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Abstract: Background: Dengue is a global health concern, with half of the world’s popula-
tion at risk and no antiviral treatment available. This Phase 0 study investigated dengue
infections among household contacts (HHCs) of dengue index cases (ICs) and assessed
the feasibility of conducting a Phase 2 trial for a novel antiviral. Methods: Participants
were enrolled in Nha Trang, Vietnam, from April 2022 to February 2023. Dengue ICs
were identified within 72 h of fever onset, and their healthy adult HHCs enrolled within
48 h. Blood samples and questionnaires were collected bi-weekly for four weeks, with a
follow-up visit on day 40. DENV RT-qPCR, NS1, and anti-DENV IgM/IgG ELISAs were
performed. Results: Overall, 130 dengue ICs and 301 HHCs were enrolled, with 91.7%
(276/301) completing all follow-up visits. Baseline anti-DENV IgG showed prior dengue
infections in 262/301 HHCs (87.0%). Fifty HHCs were excluded from the HHC infection
analysis based on evidence of a DENV infection (viral load [VL], NS1, IgM, and IgG results)
at enrollment. During follow-up, 2.0% of HHCs (5/251) had DENV infections based on
virological parameters (DENV RNA and/or NS1 positivity), and anti-DENV IgG/IgM
seroconversion was detected in 7.2% (18/251). Conclusions: This study demonstrated the
operational feasibility of a dengue IC-HHC design for a Phase 2 trial.

Keywords: dengue; infection; household contacts; community; Vietnam

1. Introduction
Dengue is a global public health threat, putting half of the world’s population at risk

and causing 100–400 million cases annually [1]. Dengue is caused by the dengue virus
(DENV), which consists of four distinct serotypes (DENV-1 to DENV-4) and is transmitted
to humans during the feeding of an infected Aedes mosquito. Approximately 80% of
dengue cases are asymptomatic, while in symptomatic cases, the first signs typically appear
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2 to 7 days after infection, coinciding with the onset of viremia. In symptomatic cases,
DENV RNA and the DENV NS1 antigen can be detected during the first 7 days of illness [2].
In the case of a primary dengue infection, anti-DENV IgM antibodies generally become
detectable 4–5 days after symptom onset, while anti-DENV IgG antibodies appear after IgM,
between days 7 and 14, and can be detected for many months and even years after infection.
In post-primary DENV infections, a rapid increase in anti-DENV IgG titers is observed
while the IgM response is low or even absent. Individuals with clinical symptoms typically
experience an acute, self-limiting febrile illness that resolves within 4 to 7 days, including
both dengue with warning signs (DWWS) and dengue without warning signs (DWoWS).
However, approximately 1% of reported DENV infections result in severe dengue (SD)
outcomes [3].

Asymptomatic and presymptomatic dengue infections have been shown to play a
key role in dengue transmission dynamics, leading to outbreaks and epidemics [4–6].
Factors contributing to their significant role in dengue transmission include their higher
prevalence relative to symptomatic DENV infections, the presence of DENV viremia,
required for mosquito infection, also occurring in pre- and asymptomatic individuals, and
the lack of apparent symptoms, allowing these individuals to maintain their daily activities
and move between various locations. Investigation into dengue intervention strategies
aimed at preventing both symptomatic and asymptomatic infections would be valuable
for their potential to impact dengue disease burden as well as dengue transmission in
the community.

To date, there is no dengue-specific antiviral treatment available, although a lim-
ited number of direct-acting antiviral strategies for treatment or prevention are cur-
rently in clinical development, including Johnson & Johnson’s mosnodenvir (Phase II),
Novartis’ EYU688/NITD-688 (Phase II), and Visterra’s monoclonal antibody VIS513
(Phase II), currently licensed to the Serum Institute of India Pvt. Ltd. [7–10]. Two dengue
vaccines—Dengvaxia® (CYD-TDV) and Qdenga® (TAK-003)—have been licensed, and
a third, the Butantan–Dengue Vaccine, is in late-stage clinical development [11]. How-
ever, in 2024, Sanofi Pasteur announced that the manufacturing of Dengvaxia® will be
discontinued [12]. The use of Qdenga® is recommended by the WHO in settings with high
dengue transmission intensity. Until the efficacy–risk profile for DENV-3 and DENV-4 in
seronegative people has been more thoroughly assessed, the WHO does not recommend
the programmatic use of Qdenga® in low to moderate dengue transmission settings [13].

To evaluate the potential of an anti-DENV antiviral agent for preventing dengue
infections in the community, a study design that assesses feasibility and efficacy is essen-
tial. To this end, we conducted a prospective community-based study among household
contacts (HHCs) of both hospitalized and non-hospitalized dengue index cases (ICs). We
assessed the operational feasibility of a community-based IC-HHC study design, along
with participant adherence to intensive sampling for endpoint evaluation. We evaluated
the incidence of DENV infections using viral (DENV RNA or NS1) and serological markers
(anti-DENV IgM/IgG) and examined disease characteristics along with the dynamics of
viral and immunological responses in human hosts (ICs and HHCs).

2. Methods
2.1. Study Design

This Phase 0 study is a prospective community-based study on the HHCs of dengue
NS1- and/or IgM-positive ICs. HHCs were enrolled and followed up twice a week for
4 weeks, with an additional follow-up on day 40 (Figure S1). The study was conducted
in Nha Trang, Khanh Hoa Province, central Vietnam [14,15]. There are five government
polyclinics, each covering 5 to 6 communes, providing outpatient treatment to a total
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of 27 communes. As a standard of care, all dengue cases that require hospitalization are
referred to Khanh Hoa Tropical Diseases Hospital (TDH). The dengue NS1- and/or IgM-
positive ICs were enrolled either at TDH or polyclinics covering all dengue patients visiting
public health care settings at the study site. Participants were enrolled between April 2022
and February 2023.

2.2. Study Participant Enrollment
2.2.1. Dengue Index Cases

Clinically suspected dengue cases aged 1–65 years who visited TDH and polyclinics
within 72 h after the onset of illness (fever) were screened using the DENV NS1 and
IgM/IgG rapid dual test (SD BIOLINE Dengue Duo rapid test) for positivity (NS1 and/or
IgM) for inclusion in the study. Clinical and epidemiological information, along with a
blood sample, was collected at enrollment. For hospitalized ICs, a second blood sample
was collected at the time of hospital discharge.

2.2.2. Household Contacts

The HHCs, aged 18–65 years, were contacted and enrolled within 48 h of IC enroll-
ment. HHCs were defined as people living near the ICs, such as those spending the night
under the same roof or sharing cooking facilities. The HHCs could not have any signs or
symptoms of dengue infection at the time of enrollment. The enrolled HHCs were followed
up and blood samples were taken twice a week for 4 weeks and on day 40, for a total of up
to 10 visits (Figure S1).

2.3. Data and Sample Collection

The collected blood samples from dengue ICs and HHCs were transported to the
Nagasaki University research laboratory at the Pasteur Institute in Nha Trang for sample
processing and storage. A health diary was also provided to the HHCs to record their daily
health status during the study period.

2.4. Sample Testing

Dengue antigen (NS1) and antibody testing (anti-DENV IgM/IgG) were performed using
commercially available enzyme-linked immunosorbent assay (ELISA) test kits (EUROIM-
MUN Medizinische Labordiagnostika AG, Lübeck, Germany). Test results were interpreted
following the manufacturer’s instructions. The DENV NS1 result was considered positive if
the result was ≥11 relative units (RU)/mL and negative when <11 RU/mL. A positive anti-
dengue IgM test result was defined as a ratio of the extinction of the sample to the calibrator
≥1.1; the result was borderline (indeterminate) if the ratio was ≥0.8 to <1.1 and negative
if <0.8. Anti-dengue IgG was considered positive if the ELISA test result was ≥22 RU/mL
and negative if <22 RU/mL. The detection of DENV RNA in serum was evaluated using a
DENV real-time reverse transcription polymerase chain reaction (RT-PCR) from the LightMix®

Dengue Virus EC kit (Roche Diagnostics International AG, Risch-Rotkreuz, Switzerland); a
cycle threshold < 35 was interpreted as a positive result; a cycle threshold ≥ 35 was considered
negative. For a selected set of samples (the available viral load-positive samples), DENV
serotype was assessed using a serotype-specific quantitative DENV RT-qPCR performed at
Cerba Research (Cerba Research, Rijswijk, The Netherlands).

2.5. Case Definitions

ICs with baseline anti-DENV IgG levels < 22 RU/mL in the anti-DENV IgG ELISA
were defined as primary DENV infections and ICs with baseline IgG levels ≥ 22 RU/mL
as post-primary DENV infections. For HHCs, baseline anti-DENV IgG levels < 22 RU/mL
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classified HHCs as dengue-naïve at enrollment versus having a history of prior dengue
exposure when their baseline IgG levels were ≥22 RU/mL.

The incidence of DENV infections in HHCs during the study period was evaluated
based on viral and/or serological markers. Viral markers were evaluated from visit 2 on-
wards for the detection of post-baseline infections. As serology responses occur later in
the infection, both visit 1 and visit 2 serology test results were considered as baseline, and
serology markers to detect post-baseline infections were evaluated from visit 3 onwards. A
DENV infection in a HHC was identified during the trial participation if the HHC met at
least one of the following criteria: (1) a positive DENV RNA and/or NS1 test result from
study visit 2 and onwards; (2) in the case of baseline negativity for anti-DENV IgG and/or
IgM: a positive anti-DENV IgG and/or IgM test result from study visit 3 and onwards;
(3) in the case of positive baseline anti-DENV IgG: a ≥2-fold increase in levels compared to
baseline starting from study visit 3 and onwards. However, when a HHC had a positive
DENV RNA and/or a positive NS1 test result at baseline (visit 1) and/or anti-DENV IgM
was positive/indeterminate at baseline (visit 1 and/or visit 2) and/or had anti-DENV IgG
seroconversion at visit 2, the HHC was considered to have a baseline DENV infection and
was not included in the DENV infection follow-up analysis. Indeterminate anti-DENV IgM
values at follow-up in HHCs were considered negative. Samples with high IgG levels at the
first two visits and an increase of less than two-fold were diluted and retested to confirm
the change in IgG levels.

2.6. Ethics

The study was approved by the ethics committee of Nagasaki University (No. 210916264)
and the National Institute of Hygiene and Epidemiology (NIHE), Hanoi (No. 3985/QD-BYT).
Written informed consent was obtained from the individuals to participate in the study. For
dengue ICs aged 1–17 years, informed consent was obtained from a parent or guardian. The
study execution and biological samples used in the project were reviewed and approved to
ensure compliance with Consensus ethical principles derived from international guidelines
(Declaration of Helsinki, Council for International Organizations of Medical Sciences (CIOMS)
International Ethical Guidelines, applicable International Council for Harmonization (ICH)
Good Clinical Practice (GCP) Guidelines, and applicable laws).

2.7. Data Availability

The study data will be shared upon request on a collaborative basis, with approval
from the study investigators and sponsor. Personal information will be removed from the
shared data.

3. Results
3.1. Study Disposition

During the enrollment period between April 2022 and February 2023, a total of 130 ICs
were enrolled in the study, with 40% (n = 52) of the ICs < 18 years of age (Figure 1A).
The highest number of enrollments occurred during the period between July 2022 and
December 2022. A total of 301 HHCs were enrolled (Figure 1B). The average number of
HHCs per IC was 2.3.
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Figure 1. Enrollment of dengue index cases (A) and their household contacts (B), and the study
completion rate for the household contacts (C). Study completion is defined as the successful collection
of the scheduled blood samples and associated epidemiological data at each visit. The number of
visits corresponds to the total completed by each study participant.
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3.2. Operational Feasibility of Index Case—Household Contact Study Design in Vietnam

The time between the onset of symptoms and the NS1/anti-DENV IgM/IgG rapid
diagnostic test (RDT) was available for 129 ICs with a mean of 41.4 h. Except for 5 out
of 129 ICs (3.9%), all ICs were screened using the RDT within 72 h after symptom onset,
and for the majority of ICs, the RDT was performed within 48 h after symptom onset
(92/129; 71.3%).

A high study completion rate was achieved with 92% of the HHCs (276/301) complet-
ing all 10 planned enrollment and follow-up visits (Figure 1C).

3.3. Characteristics and Dengue Infections in Index Cases

The median age of the enrolled ICs was 23 years (IQR: 11–34), 10 years (IQR: 8–14)
among the ICs < 18 years of age, and 31 years (IQR: 25–39) among ICs ≥ 18 years of age.
Furthermore, 53.1% (69/130) of the ICs were male (Table 1). At enrollment, anti-DENV IgG
titers were negative for 37 ICs (28.5%), indicating that those ICs had a primary DENV infec-
tion. Proportionally, more primary DENV infections were observed in the ICs < 18 years
of age (21/52 (40.4%)) when compared to the ICs ≥ 18 years of age (16/78 (20.5%))
(Table 1). The remaining 93 ICs (71.5%) were anti-DENV IgG-positive at enrollment (post-
primary DENV infections). At baseline, ICs < 18 years of age had a median anti-DENV IgG
level of 59.5 RU/mL (IQR: −3.5 to 154.4), while those ≥18 years of age had a median of
151.3 RU/mL (IQR: 37.8 to 191.8) (Figure 2).

Table 1. Epidemiological and clinical characteristics of index cases.

Index Cases < 18 years Index Cases ≥ 18 years

Primary Post-
Primary

All < 18
Years Primary Post-

Primary
All ≥ 18

Years Total

N 21 31 52 16 62 78 130
Age

Median (IQR) 10 (9–11) 10 (8–15) 10 (8–14) 26 (21–32) 33 (26–43) 31 (25–39) 23 (11–34)
Sex, n (%)

Males 15 (71.4) 18 (58.1) 33 (63.5) 4 (25.0) 32 (51.6) 36 (46.2) 69 (53.1)
Females 6 (28.6) 13 (41.9) 19 (36.5) 12 (75.0) 30 (48.4) 42 (53.8) 61 (46.9)

BMI
Mean (SD) 19.6 (3.8) 19.1 (4.2) 19.3 (4.0) 21.4 (2.2) 21.9 (3.1) 21.8 (3.0) 20.8 (3.6)

Days from symptom onset to
enrollment
Mean (SD) 1.8 (0.6) 2.0 (0.8) 1.9 (0.7) 1.8 (0.8) 2.4 (0.7) 2.3 (0.8) 2.1 (0.8)

Disease severity α, n (%)
Dengue without warning

signs 13 (61.9) 23 (74.2) 36 (69.2) 8 (50.0) 52 (83.9) 60 (76.9) 96 (73.8)

Dengue with warning signs 8 (38.1) 6 (19.4) 14 (100.0) 7 (43.8) 8 (12.9) 15 (19.2) 29 (22.3)
Severe dengue 0 (0.0) 2 (6.5) 2 (100.0) 1 (6.3) 2 (3.3) 3 (3.8) 5 (3.8)

Cases hospitalized, n (%) 15 (71.4) 20 (64.5) 35 (67.3) 10 (62.5) 20 (32.3) 30 (38.5) 65 (50.0)
Days of hospitalization

Median (IQR) 6 (4–8) 5 (4–6) 6 (4–7) 6 (5–7) 7 (6–10) 6 (5–9) 6 (5–8)
Hospitalization outcome, n

(%)
N 15 20 35 10 20 30 65

Hospitalized and recovered 15 (100.0) 20 (100.0) 35 (100.0) 10 (100.0) 17 (85.0) 27 (90.0) 62 (95.4)
Palliative discharge 0 (0.0) 0 (0.0) 0 (100.0) 0 (0.0) 2 (10.0) 2 (6.7) 2 (3.1)

Hospitalized and dropped
out of the study 0 (0.0) 0 (0.0) 0 (100.0) 0 (0.0) 1 (5.0) 1 (3.3) 1 (1.5)

α Dengue without warning signs: erythema, nausea, vomiting, headache, eye aches, facial flushing, body aches,
bone aches, sore throat, fatigue, anemia, myalgia, and arthralgia. Dengue with warning signs: purpura, mucosal
bleeding, abdominal pain, and lethargy. Severe dengue: respiratory distress, gastrointestinal bleeding, massive
vaginal bleeding, and other bleeding.

For most ICs (75.4%, 98/130), the rapid test was positive for NS1 only; 11.5% (15/130)
of ICs were positive for both NS1 and IgM, and 13.1% (17/130) of ICs were only positive
for IgM. The positive DENV NS1 and/or anti-DENV IgM/IgG rapid test result could be
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confirmed by DENV RT-qPCR (DENV RNA-positive Cp < 35) for 78 ICs (60%) and by
NS1 ELISA for 81 ICs (62.3%). Serotype data at enrollment were obtained for 64 DENV
RNA-positive ICs. The majority of DENV infections were caused by DENV-2 (51.6%
[33/64]), followed by DENV-1 (40.6% [26/64]) and DENV-4 (6.3% [4/64]). One IC (1.6%)
was co-infected with both DENV-1 and DENV-2.

Figure 2. Box plot of anti-DENV IgG levels of index cases by age group at enrollment. The dotted
line represents the cut-off for anti-DENV IgG seropositivity, set at 22 RU/mL.

Out of the 130 ICs, 65 (50.0%) were hospitalized, of whom 62 recovered, 2 were
palliatively discharged at the request of a family member, and 1 dropped out before
the second sample collection (Table 1). The median hospitalization duration was 6 days
(IQR: 5–8) (Table 1). The hospitalization rate was higher for ICs < 18 years of age (67.3%
[35/52]) compared to those ≥18 years of age (38.5% [30/78]). For ICs < 18 years of age, the
hospitalization rate was 71.4% (15/21) for those with primary infection and 64.5% (20/31)
for those with post-primary infection. For ICs ≥ 18 years of age, the hospitalization rate
was proportionally higher for ICs with primary infection (62.5%; 10/16) compared to those
with post-primary infection (32.3%; 20/62).

At enrollment, the most frequently observed symptoms in ICs (observed in ≥60%)
were fatigue/malaise, fever, headache, body aches, muscle aches, and anorexia (Figure 3).
Among the ICs, 29/130 (22.3%) exhibited dengue symptoms with warning signs, such as
purpura, mucosal bleeding, abdominal pain, and lethargy. Additionally, 5/130 ICs (3.8%)
displayed SD symptoms, including respiratory distress, shock, and/or massive vaginal
bleeding (Table 1).
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Figure 3. Baseline symptom proportions of index cases with 95% confidence intervals. Bold lettering
indicates symptoms associated with dengue with warning signs (DWWS) and severe dengue (SD).

3.4. Characteristics and Dengue Infections in Household Contacts

The median age of HHCs was 35 years (IQR: 28–45), 42.9% (129/301) of HHCs were
male, and the mean body mass index (BMI) was 22.4 (SD: 3.0). Among the enrolled HHCs,
the detection of baseline anti-DENV IgG levels demonstrated a history of prior DENV
infection for 87.0% (262/301), while 13.0% (39/301) were DENV-naïve at baseline. DENV-
naïve individuals had a median age of 27 years (IQR: 21–31), while those with a history of
DENV infection had a median age of 36 years (IQR: 30–48).

Fifty HHCs (16.6%, 50/301) were excluded from the HHC infection analysis due to
dengue infections at enrollment based on anti-dengue IgM positivity (22/301), anti-dengue
IgM being indeterminate (22/301), anti-dengue IgG seroconversion at visit 2 (5/301), and
DENV RNA+NS1 positivity (1/301). At the post-baseline follow-up visits, 2.0% of HHCs
(5/251) had DENV infections based on virology parameters: two participants became
positive for only DENV RNA, one participant for both DENV RNA and NS1, and two
participants became positive for NS1 only. Anti-DENV IgG and/or IgM seroconversion
was detected in 7.2% of HHCs (18/251) (Figure 4). Overall, during follow-up, 19/251 (7.6%)
HHCs showed positivity or an increase in viral, serological, or both viral and serological
markers of DENV infections. These included 5 HHCs who were previously DENV-naïve
and thus experienced a primary DENV infection and 14 HHCs with baseline evidence of a
history of DENV infection experiencing a post-primary infection.

Out of these 19 HHCs with positive DENV viral and/or serological markers during
follow-up, 6 HHCs experienced symptoms—4 (1.6%, 4/256) had dengue without warning
signs (DWoWS), 2 (0.8%, 2/256) had dengue with warning signs (DWWS), and none
had SD—while 13 HHCs (5.1%, 13/256) remained asymptomatic. The asymptomatic-to-
symptomatic ratio was 2.2:1.
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Figure 4. Flowchart of the immunological profiles and viral markers of household contacts (A),
and table of DENV-positive cases (B). Virological positive cases are shown in green, and serological
positive cases in blue.

A broad range of dengue virological (DENV RNA/NS1) and serological (anti-DENV
IgM/IgG) patterns were observed among HHCs exposed to DENV during the study
enrollment and follow-up period. A classic primary DENV infection was observed during
follow-up in a DENV-naïve HHC, characterized by simultaneous increases in DENV
RNA and NS1, followed by a rise in both IgM and IgG levels (Figure S2A). In the other
HHCs with virological and/or serological evidence of DENV infections, more diverse
profiles were observed: in three HHCs, only DENV RNA or NS1 was detected, followed
by IgG seroconversion (n = 1 primary and n = 2 post-primary infections). In one HHC
with a primary dengue infection, only DENV NS1 was detected, without any rise in
serological markers, and in three HHCs with post-primary dengue infection, only IgM
was detected, without virological markers or a rise in IgG. In one HHC, a rise in IgM and
IgG seroconversion was observed. Furthermore, two HHCs with a primary infection and
eight HHCs with a post-primary infection showed a prominent rise in IgG levels during
the follow-up period, although no DENV RNA or NS1 could be detected (Figure S2B).

Among the 50 HHCs excluded from the infection analysis, 1 individual with detectable
DENV RNA and NS1 at enrollment showed high initial levels of both markers, followed by
a rise in IgG levels (Figure S2C).
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4. Discussion
We conducted a prospective community-based study to assess dengue infections

among HHCs of dengue ICs in a dengue-endemic setting in Vietnam. The majority of ICs
(71.3%) completed RDT testing within 48 h of symptom onset. Early RDT testing correlated
with NS1 positivity without anti-DENV IgM positivity in 75.4% of cases, indicating infection
in the acute phase. In addition, our study demonstrated operational feasibility for the
follow-up of HHCs to assess the incidence of DENV infections, with 92% (276/301) of
HHCs successfully completing all 10 planned study visits, including sample collection at
each visit. The intensive sample collection schedule, with twice-weekly collections, was
designed to optimize the identification of dengue cases through the detection of DENV
RNA and/or NS1, which can only be detected in the acute phase of the disease. DENV
RNA or NS1 positivity, in general, may only be detected within 7 days after symptom onset.
DENV viremia levels decrease rapidly following the onset of symptoms, and the window
of DENV RNA positivity may vary with infecting serotype and/or immune status [16]. Our
findings demonstrate the operational feasibility of identifying index cases within 72 h of
symptom onset, enrolling their household contacts, and successfully completing intensive
follow-up—insights that are significant for designing future community-based dengue
intervention studies in endemic regions like Vietnam. These may include antiviral treatment
studies, where rapid identification and intervention after symptom onset are essential, as
well as preventive studies that require the early identification of at-risk individuals and
intensive follow-up.

In this study, we reported the prevalence of dengue immunity among DENV-positive
ICs and their HHCs in a dengue-endemic setting in Nha Trang, central Vietnam. Nha
Trang city is a highly endemic dengue setting, with an incidence of clinically compatible
dengue that was reported to be 2.8 per 1000 persons in a study conducted in 2011 [17].
We observed that prior dengue exposure increases with age, and by the age of 18 years,
the majority of cases (80%) had been exposed to dengue at least once, classifying them as
post-primary dengue cases. The primary dengue cases among adult ICs were younger than
the post-primary dengue cases. However, the median age of ICs under 18 years did not
differ notably between those with primary and post-primary dengue.

Among the enrolled HHCs, 13.0% were dengue-naïve, indicating that this population
is at risk of a primary dengue infection in the community. As expected, the dengue-naïve
HHCs were younger than the HHCs with a history of a prior DENV infection (median:
27 years vs. 36 years).

During follow-up of the HHCs, twice-weekly blood sampling revealed dengue in-
fections in 2.0% based on viral markers (DENV RNA and/or NS1) and in 7.2% based on
serological markers (anti-DENV IgM and/or IgG seroconversion). Notably, NS1 remained
negative at the visits with testing for all HHCs with a history of prior DENV infection who
experienced a post-primary DENV infection during the study. These results are consistent
with findings from Kulkarni and colleagues, who reported lower NS1 titers in patients
with secondary dengue infections compared to those with primary infections [18]. Among
the 7.6% (19/251) of HHCs with viral and/or serological evidence of DENV infection, six
were symptomatic, including four without warning signs and two with warning signs.
Both symptomatic HHCs with warning signs were DENV RNA-positive. The remaining
13 HHCs with DENV infections were asymptomatic; none were DENV RNA-positive, but
NS1 was detected in 2 of these cases. The incidence of asymptomatic dengue infections in
HHCs in this study was 5.2% (13/251), with a ratio of asymptomatic-to-symptomatic cases
of 2.2:1. This ratio was slightly higher than the 1.5:1 reported in a contact cluster study by
Riswari and colleagues (2.2% incidence) [19].
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Our results are consistent with those of a previous cross-sectional dengue serosurvey
in Nha Trang [20], which found that approximately 7% of the study population tested IgM-
positive for dengue, suggesting recent exposure to the virus. A community contact cluster
design similar to our study was used in a prospective observational study conducted
in Indonesia from 2005 to 2009. In that study, 3.7% of community contacts of dengue
cases, followed up for 2 weeks, were diagnosed with acute DENV infections (DENV RNA-
positive and/or IgM seroconversion) [21]. Unlike our study, the dengue ICs in this study
were enrolled later in their acute infection, with a median fever duration of 5 days. The
majority of the ICs in the study in Indonesia were negative for DENV RNA and IgM-
positive at enrollment, while the majority of ICs enrolled in our study were NS1- and/or
DENV RNA-positive at enrollment. We observed that 16.6% of HHCs showed evidence
of asymptomatic DENV infections at the time of enrollment. Similarly, a study conducted
among asymptomatic blood donors in Nepal in 2023 reported a 7.8% rate of asymptomatic
recent dengue infection [21]. Therefore, following the results of our study, a design like the
one used in our study could support both a treatment strategy with early detection of ICs,
as well as post-exposure prophylaxis, among HHCs who are positive for DENV RNA, NS1,
or IgM at enrollment, and pre-exposure prophylaxis, among HHCs with no evidence of
DENV infection at enrollment.

In our study, DENV-2 and DENV-1 were the predominant serotypes, followed by
DENV-4. We did not detect DENV-3 in our study. A recent study from southern Vietnam
conducted in 2022–2023 also reported that DENV-2 was the most prevalent (71.9%), fol-
lowed by DENV-1 (24.0%) and DENV-4 (4.2%). Similarly, DENV-3 was not detected in
another study [22].

Limitations

HHCs with positive anti-DENV IgM at baseline were, as per the protocol, excluded
from the HHC infection analysis. In addition, the analysis did not include HHCs with
indeterminate anti-DENV IgM at baseline or with IgG seroconversion at visit 2. This
approach represents a more stringent analysis, also considering the potential cross-reactivity
of the IgM ELISA with other flaviviruses such as Japanese encephalitis virus and zika virus,
which were not tested for in this study. Although this may have led to missed post-baseline
DENV infections among the HHCs who were excluded from the analysis, the overall
outcome of the study was not affected. We did not perform anti-dengue neutralization
antibody assays (PRNT) on the samples, limiting our ability to analyze serotype-specific
immune responses. Dengue virus genomic data were not yet available, and different
serotype variants may exhibit distinct clinical and immunological characteristics, which
we were unable to investigate. Cytokine profiling and transcriptomic analysis were not
included in this manuscript, but we plan to further investigate these in the near future.

5. Conclusions
This study demonstrated the operational feasibility of a dengue IC-HHC community-

based study design, with the rapid identification of ICs, the enrollment of their HHCs, and
successful completion of an intensive sampling follow-up of HHCs. With blood sampling
twice a week, dengue infection was detected in 2.0% (based on virology) to 7.2% (based on
serology), and 13/19 HHCs with dengue infection were asymptomatic. This may indicate
that several parameters and/or more frequent sampling timepoints might be required
to detect a dengue infection. The present study paves the way for future interventional
studies evaluating anti-DENV agents for the treatment or prevention of dengue infections
in the community.
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Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/v17060859/s1: Figure S1. Study enrollment and household
contact follow-up flow (appendix); Figure S2. Classical primary dengue infection case (A), post-
primary dengue exposure before enrollment (B), IgG seroconversion without DENV RNA/NS1
signals (C).

Author Contributions: Conceptualization, L.-M.Y.; Methodology, L.V.W., M.L.H., F.R. and L.-M.Y.;
Validation, A.B., M.T., L.V., O.L. and L.M.; Formal analysis, E.K., L.V.W., M.L.H., M.T., L.V., O.L., L.M.,
M.K.H., L.T.L., S.H. and L.-M.Y.; Investigation, M.T., H.A.T.N., H.H.L., D.A.D., M.K.H., L.T.L., T.B.N.,
H.T.D., G.H.-T., F.R. and L.-M.Y.; Data curation, E.K., L.V.W., M.L.H., A.B., H.A.T.N., H.H.L., M.K.H.,
L.T.L., T.B.N., G.H.-T. and F.R.; Writing—original draft, E.K. and L.-M.Y.; Writing—review & editing,
E.K., L.V.W., M.L.H., A.B., M.T., K.D.C., L.V., O.L., L.M., H.A.T.N., H.H.L., D.A.D., M.K.H., L.T.L.,
T.B.N., S.H., H.T.D., G.H.-T., F.R. and L.-M.Y.; Visualization, L.V., O.L. and L.M.; Supervision, L.-M.Y.;
Project administration, K.D.C., H.A.T.N., H.H.L., D.A.D., H.T.D. and L.-M.Y.; Funding acquisition,
L.-M.Y. All authors have read and agreed to the published version of the manuscript.

Funding: The study was funded by Johnson & Johnson, and the population-based cohort study in
Nha Trang was funded by Japan Program for Infectious Diseases Research and Infrastructure, Japan
Agency for Medical Research and Development (AMED), under Grant Number JP21wm0125006.

Institutional Review Board Statement: The study was approved by the ethics committee of Nagasaki
University (No. 210916264) and the National Institute of Hygiene and Epidemiology (NIHE), Hanoi
(No. 3985/QD-BYT).

Informed Consent Statement: Written informed consent was obtained from the individuals to
participate in the study. For dengue ICs aged 1–17 years, informed consent was obtained from a
parent or guardian.

Data Availability Statement: The original contributions presented in this study are included in the
article/Supplementary Materials. Further inquiries can be directed to the corresponding author.

Acknowledgments: We would like to thank the dengue index case subjects and their household
contacts for their participation in the study. We also appreciate the support of the staff from the
National Institute of Hygiene and Epidemiology, Hanoi; Khanh Hoa Health Service; Polyclinics; and
Khanh Hoa Tropical Diseases Hospital, Nha Trang, in conducting this research.

Conflicts of Interest: L.V.W., A.B., K.D.C., L.V., O.L., G.H.-T. and F.R., are employees of Johnson &
Johnson. E.K.’s salary was covered by the research fund for this study, funded by Johnson & Johnson.
S.H., M.L.H. and L.-M.Y. received research funding from Johnson & Johnson for this study. The rest
of authors declare no conflict of interest.

References
1. World Health Organization. Dengue and Severe Dengue. 2020. Available online: https://www.who.int/en/news-room/fact-

sheets/detail/dengue-and-severe-dengue (accessed on 12 February 2025).
2. CDC Dengue. Clinical Testing Guidance for Dengue. Available online: https://www.cdc.gov/dengue/hcp/diagnosis-testing/

index.html (accessed on 21 March 2025).
3. Dengue Guidelines, for Diagnosis, Treatment, Prevention and Control, A Joint Publication of the World Health Organization

(WHO) and the Special Programme for Research and Training in Tropical Diseases (TDR). 21 April 2009. Technical document.
Available online: https://www.who.int/publications/i/item/9789241547871 (accessed on 12 February 2025).

4. Anderson, K.B.; Gibbons, R.V.; Cummings, D.A.T.; Nisalak, A.; Green, S.; Libraty, D.H.; Jarman, R.G.; Srikiatkhachorn, A.;
Mammen, M.P.; Darunee, B.; et al. A shorter time interval between first and second dengue infections is associated with protection
from clinical illness in a school-based cohort in Thailand. J. Infect. Dis. 2014, 209, 360–368. [CrossRef]

5. Bos, S.; Graber, A.L.; Cardona-Ospina, J.A.; Duarte, E.M.; Zambrana, J.V.; Salinas, J.A.R.; Mercado-Hernandez, R.; Singh, T.;
Katzelnick, L.C.; de Silva, A.; et al. Protection against symptomatic dengue infection by neutralizing antibodies varies by infection
history and infecting serotype. Nat. Commun. 2024, 15, 382. [CrossRef] [PubMed]

6. Bosch, Q.A.T.; Clapham, H.E.; Lambrechts, L.; Duong, V.; Buchy, P.; Althouse, B.M.; Lloyd, A.L.; Waller, L.A.; Morrison, A.C.;
Kitron, U.; et al. Contributions from the silent majority dominate dengue virus transmission. PLoS Pathog. 2018, 14, e1006965.
[CrossRef]

https://www.mdpi.com/article/10.3390/v17060859/s1
https://www.mdpi.com/article/10.3390/v17060859/s1
https://www.who.int/en/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://www.who.int/en/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://www.cdc.gov/dengue/hcp/diagnosis-testing/index.html
https://www.cdc.gov/dengue/hcp/diagnosis-testing/index.html
https://www.who.int/publications/i/item/9789241547871
https://doi.org/10.1093/infdis/jit436
https://doi.org/10.1038/s41467-023-44330-8
https://www.ncbi.nlm.nih.gov/pubmed/38195666
https://doi.org/10.1371/journal.ppat.1006965


Viruses 2025, 17, 859 13 of 13

7. Goethals, O.; Kaptein, S.J.F.; Kesteleyn, B.; Bonfanti, J.F.; Van Wesenbeeck, L.; Bardiot, D.; Verschoor, E.J.; Verstrepen, B.E.;
Fagrouch, Z.; Putnak, J.R.; et al. Blocking NS3-NS4B interaction inhibits dengue virus in non-human primates. Nature 2023, 615,
678–686. [CrossRef] [PubMed]

8. Ackaert, O.; Vanhoutte, F.; Verpoorten, N.; Buelens, A.; Lachau-Durand, S.; Lammens, L.; Hoetelmans, R.; Van Loock, M.;
Herrera-Taracena, G. Safety, Tolerability, and Pharmacokinetics of JNJ-1802, a Pan-serotype Dengue Direct Antiviral Small
Molecule, in a Phase 1, Double-Blind, Randomized, Dose-Escalation Study in Healthy Volunteers. Clin. Infect. Dis. 2023, 77,
857–865, Erratum in: Clin. Infect. Dis. 2024, 79, 283. [CrossRef] [PubMed] [PubMed Central]

9. Gunale, B.; Farinola, N.; Kamat, C.D.; Poonawalla, C.S.; Pisal, S.S.; Dhere, R.M.; Miller, C.; Kulkarni, P.S. An observer-blind,
randomised, placebo-controlled, phase 1, single ascending dose study of dengue monoclonal antibody in healthy adults in
Australia. Lancet Infect. Dis. 2024, 24, 639–649. [CrossRef] [PubMed]

10. Moquin, S.A.; Simon, O.; Karuna, R.; Lakshminarayana, S.B.; Yokokawa, F.; Wang, F.; Saravanan, C.; Zhang, J.; Day, C.W.; Chan,
K.; et al. NITD-688, a pan-serotype inhibitor of the dengue virus NS4B protein, shows favorable pharmacokinetics and efficacy in
preclinical animal models. Sci. Transl. Med. 2021, 13, eabb2181. [CrossRef] [PubMed]

11. Kallás, E.G.; Cintra, M.A.T.; Moreira, J.A.; Patiño, E.G.; Braga, P.E.; Tenório, J.C.V.; Infante, V.; Palacios, R.; de Lacerda, M.V.G.;
Batista Pereira, D.; et al. Live, Attenuated, Tetravalent Butantan-Dengue Vaccine in Children and Adults. N. Engl. J. Med. 2024,
390, 397–408. [CrossRef] [PubMed]

12. About a Dengue Vaccine, Dengue, CDC. Available online: https://www.cdc.gov/dengue/vaccine/index.html (accessed on
12 February 2025).

13. WHO Position Paper on Dengue Vaccines—May 2024, Weekly Epidemiological Record. 3 May 2024 Policy Brief. Available online:
https://iris.who.int/bitstream/handle/10665/376641/WER9918-eng-fre.pdf?sequence=1 (accessed on 12 February 2025).

14. Yoshida, L.M.; Suzuki, M.; Thiem, V.D.; Smith, W.P.; Tsuzuki, A.; Huong, V.T.; Takahashi, K.; Miyakawa, M.; Anh, N.T.; Watanabe,
K.; et al. Population based cohort study for pediatric infectious diseases research in Vietnam. Trop. Med. Health 2014, 42 (Suppl.
S2), 47–58. [CrossRef] [PubMed]

15. Le Quyen, D.; Le, N.T.; Van Anh, C.T.; Nguyen, N.B.; Van Hoang, D.; Montgomery, J.L.; Kutcher, S.C.; Le, N.H.; Hien, N.T.; Kien,
D.T.H.; et al. Epidemiological, Serological, and Virological Features of Dengue in Nha Trang City, Vietnam. Am. J. Trop. Med. Hyg.
2018, 98, 402–409. [CrossRef] [PubMed]

16. Vuong, N.L.; Quyen, N.T.H.; Tien, N.T.H.; Duong Thi Hue, K.; Duyen, H.T.L.; Lam, P.K.; Tam, D.T.H.; Van Ngoc, T.; Jaenisch, T.;
Simmons, C.P.; et al. Dengue viremia kinetics and effects on platelet count and clinical outcomes: An analysis of 2340 patients
from Vietnam. elife 2024, 13, RP92606. [CrossRef] [PubMed]

17. Mai, V.Q.; Mai, X.; Le Minh Tam, N.; Nghia, L.T.; Komada, K.; Murakami, H. Prevalence and Risk Factors of Dengue Infection in
Khanh Hoa Province, Viet Nam: A Stratified Cluster Sampling Survey. J. Epidemiol. 2018, 28, 488–497. [CrossRef] [PubMed]

18. Kulkarni, R.; Shrivastava, S.; Patil, H.P.; Tiraki, D.; Mishra, A.C.; Arankalle, V.A. Correlation of serostatus and viraemia levels
among Indian dengue patients at the time of first diagnosis. Trans. R. Soc. Trop. Med. Hyg. 2020, 114, 513–520. [CrossRef]
[PubMed]

19. Riswari, S.F.; Velies, D.S.; Lukman, N.; Jaya, U.A.; Djauhari, H.; Ma’roef, C.N.; Myint, K.S.A.; Widjaja, S.; van der Ven, A.;
Alisjahbana, B.; et al. Dengue incidence and length of viremia by RT-PCR in a prospective observational community contact
cluster study from 2005–2009 in Indonesia. PLoS Negl. Trop. Dis. 2023, 17, e0011104. [CrossRef] [PubMed]

20. Jafari, Y.; Brady, O.J.; Biggs, J.R.; Lien, L.T.; Mai, H.K.; Nguyen, H.A.T.; Van Loock, M.; Herrera-Taracena, G.; Menten, J.; Iwasaki,
C.; et al. Could prophylactic antivirals reduce dengue incidence in a high-prevalence endemic area? PLoS Negl. Trop. Dis. 2024, 18,
e0012334. [CrossRef] [PubMed]

21. Sapkota, J.; Thapa, R.; Nepal, B.; Adhikari, R.P.; Khadka, S.; Aryal, K.; Acharya, A.; Kunwar, S.; Khanal, L.K. Seroprevelance of
Dengue Among Healthy Blood Donors in Blood bank. J. Nepal. Health Res. Counc. 2024, 22, 562–566. [PubMed]

22. Tran, K.Q.; Pham, V.H.; Tran, T.T.N.; Mai, C.T.; Pham, T.K.A.; Ngo, T.H.; Nguyen, H.B.T.; Nguyen, C.M.; Van Duong, H.; Nguyen,
P.M. Dengue virus serotypes and related factors in children with dengue hemorrhagic fever in Southern Vietnam. J. Infect. Dev.
Ctries. 2024, 18, 495–500. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/s41586-023-05790-6
https://www.ncbi.nlm.nih.gov/pubmed/36922586
https://doi.org/10.1093/cid/ciad284
https://www.ncbi.nlm.nih.gov/pubmed/37161721
https://pmc.ncbi.nlm.nih.gov/articles/PMC10506772
https://doi.org/10.1016/S1473-3099(24)00030-6
https://www.ncbi.nlm.nih.gov/pubmed/38408457
https://doi.org/10.1126/scitranslmed.abb2181
https://www.ncbi.nlm.nih.gov/pubmed/33536278
https://doi.org/10.1056/NEJMoa2301790
https://www.ncbi.nlm.nih.gov/pubmed/38294972
https://www.cdc.gov/dengue/vaccine/index.html
https://iris.who.int/bitstream/handle/10665/376641/WER9918-eng-fre.pdf?sequence=1
https://doi.org/10.2149/tmh.2014-S07
https://www.ncbi.nlm.nih.gov/pubmed/25425951
https://doi.org/10.4269/ajtmh.17-0630
https://www.ncbi.nlm.nih.gov/pubmed/29313471
https://doi.org/10.7554/eLife.92606
https://www.ncbi.nlm.nih.gov/pubmed/38904662
https://doi.org/10.2188/jea.JE20170090
https://www.ncbi.nlm.nih.gov/pubmed/29780057
https://doi.org/10.1093/trstmh/traa027
https://www.ncbi.nlm.nih.gov/pubmed/32484863
https://doi.org/10.1371/journal.pntd.0011104
https://www.ncbi.nlm.nih.gov/pubmed/36745606
https://doi.org/10.1371/journal.pntd.0012334
https://www.ncbi.nlm.nih.gov/pubmed/39074158
https://www.ncbi.nlm.nih.gov/pubmed/39923170
https://doi.org/10.3855/jidc.18900
https://www.ncbi.nlm.nih.gov/pubmed/38728633

	Introduction 
	Methods 
	Study Design 
	Study Participant Enrollment 
	Dengue Index Cases 
	Household Contacts 

	Data and Sample Collection 
	Sample Testing 
	Case Definitions 
	Ethics 
	Data Availability 

	Results 
	Study Disposition 
	Operational Feasibility of Index Case—Household Contact Study Design in Vietnam 
	Characteristics and Dengue Infections in Index Cases 
	Characteristics and Dengue Infections in Household Contacts 

	Discussion 
	Conclusions 
	References

