recent dengue
infection: 15 (12%) were positive by virus isolation; 99
(81%) had anti-dengue IgM; and 8 (7%) had a history of
DLI, anti-dengue IgG, and an epidemiologic link to a
patient with recent infection (Table 1). Testing was indeterminate for 422 (26%) persons, and the remaining 1,100
(67%) did not have dengue infection. The median age was
41 years (range 1–77), 35 years (range 0–89), and 29 years
(range 0–81) for persons who were laboratory positive,
negative, and indeterminate for dengue infection, respectively.
Autochthonous dengue infections were identified on 3
of 6 islands (Table 1). Exposures on Maui, Oahu, and
Kauai accounted for 76%, 21%, and 3% of all recent
dengue infections, respectively. Eighty (66%) of the laboratory-positive infections were from persons who stayed in
the Hana area of Maui, an area with <2% of the island resident population (Figure 1). On Oahu, 20 (77%) of the
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infections occurred among residents of 2 nearly adjacent
communities on the windward side with a combined population of 25,709 (<3% of the island’s total). The heavily
affected areas of Maui and Oahu both have thick vegetation and heavy precipitation (average annual rainfall >177
cm/year, 4 times the annual rainfall in Honolulu).
The outbreak spanned >8 months, with a peak incidence in late September 2001. (Figure 2) The first suspected dengue illness was reported with an onset date
September 5, 2001; subsequent investigations identified an
additional 31 laboratory-positive patients with illness
onset before that date, and the earliest was May 27, 2001.
Of laboratory-positive cases, 89% met the clinical criteria for DLI (Table 2). Patients with recent dengue infection reported a greater number of symptoms than those
who did not have dengue. One or more hemorrhagic manifestations were reported in 42 (34%) persons with dengue
infection. Myalgia, chills, arthralgia, and rash were significantly more common among patients with laboratory-positive dengue infection than in persons with negative or
indeterminate results.
No cases of DHF or DSS, as defined by the World
Health Organization, were reported, and no deaths
occurred (14). Three patients with laboratory-positive

dengue infection were hospitalized for their illness.
Eighty-one (66%) of the recent infections were initially
reported by physicians treating acutely ill patients, while
the remaining 41 (34%) were identified through HDOH
field investigations. Thirteen household clusters accounted
for 53 (43%) of the 122 patients.
One-hundred and fifteen (95%) of the 122 persons with
laboratory-positive infection were residents of the state of
Hawaii. All 7 visitors with dengue stayed at rental properties in the Hana area of Maui. Another 70 nonresidents
with possible dengue infections who visited Hawaii during
the outbreak were reported to HDOH; 30 of these nonresidents were serologically tested, and results for all were
negative.
From January 1, 2001, to April 30, 2002, a total of 43
cases of imported dengue infection were reported to
HDOH (Figure 3). Oahu had the greatest number of
imported infections (31 infections), followed by Maui (6
infections), Hawaii (4 infections), and Kauai (2 infections). Eighteen (42%) of the imported dengue infections
were from the Society Islands, 13 (30%) were from
American or Western Samoa, 7 (16%) were from the
Philippines, and 1 each was from Cambodia, Easter Island,
Indonesia, Thailand, and Vietnam. Imported dengue

Figure 1. Autochthonous dengue infections, Maui and Oahu, Hawaii, 2001–2002.
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Figure 2. Confirmed dengue infections by week of illness onset
and island, Hawaii, May 20, 2001, to February 17, 2002.

peaked in July and August 2001; exposures in the Society
Islands accounted for the largest proportion of cases during this time (n = 9, 47%).
All 15 dengue virus isolates obtained from patients with
exposure in Hawaii were DENV-1. Phylogenetic analysis
of envelope glycoprotein sequences showed that the

Hawaiian isolates belonged to a group composed primarily of Pacific Island isolates from recent years (Figure 4).
High bootstrap values showed the Hawaiian isolates were
associated more closely with contemporaneous Tahiti and
subsequent Easter Island isolates than with a 2001 isolate
from American Samoa.
In entomologic surveys conducted during the outbreak,
Ae. albopictus was present in all 29 communities surveyed
on Oahu, Maui, Molokai, and Kauai, but no Ae. aegypti
were found at any site. In drier areas, on the leeward sides
of the islands, container indices were high (>50%), but
landing rates were generally low. However, in Nahiku, a
small community in densely vegetated woodland near
Hana, Maui, that was heavily affected during the outbreak,
adult Ae. albopictus populations were high, with landing
rates of 70 to 90 mosquitoes per person in 5 minutes. In the
surveys conducted at 300 sites in 2002, Ae. albopictus larvae were ubiquitous on all islands, including Lanai and
Hawaii, but Ae. aegypti was only found in 3 communities
in the southern part of the island of Hawaii.
Discussion
This report describes the first outbreak of dengue fever
in Hawaii since the mid-1940s. Understanding the factors
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Figure 3. Dengue infections by exposure location and month of illness onset, Hawaii, January 2001 to April 2002.

that contributed to the reemergence of dengue after such a
prolonged absence and to the cessation of transmission
will help public health authorities develop future prevention and control strategies.
At the time of the 2001 Hawaii outbreak, a large
DENV-1 epidemic was occurring in the Society Islands,
4,400 km south of Hawaii. More than 33,000 dengue illnesses were recorded in the Society Islands from February
to November 2001, and of the 1,400 persons hospitalized,
DHF was diagnosed in 45%, and 20% had symptoms of
DHF or DSS. Ae. aegypti was identified as the vector
(15,16).
Virologic and epidemiologic data strongly suggest that
the Hawaii dengue outbreak was directly linked to the one
in French Polynesia. Travelers are a potential source for
dengue outbreaks; many epidemic introductions are
thought to result from the arrival of a single viremic person
into an Ae. aegypti– or Ae. albopictus–infested area (17).
DENV may have been introduced to Maui when a group of
>30 persons from Hana visited Tahiti during April–May
2001. One of the travelers (patient A) became ill shortly
after returning to Hana and later tested positive for antiDENV IgM and IgG. Patient A was a close associate of the
first known autochthonous case-patient in the Hawaii outbreak, whose illness onset occurred ≈2–3 weeks later.
Although patient A may have been the source for the
Hana outbreak on Maui, available information suggests
that additional separate virus introductions led to independent foci of autochthonous cases on the other 2 affected islands. In Kauai, only 1 of 4 dengue case-patients had
any known exposure to persons from Maui. Moreover, the
first identified case-patient in Kauai shared accommodations with a person in whom a febrile illness developed
shortly after the patient returned from Tahiti. On Oahu,
none of the 26 confirmed infections could be epidemiologically linked to exposures on Kauai or Maui. Furthermore,
746

during an investigation of an autochthonous cluster on
Oahu, the likely index patient was as an IgM-positive family member who had a DLI 4 days after returning from a
trip to Tahiti.
Ae. albopictus was the vector responsible for the 2001
Hawaii outbreak. Both entomologic surveys support that
Ae. albopictus is ubiquitous, often common on all the
islands, whereas Ae. aegypti is restricted to a few small
foci on the relatively sparsely inhabited island of Hawaii.
Several factors may explain why the outbreak in
Hawaii followed a much different course than the concurrent epidemic caused by an apparently similar DENV-1
strain elsewhere in the Pacific. First, differences in mosquito species, behavior, and ecology are critical to understanding why the Hawaii outbreak was less severe than
that described in the Society Islands, where Ae. aegypti
was the principal mosquito vector. Ae. aegypti females are
highly anthropophilic and often feed on several persons
before obtaining enough blood to complete a gonotrophic
cycle. This tendency towards multiple feeding may contribute to the explosive nature of dengue outbreaks in areas
where Ae. aegypti is present. Compared with Ae aegypti,
Ae. albopictus is considered to be an inefficient epidemic
dengue vector because it is less anthropophilic and not as
well adapted to urban domestic environments (18). Ae.
albopictus will readily feed on humans, but usually only

Figure 4. Phylogenetic analysis of select dengue type 1 viruses. A
600-nucleotide sequence in the envelope glycoprotein, including
genome positions 1524 through 2124, was used for the analysis.
Bootstrap values are included at important nodes. The years of
isolation are appended to the country name.
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on a single person, and it also feeds on other animals,
which decreases the probability of human contact (19,20).
Lifestyle factors may also help explain why Hawaii’s
dengue outbreak was limited (21). Residences in many
affected areas often had dense, uncultivated vegetation
near housing and, not infrequently, an abundance of items
that could serve as suitable Aedes breeding sites: tires,
buckets, and discarded vehicles. Furthermore, dwellings in
these areas often lacked window screens and doors. The
combination of ample mosquito breeding sites and relatively unrestricted access to residents in some sections of
windward Oahu and Hana, Maui, probably enhanced
opportunities for mosquito-human contact beyond levels
that existed in Hawaii’s major population centers.
Public health measures may also have helped mitigate
the spread of Hawaii’s outbreak. This response consisted
of 4 simultaneous, integrated initiatives: 1) enhanced surveillance to detect new foci of transmission; 2) rapid education of healthcare providers to improve the diagnosis and
treatment of dengue; 3) health promotion activities directed toward the general public, including visitors; and 4)
vector-control efforts, which included a combination of
source reduction activities, limited use of larvicides, and
area spraying (Appendix).
Worth noting is that most of the illnesses in the Hawaii
outbreak were mild, given that an apparently similar
DENV-1 strain caused a major epidemic of DHF and DSS
in French Polynesia. One possible explanation for the difference in illness severity observed between these locations is that the number of cases in Hawaii was too small
to manifest the extremes of the clinical spectrum. A second
explanation is that a history of dengue infection, i.e., antibody-dependent enhancement, may have been important in
French Polynesia (22). A third explanation is that the
Hawaiian virus had changed genetically and became less
virulent or lost its epidemic potential. This loss of epidemic potential occurred in the 1970s when both DENV-1 and
DENV-2 were reintroduced into the Pacific after an
absence of 25 years (23). Despite close similarities in the
envelope protein sequences of the 2001 Tahiti and Hawaii
viruses, important differences may exist in other areas of
the genome that could influence these properties. Recent
studies in Sri Lanka and Puerto Rico suggest that the
genetic changes associated with epidemic potential occur
in the nonstructural virus genes and not the envelope gene
commonly usually used to show genetic relatedness
between dengue viruses (24,25). Full-length genomic
sequencing of DENV-1 viruses is pending.
The Hawaii experience demonstrates the potential of
Ae. albopictus, under suitable conditions, to transmit small
outbreaks of dengue within the United States. During the
last 15–20 years, this mosquito has expanded its geographic range within the United States and now is found in at

least 24 states on the mainland (26,27). From 1986 to
2000, a total 516 laboratory-confirmed and 2,128 suspected dengue infections were imported into the United States
(28–33). The true incidence of imported dengue infection
is probably higher, since dengue may often go undiagnosed in areas where the virus is not endemic
(4,20,23,34,35). Given the high volume of travel between
the US mainland and dengue-endemic areas of the world
(an estimated 14 million passengers to and from the
Caribbean, Central and South America, and Oceania in
2001), we recommend that health officials keep local clinicians informed of dengue activity in these regions and
that clinicians consider the possibility of autochthonous
transmission when evaluating febrile rash illnesses, particularly when local vector surveillance indicates high populations of Ae. aegypti or Ae. albopictus mosquitoes
(36,37).
This investigation has several limitations. First, despite
extraordinary efforts to obtain specimens, ≈25% of all persons initially evaluated for dengue did not submit a convalescent-phase specimen (>5 days after illness onset)
required for definitive case classification. During followup attempts to obtain convalescent-phase sera, we often
learned that patients or their physicians had decided that
dengue was unlikely and no further testing was necessary;
however, some dengue infections may have been missed.
Secondly, because persons acquire dengue from mosquitoes that feed during the daytime, infection might have
occurred at a location other than where the patient lived.
We mapped the distribution of residences, however,
because this information is not subject to recall bias.
Thirdly, when investigating newly reported cases, we did
not routinely elicit the number of household members and
obtain serum samples from them in a standardized manner.
Therefore, we cannot calculate the proportion of close contacts who were infected.
The Hawaii dengue experience is another example of
how readily pathogens can cross great expanses of ocean
to cause outbreaks in new territory (1,38–40). Important
lessons learned from this episode include the need to closely monitor and respond to disease developments in the
global community and the need to maintain surveillance
and control of potential disease vectors even in the absence
of an imminent disease threat.
Appendix
The Public Health Response to
Dengue in Hawaii, 2001–2002
Enhanced surveillance involved 1) conducting active surveillance at >50 medical facilities statewide, 2) providing free laboratory testing for all patients with suspected dengue, 3) providing
assistance with phlebotomy and obtaining convalescent-phase
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samples, 4) creating a patient-tracking system, and 5) notifying
all state epidemiologists though Epi-X to identify any possible
dengue cases exported from Hawaii.
Provider education included 1) issuing medical alerts to
physicians, 2) conducting grand rounds and other lectures on
dengue at local medical centers, and 3) distributing CDC video
tapes on dengue diagnosis and treatment to physicians.
Health promotion efforts included 1) issuing frequent press
releases, including daily case counts and messages about eliminating mosquito breeding sites around the home; 2) giving multiple news interviews by HDOH staff with radio, television, and
print media; producing public service announcements by HDOH
for radio and television; 3) conducting joint town meetings by
HDOH and Department of Education health educators; 4) distributing >600,000 dengue brochures through high-volume stores
and other venues; 5) developing a dengue education Web site,
which provided the public and officials with information on the
latest developments; 6) distributing educational brochures to
Maui rental car agencies and hotels; and 7) establishing checkpoints along the Hana Highway staffed by public health nurses
and others who distributed educational materials and mosquito
repellent.
Vector control efforts included 1) inspecting private and public properties for mosquitoes, larvae, and potential breeding sites;
2) conducting door-to-door source reduction campaigns by
HDOH staff and community volunteers in Hana and windward
Oahu; and 3) treating >2,500 residences statewide with insecticides or larvicides.
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