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An estimated 390 million dengue virus (DENV) 
infections occur each year worldwide (1), and 

cases are expected to increase because of vector 
expansion (2). In the Americas, dengue incidence 
has increased dramatically since the 1990s (3), yet 
molecular epidemiologic investigations of DENV 
have remained uncommon for many countries in 
the region.

Molecular surveillance of DENV in Jamaica has 
been limited, and serotype testing has been typi-
cally performed only for select samples during epi-
demics. DENV genomic sequencing has rarely been 
performed in the Caribbean and almost never in 
Jamaica; only 1 published study from Jamaica ana-
lyzed sequences of patient samples collected in 2007 
(4). Jamaica was established as an Abbott Pandemic 
Defense Coalition site in 2022 (5) and next-generation 
sequencing (NGS) was introduced in response to the 
COVID-19 pandemic, so NGS virus surveillance is be-
coming routine.

In 2019, after a brief lull in dengue cases in the 
Americas after the introduction of Zika virus (ZIKV) 
in 2015–2016, a massive surge in dengue cases oc-
curred throughout the region (3,6), at which time Ja-
maica recorded its greatest number of dengue cases 
(6). We describe DENV whole-genome NGS results 
for patients who sought clinical care in Jamaica for 
dengue during the 2018–2020 epidemic and examine 
DENV transmission dynamics by using phylogenet-
ics and phylogeography.

The Study
We obtained residual diagnostic serum samples posi-
tive for DENV nonstructural (NS) protein 1 that were 
collected from patients at the University Hospital of 
the West Indies in Kingston, Jamaica, during Decem-
ber 2019–September 2020. Fourteen of 15 total sam-
ples were collected during December 2019–January 
2020, when cases exceeded the Jamaica Ministry and 
Health and Wellness’s epidemic threshold; the addi-
tional serum sample was collected at the end of the 
epidemic during September 2020 (7). We extracted to-
tal nucleic acids from samples by using the Abbott Di-
agnostics m2000sp instrument (Abbott, https:/www.
abbott.com) and performed virus RNA enrichment 
by using the Comprehensive Viral Research Panel 
probe set (Twist Bioscience, https://www.twistbio-
science.com). 

We obtained 5 whole (100% coverage), 7 near-
whole (91%–99% coverage), and 3 partial (28%–65% 
coverage) genome sequences (Appendix Table 1, 
https://wwwnc.cdc.gov/EID/article/30/10/24-
0170-App1.pdf); all were DENV serotype 3 (DENV-
3). We retrieved all DENV-3 sequences available 
in Nextstrain (https://nextstrain.org) and aligned 
them with sequences and metadata from this 
study (https://github.com/LesterJP/Dengue_Ja-
maica_Study) by using MAFFT (8). We inferred 
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We identified 3 clades of dengue virus serotype 3 belong-
ing to genotype III isolated during 2019–2020 in Jamaica 
by using whole-genome sequencing and phylogenomic 
and phylogeographic analyses. The viruses likely origi-
nated from Asia in 2014. Newly expanded molecular sur-
veillance efforts in Jamaica will guide appropriate public 
health responses.
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Figure 1. Phylogenetic analysis, temporal emergence, and demographic characterization of DENV-3 in study of origins and genetic 
dynamics, Jamaica. A) Maximum-likelihood phylogenetic trees of global DENV-3 sequences indicate the strains circulating in Jamaica 
belong to genotype III and are organized into 3 independent clades (left tree). The sequences were mapped according to the country of 
sampling and their genotypes (right tree) by using the ggtreeExtra R package (The R Project for Statistical Computing, https://www.r-
project.org). Bootstrap values >80% are displayed for all nodes in the left tree (colored circles at nodes) and only for external nodes 
and main clade of interest in the main tree (right side). All bootstrap values are shown in Appendix Figure 1 (https://wwwnc.cdc.gov/EID/
article/30/10/24-0170-App1.pdf). Scale bars indicate nucleotide substitutions per site. B) Time-scaled maximum clade credibility tree of 
DENV-3 sequences indicates the temporal emergence of DENV-3 strains in Jamaica starting in 2014. tMRCA and 95% HPD intervals 
for the tree root and the clade containing the sequences from Jamaica are indicated. Confidence values, determined by posterior 
probabilities, are indicated for external nodes and the node of interest. Full node support for the tree is indicated in Appendix Figure 2, 
panel A. Bayesian skygrid plot of the effective population size (Ne[τ]) over time indicates median values and 95% HPD intervals. DENV-
3, dengue virus serotype 3; HPD, highest posterior density; tMRCA, time to most recent common ancestor.
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maximum-likelihood phylogenetic reconstructions 
by using IQ-TREE2 (Appendix). Sequences from Ja-
maica formed a monophyletic clade within DENV-3 
genotype III (GIII), which was further divided into 
3 monophyletic subclades: 2 exclusively containing 
sequences from Jamaica and 1 containing sequenc-
es from Jamaica, North America, and Europe (Fig-
ure 1, panel A). Those results suggested DENV-3 
circulation in Jamaica might have been either from 
multiple introductions or from endemic evolution 
that later mirrored the genetics of other DENVs in 
global circulation. A temporal analysis traced the 
emergence of DENV-3 to 1960, which had an evo-
lutionary rate of 3.96 × 10−3 substitutions/site/year; 
DENV-3 GIII was most likely introduced into Ja-
maica during 2014 (Figure 1, panel B). A Bayesian 

skygrid reconstruction of the DENV-3 monophy-
letic clade from Jamaica (Appendix) revealed that 
genetic diversity remained stable, and the evolu-
tionary rate was 1.78 × 10−3 substitutions/site/year.

We conducted discrete phylogeographic analy-
ses to determine whether DENV-3 genetic diver-
sification in Jamaica arose from external introduc-
tions or endemic circulation (Figure 2). Integrating 
country-specific data with virus dispersal trajec-
tories identified Indonesia as the putative origin 
of DENV-3 (i.e., the tree root) and showed a clear 
pattern of intercountry virus spread. A Markov 
jump reward plot showed the intracountry and in-
tercountry dynamics of DENV-3 globally, indicat-
ing China, India, Thailand, and Bangladesh were 
key virus exporters with high interconnectivity. 

Figure 2. Time-scaled explicit discrete phylogeographic analysis of dengue virus serotype 3 (DENV-3) spread in Jamaica. Relationship 
between the dispersal trajectory of DENV-3 in the maximum clade credibility tree and the specific DENV-3 migration patterns into 
Jamaica over time (box) is indicated. Nodes of the tree represent the inferred country of origin for sampled strains. Arrows indicate the 
nodes from which taxa were selected for analysis by using the TaxaMarkovJumpHistoryAnalyzer (https://github.com/beast-dev/beast-
mcmc). Only values of discrete state probability for the root and the node of interest are shown in the tree; complete state probability 
values of the nodes are indicated in Appendix Figure 2, panel B (https://wwwnc.cdc.gov/EID/article/30/10/24-0170-App1.pdf). Dynamic 
pathways of DENV-3 geographic movement are indicated by Markov jump mappings (right circular map). Transmission network of 
DENV-3 is summarized by Markov jump events, analyzed using TreeMarkovJumpHistoryAnalyzer and visualized in a circular layout by 
using the circlize package in R (The R Project for Statistical Computing, https://www.r-project.org). The width of each link reflects the 
frequency of virus movement; quantitative estimates were provided by using the TreeMarkovJumpHistoryAnalyzer. Tick marks on the 
outside of the circle’s segments indicate virus movement frequencies.
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In the Caribbean, Cuba was a primary source for 
regional DENV-3 spread and introduction into the 
United States. For Jamaica specifically, this analysis 
and the TaxaMarkovJump history reconstruction 
method (9) indicated 2 major concurrent importa-
tion events from Asia; strains from Jamaica were 
subsequently transmitted to Saint Lucia and other 
potentially unsampled Caribbean countries. Fur-
ther intracountry diversification likely led to the 
2018–2020 dengue epidemic.

To analyze mutation signatures associated with 
temporal clades, we extracted strains from Jamaica 
from the discrete phylogeographic tree and catego-
rized them into temporal groups (TGs) (Figure 3, pan-
el A). Initially (TG1→TG2), amino acid replacements 
were infrequent and dispersed throughout NS genes. 
Over time (TG2→TG3), an accumulation of muta-
tions was concentrated in the RNA-dependent RNA 
polymerase and envelope (E) genes. This trend con-
tinued (TG3→TG4) with additional mutations in E 
and NS2 genes. Mutations in the E gene were located 
within the lateral ridge and hinge epitopes of strains 
in TG3 and in the lateral ridge epitope for TG4 (Fig-
ure 3, panel B; Figure 4). This pattern of mutations, 
particularly in the E gene that encodes the most criti-
cal protein target of neutralizing antibodies (10), sug-
gests that immune evasion contributed to selection of 
those mutations. In contrast, we found no indication 
of immune evasion for E gene domain III (receptor-

binding protein) and fusion peptide sequences; those 
regions were not identified under positive selection.

Episodic and pervasive selection analyses to as-
sess sudden and consistent positive selection were 
performed to determine which DENV-3 strains and 
mutations were evolutionarily favored. Branch-site 
models applied to the complete DENV-3 coding se-
quence indicated the emergence of each successive 
time-epoch lineage was under positive, episodic se-
lection (Appendix Table 2). This selection was the 
predominant force driving retention of numerous 
mutations within key functional domains for virus 
replication and structural proteins and determining 
the evolutionary trajectory of those strains (Figure 3, 
panel A). We applied site models for the E protein to 
ascertain which mutations were subject to positive, 
pervasive selection (Appendix Tables 3, 4) and were 
likely causes of immune escape. Domain III muta-
tions S666L in TG3 and M582T in TG4 and domain I/
II mutation R408K in TG4 strains located at the hinge 
region were positively selected residues (Figure 3, 
panel B; Figure 4).

Introductions from Asia most likely brought 
DENV-3 to Jamaica in 2014, and it was first de-
tected in the country in 2016 (https://www.who.
int/emergencies/disease-outbreak-news/item/4-
february-2019-dengue-jamaica-en). A mixed out-
break of DENV-3 and DENV-4 infections occurred 
in 2016 when ZIKV was detected (11). Our findings 

Figure 3. Time-scaled phylogenetic analysis, molecular characterization, dynamics, and natural selection of dengue virus serotype 
3 in Jamaica. A) Phylogenetic tree indicates monophyletic clusters of strains from Jamaica (bold text) extracted from the discrete 
phylogeographic analysis (Figure 2). Discrete sp values (ω) for nodes evaluated for episodic selection are shown. Full sp values for 
nodes are shown in Appendix Figure 2, panel B (https://wwwnc.cdc.gov/EID/article/30/10/24-0170-App1.pdf). B) Strains were evaluated 
for amino acid replacements according to each TG. Arrows indicate episodic selection of each main TG clade. Bold text indicates 
positively selected mutations. sp, state probability; TG, temporal group.
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show that DENV-3 GIII continued to circulate at 
low levels in Jamaica after 2016, which then led to 
an explosive DENV-3 GIII disease epidemic during 
November 2018–March 2020. It remains inconclu-
sive why a period of low-level DENV circulation 
occurred in the Americas after the introduction of 
ZIKV in 2015–2016, although ZIKV cross-immunity 
with DENV and public health interventions and be-
havioral changes in response to ZIKV might have 
contributed (3,12).

The E glycoprotein is a critical target of neu-
tralizing antibodies (10). Our findings indicated E 
glycoprotein mutations were positively selected, 
underscoring their relevance for adaptive evolu-
tionary responses that might have influenced strain 
prevalence and virulence. Neutralizing antibodies 
against E protein domain III of DENV-3 GIII are 
typically weaker than those against other domains 
(13), which might explain why domain III muta-
tions were observed over time in our study; sub-
neutralizing antibodies would enable continued 
virus circulation. Those mutations are not expected 
to have a large effect on circulation because DENV 
immunity usually protects from homotypic reinfec-
tion; however, breakthrough infections have been 
described and could contribute to sustained DENV 
circulation (14).

Conclusions
The circulation of DENV-3 during 2014–2020, a den-
gue outbreak in 2016, and a large dengue epidemic  
during 2018–2020 likely produced substantial popula-
tion immunity to DENV-3 in Jamaica, which might have 
led to the introduction of a new DENV serotype(s), a 
well-described risk factor for severe dengue (15). Newly 
expanded molecular surveillance efforts in Jamaica will 
enable whole-genome NGS of DENV in clinical samples 
collected after 2020 to determine ongoing circulation 
patterns and guide appropriate public health responses.
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Figure 4. Envelope glycoprotein 3-dimensional structures (structure 7a3s; RCSB Protein Data Bank, https://www.rcsb.org) from dengue 
virus serotype 3 strains in Jamaica. Red indicates protein domain I, yellow indicates domain II, and blue indicates domain III. Gray 
spheres indicate mutations identified across various TGs. Arrows indicate mutations detected by site models. E621Q (faded text) is in 
the loop region not visible in the crystal structure. TG, temporal group.
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