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Dengue virus (DENV), a mosquito-borne pathogen belonging to the Flaviviridae
family, is a major global public health threat that is mostly found to be endemic in
tropical and subtropical regions. It can cause a spectrum of illnesses from mild fever to
severe hemorrhagic fever and shock syndrome. DENV exists as four distinct serotypes,
namely DENV1 to DENVA4. Infection by one provides only temporary cross-protection
against others, while potentially increases the risk of severe disease upon subsequent
infection from the phenomenon known as antibody-dependent enhancement. The lack
of a universal vaccine, with expanding geographic distribution of DENV and its mosquito
vectors necessitate ongoing research for improved diagnostics, antivirals, broadly

protective vaccines and therapeutics.

This comprehensive study ‘aimed to characterize the molecular profile of
immunity to dengue virus infections in Nepal and Thailand, to evaluate cross-reactivity
patterns with other flaviviruses, to explore the application of phage display technology
utilizing consensus envelope domain Iil (cEDIII) for developing neutralizing antibodies,
and to develop novel diagnostic approaches for rapid and sensitive detection of anti-
dengue antibodies based on the reactivity to cEDIII. Multiple complementary approaches
were employed across different study populations. In Nepal, 49 patients presenting
suspected 'DENV infection during the 2017 dengue season were assessed using
serological and genetic analyses. In Thailand, 60 acute samples, 25 convalescent
samples (28-45 days), and. 6 long-term follow-up samples (1 year) were collected from
Suranaree University of Technology Hospital and Sikhio Hospital in the Nakhon
Ratchasima province. The comprehensive immunomolecular analysis methods
including: NS1 antigen detection, IgM/1gG enzyme-linked immunosorbent assays (ELISA),
real time reverse transcription-polymerase chain reaction (gRT-PCR) for serotyping, virus
culture and isolation, whole genome sequencing, and plaque reduction neutralization
tests (PRNT) against multiple flaviviruses. For antibody development, phage display was
applied using consensus envelope domain il as a target to screen on the single-chain
variable fragment (scFv) libraries. Additionally, a label-free impedimetric immunosensor
was developed using gold electrodes modified with self-assembled monolayers of cEDIII
antigen for rapid antibody detection.



In the Nepalese cohort, 21 of 49 subjects (43%) were positive for DENV NS1
antigen, with varying IgM/IgG profiles, indicating both primary and secondary infections.
Seven samples were RNA-positive by RT-PCR (six DENV-2, one DENV-3), with DENV-2 being
the dominant serotype. Whole genome sequencing revealed similarity with strains
circulating in Singapore (2016) and India (2017). Neutralizing antibodies were present in
66% of sera tested, with 58% showing cross-reactivity against multiple serotypes. In the
Thai cohort, 34 of 60 acute samples were NS1-positive, 21 were anti-DENV IgM-positive,
44 were anti-DENV IgG-positive, and 25 were positive by gRT-PCR. Three serotypes (DENV-
1, 2, and 4) were detected, with successful isolation of DENV-1 and DENV-2 from virus
culture. Secondary infections were predominant over primary infections. Neutralization
assays revealed high neutralizing antibodies against DENV-1 and DENV-3, while
surprisingly, antibodies against ZIKV and JEV were higher than those against DENV-2 and
DENV-4. Neutralizing antibodies against YFV were also detected despite its non-endemic
status in Thailand, suggesting shared antigenic similarity with DENV. Phage display
successfully identified four different cross-reactive IgGs capable of neutralizing DENV-1
to DENV-4 to varying extents. The impedimetric immunosensor demonstrated significant
analytical differences between patient samples, showing promising potential for point-
of-care diagnostics.

Conclusively, the study reveals complex flavivirus cross-reactivity patterns in
dengue-suspected cases across different endemic regions, with direct correlations to
disease severity and diagnostic challenges. The findings demonstrated substantial
serological cross-reactivity between dengue and other co-circulating flaviviruses,
emphasizing the limitations of single diagnostic approaches in flavivirus-endemic areas.
The successful application of consensus envelope domain Ill in both phage display for
antibody development and biosensor platforms for diagnostics highlights the versatility
of this approach for comprehensive DENV research. The study provided evidence for
current and past exposure to multiple DENV serotypes and other flaviviruses,
underscoring the importance of integrating molecular, serological, and neutralization-
based assays for accurate diagnosis. Collectively, these multidisciplinary findings
emphasize the urgent need for enhanced surveillance, improved diagnostic tools, and
broadly effective therapeutic strategies. They also underline the importance of
understanding immune cross-reactivity among flaviviruses to refine vaccine
development and public health responses to DENV outbreaks.
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