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Abstract: Dengue is an endemic disease in tropical countries, mainly in South America, Southwest
Asia, and Africa, which, despite having a low lethality rate, can overwhelm health systems. Strength-
ening the immune system through regular physical activity can be an important tool to prevent
contagion, worsening, hospitalizations, and deaths caused by the disease, as seen in the COVID-19
pandemic. Therefore, this point of view aims to analyze the possible association between physical
activity and dengue and its repercussions on public health. Comments were made on the main
characteristics of dengue as well as on the main vaccines available to date. It was also discussed the
impacts of dengue on health systems, in addition to the main repercussions for public health when a
very large number of people are infected. It was also commented on the main factors that contribute
to the worsening of the clinical stage of dengue, in addition to discussions and reflections on physical
activity, strengthening the immune system, and dengue. There are assumptions that regular physical
activity can be an important public health strategy to prevent contagion, severity, and hospitalizations
caused by dengue and that it needs to be promoted by governments around the world as a tool for
preventing and treating not only chronic communicable diseases but also infectious diseases.
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1. Introduction

Dengue is an endemic disease in tropical countries, mainly in South America, South-
west Asia, and Africa [1]. From 2023 onwards, an unexpected increase in dengue cases
around the world was observed, resulting in more than 6.5 million cases and 7300 deaths
related to reported dengue cases [2]. In the Americas alone, during 2023, 4,565,911 cases
of dengue were recorded [1]. This situation of high transmission continues in the year
2024, and specifically in Brazil; at the time of writing this document, 5,238,867 million
cases already have been recorded, with 3038 deaths confirmed by this disease [3], with a
consequent burden on the health system in some regions of the country.

Although vaccines already exist, they are not enough to immunize the entire popula-
tion. It is noteworthy that the current Brazilian government is not managing to overcome
the challenge, which is the fight against dengue.

On the other hand, strengthening the immune system through regular physical activity
can be an important tool to prevent contagion, worsening, hospitalizations, and deaths
caused by this disease, as seen in the COVID-19 pandemic [4-10].

Taking into account that dengue is an infectious disease, the mechanisms by which
strengthening the immune system through regular physical activity, especially at moderate
intensity, can help in prevention, as well as reducing the possibility of worsening the
disease, seems to be quite plausible.
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Considering that no manuscripts on physical activity and dengue were found in the
consulted literature, this point of view proposes to comment on the new insights into the
association between physical activity and dengue and its repercussions for public health.

2. What Is Dengue?

Dengue is an infectious disease transmitted by several species of mosquito of the
genus Aedes, mainly Aedes aegypti. These mosquitoes also transmit zika and chikungunya.
Dengue is widespread throughout the tropics, with local variations in risk depending
on temperature, rainfall, and unplanned urbanization. There are four serotypes: DEN-1,
DEN-2, DEN-3, and DEN-4. Infection with one of them provides permanent protection
for the same serotype and partial and temporary immunity against the other three. Subse-
quent contagion by a different type of virus increases the risk of serious complications for
the patient.

The dengue virus exists both in urban environments and in forest areas. In the urban
environment, humans and mosquitoes are the only known hosts, while in forested areas,
virus transmission occurs between non-human primates and, rarely, from these primates to
humans [11].

After the mosquito bite and an intrinsic incubation period of 3 to 7 days, symptoms
begin suddenly and follow three phases: an initial febrile phase, a critical phase around
the defervescence period, and spontaneous recovery. Typically, patients go through the
three phases without major complications, and in a small proportion of cases, typically in
children and young adults, there is a systemic vascular leak that can worsen the disease [12].

3. Vaccines for Dengue

Although there are already vaccines developed in some countries around the world,
in Brazil, they are still not enough to immunize the entire population. The existing vaccines
to date are:

Dengvaxia, produced in France using attenuated virus technology. It is only recom-
mended for people who have already been infected. In Brazil, it has been available since
2015, but only in private clinics.

Qdenga, developed in Japan, also uses attenuated virus technology. It can be applied
to people who have already been infected or not. It was only made available in Brazil in
February 2024, but not on a large scale, a fact that does not guarantee the immunization of
the entire population at risk of the disease.

Butantan, developed in Brazil, also uses attenuated virus technology but is still in
the final testing phase. Data with results from the follow-up of the first volunteers were
recently published and demonstrated an efficacy of 79.6% [13].

4. The Impact of Dengue on Health Systems

Although dengue fever has a relatively low lethality rate (approximately 0.1% in the
world [2] and 0.06% in the Brazil [3]), with the unexpected increase in cases around the
world observed since 2023 and with a very large portion of the population infected, the
demand for medical care becomes very high, a fact that can cause a very high demand for
care, overloading health systems, as seen in the COVID-19 pandemic [14]. Furthermore,
the cost of this high demand for care causes the evasion of resources that could be used
on other fronts to combat diseases, mainly cardiometabolic diseases such as hypertension
and diabetes, in addition to treatment for immunosuppressed, depression, and socially
vulnerable people.

5. Factors That Can Prevent the Disease and/or Aggravate the Clinical Condition
of Dengue

Different factors can contribute to the worsening of dengue; among them we can
mention being younger, being female, having a high level of body mass index (BMI),
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the strain of the virus, in addition to variations in genetics related to the human major
histocompatibility complex [12].

Among the factors mentioned above, the high level of BMI (obesity) is probably the
one that deserves to be discussed in more depth, as there is a strong association between
physical inactivity and obesity. Obesity is a risk factor for worsening dengue due to the
inflammatory process triggered by it [12]. It is important to highlight that not only physical
activity is important for preventing obesity, but also other behaviors such as healthy eating,
hypertension, diabetes, a sedentary lifestyle, and difficulties in accessing primary healthcare
in cases where mobility is also a constraint due to obesity.

Furthermore, the social and environmental conditions of the population must be
observed. In this sense, managing environmental factors, such as avoiding the accumulation
of water in containers indoors, cleaning urban areas, and using mosquito repellents, can be
excellent strategies for preventing dengue fever.

On the other hand, other authors mention that mannose-binding lectin (MBL), a
protein from the complement system of the innate immune system, can neutralize the
dengue virus through mechanisms dependent and independent of the complement system
itself, while its deficiency or polymorphisms may be an important component in the
worsening of dengue [15,16]. Considering that it is suggested that physical activity may be
associated with MBL, we will discuss this possible association in the next topic [17].

6. Physical Activity, Strengthening the Inmune System, and Dengue

The immune system is made up of the innate defense system and the adaptive defense
system. The innate defense system is made up of epithelial barriers, phagocytic cells,
and natural killer cells, while the adaptive defense system is made up mainly of “B”
lymphocytes, which produce antibodies, in addition to “T” lymphocytes that try to destroy
infected cells.

Therefore, some researchers suggest that more physically active individuals could
have more adequate defense mechanisms against infectious processes, mainly because they
have higher concentrations of phagocytic cells as well as lymphocyte proliferation [4,18]
(Figure 1).
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Figure 1. Strengthening the immune system through physical activity to prevent infection and the

worsening of dengue symptoms.

Regarding the inflammatory process, seen mainly in obese individuals, the more
physically active individuals could present more adequate defense mechanisms to re-
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duce the inflammatory process caused by the conflict between the virus and our body’s
immune cells through a greater concentration of anti-inflammatory substances, mainly
interleukin 10 (IL-10), observed in greater quantities, chronically, in more physically active
individuals [18].

Furthermore, changes or polymorphisms in MBL contribute to the activation of the
complement system by recognizing dengue antigens. Complement system proteins are
significantly modulated during the clinical course of dengue infection, suggesting that
activation of the complement system through alternative pathways may be more dominant
in the response to dengue infection and therefore may contribute to disease severity [15].

On the other hand, MBL can neutralize the dengue virus through mechanisms depen-
dent and independent of the complement system [15,16], while physical activity can alter
its levels. In a recent systematic review study, MBL values remained unchanged after an
acute cycling session when compared to pre-exercise values. In this same study, the authors
demonstrated an increase in MBL levels after long-duration running sessions [17].

MBL can restrict dengue infection via the recognition of high-mannose glycans in
disease envelope proteins (15). Considering that physical activity can increase MBL levels,
it is important to know the ideal intensity of physical exercise that can provide benefits for
preventing and reducing the possibility of dengue worsening (Figure 1).

It is important to highlight that, although it has been shown that long-term exercise
increases MBL levels, this same intensity and duration of physical activity can depress
the immune system due to the “open window” effect observed after a series of long-term
exercises [19]. Therefore, moderate-intensity exercises could probably be more suitable for
strengthening the immune system.

7. Final Considerations

Considering the exponential increase in dengue cases observed since 2023 around
the world, as well as the importance of combating the infectious process in addition to
reducing its worsening, it becomes important to seek strategies to control the disease.
Among important new insights, there is evidence that regular physical activity can be an
excellent tool public health to prevent contagion, severity, and hospitalizations caused by
infectious diseases, including dengue, and that it needs to be promoted by governments
around the world as a strategy for preventing and treating not only chronic communicable
diseases but also infectious diseases. Observational and intervention studies on the topic
are suggested so that there can be further clarification on the possible association between
physical activity and dengue and its consequent repercussions for public health.

Author Contributions: Writing of the manuscript and critical revision of the manuscript for intellec-
tual content: Pitanga FJ.G.P.; Matsudo VK.R.M. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

Pan American Health Organization. Dengue. Available online: https://www.paho.org/pt/topicos/dengue (accessed on 21

World Health Organization. Dengue and Severe Dengue. Available online: https://www.who.int/news-room/fact-sheets/
detail /dengue-and-severe-dengue (accessed on 27 March 2024).

References
1.
March 2024).
2.
3.

Brazilian Ministry of Health. Arbovirus Monitoring Panel. Available online: https://www.gov.br/saude/pt-br/assuntos/saude-
de-a-a-z/a/aedes-aegypti/monitoramento-das-arboviroses (accessed on 27 March 2024).


https://www.paho.org/pt/topicos/dengue
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z/a/aedes-aegypti/monitoramento-das-arboviroses
https://www.gov.br/saude/pt-br/assuntos/saude-de-a-a-z/a/aedes-aegypti/monitoramento-das-arboviroses

Int. |. Environ. Res. Public Health 2024, 21, 727 50f5

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Sallis, R.; Young, D.R.; Tartof, S.Y.; Sallis, J.F,; Sall, J.; Li, Q.; Smith, G.N.; Cohen, D.A. Physical inactivity is associated with a higher
risk for severe COVID-19 outcomes: A study in 48 440 adult patients. Br. J. Sports Med. 2021, 55, 1099-1105. [CrossRef] [PubMed]
Pitanga, FJ.G.; Beck, C.C.; Pitanga, C.P.S.; Pinho, C.S. Cortez ACL, Guedes DP, Matsudo VKR. Association between leisure time
physical activity and mortality by COVID-19 in the brazilian capitals: An ecological analysis. Rev. Bras. Med. Esporte 2021, 27,
573-577. [CrossRef]

Cho, D.H,; Lee, SJ.; Jae, S.Y,; Kim, W.J.; Ha, SJ.; Gwon, J.G.; Choi, J.; Kim, D.W,; Kim, J.Y. Physical Activity and the Risk of
COVID-19 Infection and Mortality: A Nationwide Population-Based Case-Control Study. J. Clin. Med. 2021, 10, 1539. [CrossRef]
[PubMed]

Lee, SSW.; Lee, J.; Moon, S.Y; Jin, H.Y.; Yang, ].M.; Ogino, S.; Song, M.; Hong, S.H.; Abou Ghayda, R.; Kronbichler, A.; et al.
Physical activity and the risk of SARS-CoV-2 infection, severe COVID-19 illness and COVID-19 related mortality in South Korea:
A nationwide cohort study. Br. J. Sports Med. 2021, 56, 901-912. [CrossRef]

Pitanga, FJ.G.; Almeida, M.D.C.; Duncan, B.B.; Mill, ].G.; Giatti, L.; Molina, M.D.C.B.; Fonseca, M.].M.D.; Schmidt, M.I.; Griep,
R.H.; Barreto, S.M.; et al. Leisure Time Physical Activity and SARS-CoV-2 Infection among ELSA-Brasil Participants. Int. J.
Environ. Res. Public Health 2022, 19, 14155. [CrossRef] [PubMed]

Li, D.; Jin, S.; He, Z.; Lu, S. Association of physical activity and the risk of COVID-19 hospitalization: A dose-response meta-
analysis. Medicine 2023, 102, e32814. [CrossRef]

Sittichai, N.; Parasin, N.; Saokaew, S.; Kanchanasurakit, S.; Kayod, N.; Praikaew, K.; Phisalprapa, P.; Prasannarong, M. Effects of
physical activity on the severity of illness and mortality in COVID-19 patients: A systematic review and meta-analysis. Front.
Physiol. 2022, 13, 1030568. [CrossRef] [PubMed]

Cardosa, J.; Ooi, M.H.; Tio, PH.; Perera, D.; Holmes, E.C.; Bibi, K.; Manap, Z.A. Dengue virus serotype 2 from a sylvatic lineage
isolated from a patient with dengue hemorrhagic fever. PLoS Neglected Trop. Dis. 2009, 3, e423. [CrossRef] [PubMed]

Simmons, C.P; Farrar, J.J.; Nguyen, v.V.; Wills, B. Dengue. N. Engl. J. Med. 2012, 366, 1423-1432. [CrossRef]

Kallas, E.G.; Cintra, M.A.T.; Moreira, J.A,; Patifio, E.G.; Braga, PE.; Tenério, ].C.V,; Infante, V.; Palacios, R.; de Lacerda, M.V.G;
Batista Pereira, D.; et al. Live, Attenuated, Tetravalent Butantan-Dengue Vaccine in Children and Adults. N. Engl. ]. Med. 2024,
390, 397-408. [CrossRef] [PubMed]

Pitanga, FJ.G. Physical Activity, Empowerment of the Immune System and Public Health: What We Learned from the COVID-19
Pandemic. Int. |. Environ. Res. Public Health 2022, 19, 13837. [CrossRef]

Giang, N.T.; van Tong, H.; Quyet, D.; Hoan, N.X.; Nghia, T.H.; Nam, N.M.; Hung, H.V.; Anh, D.T.; Van Mao, C.; Son, H.A; et al.
Complement protein levels and MBL2 polymorphisms are associated with dengue and disease severity. Sci. Rep. 2020, 10, 14923.
[CrossRef] [PubMed]

Avirutnan, P; Hauhart, R.E.; Marovich, M.A_; Garred, P; Atkinson, J.P.; Diamond, M.S. Complement-mediated neutralization of
dengue virus requires mannose-binding lectin. MBio 2021, 2, 10-128.

Rothschild-Rodriguez, D.; Causer, A.]J.; Brown, EF,; Collier-Bain, H.D.; Moore, S.; Murray, J.; Turner, J.E.; Campbell, J.P. The
effects of exercise on complement system proteins in humans: A systematic scoping review. Exerc. Immunol. Rev. 2022, 28, 1-35.
[PubMed]

Sallis, ].E,; Pratt, M. Multiple benefits of physical activity during the Coronavirus pandemic. Rev. Bras. Atividade Fisica Saiide 2020,
25, e0112. [CrossRef]

Nieman, D.C.; Wentz, L.M. The compelling link between physical activity and the body’s defense system. J. Sport Health Sci. 2019,
8,201-217. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1136/bjsports-2021-104080
https://www.ncbi.nlm.nih.gov/pubmed/33849909
https://doi.org/10.1590/1517-8692202127062021_0071
https://doi.org/10.3390/jcm10071539
https://www.ncbi.nlm.nih.gov/pubmed/33917558
https://doi.org/10.1136/bjsports-2021-104203
https://doi.org/10.3390/ijerph192114155
https://www.ncbi.nlm.nih.gov/pubmed/36361033
https://doi.org/10.1097/MD.0000000000032814
https://doi.org/10.3389/fphys.2022.1030568
https://www.ncbi.nlm.nih.gov/pubmed/36439253
https://doi.org/10.1371/journal.pntd.0000423
https://www.ncbi.nlm.nih.gov/pubmed/19399166
https://doi.org/10.1056/NEJMra1110265
https://doi.org/10.1056/NEJMoa2301790
https://www.ncbi.nlm.nih.gov/pubmed/38294972
https://doi.org/10.3390/ijerph192113837
https://doi.org/10.1038/s41598-020-71947-2
https://www.ncbi.nlm.nih.gov/pubmed/32913345
https://www.ncbi.nlm.nih.gov/pubmed/35452398
https://doi.org/10.12820/rbafs.25e0112
https://doi.org/10.1016/j.jshs.2018.09.009

	Introduction 
	What Is Dengue? 
	Vaccines for Dengue 
	The Impact of Dengue on Health Systems 
	Factors That Can Prevent the Disease and/or Aggravate the Clinical Condition of Dengue 
	Physical Activity, Strengthening the Immune System, and Dengue 
	Final Considerations 
	References

