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Reemergence of Cosmopolitan Genotype 
Dengue Virus Serotype 2, Southern 

Vietnam 
Appendix 1 

E-gene Sequencing 

We produced 45 DENV-2 viral envelope (E) gene sequences from human plasma 

samples, randomly collected from 362 laboratory-confirmed dengue patients, who participated in 

studies at the Hospital for Tropical Diseases in HCMC, Vietnam, between 2017 and 2022 (1–4). 

All of the studies are approved by Ethics Committees both in Vietnam, at the Hospital for 

Tropical Disease and also in the UK, at the Oxford Tropical Research Ethics Committee 

(OxTREC). Of these, 303 (83.7%) were positive with qRT-PCR assay for dengue, DENV-2 was 

predominant (72.3%), whereas DENV-1 and DENV-4 respectively accounted for 23.1% and 

4.6% of positive samples. No samples were positive with DENV-3. Amongst the 219 DENV-2–

positive samples, we randomly selected 45 samples with high or medium viremia levels that 

gave clear bands on agarose gel electrophoresis (median Cp-value for the samples was 25.53 

[IQR=23.38–27.29]). The patients’ median age was 26 (IQR=17.5–33.5) years. Viral RNA from 

each sample was isolated using MagNA Pure 96 DNA and Viral NA Small Volume Kit (Roche, 

06543588001) in the MagNA Pure 96 System. 

DENV RNA was subjected to cDNA synthesis using SuperScript IV First-Strand 

Synthesis System (Cat # 18091200, Thermo Fisher Scientific) on a Mastercycler system 

(Eppendorf, Germany) according to the manufacturer’s instructions. 13 μL of Mix1 containing 

5μL of viral RNA, 1μL of random hexamer primer, 1μL of a mixture of 10mM 

deoxyribonucleotide triphosphates(dNTPs) and 6 μL of water. A mixture of 7μL of Mix 2 

containing 4μL of 5x Reverse Transcript buffer, 1μL of each RNAse inhibitor and Superscript IV 
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Reverse Transcriptase was added to Mix 1 and made up a final volume of 20μL. cDNA was 

synthesised by the thermocycler program in Appendix 1 Table 1. 

PCR reactions to amplify the E gene were performed as 3-tube reactions using a high-

fidelity DNA polymerase (Cat # M0491L, New England Biolabs). The PCR mix contained 1μL 

dNTPs (0.4mM), 2μL of eluted primers containing both forward and reverse primers (10μM), 

3μL of cDNA, and 0.5μL of DNA polymerase (2000 units/ml) diluted to a final volume of 25μL 

per reaction. The amplification reactions were performed according to the manufacturer’s 

instructions (Appendix 1 Table 2). PCR amplification products were visualized by agarose gel 

electrophoresis. The primer sets are available in Appendix 1 Table 3. 

We purified PCR products using magnetic beads (Cat # A63882, Beckman Courter) and 

quantified nucleic acid concentration using a NanoDrop 2000/2000c Spectrophotometer (Cat # 

ND-2000). Sanger sequencing of purified PCR products was carried out for samples with a 

nucleic acid concentration greater than 10 ng/μL. Sequencing of the complete E gene was 

achieved by 3 overlapping amplicons. The sequencing reactions were performed with the 

BigDye Terminator v3.1 Cycle Sequencing Kit (Cat # 4337455) according to the manufacturer’s 

instructions (Appendix 1 Table 4). The reaction was terminated by adding 2μL of 3M sodium 

acetate and 100mM EDTA. A DNA precipitation step was then carried out with absolute ethanol 

(97%) and washed with ethanol 70%, and samples were then resuspended in 10μL of Hi-Di 

formamide. Sanger sequencing was performed using an Applied Biosystems 3130/3130xl 

Genetic Analyzer. Individual E gene consensus sequences were generated using the CLC 

Genomic Workbench version 9.0. 

Data collation, sequence alignment, and tree building 

We collected 6013 of both DENV-2 whole genome (WG) and E gene sequences along 

with their associated metadata from southern and southeast Asia between 2010-01-01 and 2022-

12-19 from GenBank (data downloaded 2022-12-19) (5). We removed any sequences with 

missing metadata, such as the absence of collection date or location, resulting in a total of 5836 

sequences (which include 139 sequences from Vietnam). For sequences with incomplete 

metadata, i.e., yyyy or yyyy-mm, we took the mid-point of that year (e.g., 2011 → 2011-06-15). 

To facilitate the visualisation of phylogenies, we classified the sequence collection location 
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information into 4 discrete categories: OUCRU-HCMC Vietnam, Other Vietnam, Border 

countries that share a border with Vietnam (China, Laos, and Cambodia) and other south and 

southeast Asia countries that do not share a border with Vietnam. 

Due to errors in the serotype labelling within the GenBank metadata, we used Arbovirus 

typing tool from Genome Detective to identify the serotype and genotype of each sequence (6). 

All entries that were not DENV-2 were removed. We aligned sequences to the DENV-2 

reference sequence (NC_001474.2) using MAFFTV.7 (7). All sequences were trimmed from 

position 937 to 2421 to ensure only the E gene was included. Additionally, sequences were 

further excluded if they had >5% missing or ambiguous sites, leaving a dataset of n = 4497. 

Lastly, we created a second dataset (n = 2812) containing sequences designated Cosmopolitan by 

Genome Detective. 

After the initial data processing, the cleaned sequence alignment files were used to 

construct a maximum-likelihood (ML) tree for all DENV-2 genotypes and a separate phylogeny 

for the Cosmopolitan genotype alone. ML trees were inferred using IQTREE2 (8) with a 

nonparametric ultrafast bootstrap to estimate node support and a Shimoda-Hasegawa 

approximate likelihood ratio test (SH-aLRT) (9) to estimate branch support (command line: 

Iqtree2 -s -bb 1000 -alrt 1000). We used a TIM2 nucleotide substitution model with empirical 

base frequencies and a free rate model for rate heterogeneity with four rate categories based on a 

hierarchical model selection procedure as implemented in the ModelFinder application (10). The 

output ML trees were assessed for temporal signal by selecting the root position that maximizes 

R2 of the regression of collection times on genetic distances to the tree root using TempEst 

v1.5.3 (11), removing outliers and reestimating trees when necessary. An outlier was defined as 

any tip whose genetic distance exceeds four standard deviations of the sample mean for each 

year. This resulted in a final dataset of 4,496 sequences for all DENV-2 and 2,809 sequences for 

the Cosmopolitan genotype. The ML tree for the Cosmopolitan genotype was then time-

calibrated, informed by tip sampling dates (yyyy-mm-dd), using TreeTime (12). 

The mugration model (https://github.com/rhysinward/Phylodynamics-

HCMC/blob/main/results/confidence.csv) for ancestral node reconstruction implemented within 

TreeTime (13) was used to infer the location of the ancestral node state of the Cosmopolitan 

genotype along the phylogeny, using the country of origin of each sequence as a discrete trait. To 
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infer the ancestral state, TreeTime employs a maximum-likelihood framework that estimates the 

probability of the ancestral states at each node of the phylogeny, given the observed states of its 

descendants. The most likely location of each node in the phylogeny is then presented as the 

inferred ancestral location. 

Root-to-tip regression plots for the Cosmopolitan ML tree (before time calibration) are 

available (Appendix 1 Figure 5). All tree visualizations were created using the ggtree package 

(13) within the programming language R. 
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Appendix 1 Table 1. Thermocycler program for cDNA synthesis using SuperScript IV First-Strand Synthesis System (Cat # 
18091200, Thermo Fisher Scientific) 
Mix Step Temperature, oC Time, min 
1     

Unfold RNA 70 7  
poly-T primer binding Ice 2 

2    
 Annealing 50 45 

 Elongation 55 15 
 Enzyme deactivation 80 10 
 Storage 4 Hold 

 
 
Appendix 1 Table 2. Thermocycler program for PCR DENV with high fidelity DNA polymerase (Cat # M0491L, New England 
Biolabs) 
Step Temperature (oC) Time Cycles 
Initial denaturation 98 30 secs 1 
Denaturation 98 10 secs x 40 
Annealing 60 1.5 min 
Extension 72 30 secs 
Final extension 72 10 mins 1 
Storage 4 Hold 
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Appendix 1 Table 3. Primer sets for PCR and sequencing 
Name Forward Primer Sequence (5'–3') Reverse Primer Sequence (5'–3') 
DV2-F1-R1 AGAAGAGAAAAAAGATCAGTGGC CCATGTTTTCCTGTGTCATTWCC 
DV2-F2-R2 GCATTGTGACCTGTGCTATGT CGAATGGAGGTTCTGCTTCTAT 
DV2-F3-R3 AAATAGCAGAAACACAACATGGAAC TCTGGTGTTATTTGTYTCCACAT 
 
 
Appendix 1 Table 4. Thermocycler program for Sequencing using the BigDye Terminator v3.1 Cycle Sequencing Kit (Cat # 
4337455) 
Step Temperature (oC) Time Cycles 
Initial denaturation 96 1 min 1 
Denaturation 96 10 secs x 35 
Annealing 50 10 secs 
Extension 60 1 min 
Storage 4 Hold 

 

 
 
 

Appendix 1 Figure 1. A) Times series of confirmed cases by NS1 enrolled within studies conducted by 

Oxford University Clinical Research Unit – Ho Chi Minh City (OUCRU-HCMC) and B) proportion of case-

patients participating in studies conducted at OURCU-HCMC assigned to each serotype in HCMC.  
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Appendix 1 Figure 2. ML tree showing the Cosmopolitan genotype of DENV-2 within southern and 

southeast Asia (including Vietnam). Boxes A–C show each transmission lineage circulating within 

Vietnam alongside their node support values. 
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Appendix 1 Figure 3. Spatial distribution of DENV-2 Cosmopolitan clades in southern Vietnam. Clades 

A, B, and C correspond to independent introductions into Vietnam from other countries and circulated 

among 6 provinces in southern Vietnam (including Ho Chi Minh City). 

 

Appendix 1 Figure 4. The inferred TMRCA (black dot) of the first transmission event by each lineage 

(Clade A, B, C) and their 90% CI (shaded area) by the Cosmopolitan genotype within Vietnam. 
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Appendix 1 Figure 5. Root-to-tip regression by TreeTime of the Cosmopolitan DENV-2 dataset. 

 

 

Appendix 1 Figure 6. ML tree showing the genotypes of DENV-2 present within southern and southeast 

Asia (including Vietnam), 2010–2022. 
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