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Abstract 

Dengue remains one of the most significant tropical diseases, with its geographic range continuing 

to expand. The etiological agent of the disease is dengue virus, a term that groups four closely related 

viruses defined as serotypes. The four dengue virus serotypes elicit distinct serological responses, 

and their replacement or co-circulation in endemic regions can result in major outbreaks. The 

identification of the circulating serotypes is essential for surveillance and clinical management. Here 

we describe a novel method for the detection and serotyping of the four dengue virus serotypes using 

a single plex multicolor real-time RT-qPCR. The method takes advantage of a highly informative 

dataset that includes a realistic representation of globally circulating strains, allowing the selection 

of a universal primer pair and four serotype-specific hydrolysis probes. The method has been 

extensively tested and the results support its use in surveillance studies as well as in clinical 

settings. 
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1. Introduction 

Dengue is the most important tropical-subtropical arboviral disease, responsible for cyclic 

epidemics in more than 100 countries globally [1]. The etiological agent of the disease is dengue virus, 

a term that groups four genetically and antigenically related viruses known as dengue virus 

serotypes. The serotypes are numbered 1 to 4 (DENV-1, DENV-2, DENV-3, DENV-4) according to 

the chronological order of their discovery. The four serotypes share 60-75% homology in their amino 

acid sequences, and each is further subdivided into genotypes based on nucleotide variability within 

the serotype [2,3]. Each serotype can cause dengue, and infection with one serotype does not confer 

long-lasting immunity to the others [4]. A fifth serotype was identified in 2013, but the extent of its 

contribution to epidemic events remains undetermined [5]. 

Like all arboviruses, dengue viruses are maintained through an arthropod-host cycle, primarily 

involving Aedes mosquitoes and humans in urban epidemic cycles. Nevertheless, enzootic and 

epizootic cycles have also been documented and are likely to represent the original sylvatic cycle 

[6,7]. Approximately 80% of dengue infections are asymptomatic, while the remaining cases present 

with either a non-specific fever or classic dengue fever (DF). Although DF is usually self-limiting, it 

can progress to life-threatening forms like dengue hemorrhagic fever (DHF) and dengue shock 

syndrome (DSS) [8]. Clinically, the traditional classification has been revised into two categories—

dengue and severe dengue—to better reflect case severity and guide appropriate management [9]. 

The progression to severe dengue is driven by a complex interplay of, host variability, age, 

comorbidities and ecological factors [10]. Additionally, the virulence of different dengue serotypes 

or genotypes varies, and their replacement or co-circulation in endemic areas is a common occurrence 
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[11,12]. The introduction of a new serotype in endemic area can lead to severe secondary infections 

due to a phenomenon known as antibody-dependent enhancement (ADE). ADE may be triggered by 

circulating antibodies from the first infection, which have little neutralizing effect on the heterologous 

viral particle, thereby increasing the cellular uptake of the live viral particles [13,14]. 

Sporadic dengue epidemics have been recorded globally since the early 19th century. A major 

shift occurred in Southeast Asia post-World War II, with increasing urban epidemics, multiple 

serotype co-circulation, and the first DHF outbreak [15,16]. Since the mid-1970s, DHF has become the 

leading cause of hospitalizations and deaths in Asia, accounting for 70% of the global burden [6]. In 

recent decades, Central and South America have experienced the most dramatic epidemiological 

changes. After an A. aegypti eradication program in the mid-20th century, only isolated dengue 

outbreaks occurred, but its cessation in 1970 led to vector resurgence [17]. Major epidemics began in 

the 1980s with the introduction of all four serotypes and DHF outbreaks [18]. In 2023, the Americas 

faced their worst dengue outbreak with 4.6 million cases, doubling in the first four months of 2024 

[19,20]. Overall, it has been estimated that there are approximately 96 million symptomatic dengue 

infections and an additional 390 million asymptomatic infections every year worldwide, while about 

3.9 billion people are at risk of infection [21]. 

Dengue viruses are single-stranded, positive-sense RNA viruses of the family Flaviviridae. The 

virion is 50 nm in diameter, icosahedral in shape, and coated with a lipid envelope [22]. The genome 

is approximately 11 kb and it is flanked by two untranslated regions (UTR). The UTR regions play a 

crucial role in viral replication and immune modulation [23], while the coding region is translated 

into a single polyprotein that is processed into three structural proteins and seven non-structural 

proteins. The three structural proteins (the capsid, membrane and envelope proteins) organize the 

virion particle, encapsulate the genome and mediates virion binding and fusion to host cell [3]. The 

seven non-structural proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5) constitute the RNA 

replication machinery and play an important role in evading the host immune system [24,25]. As 

already mentioned, one of the key components in causing explosive outbreaks is the introduction, 

substitution, as well as co-circulation of multiple dengue serotypes in endemic or naive regions. It is 

therefore essential to identify and closely monitor the viral serotypes that are in circulation. The 

identification of dengue serotypes can be achieved through molecular analysis, with the polymerase 

chain reaction (PCR) being the most used method. A number of RT-qPCR methods have been 

developed based on the serotype-specific amplification. Consequently, four distinct reactions are 

required for viral typing [26–29]. Methods that allow simultaneous detection and characterization of 

the four serotypes in a single reaction have been described; however, they are contingent upon the 

utilization of multiple oligonucleotides within the same reaction or were conceptualized based on a 

limited number of dengue genomes available at the time, which are not representative of the current 

global dengue virus population [30,31]. 

Here, we describe a novel, sensitive, and specific real time RT-qPCR assay for the simultaneous 

detection and serotyping of dengue virus. The assay was developed through the analysis of an 

extensive dataset of dengue virus genomes enabling the design of a single pair of primers and four 

serotype-specific probes that are virtually representative of all circulating dengue genomes to date. 

Furthermore, the four serotyping probes may be replaced with a single generic probe resulting in a 

more sensitive pan-dengue Real Time RT-qPCR. 

Finally, to provide diagnostic value, four serotype-specific RT-qPCR assays targeting the 3′ 

genome region were developed. 

2. Materials and Methods 

2.1. Bioinformatic Analysis 

All dengue complete genomes available in Bacterial and Viral Bioinformatics Resource Center 

(BV-BRC) database as of March 2025 were retrieved. All genomes were aligned by MAFFT (v7.520) 

[32]. Oligonucleotides were designed by Primer 3 [33]. Phylogenetic trees were inferred using the 
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Maximum Likelihood (ML) method implemented in IQ-TREE [34]. Two trees were built from the 

entire dataset; one based on whole-genome sequences and the other on the 27-bp region covered by 

the probes. The best-fit substitution models were selected with Model Finder [35] and were 

GTR+F+I+G4 for the first tree and TIM2e+ASC+G4 for the second. Branch support was estimated 

using SH-aLRT [36]. The images of the phylogenetic trees were edited with MEGA 

(https://www.megasoftware.net/) and with Draw (https://it.libreoffice.org/scopri/draw).The Dengue 

genotype was assessed according to Fonseca et al [37]. Alignment visualization and further 

bioinformatic analysis were carried out by means of UGENE [38]. 

2.2. Cell Culture, Virus Strains, RNA Extraction and Samples 

Two dengue strains (DENV-1 and DENV-2) available in our institute were isolated in a 

previously epidemiological investigation [39] and propagated in cell culture. The resulting genomic 

RNA was used as a template in the Real Time RT-qPCR setup. 

The Vero E6 cell line, provided by Sigma-Aldrich, was cultured in Eagle’s minimal essential 

medium (MEM) supplemented with 10% fetal calf serum (FCS), 100 U/ml penicillin, and 200 μg/ml 

streptomycin, in the presence of 5% CO₂. The two viral strains were propagated in 2 % FCS until 80 

% of cellular lysis was observed. The collected supernatant underwent to nucleic acid extraction. 

All RNA extractions were carried out by QIAamp Viral RNAMini Kit (Qiagen) or by Maxwell® 

16 Viral Total Nucleic Acid Purification Kit (Promega) according to manufacturer’s instructions. 

All the novel methods were tested on three panels of clinically characterized samples, for a total 

of 30 samples. The first panel was provided by the European network EVD-LabNet (Emerging Viral 

Diseases-Expert Laboratory Network) during the External Quality Assurance on molecular detection 

of arboviruses [40]. The panel consisted of 12 samples of which four spiked with the four dengue 

serotypes. The second panel consisted of 16 clinical samples provided by the Italian National Institute 

of Health and the third included 10 samples collected in 2012 and analyzed in a previous study [39]. 

Other genomes (tick-borne encephalitis virus, TBEV; usutu virus, USUV; zika virus, ZIKA; west nile 

virus lineage 1, WNVL1; west nile virus lineage 2, WNVL2; japanese encephalitis virus, JEV; 

chikungunya virus, CHKV; Plasmodium falciparum and plasmodium ovale), available in our 

institute, were tested to further asses the specificity of the novel method. All viruses were cultured in 

biosafety level 3 laboratory and inactivated at 56 ◦ C for 1 h. 

2.3. Multicolor Real-Time RT-qPCR Targeting the 5′ UTR Region 

The multicolor RT-qPCR was set up in a final volume of 20 μl using the TaqPath 1-Step Multiplex 

Master Mix (Thermo Fisher Scientific), with 1 μM of forward and reverse primers, 0.2 μM of probe 

for Dengue serotypes 1, 2, and 3; 0.3 μM of probe for Dengue serotype 4 and 4 μl of genomic RNA. 

Primers and probes are listed in Table 1. The reaction was performed on QuantStudio™ 5 Real-Time 

PCR System instruments (Thermo Fisher Scientific). The amplification program included an 

incubation step at 25°C for 5 minutes for Uracil-DNA Glycosylase (UDG) treatment, a reverse 

transcription at 60 °C for 10 min followed by 95 °C for 2 min and then 40 cycles of 95 °C for 15 s and 

58 °C for 1 min (extension, acquisition step). 

Table 1. Oligonucleotides used in the multicolor RT-qPCR assay. 

Oligonucleo

tide 
Sequence 

Proprietary 

dye 

5’ – 3’ 

Alternative 

dye 

5’ – 3’ 

Final 

conc. 

Positio

n bps 

Accession 

number 

Forward 

5’-

CTIYGTGGACCGACAAI

RAC-3’ 

/ / 1 M 11 - 30 NC_001477 
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Reverse 

5’-

GTTTCTCICGCGTTTCA

GCA-3’ 

/ / 1 M 
138 - 

157 

Probe Denv 

1 

5’-

CCAACGIAAAAAGACG

GITCGACCGTC-3’ 

FAM - QSY CY5 - BHQ2 0.2 M 
104 - 

129 
NC_001477 

Probe Denv 

1B 

(genotype 

III) 

5’-

CCAACGGAAGAAGAC

GGITCRACCGTC-3’ 

     

Probe Denv 

2 

5’-

CCAACGIAAAAAGGCG

AIAARIACGCC-3’ 

VIC - QSY1 FAM - BHQ1 0.2 M 
106 - 

131 
NC_001474 

Probe Denv 

3 

5’-

CCAACGIAAIAAGACG

GGAAAACCGTC-3’ 

ABI - QSY JOE - BHQ1 0.2 M 
104 - 

129 
NC_001475 

Probe Denv 

4 

5’-

CCAACGRAAIAAGGTG

GIYAGACCACC-3’ 

CY5 - QSY2 
Texas Red - 

BHQ2 
0.3 M 

108 - 

133 
NC_002640 

Probe 

Generic* 

5’-

AACCAACGRAARAAG-

3’ 

FAM - MGB FAM - MGB 0.2 M 

 

103 – 

117 

 

All 

serotypes 

(± 2 bps) 

The generic pan-dengue RT-qPCR was assembled as described above, using a concentration of 

0.2 μM for the blocked probe. The amplification program differed in the extension/acquisition step 

which was performed at 60°C. 

The probes labeled with proprietary dyes (FAM, VIC, ABY, and CY5) were synthesized by 

Thermo Fisher Scientific, while all other oligonucleotides were synthesized by Eurofins Genomics 

(https://eurofinsgenomics.eu/). 

2.4. Preparation of Synthetic Dengue RNA Standards 

To assess the analytical performance of the novel method, the fragments resulting from the 

amplification of the four dengue serotypes were cloned to produce four synthetic RNA standards. 

The oligonucleotides and restriction enzymes used for the amplification and cloning of the four 

fragments are listed in Supplementary Table 1. 

The four targets were reverse transcribed and amplified using the SuperScript™ III One-Step 

RT-PCR System with the Platinum® Taq DNA Polymerase kit (Thermo Fisher Scientific). The 

reactions were set up in a final volume of 50 μl, with 0.5 μM of each serotype-specific primer pair 

and 4 μl of genomic RNA. The amplification program was the same for all reactions and consisted 

of 60 °C for 5 min, reverse transcription at 50 °C for 30 min, followed by 94 °C for 2 min and 10 

cycles of 94 °C for 10 s, 60 °C for 30 s (ΔT -0.5 °C per cycle), and 68 °C for 1 min; then 30 cycles of 

94 °C for 10 s, 60 °C for 30 s, and 68 °C for 1 min. The PCR products were visualized on a 2% agarose 

gel stained with Midori Green (NIPPON Genetics), purified using spin columns (Macherey-

Nagel), and cloned into the pRSETC vector using the T4 ligase enzyme (Thermo Fisher Scientific). 

Plasmid DNA obtained from transformed One Shot™ TOP10 Competent Cells (Thermo Fisher 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 December 2025 doi:10.20944/preprints202512.1040.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202512.1040.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 18 

 

Scientific) was purified with the NucleoSpin Plasmid Minikit (Macherey-Nagel), and the presence 

of the desired insert was confirmed by PCR and sequencing analysis using the CEQ 8000 

instrument, according to the manufacturer's instructions (Beckman Coulter). The four plasmids 

were linearized and transcribed using the Riboprobe® In Vitro Transcription System (Promega). 

The reactions were subjected to DNase digestion and purified using RNeasy Kits (Qiagen), with 

a further in-column DNase digestion. The synthetic RNAs were quantified using a NanoDrop™ 

8000 Spectrophotometer (Thermo Fisher), a Quantus™ Fluorometer (Promega), and a TapeStation 

instrument (Agilent Technologies). The RNA copy number was estimated using Avogadro's 

formula: RNA (ng) * (6.02 × 10²³) / (length * 1 × 10⁹ * 340). 

2.5. Analytical Performance 

To assess the analytical performance of the novel methods, six serial tenfold dilutions of titrated 

synthetic RNA (from 107 to 102 copies/reaction) from each dengue serotype, performed in triplicate, 

were used to obtain the standard curves. The repeatability of the test was verified by running the 

experiment multiple times under the same conditions. To assess the specificity of the method, 

genomes from other Flavivirus species and additional potential cross-reactive genomes were 

analyzed. The limit of detection (LOD) of the assays was estimated by analyzing eight replicates of 

twelve 1:2 serial dilutions, with the appropriate amount of synthetic RNA selected based on the 

analysis of the standard curves. The results were subjected to probit regression analysis using Minitab 

software (www.minitab.com). 

The methods were tested on three panels of clinically characterized samples. 

2.6. Singleplex Real-Time RT-qPCR Targeting the 3’ Genomic Region 

The four serotype-specific singleplex RT-qPCR reactions were set up in a final volume of 20 μl 

using the TaqPath 1-Step Multiplex Master Mix (Thermo Fisher Scientific), 4 μl of genomic RNA, 1 

μM of serotype-specific forward and reverse primers, 0.3 μM of probe for dengue serotypes 1 and 2, 

and 0.2 μM of probe for dengue serotype 3 and 4. Primers and probes are listed in Table 2. The 

reactions were performed on QuantStudio™ 5 Real-Time PCR System instruments (Thermo Fisher 

Scientific). The amplification program included an incubation step at 25°C for 5 minutes for Uracil-

DNA Glycosylase (UDG) treatment, a reverse transcription at 60 °C for 10 min followed by 95 °C for 

2 min and then 40 cycles of 95 °C for 15 s and 60 °C for 1 min (extension, acquisition step). 

Table 2. Oligonucleotide used in the RT-qPCR Targeting the 3′ Genomic Region. 

Serotyp

e 

Oligonucle

otide 
Sequence 5’–3’ 

Labelling 5 –

3’ 

Final 

conc. 
position a.n 

Dengue 

1 

Forw  D1 
GAGGGARATAGT

GGTGCCRT 
 

1 M 9733-

9752  

NC_001

477 
Rev   D1 

GGAARTACATCA

RCTGCCAC 
 

1 M 9853-

9872 

Probe D1 
TCACAAGGYGCY

GGITGGAGC 
FAM-BHQ1 

0.3 M 9791-

9811 

Dengue 

2 

Forw  D2 
GTAGCTCCACCT

GRGRAGG 
 

1 M 10422-

10440 

NC_001

474 
Rev   D2 

TCCTCTAACCGCT

AGTCCAC 
 

1 M 10491-

10510 

Probe D2 
AAYCYGGGAGGC

CACAAACC 
FAM-BHQ1 

0.3 M 10448-

10467 
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Dengue 

3 

Forw  D3 
GAAGAAGTCAGG

CCCMAAAG 
 

1 M 10365-

10384 

NC_001

475 
Rev   D3 

CCTCTAACCRCT

AGTCTGCT 
 

1 M 10477-

10496 

Probe D3 
CCGTGCTGCCTG

TRGCTCCGTCG 
FAM-BHQ1 

0.2 M 10401-

10423 

Dengue 

4 

Forw  D4 
YCTGGTGGAAGG

ACTAGAGG 
 

1 M 10497-

10516 

NC_002

640 

Rev   D4 
GCCTGGATTGAT

GTTGYAGA 
 

1 M 10584-

10603 

probe D4 

ACGCTGGGAAAG

ACCAGAGATCCT

GC 

FAM-BHQ1 

0.2 M 10554-

10579 

The four singleplex assays were evaluated on the three panels of clinically characterized samples 

and their results were compared with those obtained using the multicolor method. 

3. Results 

3.1. Sequences Alignment and Oligonucleotides Design 

The raw dataset obtained from BV-BCR was preliminarily aligned. The analysis revealed that 

some modified, cloned, or attenuated dengue genome strains showed poor homology with the 

alignment and were therefore removed from the dataset. The resulting cleaned dataset included 

7,936 full genomes, of which 3,337 belonged to the DENV-1 serotype, 2,180 to DENV-2, 1,645 to 

DENV-3, and 774 to DENV-4. All genomes are listed in Supplementary Table 2. 

A preliminary alignment of the four dengue reference genomes showed that the two 

untranslated regions (UTRs) flanking the viral genomes were the most conserved. The 5' UTR region 

was selected for oligonucleotide design. In silico analysis identified a primer pair yielding a 147-bp 

PCR fragment spanning positions 11 to 157 (a.n. NC_001477, DENV-1). The primer pair targets two 

20-bp regions of low variability among the four serotypes, while the probes lie in a more variable 27-

bp region (Figure 1). 
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Figure 1. Schematic representation of the multicolor real-time RT-qPCR. 

Next, the conservation of the regions covered by the primers was analyzed across the fully 

aligned dataset. As shown in Table 3, the two grid profiles resulting from the alignment analysis 

revealed four variable positions in the forward primer (panel A) and one variable position in the 

reverse primer (panel B). The primer sequences were modified or degenerated accordingly to 

accommodate all variations. It should be noted that variations equal to or below 1% were not taken 

into consideration. Moreover, due to the absence of the first bases in many genomes, the entire 

forward primer sequence is representative of 2,563 genomes out of 7,936. 

Conversely, the region covered by the probes was analyzed separately for each of the four 

serotype-specific datasets. As shown in Table 4 (panels 1–4), each serotype exhibited its own intrinsic 

variability. The DENV-1 probe was designed with two inosines at positions 7 and 18, covering 

approximately 88% of the DENV-1 dataset. The remaining 12% carry two variants at positions 10 

(A/G) and 21 (G/A). These variants were mainly found (97%) in a cluster of 373 sequences belonging 

to genotype 3 (Supplementary Figure S1 andS2), which was responsible for a recent outbreak in 

Pakistan in 2022 (41). Since further degeneracy of probe 1 resulted in a significant loss of performance, 

we designed an alternative specific probe for this cluster (Table 4, Panel 1B). 

Table 3. Grid profile analysis of the two primer sequences. 

A. Forward primer 

  

  

            

  

   

 

Forward 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20  

Consensus  C T A C G T G G A C C G A C A A G A A C  

%A 0 0 82 0 0 0 0 0 99 0 0 4 100 0 100 100 38 55 100 0  

%C 98 0 0 84 0 0 0 1 0 100 99 0 0 100 0 0 0 0 0 99  

%G 0 0 17 0 99 0 99 99 0 0 0 96 0 0 0 0 62 45 0 0  

%T 1 99 0 16 0 99 0 0 0 0 1 0 0 0 0 0 0 0 0 0  
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Primer 5’ C T I Y G T G G A C C G A C A A I R A C  -3’ 

B. Reverse primer 

                                   

Reverse 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20  

Consensus  T G C T G A A A C G C G C G A G A A A C  

%A 0 0 0 0 0 100 100 100 0 0 0 0 37 0 100 0 100 100 100 0  

%C 0 0 100 0 0 0 0 0 100 0 100 0 42 0 0 0 0 0 0 100  

%G 0 100 0 0 100 0 0 0 0 100 0 100 0 100 0 100 0 0 0 0  

%T 100 0 0 100 0 0 0 0 0 0 0 0 21 0 0 0 0 0 0 0  

Primer -5 ’ 

(To be reverse complemented) 

T G C T G A A A C G C G I G A G A A A C - 3’ 

Table 4. Grid profile analysis of the four serotype-specific probe sequences. 

 

DEN

V-1 

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 

2

2 

23 24 

2

5 

26 27 

Cons

ensu

s 

C C A A C G G A A A A A G A C G G C T C G A C C G T C 

%A 0 0 100 

1

0

0 

0 0 35 100 100 88 

10

0 

100 0 100 0 0 0 0 1 1 4 

9

8 

0 0 0 0 0 

%C 

10

0 

100 0 0 100 0 0 0 0 0 0 0 0 0 100 0 0 69 0 99 0 0 

10

0 

100 0 0 100 

%G 0 0 0 0 0 100 65 0 0 12 0 0 100 0 0 100 100 31 0 0 96 2 0 0 

1

0

0 

0 0 

%T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 99 0 0 0 0 0 0 

10

0 

0 

PRO

BE 

D1 

C C A A C G I A A A A A G A C G G I T C G A C C G T C 
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DENV-

1 

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

Consen

sus 

C C A A C G G A A G A A G A C G G G T C G A C C G T C 

%A 0 0 100 100 0 0 1 100 100 0 100 100 0 100 0 0 0 0 0 0 21 

10

0 

0 0 0 0 0 

%C 100 

10

0 

0 0 100 0 0 0 0 0 0 0 0 0 100 0 0 2 0 100 0 0 

10

0 

100 0 0 100 

%G 0 0 0 0 0 100 98 0 0 100 0 0 

10

0 

0 0 100 

10

0 

98 0 0 79 0 0 0 

10

0 

0 0 

%T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

10

0 

0 0 0 0 0 0 

10

0 

0 

Additio

nal 

PROBE 

D1 

C C A A C G G A A G A A G A C G G I T C R A C C G T C 

 

DENV

-2 
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 

2

2 

2

3 

2

4 

25 

2

6 

27 

Conse

nsus  

C C A A C G G A A A A A G G C G A G A A A T A C G C C 

%A 0 0 100 100 0 0 35 100 100 100 100 100 0 0 0 0 

10

0 

20 100 100 65 0 

9

9 

0 0 0 0 

%C 

10

0 

100 0 0 100 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 1 

2

4 

0 

1

0

0 

0 

1

0

0 

100 

%G 0 0 0 0 0 100 62 0 0 0 0 0 100 100 0 100 0 80 0 0 34 0 0 0 

10

0 

0 0 

%T 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7

5 

0 0 0 0 0 

PROB

E D2 
C C A A C G I A A A A A G G C G A I A A R I A C G C C 
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DENV

-3 

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

Conse

nsus  

C C A A C G G A A A A A G A C G G G A A A A C C G T C 

%A 0 0 100 100 0 0 30 100 100 51 100 100 0 99 0 0 0 0 99 100 99 100 0 0 0 0 0 

%C 100 100 0 0 100 0 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0 100 

10

0 

0 0 100 

%G 0 0 0 0 0 100 70 0 0 48 0 0 100 1 0 100 100 100 0 0 0 0 0 0 100 0 0 

%T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

10

0 

0 

PROB

E D3 

C C A A C G I A A I A A G A C G G G A A A A C C G T C 

 

DENV-

4 

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

Consen

sus  

C C A A C G A A A A A A G G T G G C T A G A C C A C C 

%A 0 0 100 100 0 0 95 100 100 61 100 98 0 0 0 0 0 0 0 100 1 99 0 0 98 0 0 

%C 100 100 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 55 7 0 0 0 100 

10

0 

0 100 100 

%G 0 0 0 0 0 100 5 0 0 39 0 2 100 100 0 100 100 0 0 0 99 1 0 0 1 0 0 

%T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 0 0 45 93 0 0 0 0 0 0 0 0 

PROBE 

D4 

C 

C A A C G R A A I A A G G T G G I T A G A C C A C C 

As shown in Table 4, panels 2–4, the DENV-2-specific probe includes three inosines (positions 7, 

18, and 22) and one degenerate base at position 21. The DENV-3 probe includes two inosines 

(positions 7 and 10), and the DENV-4 probe includes two inosines (positions 10 and 18). These three 

probes cover their respective complete datasets. It should be noted that two minor variants detected 

in the region targeted by the DENV-4 probe (position 7: A/G; position 19: T/C) were represented up 
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until 2016 in India and China and then progressively disappeared, as traced through the phylogenetic 

tree (Supplementary Figure S3). 

Figure 2, panel A, shows the sequence comparison of the four probes. Each one is 27 bp in length 

and shares a conserved 13-nucleotide region at the 5' end (incorporating appropriate degeneracies), 

whereas the 3' region, consisting of 14 nucleotides, is serotype-specific. Figure 2, panel B, illustrates 

the nucleotide variability among the four probes within this 3' region. 

 

Figure 2. Sequences comparison of the four probes. 

The conserved 13-nucleotide sequence at the 5' end, extended with two additional fully 

conserved nucleotides, was used to design a generic probe, modified with a minor groove-binder 

(MGB) molecule to enable the detection of all serotypes. 

The four serotype-specific RT-qPCR targeting the 3’ regions (Table 2) were designed with a 

similar approach above described. First, the oligonucleotides were built on the reference genomes, 

then the conservation of the oligonucleotide sequences and the choice of the degeneracy to 

introduce, was evaluated through the grid profile analysis of each serotype-specific dataset 

(Supplementary Table 3). 

3.2. Phylogenetic Analysis 

The discriminatory power of the 27-bp probe-target sequence among the four serotypes was 

preliminarily assessed in silico through phylogenetic analysis. Two phylogenetic trees were built in 

order to assess whether they produced equivalent topologies, the first using the full genomes and the 

second using the partial dataset consisting of the 27-bp sequences covered by the probes, extracted 

from the full alignment. As shown in Supplementary Figure S1 and S4, the maximum likelihood 

analysis yielded distinct clades in both the analysis. The tree topology was supported by aLRT SH-

like values, and all strains belonging to the same serotype clustered together in both trees. 

3.3. Specificity, Sensibility and Intra-Laboratory Repeatability of the Novel Method 

Supplementary Figure S5 shows the sequencing analysis of the four cloned vectors, focusing on 

the serotype-specific sequences. 

The analytical performance of the serotyping multicolor method was first assessed by analyzing 

the four synthetic RNAs. The methods were first tested for specificity by challenging each of the four 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 December 2025 doi:10.20944/preprints202512.1040.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202512.1040.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 18 

 

probes with their respective heterologous synthetic RNAs. No cross-reactivity or fluorescence cross-

talk was observed, even when limiting dilutions of each target (down to 10² copies/reaction) were 

tested in the presence of high concentrations (up to 10⁹ copies/reaction) of a mixture of three 

heterologous targets. 

Figure 3 shows the four standard curves obtained by analyzing the dilutions of titrated synthetic 

RNAs in triplicate. The reaction exhibited optimal linearity (R² = 0.99) within the dilution range of 10⁷ 

to 10² copies per reaction. A slightly lower efficiency was observed for serotype 4 (efficiency % = 97.4). 

The limit of detection (LOD) of the assay, estimated for dengue serotype 1, was 29 copies/reaction (CI 

95%,29.73±13.76) while the 50 % LOD was 14 copies reaction (CI 95%, 14,8 ± 5,61). 

 

Figure 3. Standard curves resulting from the multicolor real-time RT-qPCR. 

Similarly, the analytical performance of the pan-dengue PCR assay using the generic blocked 

probe was assessed by analyzing serial dilutions of the four titrated synthetic RNAs. Since the four 

synthetic RNAs showed comparable PCR performance and crossing threshold (Ct) values, they were 

analyzed as a single equivalent template. A single standard curve was thus generated by analyzing 

each RNA dilution in 12 replicate series. As shown in Figure 4, the reaction exhibited consistent 

performance across the four synthetic positive controls (R² = 0.994; efficiency = 98.7%; error = 0.032). 

The limit of detection (LOD) was estimated for serotype 4 and corresponded to 2,7 copies per reaction 

(95% CI: 2,5 ± 1,9), while the 50% LOD was 1,2 copies per reaction (95% CI: 1,2 ± 0,78). 
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Figure 4. Standard curve resulting from the pan-dengue real-time RT-qPCR. 

The reliability and specificity of the two methods were evaluated by analyzing three panels of 

clinically characterized samples, for a total of 30 samples. All samples were correctly detected, and 

no cross-reactivity was observed with related Flavivirus genomes or additional potential cross-

reactive genomes available in our institute (TBEV, USUV, ZIKV, WNV L1, WNV L2, JEV, CHIKV, P. 

falciparum, and P. ovale). 

The same clinical samples were used to test the four serotype-specific RT-qPCR designed on the 

3’genome region. The results agreed with the multicolor method (Supplementary Table 4) and in 

several instances revealed better performance (Supplementary Figure S6). 

4. Discussion 

Dengue is a growing global health threat [42]. Since its first documented outbreak in Southeast 

Asia, the virus has spread westward through the Middle East, Africa and to the Americas [43]. 

Southeast Asia has historically experienced the highest health and economic burden from outbreaks, 

while other tropical regions have faced recurrent waves [44]. In recent decades, the interaction of 

environmental, ecological, and human factors has facilitated the spread of competent vectors, leading 

to a global increase in disease incidence [45]. While the Americas have recently experienced a 

dramatic epidemiological shift [19], alarming signals are now emerging from the European continent. 

Dengue is not considered endemic in mainland Europe, and nearly all detected infections were 

associated with travel to endemic regions until 2010. Since then, autochthonous infections have 

steadily increased. In France, the first two locally acquired dengue cases were reported in 2010 [46], 

and numbers have continued to rise, reaching 85 in 2024 [47]. Spain has reported fewer cases over the 

same period [48], whereas Italy has shown a marked increase in local transmission, with 82 

autochthonous cases out of 327 totals in 2023, and 213 out of 696 in 2024 [49,50]. It is evident that the 

high incidence of the disease in endemic areas leads to an increase in imported cases, and the high 

density of the secondary vector (Aedes albopictus) in some regions of Europe contributes to a growing 

number of local transmission chains. The repeated occurrence of these events could increase the 

likelihood of viral endemicity becoming established. Experimental data reveal that even a few 

transmission cycles may favor the selection of DENV strains adapted to local vectors [51,52]. The 

vector itself has already been shown to be able to overwinter in Central Europe [53], even under low-

temperature conditions (−6°C to −10°C) [54]. Additionally, the ability of the vector to complete its life 

cycle (homodynamicity) has already been observed in Southern Europe [55]. In such a scenario, the 
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potential establishment of viral endemicity within a short time frame in Central and Southern Europe 

represents a realistic concern [56]. 

Rapid identification and contextual serological typing of circulating DENV strains represent 

important tools to strengthen surveillance systems and to enable the immediate implementation of 

control measures. The described multicolor real-time RT-PCR method presents several advantages: 

the oligonucleotides have been designed based on a database virtually representative of all dengue 

genomes circulating to date; the single detection and serotyping one-tube reaction requires a simple 

wet setup with two primers and four probes, and the availability of a fifth alternative probe (DENV-

1B) allows for the detection of all genotypes of Dengue 1, if needed. The method has been successfully 

tested to simultaneously detect multiple targets (co-infections), moreover, all wild-type full genomes 

(43 genomes collected from mosquitoes) were retained in the database, and only a few modified or 

cloned genomes were excluded. 

The performance of the novel method supports its use in surveillance studies as well as in 

clinical settings. The sensitivity, estimated at 29 copies per reaction, enables detection of the virus 

during the pre-febrile and critical phase of the disease. When needed, the generic pan-detection 

probe can detect 2 copies per reaction, though this comes at the cost of losing serotyping 

information. 

However, to gain diagnostic value, a secondary confirmatory amplification target is required. 

Although other published methods could address this need, we chose to design four additional 

serotype-specific amplification targets taking advantage of the highly informative genomic 

database. Three serotype-specific amplicons were designed on the 3’ UTR (DENV-2, DENV-3, 

DENV-4) and one in the 3’ terminal region of the NS5 (DENV-1). The conservation of the primers 

and probes was in silico validated using the same approach described for the multicolor PCR. It 

should be noted that, with the exception of the DENV-1 serotype, the conservation of primers and 

probes was evaluated on a smaller number of complete genomes than in the multicolor approach, 

due to the absence of the target sequences in several genomes. 

The four single-plex methods were tested on already typed clinical samples, and the results 

agreed with the multicolor analysis method. However, several analyses with the single-plex assay 

targeting the 3′ genomic region detected the samples at a lower crossing threshold (Supplementary 

Table 4 and Supplementary Figure S6). These results are most likely not due to a higher sensitivity of 

the four single-plex assays, but rather to the higher availability of the RNA amplicon target in the 3′ 

region. It is well established that the 3′UTR of the flavivirus genome is protected from degradation 

by the host cell exonuclease Xrn1, a process that results in the formation of subgenomic flaviviral 

RNAs (sfRNAs) [57]. In Supplementary Figure S7, the amplification plots obtained from the 

multicolor and the 3’ UTR methods on one clinical sample are shown, along with titrated positive 

controls to support this interpretation. 

This study has one main limitation, namely the low number of clinical samples available for 

in-depth testing of the procedure. Nevertheless, the database used to design the method is highly 

representative and the likelihood that additional nucleotide variants in the analyzed genomic region 

are not included is reasonably low. Evidence indicates that the flaviviral 5′ and 3′ UTR regions 

interact through base pairing, which promotes genome cyclization and, consequently, viral 

replication [58–60]. Only a few variants are tolerated in these regions, making it unlikely that they 

are absent from our database. An additional limitation is the lack of testing of the alternative probe 

DENV-1B, due to the absence of the specific strains. This probe includes one degenerate base (bp 21 

= R) but one fewer modification compared to the probe DENV-1, which is an inosine replaced with a 

“G” (bp 7 I/G) (Table 4). Overall, the stability of the alternative probe DENV-1B should be higher 

than that of the probe DENV-1. 

We are confident that the described procedures represent a further advancement in dengue 

detection and characterization and will prove useful in surveillance, epidemiological, and clinical 

studies. 
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Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org 
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