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An epidemic of dengue 1 virus (DENV-1) occurred
in French Polynesia in 2001, 4 years after a DENV-2 epi-
demic that ended in 1997. Surveillance data from hospital-
ized case-patients showed that case-patients with dengue
hemorrhagic fever (DHF) exhibited a bimodal age distribu-
tion with 1 peak among infants 6-10 months of age and
a second peak at 4-11 years of age. The relative risk of
DHF developing in children born before rather than after the
DENV-2 epidemic was 186 (95% confidence interval 26—
1,324). Among children born toward the end of the DENV-2
epidemic, a strong temporal association was found between
the month of birth and the risk of being hospitalized for DHF.
This study documents epidemic pathogenicity associated
with the sequence of DENV-2 infection followed by DENV-1
infection.

Four dengue virus serotypes (DENV-1 to DENV-4)
are transmitted to humans. In some infected persons a
milder form, dengue fever (DF), may develop, whereas in a
smaller proportion, the severe disease, dengue hemorrhagic
fever (DHF), develops, which is characterized by an exces-
sive capillary permeability that may lead to shock (dengue
shock syndrome [DSS]) and death.

Island populations provide unique opportunities to
study the epidemiology and pathogenesis of introduced
pathogens. Of note have been the dengue epidemics that
have succeeded the introduction of DENV-1 into Cuba
and its transmission during 1977-1978 to nearly 45% of
the population. An Asian genotype of DENV-2 was intro-
duced into Cuba in 1981 and caused a major epidemic of
DF and DHF across the population of a wide range of ages,
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beginning with those 3 years of age (/). In 1997, an Asian
DENV-2 virus was again introduced into the city of San-
tiago de Cuba and DF and DHF were again observed, this
time in persons >20 years of age (2). In 2001, DENV-3 ap-
peared in Havana and its environs, and again DF and DHF
cases were observed only in adults (3). The epidemiologic
situation in French Polynesia resembles that of Cuba be-
cause, over the past 50 years, at least 10 different DENVs
have resulted in epidemics (4). Each epidemic was associ-
ated with the recovery of only 1 serotype and generally was
succeeded during interepidemic periods by low transmis-
sion of that same DENV.

A recent DENV-1 epidemic has provided an oppor-
tunity to relate the occurrence of DHF to a history of ex-
posure of the population to another dengue serotype. Four
years after a large DENV-2 epidemic that began in 1996
and affected all of French Polynesia, ending in 1997, in
January 2001 DENV-1 virus was identified on Bora Bora
Island. Over the next 10 months, this epidemic spread to all
of French Polynesia. The number of dengue-like syndromes
diagnosed by general practitioners in the Society Islands
was estimated to be 33,000 (16% of the overall population)
(5). We report an analysis of the distribution of hospitalized
case-patients by date of birth and our conclusion that severe
disease in 2001 resulted from infections in the sequence of
DENV-2 followed by DENV-1.

Methods

Geographic Background

French Polynesia (235,000 inhabitants in 2001), locat-
ed 4,400 km southeast of Hawaii, includes 4 archipelagos.
The most highly populated, Society Archipelago (202,000
inhabitants), includes 7 inhabited islands including Tahiti
and Bora Bora. The 3 other archipelagoes, considered as
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outer islands, are the Marquesas, Tuamotu, and Australes
Islands (Figure 1).

History of Dengue Activity in French Polynesia

Ten outbreaks with DENVs isolated have been docu-
mented since 1944 (Table). Except for a DENV-2 epidemic
in 1971 and a DENV-3 epidemic in 1990, the severity of
disease in other epidemics was mild (4). In August 1996,
cases of DF were reported to the Directorate of Health
for French Polynesia. These were shown to be caused by
DENV-2. The scope and duration of the epidemic are il-
lustrated in Figure 2.

Surveillance

In 2001, surveillance of DF cases in hospitalized pa-
tients was established in all 7 hospitals in French Polyne-
sia, 4 of them on Tabhiti Island, and the 3 others in Raiatea
(close to Bora Bora), Moorea, and Hiva Oa. Hospital-based
physicians were asked to complete a questionnaire that in-
cluded demographic, clinical, and biologic information on
each patient admitted with a diagnosis of dengue regardless
of severity. Completed questionnaires were sent to the epi-
demiologic unit of the Directorate of Health at the time the
patient was discharged from the hospital.

Case Definition

Hospitalized case-patients were classified as having
DF, DHF, or DSS, according to World Health Organiza-
tion guidelines (6). Because the tourniquet test was rarely
performed, case-patients with a history of fever, throm-
bocytopenia, and evidence of plasma leakage but without
spontaneous bleeding phenomena were classified as having
DHF grade 1.

Laboratory Studies

Confirmation of DENV infection was obtained from
case-patients by reverse transcription—PCR or virus isola-
tion at an early stage of the disease or by immunoglobulin
(Ig) M and IgG detection during hospitalization. Second
serum specimens were rarely obtained after hospitalization.
Laboratory analyses to detect antibodies against DENV by
using IgM capture and IgG ELISAs were performed as
previously described (7). Isolation and identification of the
virus were performed at the Laboratoire de Recherche en
Virologie Médicale, Institut Louis Malardé, Papeete, Ta-
hiti. Results are reported elsewhere (8).

Analysis

DHF incidence rates were computed by reported age
and, for some analyses, by year and month of birth. A more
in-depth analysis by month of birth was performed on hos-
pitalized children with DENV-1 infections born in 1996 or
1997. The hypothesis being tested was that, as the 19967
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DENV-2 epidemic waned, infection rates with this serotype
will decline and, during the 2001 DENV-1 epidemic, the
disappearance of those immune to DENV-2 will correlate
with a reduction in severe cases. As a proxy of the monthly
evolution of the risk of being DENV-2 infected from Au-
gust 1996 through June 1997, we used the monthly cumula-
tive percentage of patients still not infected among the 2,035
DENV-2 confirmed cases during this period (Figure 2).

Statistical Analysis

All reported p values are 2-sided. Statistical analyses
were performed with Epi-Info V6.4d (Centers for Disease
Control and Prevention, Atlanta, GA, USA).

Results
During the 2001 epidemic, 1,379 persons were hos-
pitalized with a diagnosis of possible DENV infection

Figure 1. A) French Polynesia in the South Pacific. B) Archipelagoes
and main islands of French Polynesia.
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Table. History of outbreaks with dengue viruses with documented
serotype in French Polynesia*

Year Dengue virus serotype
1944 1

1964—-1965
1969

1971
1975-1976
1979
1988-1989
1989-1990
1996-1997
2001

*Source: (4).

2 NW 2B 2DNDOW

(9/1,000 population). Among these, 256 were confirmed by
virus isolation or reverse transcription-PCR and 420 addi-
tional cases by serologic analysis. All viruses and RNA re-
covered were DENV-1. Among hospitalized case-patients,
746 (54%) were classified as DF, 157 (11%) as DHF grade
I, 198 (14%) as DHF grade II, and 278 (20%) as DSS (DHF
grade III or IV). The overall incidence rate of DHF was
2.7 per 1,000 population. Eight fatal cases were reported; 7
were DSS cases in patients 5—12 years of age.

DHF Case-Patients by Age

Ninety-seven percent of DHF cases occurred among
persons <20 years of age. The age distribution of hos-
pitalized and of DHF case-patients exhibited a bimodal
distribution with 1 peak in infants, followed by a 3-year
gap in severe cases, an increase in severe cases among
4 year-olds and a steep increase in 5—-11 year age group
(Figure 3, panel A). Among children 5-11 years of age,
a linear declining trend was observed with the DSS rate
falling from 11.6/1,000 to 3.1/1,000 (p<0.001, by %> test
for trend). Among the 63 hospitalized children <2 years
of age, 27 had DHF. Seventy percent of hospitalized case-
patients and, among hospitalized patients, 88% of DHF
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case-patients were 4-11 months of age; the incidence
peaked at 8 months of age (Figure 3, panel B). Among
those 12-24 months of age, only 2 DHF case-patients
were observed.

DHF Case-Patients by Date of Birth

DHEF attack rates fell sharply among children born ear-
lier than 1989 (the year of a previous DENV-1 epidemic)
(Figure 4). In 2001, only 1 child born during 1997-1999
(after the DENV-2 epidemic) had DHF. The relative risk
for DHF to develop in a child that was born in 1990-1996
(499/34,000) versus being born in1997-1999 (1/12,900)
was 186 (95% confidence interval 26—1,324). Among chil-
dren born during the second half of 1996, the DHF inci-
dence rates decreased by month of birth and fell to 0 among
those born in January 1997. This decrease was parallel to
the risk of being subsequently infected by DENV-2 during
1996, with a 2-month delay between birth and the risk for
infection (Figure 5).

Discussion

Although the evidence linking DHF/DSS with a sec-
ond dengue infection is substantial, the proposed pathoge-
netic mechanisms of DHF/DSS that explain why dengue
infections occur in the presence of circulating antibodies
are still controversial (9). Two theories, not mutually exclu-
sive, are frequently cited. The most commonly accepted is
the antibody-dependent enhancement hypothesis in which
dengue disease severity is modified by enhanced infections
in monocytes and macrophages that result from infection
by immune complexes formed by virus and antibodies
raised from prior infection with a heterologous DENV or
passively acquired at birth (/0). The second theory is that
DENVs differ in virulence or fitness. DHF risk is found
most notably during secondary DENV-2 and DENV-3 in-
fections, whereas some genotypes, notably the American

Figure 2. Epidemic curve of confirmed
dengue cases, dengue virus 2 (DENV-2)
epidemic of 1996-1997 (gray bars), and
theoretical risk of being infected with
DENV-2, August 1996—June 1997 (line),
French Polynesia.
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Figure 3. Age-specific hospitalization for dengue fever (DF) and
dengue hemorrhagic fever (DHF), incidence rates/1,000 children,
French Polynesia, 2001. A) Children (<20 years of age); B) toddlers
(<24 months). DSS, dengue shock syndrome.

genotype DENV-2, have reduced severity potential com-
pared with Asian genotype viruses (//—/3). Both hypoth-
eses are consistent with an increased circulation of DENV's
in the world with a possible selection of the fittest strains
and an increased probability of secondary infections.

We describe the bimodal nature of age distribution in
DHEF in French Polynesia. This phenomenon was described
in Thailand in 1962-1964 (/4) and in Cuba in 1981 (/).
This feature, unique among human infectious diseases,
supports the hypothesis that DHF in infants is explained
by enhanced dengue infections resulting from passively ac-
quired maternal dengue antibodies (/5). Among hospital-

Year of birth

1985 1991 1992

Susceptible

Serotype 1986 1987 1988 1989 1990 1993 1994 1995

DENV-4

1996

ized infants with DF/DHF observed in French Polynesia in
2001, the age distribution of DHF cases was similar to age
distributions of case-patients hospitalized in 4 Southeast
Asian countries where all 4 dengue serotypes are highly
endemic. In French Polynesia, as in Thailand, the incidence
of DHF was 15/1,000 in 8-month-old infants (/6). The age
distribution of infant case-patients has been attributed to
the catabolism of maternal antibodies following parturi-
tion (/7). This degradation of antibodies creates 3 succes-
sive phases of risk for dengue infection or disease in the
infant: 1) a protection phase between birth and the age of 5
months, 2) a period that follows in which the antibodies no
longer neutralize but rather facilitate severe infections, and
finally, 3) the complete disappearance of these antibodies
when the child is =11 months of age, leaving the child open
to a so-called normal infection. These data and interpreta-
tions were confirmed in recent studies on infant DHF in
Vietnam (/8,19).

In this study, the incidence of DHF in children >1 year
of age, when arranged by date of birth, demonstrated the
major risk factor was to have been born before the DEN-2
epidemic. In addition, children born before 1989, and ex-
posed to an earlier DENV-1 epidemic, had a reduced risk of
being hospitalized during the 2001 epidemic and were ap-
parently protected by having acquired DENV-1 immunity.
An even more striking result is the decreasing incidence
rate of DHF by month of birth among children born at the
interface between high and low transmission of DENV-2
epidemic. This association was even stronger if a 2-month
delay between birth and risk for infection is considered.
Explanations include the possibility that very young infants
may be shielded from mosquito bites or that maternal anti-
bodies are highly protective during this interval (20).

Another notable finding in this study is that the inci-
dence of DSS steadily declined among children 511 years
of age. This finding of a decline resembles an observation
made concerning the 1981 DHF epidemic in Cuba: that
DHEF/DSS age-specific incidence rates were inversely re-
lated to age (27). This finding is also consistent with re-
sults of studies about normal human endothelial function.
Gamble et al. found a marked decline in filtration capacity

Figure 4. Dengue virus 1 (DENV-1) dengue

207 hemorrhagic fever (DHF) incidence rates (per
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Figure 5. Dengue virus 1 (DENV-1) dengue hemorrhagic fever
(DHF) incidence rates among children born in 1996-1997,
according to their month of birth (gray bars). The theoretical risk of
being infected with DENV-2 from August 1996 through June 1997
is also shown (line).

(a factor describing vascular permeability) in the first 2 de-
cades of life and hypothesized that the incidence of DSS
might be age dependent (22). Bethell et al. demonstrated
that children with DHF are more likely than adults to prog-
ress to the DSS state because their baseline microvascular
permeability is higher (23).

Based upon envelope glycoprotein sequence analyses,
the 2001 Tahitian DENV-1 strain was found to be similar
to strains isolated in Indonesia in 1988 and was likely of
Southeast Asian origin, in contrast to the 1988—1989 Ta-
hitian DENV-1 strain, which was found to be of Asian-
American origin (8,24). A complete nucleotide sequence
analysis confirmed that the same DENV-1 virus spread
from French Polynesia to Hawaii and Easter Island (25).
It is noteworthy that in those sites where no other DENVs
have circulated for many years, DHF cases were not ob-
served during these DENV-1 outbreaks (26,27). This find-
ing is in agreement with our observation that severe disease
did not develop in any children, 1-3 years of age, who were
born after the DENV-2 epidemic in French Polynesia, al-
though the youngest children are at highest risk for dengue
vascular permeability syndrome (27). This comprises sup-
portive evidence that the DENV-1 circulating in Tahiti in
2001 was not inherently virulent.

Earlier epidemic occurrences of DHF have been pri-
marily associated with DENV-2 or DENV-3. The large
Cuban epidemic of 1981 was DENV-2, which followed
DENV-1 (7). Notably, in the 1980 dengue outbreak in
Rayong, Thailand, no severe disease was observed in any
infection sequence that ended with DENV-1, including
DENV-2, followed by DENV-1 (28). Although, in other
years and places, secondary DENV-1 infections have re-
sulted in DHF, we found epidemic DHF that accompanied
sequential infection in the specific sequence of DENV-2
followed by DENV-1 (29,30). This outbreak resulted in a
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DHEF/DSS incidence rate of 2.7/1,000 population, similar to
the 3.2/1,000 rate observed during a large epidemic in Thai-
land in 1987 in which secondary DENV-2 and DENV-3
virus infections predominated (6). The reasons for changes
in pathogenicity of secondary DENV-1 infections require
further careful study.
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