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Dengue virus type 3 infection in a traveler returning from Costa Rica to Japan in 2023
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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 essential 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, approximately, 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 million cases and 2,363 deaths reported the largest number of cases and deaths recorded to date [3]. DENV is transmitted through mosquito bites and is thought to spread to non-endemic areas via infected travelers or carrier 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, surveillance and monitoring for DENV in patients and mosquitos 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 government 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 Diseases 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 present 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 Province, 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 negative). He was given a saline drip and acetaminophen. He claimed to have been bitten by several mosquitoes during his stay in Ostional. Two days after fever onset, blood specimens were collected and sent to the Osaka Institute of Public Health, where real-time polymerase chain reaction (PCR) was performed according to the manual of NIID [5–8] for diagnostic confirmation and determination 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 determined by direct sequencing using specific primers [9]. A phylogenetic tree was generated from the obtained sequence and related sequences retrieved from GeneBank using IQ-TREE [10]. The phylogenetic tree was constructed 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 genotype 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 Nicaragua 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 Organization 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; however, 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 Guanacaste (40.4%), which the present patient had visited. DENV-3 was also prevalent in San Jose (34.9%) and 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 eastern 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 different routes of entry and subsequent expansion.[image: ]
Fig. 1A 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



Conclusion
The patient was infected with dengue virus type 3 genotype 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 epidemiological studies on dengue infection in the future.

Acknowledgements
We thank Juthamas Phadungsombat for her valuable advice in data analysis.

Author contributions
TSa, RM, and RK conceptualized and designed the study methodology. TSa, RM, IA, TB, RK, and YS participated in sample and data collection and analysis. TG, EN, TSh and MS supervised the entire project and edited the manuscript. TSa performed the data analysis and prepared the final version of the manuscript. All the authors read and approved the final version of the manuscript.

Funding
Not applicable.

Availability of data and materials
Upon reasonable request, data and materials are available from the corresponding author.

Declarations
Ethics approval and consent to participate
This study was approved by the Institutional Review Board of the Research Institute for Microbial Diseases, Osaka University (approval number: 2023-15).

Consent for publication
The consent for publication was obtained simultaneously with informed consent that was performed before sample collection.

Competing interests
The authors declare that they have no competing interests.


[image: Creative Commons]Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by/​4.​0/​.

References
	1.
Dengue data application. World Health Organization, Geneva, Switzerland. https://​ntdhq.​shinyapps.​io/​dengue5/​. Accessed 11 Mar 2024.


	2.
Disease Outbreak News; Dengue – Global situation. World Health Organization, Geneva, Switzerland. 2023. https://​www.​who.​int/​emergencies/​disease-outbreak-news/​item/​2023-DON498. Accessed 11 Mar 2024.


	3.
Dengue. Pan American Health Organization, Washington, D.C. https://​www.​paho.​org/​en/​topics/​dengue. Accessed 11 Mar 2024.


	4.
Kutsuna S, Kato Y, Moi ML, Kotaki A, Ota M, et al. Autochthonous dengue fever, Tokyo, Japan, 2014. Emerg Infect Dis. 2015;21:517–20.CrossrefPubMedPubMedCentral


	5.
National Institute of Infectious Diseases (NIID), Japan. Manual of laboratory diagnosis of Dengue virus, Japan. 2014. https://​www.​niid.​go.​jp/​niid/​images/​lab-manual/​Dengue2014.​pdf. Accessed 11 Mar 2024.


	6.
NIID, Japan. Manual of laboratory diagnosis of Chikungunya virus, Japan. 2013. https://​www.​niid.​go.​jp/​niid/​images/​lab-manual/​CHIKV.​v1.​1.​pdf. Accessed 11 Mar 2024.


	7.
NIID, Japan. Manual of laboratory diagnosis of Zika virus, Japan. 2016. https://​www.​niid.​go.​jp/​niid/​images/​lab-manual/​zika_​ver1_​20160311.​pdf. Accessed 11 Mar 2024.


	8.
NIID, Japan. Manual of laboratory diagnosis of West Nie virus, Japan. 2008. NIID, Japan.


	9.
Warrilow D, Northill JA, Pyke AT. Sources of dengue viruses imported into Queensland, Australia, 2002–2010. Emerg Infect Dis. 2012;18:1850–7. https://​doi.​org/​10.​3201/​eid1811.​120014.CrossrefPubMedPubMedCentral


	10.
Nguyen LT, Schmidt HA, von Haeseler A, Minh BQ. IQ-TREE: A fast and effective stochastic algorithm for estimating maximum likelihood phylogenies. Mol Biol Evol. 2015;32:268–74.CrossrefPubMed


	11.
Wittke V, Robb TE, Thu HM, Nisalak A, Nimmannitya S, et al. Extinction and rapid emergence of strains of dengue 3 virus during an interepidemic period. Virology. 2002;301:148–56.CrossrefPubMed


	12.
Phadungsombat J, Lin MY, Srimark N, Yamanaka A, Nakayama EE, et al. Emergence of genotype cosmopolitan of dengue virus type 2 and genotype III of dengue virus type 3 in Thailand. PLoS ONE. 2018. https://​doi.​org/​10.​1371/​journal.​pone.​0207220.CrossrefPubMedPubMedCentral


	13.
Costa Rica - Dengue cases. Pan American Health Organization, Washington, D.C. https://​www3.​paho.​org/​data/​index.​php/​en/​mnu-topics/​indicadores-dengue-en/​dengue-subnacional-en/​541-cri-dengue-casos-en.​html. Accessed 11 Mar 2024.




Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Dengue virus type 3 infection in a traveler returning from Costa Rica to Japan in 2023


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/cc-by.png
() _®





OEBPS/css/sidebar.gif





OEBPS/images/41182_2024_620_Fig1_HTML.png
Jeddah-201 i ial2014 i ia 2014(KJ830751) (genotype lll lineage A)

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

100} 68 il/2000 (AY038605) iy

100 476947 Risaralda CO 2016/Colombia/2016 Colombia 2016(MH544651) (genotype IlI lineage B)

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

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

100

@ Nicaragua 2010 (N=5) 2011 (N=2) 2012 (N=2) 2013 (N=2)
DENV-3/NI/BID-V5100/2010 Nicaragua 2010(KF971708)

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

23GZ10604 D1 THA F Thailand 2023(OR418423)

23GZ10604 D3 THA China 2023(OR364402)

r— 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)

‘{ gEN\/3/Cuba/2022—12—06/Yale—DN01 056 Cuba 2022(0Q821588)

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

| US/DB376/2022 USA(FL travel associated with Cuba) 2022(0Q445960)

{~ 402330 DENS3 Niger 2022 Niger 2022(0Q132878)

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

@ USA 2022 (N=3) 2023 (N=25), Brazil 2023 (N=3)

DENV3/Cuba/2022-12-08/Y ale-DN01063 Cuba 2022(0Q821590)
86 100!

@ USA 2022 (N=6) 2023 (N=8)

100! DENV-3/USA/FL-BPHL-0057/2023 USA(FL) 2023(OR771126)

@ USA 2023 (N=16), Italy 2023 (N=1)

@ USA 2023 (N=24)

i @ USA 2023 (N=4), Brazil 2023 (N=1)
@ USA 2023 (N=4)

— 9

©

DENV-3/USA/FL-BPHL-0056/2023 USA(FL) 2023(OR771125)
‘ @ USA 2023 (N=7)

100 — DENV-3/USA/FL-BPHL-0158/2023 USA(FL) 2023(OR821956)

—— DENV-3/USA/FL-BPHL-0129/2023 USA(FL) 2023(OR771198)

— DENV-3/USA/FL-BPHL-0098/2023 USA(FL) 2023(0OR771174)

L—« @ India 2023 (N=4)
|l @ Indic 2023 (N=6)

INMI-Casel1/DENV3-111/2023 Italy 2023 (OR578395)
2783/SriLanka/1991(L11438) (genotype 1)

—E 260698/SriLanka/1989(L11437) (genotype 1)

L 1416/India/1984(L11424) (genotype IIl)

‘E 1594/SriLanka/1985(L11436) (genotype Iil)
1326/SriLanka/1981(L11431) (genotype I1l)

1986(L11435) 1)






