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Abstract 

The number of dengue cases has increased dramatically in recent years. In Latin America, the number of cases 
and deaths in 2023 was the highest ever recorded. We report on a patient who had been infected with dengue 
virus during his stay in Costa Rica in September 2023, and developed the disease after returning to Japan. Plasma 
obtained from the patient was used for diagnosis and dengue virus serotyping by real‑time PCR. The nucleotide 
sequence of the envelope region of dengue virus was then determined by the direct sequencing method, and this 
sequence was used for phylogenetic analyses. The patient was found to be infected with dengue virus type 3 
genotype III. The sequence from the present case was more homologous with sequences registered in Florida, USA, 
associated with travel to Cuba in 2022 than with sequences registered in Costa Rica 10 years ago. The Pan American 
Health Organization reported that only dengue virus type 1 and 2 cases were reported in Costa Rica in 2019–2021, 
whereas dengue virus type 3 and 4 cases started being reported in 2022. In 2023, the reported numbers of cases 
with dengue virus types 3 and 4 exceeded those of dengue virus types 1 and 2. In addition, regional differences 
in endemic strains have been observed in Costa Rica. Our findings suggest that the dengue virus type 3 that infected 
the patient was more likely an influx of a strain that had been circulating in Caribbean countries such as Cuba 
in recent years, rather than a re‑emergence of an indigenous virus in Costa Rica. The serotypes of dengue virus 
prevalent in Costa Rica have been changing since 2022. All four serotypes were prevalent in 2023, with a particularly 
sharp increase in the number of cases of dengue virus types 3 and 4. Future monitoring and surveillance are essen‑
tial because changes in endemic serotypes can cause antibody‑dependent enhancement, which can lead to severe 
dengue disease presentations.
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Background
Dengue virus (DENV), which causes dengue fever and 
dengue hemorrhagic fever, has been spreading rapidly 
in tropical and sub-tropical regions. In 2000, approxi-
mately, 500,000 dengue infection cases and 900 deaths 
were reported worldwide [1]; however, in 2023, over 5 
million cases and 5,000 deaths were reported [2]. Latin 
America was particularly affected in 2023, with 4.57 mil-
lion cases and 2,363 deaths reported the largest number 
of cases and deaths recorded to date [3]. DENV is trans-
mitted through mosquito bites and is thought to spread 
to non-endemic areas via infected travelers or carrier 
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mosquitos that travel with travelers. For example, 160 
cases of autochthonous dengue fever were reported in 
2014 in Japan, a non-endemic area [4]. Therefore, sur-
veillance and monitoring for DENV in patients and mos-
quitos is important for predicting DENV epidemics. In 
Japan, under the Infectious Diseases Control Law, when 
physicians diagnose dengue fever, they are required to 
immediately report all cases to their prefecture govern-
ment through public health centers. The information 
is used for the National Epidemiological Surveillance 
of Infectious Diseases by the Ministry of Health, Labor 
and Welfare, being published in the Infectious Dis-
eases Weekly Report and Infectious Agents Surveillance 
Report from the National Institute of Infectious Diseases 
(NIID). Mosquito surveys have also been conducted in 
several local governments in Japan to raise awareness and 
vigilance against mosquito-borne infections. In the pre-
sent study, we describe a traveler who was presumed to 
have been infected with DENV type 3 in Costa Rica in 
September 2023, having developed dengue fever in Japan 
upon his return.

Main text
A 57-year-old man visited Ostional, Guanacaste Prov-
ince, Costa Rica in September 2023 via New York City 
(USA), San Jose (Costa Rica), and Santa Cruz (Costa 
Rica). After staying there for 5  days, he returned to 
Japan via San Jose and New York City. After returning to 
Japan, he developed a fever and presented to Osaka City 
Juso Hospital the next day. He complained of fever with 
chills, fatigue, headache, and skin rash. Blood test results 
showed a low white blood cell count (2120/μL), slightly 
low platelet count (197,000/μL), and no elevation in the 
levels of hepatic enzymes or lactate dehydrogenase. He 
was suspected to have non-severe dengue fever and was 
diagnosed with dengue fever on the basis of a DENV 
Rapid Diagnosis Test Kit (SD BIOLINE Dengue Duo NS1 
Ag+Ab Combo (Abbott); NS1 positive and IgM/IgG neg-
ative). He was given a saline drip and acetaminophen. He 
claimed to have been bitten by several mosquitoes dur-
ing his stay in Ostional. Two days after fever onset, blood 
specimens were collected and sent to the Osaka Insti-
tute of Public Health, where real-time polymerase chain 
reaction (PCR) was performed according to the manual 
of NIID [5–8] for diagnostic confirmation and determi-
nation of the viral load and serotype. The results of real-
time PCR indicated that the patient’s plasma was positive 
for DENV-3 (viral load: 7.8 ×  109 copies/μL) and negative 
for Chikungunya virus, Zika virus, and West Nile virus. 
Specimens were also sent to Osaka University, where the 
nucleotide sequence of the envelope region was deter-
mined by direct sequencing using specific primers [9]. 
A phylogenetic tree was generated from the obtained 

sequence and related sequences retrieved from Gene-
Bank using IQ-TREE [10]. The phylogenetic tree was con-
structed using the determined sequence and sequences 
of the envelope region of DENV-3 isolated from humans 
registered in GenBank according to the following criteria: 
(1) sequences sampled in 2023 (158 sequences), (2) top 
30 sequences with high levels of similarity to the patient’s 
viral sequences based on BLAST analysis (14 sequences 
were excluded due to being duplicates from the other 
criteria), (3) sequences registered as Costa Rica-derived 
strains (two sequences), (4) sequences sampled since 
2010 in Nicaragua, which is adjacent to Costa Rica (59 
sequences), and (5) sequences listed in the literature 
[11, 12] as reference sequences (28 sequences). The tree 
showed that the present strain was classified as a geno-
type III lineage C virus, which was prevalent in Asia in 
the 2010s [12] and was closely related to the OQ445960 
sequence isolated in Florida, USA (travel associated with 
Cuba) in 2022 and the OR771113 sequence isolated in 
Florida, USA in 2023, with 99.86% nucleotide identity 
(Fig. 1). The sequences isolated from Costa Rica and Nic-
aragua used in our analyses were reported over 10 years 
ago, and no sequences have been registered since 2014. In 
addition, no sequences of isolates from Panama, another 
neighboring country, were registered. The sequences 
reported from Costa Rica and Nicaragua were also of 
genotype III; however, those sequences were of Lineage 
B, which was endemic in Latin America in the 2010s, 
and they showed low levels of homology to sequences of 
recently distributed strains, suggesting that the present 
virus was more likely an imported virus from Caribbean 
countries rather than a re-emerging virus from Costa 
Rica or its surrounding countries. Of course, since no 
sequences of DENV-3 strains isolated from Costa Rica 
in recent years have been registered, this study cannot 
determine that this patient was infected in Costa Rica. 
However, considering the patient’s length of stay in Costa 
Rica and awareness of mosquito bites, we suggest the 
possibility of infection in Costa Rica rather than during 
transit in the USA. The Pan American Health Organiza-
tion reported 30,649 cases of dengue virus in Costa Rica 
in 2023, with 2712 confirmed cases (629, 429, 687, and 
961 with DENV-1, DENV-2, DENV-3, and DENV-4, 
respectively). Only DENV-1 and DENV-2 were reported 
in 2019 (131, 233, 0, 0), 2020 (272, 153, 0, 0), and 2021 
(215, 37, 0, 0). All serotypes were reported in 2022; how-
ever, DENV-1 and 2 remained predominant (319, 216, 1, 
15) [13]. This suggests that DENV-3 and 4 spread rapidly 
in Costa Rica after 2022. The distribution of serotypes 
differed by region in Costa Rica: DENV-3 was highly 
prevalent in the provinces of Heredia (51.8%) and Gua-
nacaste (40.4%), which the present patient had visited. 
DENV-3 was also prevalent in San Jose (34.9%) and 
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 Jeddah-2014/SaudiArabia/2014 SaudiArabia 2014(KJ830751) (genotype III lineage A)

 DENV-3/USA/FL-BPHL-0050/2023 USA(FL) 2023(OR771119)

 68784/Brazil/2000 (AY038605) (genotype III)

 476947 Risaralda CO 2016/Colombia/2016 Colombia 2016(MH544651) (genotype III lineage B)

 Costa Rica 2013 (N=1), Nicaragua 2010 (N=9) 2011 (N=1) (11 taxa)

 Coasta Rica 1995 (N=1), Nicaragua 2010 (N=21) 2011 (N=5) 2012 (N=4) 2013 (N=7) (38 taxa)

 Nicaragua 2010 (N=5) 2011 (N=2) 2012 (N=2) 2013 (N=2)   (11 taxa)

 DENV-3/NI/BID-V5100/2010 Nicaragua 2010(KF971708)

 Th17-059DV3/Thailand/2017 Thailand 2017(LC410195) (genotype III lineage C)

 23GZ10604 D1 THA F Thailand 2023(OR418423)

 23GZ10604 D3 THA China 2023(OR364402)

 DENV-3/RIMD-1/Osaka(Costa Rica)/2023

 DENV-3/USA/FL-BPHL-0044/2023 USA(FL) 2023(OR771113)

 DENV-3/USA/FL-BPHL-0134/2023 USA(FL) 2023(OR821932)

 DENV-3/USA/FL-BPHL-0021/2022 USA(FL) 2022(OR162315)

 DENV3/Cuba/2022-12-06/Yale-DN01056 Cuba 2022(OQ821588)

 DENV-3/USA/FL-BPHL-0066/2023 USA(FL) 2023(OR771138)

 US/DB376/2022 USA(FL travel associated with Cuba) 2022(OQ445960)

 402330 DEN3 Niger 2022 Niger 2022(OQ132878)

 DENV-3/USA/FL-BPHL-0065 USA(FL) 2023(OR771137)

 USA 2022 (N=3) 2023 (N=25), Brazil 2023 (N=3) (31 taxa)

 DENV3/Cuba/2022-12-08/Yale-DN01063 Cuba 2022(OQ821590)

 USA 2022 (N=6) 2023 (N=8) (14 taxa)

 DENV-3/USA/FL-BPHL-0057/2023 USA(FL) 2023(OR771126)
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 USA 2023 (N=24) (24 taxa)
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 DENV-3/USA/FL-BPHL-0129/2023 USA(FL) 2023(OR771198)

 DENV-3/USA/FL-BPHL-0098/2023 USA(FL) 2023(OR771174)

 India 2023 (N=4) (4 taxa)

 India 2023 (N=6) (6 taxa)

 INMI-CaseI1/DENV3-III/2023 Italy 2023 (OR578395)

 2783/SriLanka/1991(L11438) (genotype III)

 260698/SriLanka/1989(L11437) (genotype III)

 1416/India/1984(L11424) (genotype III)

 1594/SriLanka/1985(L11436) (genotype III)

 1326/SriLanka/1981(L11431) (genotype III)

 1696/Samoa/1986(L11435) (genotype III)
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Fig. 1 A phylogenetic tree was constructed using maximum likelihood estimation with a TIM2+ F + G4 model, with 1000 bootstrap replications 
(< 80% values omitted). Since the analysis revealed that the sequence from the present study belonged to Genotype III, Genotype III was separated 
and is represented in this figure. Black arrow indicates the sequence identified in the present study. Black circles indicate the compressed sequences
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Alajuela (33.1%), which are in the northwestern part of 
Costa Rica. Meanwhile, its prevalence was low in Limon 
(1.2%) and Cartago (9.4%), which are located in the east-
ern area [5]. In contrast, DENV-4 was prevalent in Limon 
(73.6%), Puntarenas (50.1%), and Guanacaste (43.7%) [5]. 
The lowest prevalence of DENV-4 (10.0%) was reported 
in Heredia, but this proportion was still approximately 
nine times higher than the lowest prevalence of DENV-3 
in Limon (1.1%) [5]. This suggests that DENV-3 has 
not yet spread to certain areas of Costa Rica, whereas 
DENV-4 has already spread to all areas. In addition, the 
regional differences in the prevalence of each serotype 
suggest that DENV-3 and DENV-4 entered Costa Rica at 
approximately the same time around 2022, but with dif-
ferent routes of entry and subsequent expansion.

Conclusion
The patient was infected with dengue virus type 3 geno-
type III Lineage B. The sequence of the envelope region 
in the present case showed higher homology with 
sequences registered in Florida, USA associated with 
travel to Cuba in 2022 than with sequences registered in 
Costa Rica 10 years ago. The resumption of human travel 
after COVID-19 may have led to an influx of DENV-3 
and 4 in Costa Rica. It is known that secondary infection 
with a different serotype of DENV can induce antibody-
dependent enhancement and cause severe disease such as 
dengue hemorrhagic fever. The current situation in Costa 
Rica suggests the possibility of a shift in endemic strains 
from DENV-1 and 2 to DENV-3 and 4, which highlights 
the importance of further surveillance and epidemiologi-
cal studies on dengue infection in the future.
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