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ABSTRACT

Dengue is one of the most important arboviral diseases worldwide and is considered a
reemerging infectious condition, posing a significant public health challenge, particularly
among the pediatric population. The most effective diagnostic method during the acute phase
of the illness (0-5 days), when viremia levels are high, is Reverse Transcriptase Polymerase
Chain Reaction (RT-PCR). However, some molecular techniques may detect viral RNA for up
to seven days, depending on the viral load. The objective of this study was to determine the
efficacy of RT-PCR in detecting viral RNA after the fifth day of illness in pediatric patients
at Hospital Escuela, Honduras. A total of 101 paired serum samples were analyzed, with
positive results within the first five days, and a second sample from the same pediatric patients
was obtained on day six or later. Among the referred patients, 76.2% (n=77) were clinically
classified as having dengue with warning signs; the predominant serotype was DENV-3 in
90.0% (n=91). The mean Ct (cycle threshold) in samples collected within the first 0-5 days was
29.5, with 43.5% (n=44) showing Ct values between 25.1 and 32.0. Of the samples obtained on
the 6™ and 7" days, 82.2% (n=381) tested negative for viral RNA regardless of initial viremia;
only 18.8% (19/101) tested positive, with a mean Ct of 34.2. These findings indicate that RT-
PCR had reduced efficacy in detecting dengue virus beyond the fifth day of illness. RT-PCR
should be used preferably during the first five days of the disease, highlighting the need to
integrate it with serology in later stages.
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INTRODUCTION

Dengue is a viral infection transmitted to humans by the bite of
infected female Aedes mosquitoes (Reyes et al., 2024). According to the
World Health Organization (WHO), it is estimated that around 390 million
infections occur each year (Morillo et al., 2024). In pediatrics, it represents
an important public health problem due to its high incidence and the potential
for serious complications in children. The causative agent is a small, single-
stranded RNA virus belonging to the Flavivirus genus of the Flaviviridae
family. It comprises four serotypes (DENV-1, DENV-2, DENV-3, DENV-
4), which are closely related but serologically distinct (Baldi Mata, 2020).
Each serotype confers long-term specific immunity to that variant, as well as
short-term cross-immunity against the other three serotypes, which may last
for a few months (Pavlicich, 2016), followed by an undefined period during
which infection with another serotype can lead to severe disease (Gomez et
al., 2025).

Studies have shown that viral loads in young children may be higher
than in adults, which could be associated with an increased risk of developing
severe dengue (Tejo et al., 2024). The immune system of children (especially
younger ones) is still developing, which may limit the body’s ability to fight
infection and control viral replication (Vuong et al., 2024). Risk factors that
influence disease severity include secondary infection, viral load, age, sex,
race, and the presence of chronic diseases. Early laboratory diagnosis is
best performed during the acute phase, when viremia levels are high (0-5
days), although viral RNA can be detected for up to seven days depending on
viremia (OPS, 2015). The most effective method is RNA detection using the
Reverse Transcriptase—Polymerase Chain Reaction (RT-PCR) (Rodriguez-
Salazar et al, 2016; Rodriguez-Perez et al, 2023), a molecular technique that
is highly specific and can identify any of the circulating serotypes (DENV
1-4).

Laboratory services are a key component of dengue epidemiological
and virological surveillance, especially in endemic countries where the
incidence is higher in children (PAHO/WHO, 2024). RT-PCR is especially
useful in children under 5 years of age, who may have nonspecific clinical
presentations and a higher risk of complications. It helps to differentiate
between other acute febrile illnesses, which is essential for proper treatment.
However, many patients do not seek medical attention until they are in the
critical stage of the disease. Although a decrease in RT-PCR sensitivity after
the fifth day of symptoms has been widely documented in other contexts, no
previous studies in Honduras have validated this behavior in the pediatric
population. Therefore, the present study aims to confirm this diagnostic
pattern in children treated at a national referral center, generating evidence
applicable to clinical practice and local diagnostic protocols.
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In Honduras, scientific information on the diagnostic window for
dengue in the pediatric population is still limited, despite the high burden of
disease in this age group. This study is a pioneering contribution in the national
context, generating local evidence that will optimize the timing and methods
of diagnosis in children with suspected dengue. The research contributes
to evaluating the effectiveness of laboratory diagnosis using molecular
biology tests (RT-PCR), a key aspect for protecting the pediatric population
(particularly vulnerable to this infection) and for strengthening the capacity of
health systems to detect and respond to future outbreaks promptly.

MATERIAL AND METHODS

A cross-sectional analytical study was carried out, including patients
under 18 years of age, with informed consent signed by their parents or legal
guardians. Patients were admitted to the pediatric emergency department with
a clinical diagnosis of dengue, either without or with warning signs, or severe
dengue, according to the modified PAHO/WHO dengue severity classification
(OPS, 2015), and with a positive RT-PCR result in serum samples collected
within the first five days of illness. A second paired sample was collected on
the sixth or later day of disease progression (taken from the same hospitalized
pediatric patients). Clinical and epidemiological information was obtained
through the arboviral case notification form. Blood samples were collected by
the medical and nursing staff of the Pediatric Emergency Department and the
Department of Epidemiology and Environmental Health (DESA) and referred
for processing and molecular analysis to the Transplant Studies Service (SET-
HE), Department of Internal Medicine, Hospital Escuela. Paired samples
collected after day eight, as well as epidemiological records with incomplete
data, were excluded.

A total of 101 paired serum samples were analyzed by RT-PCR using
protocols validated by the National Virology Laboratory of the Honduran
Health Secretariat (SESAL). The genetic material was extracted and purified
using the Purelink™ Viral RNA/DNA kits (Thermo Fisher Scientific, Waltham,
MA, USA), and the extracted material was stored at -70 °C until processing.
A multiplex real-time RT-PCR assay was performed (simultaneous detection
of the four serotypes in a single mixture), followed by reverse transcription
and amplification with the Ag Path™ (Applied Biosystems, Foster City, CA,
USA) One Step kit, Biosearch Technologies primers, and probes targeting
specific sequences were used to identify the four serotypes, patented by PAHO
and validated by the National Virology Laboratory for use at the national
level. To prepare the multiplex RT-PCR reaction, 5 puL of extracted RNA was
mixed with the following reagents: 0.7 puL of nuclease-free water, 12.5 pL
of 2x premix, 0.5 pL of forward and reverse primers for DENV-1, DENV-2,
DENV-3, and DENV-4 (final concentration 5 nmol), 0.45 pL of each Tagman
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probe for DENV-1 (final concentration 2 nmol), DENV-2 (3 nmol), DENV-3
(0.75 nmol), and DENV-4 (0.5 nmol), and 1.0 puL of One Step enzyme, to
a final reaction volume of 25 pL. The probes were labeled with a different
fluorophore for each serotype: FAM (DENV-1), VIC (DENV-2), Texas Red
(DENV-3), and Cy5 (DENV-4). To ensure the reliability of the assay, a mixture
of RNA extracted from known sera with CT < 28 of the four serotypes was used
as a positive control, and RNA extracted from serum from Dengue-negative
patients was used as a negative control. Cycling conditions were as follows:
one cycle at 50 °C for 30 minutes (reverse transcription step), one cycle at
95 °C for 2 minutes (initial denaturation), followed by 45 cycles at 95 °C for
15 seconds (denaturation) and one cycle at 60 °C for 1 minute (annealing).
The results were analyzed using amplification curves. Samples with Ct < 37
were considered positive (as established by the guidelines of the protocol
used). Amplification curves with Ct > 37 are erratic and difficult to determine
with increasing Ct values; therefore, they yield unreliable results and were
considered negative (Laue et al., 1999; Santiago et al., 2013). The information
was entered into a Microsoft Excel 2019 spreadsheet and analyzed using
Statistical Package for the Social Sciences (SPSS) version 30. Univariate and
bivariate analyses were performed. The results are presented as frequencies,
percentages, and p-values. The study was approved by the Research Ethics
Committee of the Central American Technological University (UNITEC) with
approval number CEI-UNITEC-2024-001.

RESULTS

The results of 101 paired samples from pediatric patients obtained
between January and September 2024 are presented. The clinical and
epidemiological characteristics are presented in Table 1. A total of 8.9% (n=9)
of referred patients were clinically classified as dengue without alarm signs
(DWSAS), 76.2% (n=77) as dengue with warning signs (DWS), and 14.9%
(n=14) as severe dengue (SD). Serotypes DENV-1, DENV-3, and DENV-
4 were identified, with DENV-3 predominating in 90% (n=91) of the first
samples.
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Table 1. Clinical and epidemiological characteristics according to clinical classification and
serotype in RT-PCR tested samples. n=101.

FIRST  GAMPLE SECOND SAMPLE RT-PCR
RT-PCR  Ppositivo (n=101) p-value
(n=101)
VARIABLE Positive (n=19) Negative (n= 82)
N % N % N %
Clinical classification
DWSAS* 9 8.9 4 21.1 5 6.1 0.10
DWS* 77 76.2 12 63.2 65 79.3 0.235
SD* 15 14.9 3 15.8 12 14.6 1.0
Circulating serotype
DEN-1 5 5.0 1 53 4 4.8
0.995
DEN-3 91 90.0 17 89.5 74 90.0
DEN-4 5 5.0 1 53 4 4.8

*DWSAS= Dengue without warning signs, DWS= Dengue with warning signs, SD= Severe dengue

The mean Ct value obtained from samples tested during the first five days
of illness was 29.5. Among these, 43.5% (n=44) had a Ct between 25.1 and 32,
37.6% (n=38) between 32.1 and 37, and 18.8% (n=19) below 25. Among the samples
analyzed on days 6 and 7, only 18.8% (n=19) tested RT-PCR positive, with an average
Ct of 34.2. Of these, 84.2% (n=16) had Ct values between 32.1 and 37, and 15.8%
(n=3) between 25.1 and 32. These findings show a statistically significant association
between RT-PCR positivity in both samples and Ct value (p=0.000) (Table 2).

Table 2. RT-PCR performance according to CT values in viral load. n=101

FIRST SAMPLE SECOND SAMPLE RT-PCR

RTPCR o (n=101)**

(n=101)
VARIABLE Positive (n=19) Negative (n=82) 7 -value

N % N % N %
CT
<25.0 19 18.8 0 0.0 0 0.0
0.000*

25.1-32.0 44 43.5 3 15.8 0 0.0
>32.1-37.0 38 37.6 16 84.2 0 0.0
Average 29.4 342
Range 23.5-37.0 26.8-37.0

Ct= cycle threshold, *p-value < 0.05 - Statistically significant association.
**Note: A second sample was taken from all the same hospitalized patients (n=101), where only
18.8% (19/101) tested positive.
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DISCUSSION

According to the Pan American Health Organization (PAHO), dengue
is the most widespread arboviral infection in the Americas. Some studies
conducted in Central American countries that have declared national health
alerts due to dengue epidemics have reported that, in the pediatric population,
the most frequent clinical classification was dengue with warning signs
(Sandoval, 2024). These findings are similar to those of the present study,
where 76.2% (n=77) of pediatric patients had this clinical classification.

A cross-sectional study of a pediatric population diagnosed with
dengue infection, conducted in a tertiary pediatric hospital in Argentina in
2023, found that among cases confirmed by RT-PCR, the most frequently
circulating serotype was DENV-2 in 47.3% (n=57) (Ordofiez et al., 2025). This
differs from our findings, in which the predominant serotype was DENV-3 in
90% (n=91).

Virological assays for dengue are typically performed on serum samples
collected during the first five days after disease onset (acute phase), although
highly sensitive molecular methods have shown that viral RNA can be detected
for up to seven days, depending on viremia (OPS, 2023). In a universal single-
probe RT-PCR assay for the diagnosis of dengue, viral RNA was detected in
82% and 57% of samples collected on the 6™ and 9" days, respectively (Alm
et al., 2014). On the other hand, a comparative study reported a sensitivity of
97.4% for a multiplex RT-PCR developed by one laboratory and 87.1% for
the CDC DENYV 1-4 assay in samples collected between the 5" and 7™ day of
illness (Waggoner et al., 2013). These findings differ from the results of the
present study, in which most samples collected after the 5" day, regardless
of initial viremia, showed low positivity—only 18.8% of the paired samples
tested positive—and had higher Ct values compared to samples tested within
the first five days, indicating a lower viral load.

According to a study by the Pan American Journal of Public Health,
this test can achieve sensitivities of 90% and specificities greater than 95%
(Liu et al., 2024). However, its availability is limited due to its high cost and
technical requirements (CDC, 2024). Serological tests are among the most
widely used tools for diagnosing dengue, mainly because of their low cost and
case of use compared to molecular methods. Currently, tests based on DENV
nonstructural protein 1 (NS1) are considered a key tool for early diagnosis,
especially during the first five to six days after the onset of fever (Nusrat,
2025). This test can be performed using enzyme-linked immunosorbent assay
(ELISA) or rapid strip tests to provide a quick and reliable diagnosis of dengue
(Mora-Céardenas et al., 2020).

A study conducted in India with 7,256 patients, including 1,277
pediatric patients, showed that NS1 has a sensitivity of 82.4% and specificity
0f 94.3% in the acute phase of dengue (Yow et al., 2021). The use of combined
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tests (NS1+IgM) has been shown to increase diagnostic accuracy. In a study
reported in an undergraduate thesis, 204 pediatric patients in Colombia were
evaluated, and it was found that the combination of clinical criteria with
laboratory tests (NS1 and IgM) demonstrated a sensitivity and specificity
of 96% (Lopez Suarez & Yoza Yoza, 2025). A study comparing these tests
with their NS1 and IgM/IgG antibodies found that IgG tests had a high false-
positive rate and high cross-reactivity (Lippi et al., 2021).

It should be noted that serological tests can be useful in certain phases of
infection, but they are not always conclusive on their own. In contrast, RT-PCR
is more effective in the early stages, especially before the fifth day, allowing
the genetic material of the virus to be detected. Combining them achieves a
more accurate diagnosis because their individual limitations are compensated
for. Although the combination of these tests with RT-PCR was limited in this
study (no direct comparison with serology), it was concluded that RT-PCR was
less effective for viral detection of dengue in samples collected after the fifth
day of illness, which is consistent with international evidence. Therefore, by
validating this pattern in the Honduran pediatric population, the study provides
valuable information to strengthen national clinical practice and guide the
updating of diagnostic and epidemiological surveillance protocols for dengue
in the country, thus guiding future modifications that can be adapted to the
epidemiological context in Honduras.
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