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Abstract

A prospective study of dengue fever (DF) and dengue haemorrhagic fever (DHF) in adults was conducted
at two factories in Bandung, Indonesia, between August 2000 and July 2004. A total of 2978 employees
were followed for the development of fever and clinical signs of DF/DHF. Among 1431 patients reporting
a febrile illness, dengue infections were detected in 177 individuals. Four enrollees with evidence of
previous dengue exposure experienced two consecutive episodes of dengue infection. Analysis of pre-
illness sera revealed that one patient had neutralizing antibodies (nAbs) to DENV-1, two had nAbs to
DENV-2, and another had nAbs to DENV-2, 3 and 4. The individual with pre-illness neutralizing
antibodies to DENV-1 experienced a DENV-3 secondary infection, followed by a third infection with
an unknown serotype. One of the two individuals with pre-illness neutralizing antibodies to DENV-2
experienced a DENV-3 and then a DENV-1 infection. The other DENV-2 immune patient experienced
sequential infections with DENV-4 and DENV-3 viruses. Finally, the individual with pre-illness neutralizing
antibodies against three dengue viruses had a subsequent infection with DENV-4, followed one year
later by DENV-3. In this instance, the patient acquired grade II DHF (WHO criteria) from the subsequent
DENV-4 infection. These data provide confirmatory evidence that humans can experience three
sequential heterologous dengue infections. Importantly, the occurrence of a second and third infection
in individuals with pre-illness antibodies against multiple dengue serotypes indicates that neutralizing
antibodies are cross-reactive in vitro but not cross-protective in vivo.
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Introduction

Dengue fever (DF) and dengue haemorrhagic
fever (DHF) are endemic diseases that occur

with regularity across Indonesia. The first
recognized outbreak of DHF occurred during
the 1960s. Since then, outbreaks have
occurred both in rural and major urban areas
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across the archipelago. In recent years, an
increase in dengue cases among individuals ≥15
years old had been reported[1,2] but the clinical
manifestations of dengue disease progression
are poorly understood in adults. To further
evaluate the epidemiology of DF and DHF in
an adult population, a prospective dengue
cohort study was initiated in adult workers at
two textile factories in Bandung, West Java,
Indonesia.[3] During the course of this study,
enrollees were actively followed up for the
development of the disease over a four-year
study period.

Methods

After obtaining informed consent, 2978 workers
were enrolled and medical history
questionnaires and demographic data forms
completed. The enrollees underwent physical
examination and their blood samples were
taken. Baseline neutralizing antibody titers to
assess their previous dengue exposure in
addition to routine laboratory blood counts and
chemistries were measured. When a volunteer
experienced a febrile illness, a medical
evaluation was conducted and blood samples
were taken for complete blood counts (CBC),
DENV isolation, reverse-transcriptase
polymerase chain reaction (RT-PCR) and
serology (anti-DENV IgM, haemagglutination-
inhibition/HI, and neutralizing antibodies).
Volunteers with thrombocoytopenia (platelet
count ≤100 000/mm3) or those appraised as
severely ill, were hospitalized. During their
hospital stay, haematocrit and platelet counts
were evaluated daily, while chest and
abdominal sonograms were performed to
detect plasma leakage. Convalescent sera were
collected from hospitalized and non-
hospitalized patients on day 10 through day
14. Serosurveys were conducted every three
months to obtain peripheral blood mononuclear
cells (PBMCs) and plasma for the evaluation
of dengue immune status. Fifty per cent plaque

reduction neutralizing antibody titers were
determined by probit analysis. Titers below a
dilution of 1:20 on a PRNT were considered
negative.

An enrollee was considered to have a
DENV infection if he or she had a compatible
clinical illness and laboratory evidence of DENV,
which included either identification of the
infecting virus by RT-PCR or virus isolation, the
presence of IgM antibodies, or a four-fold
increase in HI antibody titer. World Health
Organization (WHO) criteria were used to
categorize disease status.[4]

Results and discussion

From August 2000 until July 2004, 1431 febrile
illnesses were evaluated, which resulted in the
confirmation of 177 acute dengue infections.
Among these, four dengue-immune enrollees
experienced two separate (consecutive)
episodes of dengue infection.

The first instance of multiple dengue
infection occurred in a 42-year-old male who
presented to the hospital with fever, headache,
myalgia, coryza, nausea and vomiting (Table
1). Analysis of pre-illness serum obtained 2
months prior to his second dengue infection
revealed the presence of neutralizing
antibodies to DENV-1 (PRNT

50
 titer: 187). The

neutralizing antibody profile of the subsequent
convalescent serum indicated that the infecting
serotype was DENV-3. Five months later, the
study volunteer demonstrated anti-DENV IgM
antibodies and a four-fold increase in HI
antibody titers suggesting a third dengue
infection (Table 2). However, in this instance,
the infecting serotype was not determined.
While both episodes required hospitalization,
the first episode was slightly more severe with
the onset of thrombocytopenia. Clinically, both
episodes were diagnosed as DF.
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The second example of consecutive
dengue infection was observed in a 29-year-
old female. In this instance, analysis of
neutralizing antibody activity two months prior
to the second infection revealed a PRNT

50
 titer

of 359 against DENV-2. The infecting serotype
was later confirmed as DENV-3 by RT-PCR.
Eighteen months after the second infection, a
third infection with DENV-1 was suspected
based on the development of nAbs. Only the
second DENV-3 infection resulted in the
hospitalization of the subject. Non-specific
symptoms such as fever, headache, retro-orbital
pain, myalgia, sore throat, nausea and vomiting
were recorded. The study volunteer also
exhibited a positive tourniquet test,
haemorrhagic tendencies and
thrombocytopenia. Since there was neither
plasma leakage nor circulatory failure the final
diagnosis was DF (Table 1). The third infection
with DENV-1 was milder and consequently no
hospitalization was required as the patient was
managed in the outpatient clinic.

A third subject, a 38-year-old male had
neutralizing antibodies to DENV-2 (PRNT

50
 titer:

215) a month prior to his second infection with
DENV-4 (confirmed by RT-PCR, virus isolation
and neutralizing antibody profile). Eighteen
months later, this individual experienced a
DENV-3 infection as identified by RT-PCR. Both
the DENV-4 and DENV-3 infections resulted
in a clinically mild disease (DF). The symptoms
reported were fever, headache, retro-orbital
pain, myalgia, nausea and sore throat (Tables
1 and 2).

The fourth study volunteer, a 30-year-old
female, demonstrated neutralizing antibodies
against DENV-2 and DENV-3 and a lower titer
against DENV-4 two months prior to a DENV-4
infection that was documented by the recovery
of the virus from the acute serum sample.
Eleven months later, the volunteer was infected
by a DENV-3 virus as evidenced by RT-PCR
and virus isolation. The neutralizing antibody
profile in these two episodes was in accordance

with the infecting serotypes. Clinical symptoms,
haemorrhagic tendencies and
thrombocytopenia were reported in both
episodes; however, plasma leakage, as noted
by pleural effusion, ascites and
hypoproteinemia, was only detected after the
second infection. In this patient, the second
infection was diagnosed as DHF grade II and
the third as DF (Tables 1 and 2).

Previously, sequential dengue infections
were recorded in 1971 in an individual from
India.[5] In this instance, the first infection was
in 1960 by a DENV-4 virus, followed by DENV-
1 one year later and DENV-2 in 1969. All the
infections manifested as a mild disease without
haemorrhagic tendencies. However, dengue
immune status prior to each episode of illness
was unknown. Furthermore, the interval
between the second and third infections was
very long (8 years), which may suggest that
cross-immunity to DENV-2 had disappeared.

Heterologous secondary dengue infection
is often associated with more severe
manifestations (DHF including dengue shock
syndrome-DSS). In our case series, one of the
four secondary infections resulted in DHF grade
II. The enrollee was infected by DENV-4
despite having low-level neutralizing antibody
to this serotype (PRNT

50
 titer 29). In the other

three cases, pre-illness neutralizing antibodies
to the infecting serotypes were not detected.
All tertiary dengue infections resulted in milder
diseases. Pre-illness neutralizing antibodies to
the infecting serotypes ranged from 36 to 99.

Pre-illness, acute and convalescent PRNT
data from episodes with confirmed infecting
serotypes (by RT-PCR or virus isolation) also
showed that the highest neutralizing titers
among convalescent sera may indicate that the
previous infecting serotypes and the current
infecting serotypes resulted in the second
highest neutralizing titers in the convalescent
sera. Our work supports the original antigenic
sin theory first proposed by Halstead.[6]
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These data support early studies that imply
that the presence of neutralizing antibodies
against additional dengue viruses clearly does not
protect against subsequent dengue infections.
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