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Abstract: The outbreak of coronavirus disease 2019 (COVID-19) devastated the overall health man-
agement strategy of most countries. In this scenario, the present study provided insights into the
possible impact of the COVID-19 pandemic on dengue infection. This ecological study retrieved data
from WHO/Government reporting system from 22 major dengue epidemic countries. Incidence of
dengue infections during the pre-COVID-19 time (2015~2019) and COVID-19 period (2020~2021) was
compared. A correlation between the dengue and COVID-19 cases and predicted dengue incidence
in 2022 was calculated using the linear regression equation. Data indicated that dengue incidences
across the studied area decreased by 16% during the pandemic period (2.73 million vs. 2.29 million;
p < 0.05) than the same reported in pre-COVID-19 time. Although countries in Latin America re-
ported more cases than Asia, a positive correlation (r = 0.83) between dengue and COVID-19 cases
was observed in Asia. Prediction analysis warned that specific preparation for dengue management
is needed in some countries of both regions in 2022 to contain the upsurge in incidences. Due to the
similar nature of symptoms of dengue and COVID-19, a state of confusion will be prevailing during
the ongoing pandemic. Therefore, comprehensive and evidence-based scientific approaches were
warranted at all levels.

Keywords: COVID-19 pandemic; dengue; sporadic increase; practical containment; Asia; Latin America

1. Introduction

Dengue is an emerging mosquito-borne viral disease resulting in approximately
390 million estimated cases globally every year and remains the world’s fastest-growing
tropical infectious disease [1,2]. Most of dengue infections remain unnoticed or unreported
making it a complex public health problem. Even then, the World Health Organiza-
tion (WHO) has mentioned an 8-fold increase of reported dengue cases during the last
two decades (from 505,430 cases in 2000 to over 2.4 million in 2010, and 5.2 million in
2019) [3]. The number of confirmed death has been increased from 960 in 2000 to 4032 in
2015 [3]. Deaths attributable to dengue increased to 36,055 in 2019 [4]. Under this prevail-
ing situation of the ongoing dengue epidemic, the pandemic of coronavirus disease 2019
(COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
has shattered the health care delivery system of most the countries during last 2 and half
years with reported cases of COVID-19 of more than 550 million and COVID-19-related
deaths reached to 6.3 million [5].
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Accordingly, as of today, many countries are struggling with one serious pandemic
(COVID-19) and one progressing epidemic (dengue). Incidentally, these two pathological
processes exhibit several overlapping symptoms that make it difficult to establish the
causative relation [6,7]. It is also true that the co-infection of dengue and SARS-CoV-2 is a
reality [8]. Several studies have shown some possible impacts of dengue on SARS-CoV-2
and vice versa [9–11]. For downplaying the spread of SARS-CoV-2, strict public health
measures that have been extended from complete lock-down to implementation of several
public health measures have been recommended by the WHO and implemented by almost
all countries of the world. However, the reality indicates that due to the inherent nature
of SARS-CoV-2 and the emergence of mutations and variants, control of COVID-19 may
be a time-consuming endeavor for the world population. In addition to the COVID-19-
related unprecedented situation, dengue would retain its epidemic status in most resource-
constrained countries of Asia and Latin America. Indeed, control measures of dengue
infection are neglected in many epidemic countries as excessive prioritization is given to
preventing and control of SARS-CoV-2 infections [12,13].

These scenarios indicate that there should be a reasonable understanding of the dengue
epidemic so that various public health programs may be validated with yet unknown
kinetics of COVID-19 in the global paradigm. As continuous surveillance is a critical
component of dengue prevention and control programs, in this study, we have analyzed
the incidences of dengue during the COVID-19 pandemic period in various dengue-prone
countries of Asia and Latin America to address some concerns about dengue infections.

2. Materials and Methods
2.1. Study Design and Geographical Area

This ecological study was conducted by using dengue and COVID-19 data retrieved
from WHO/Government or reference reporting system. The study area covers 22 major
dengue epidemic countries [11 from Asia (Philippines, Vietnam, India, Indonesia, Malaysia,
Thailand, Sri Lanka, Bangladesh, Singapore, Pakistan, and Nepal), and 11 from Latin Amer-
ica (Brazil, Mexico, Nicaragua, Colombia, Paraguay, Peru, Honduras, Bolivia, Argentina,
Ecuador, and Venezuela)] that located between 30◦ N and 30◦ S. Most of the selected
countries are also severely affected by SARS-CoV-2 during the pandemic period [5].

2.2. Data Collection and Ethical Aspects

A systematic data search for dengue and COVID-19 incidences was conducted in June
2022. Data for dengue infections, COVID-19 cases, and the total population of each country
were extracted from the official (WHO/Government) or reference reporting system [14–21].
The database contains updated epidemiological information necessary to understand the
incidence of these two infectious diseases. After data extractions, at least two authors
cross-checked the data to ensure consistency. Any disagreement that appeared during data
extraction was resolved by group consensus.

This study was not submitted to any ethical body for clearance as we used only
secondary aggregate data obtained from the public domain that does not allow for the
identification of the cases assessed.

2.3. Data Analysis

We conducted a descriptive analysis of the dengue and COVID-19 incidences during
the study period (for dengue: from January 2015~December 2021; for COVID-19: from
January 2020~December 2021). Several databases were constructed using Microsoft®

Excel (Redmond, WA, USA) for each country located in Asia and Latin America. The
date of notification of cases was taken into account to determine the epidemiological
years of dengue and COVID-19. The dengue cases were regarded as a variable consisting
of two values, which allowed for the division of time into two stages: pre-COVID-19
time (2015~2019) and during the COVID-19 period (2020–2021). Incidences per million
population were calculated based on the variable “dengue or the COVID-19 cases per
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epidemiological year in each country” and taking into account the total population of
the country. Student’s test-test was used to analyze the percentage of change in the
average dengue incidences at the pre-COVID-19 time and COVID-19 pandemic period
in the countries of Asia and Latin America. To clarify any correlations that might exist
between dengue cases and the COVID-19 cases, the Pearson correlation test was performed
for each region or both regions. Predicted dengue incidence in 2022 was calculated based
on the reported cases between 2015~2021 by using the linear regression equation y = a + bx,
where the a constant (intercept) is a = y − bx, and the b coefficient (slope of the line) is
b = Σ(x−x)(y−y)

Σ(x−x)2 . The values of x and y are the sample means (averages) of the known

x-values and y-values. The analyses were performed using Microsoft® Excel and SAS,
version 9.4 (Cary, NC, USA). The statistical significance was set at p < 0.05.

3. Results
3.1. Dengue Infections during the Pre-COVID-19 (2015~2019) and COVID-19
(2020~2021) Period

To assess the effects of COVID-19 on dengue infections, we analyzed dengue cases
during the pre-COVID-19 time and COVID-19 period in the countries of Asia (Figure 1) and
Latin America (Figure 2). Out of 22 major dengue epidemic countries considered for this
study, only 7 countries (Brazil, Peru, Bolivia, Ecuador, Paraguay, Argentina, and Singapore)
reported an increased number of dengue incidence during 1st year of the COVID-19
pandemic period (in 2020) comparing with the average cases reported during the pre-
COVID-19 time (2015~2019). When we compared the incidences within the pandemic
years, 3 of 22 countries (Bangladesh, Pakistan, and India) reported a remarkable increase
of dengue cases during the 2nd year of the COVID-19 pandemic (in 2021) than those
accounted for 1st year of the pandemic (in 2020) (Figures 1 and 2). In fact, India reported
over a 3-fold increase in incidence (44,585 vs. 193,245 cases), Pakistan reported a more
than 7-fold increase (6016 vs. 52,894) while Bangladesh reported a sharp increase (over
19-fold; 1405 vs. 28,429) of dengue cases (Figure 1). Such a sharp increase in dengue
cases was not observed in any other countries during the COVID-19 pandemic period
(Figures 1 and 2). Collectively, although the sporadic increase in dengue cases observed
in some countries, overall the dengue incidences were decreased by 16% (2.73 million vs.
2.29 million; p < 0.05) across the study area during the 2 years of the COVID-19 pandemic
compared to the average number accounted in 5-year of pre-COVID-19 time (Figure 3Ai).

3.2. Comparison of Dengue Infections between Asian and Latin American Countries

To get an impression of dengue infection patterns in Asia and Latin America, we com-
pared the reported incidences between these two regions. Considering the epidemiological
diversities from year to year, dengue has maintained an endemic status across the studied
countries in Asia and Latin America (Figure 3Aii). When comparing the cases between
regions, countries in Latin America reported more dengue cases than the countries in Asia
for 5-year of pre-COVID-19 time (8.50 million vs. 5.16 million; p < 0.05) or 2-year of the
COVID-19 pandemic period (3.45 million vs. 1.14 million; p < 0.05). During 1st year of the
COVID-19 pandemic (in 2020, on an average 102% more dengue cases were reported in
Latin American countries compared to the average incidence in 2015~2019 while it was
decreased by 26% in Asian countries (Figure 3Bi). On the other hand, countries in both
regions reported fewer dengue cases in the 2nd year of COVID-19 pandemic (in 2021)
(−27% for Asia and −14% for Latin America; p > 0.05) (Figure 3Bii) than pre-COVID-19
time. Compared to the dengue cases between 2020 and 2021, countries in Asia reported
more changes in average incidence than Latin Americas in 2021 (261% vs. −156%; p < 0.05)
(Figure 3Biii). However, overall, the Asian region reported a lower number of dengue cases
during the 2-year period of the COVID-19 pandemic (−174% vs. −34%; p < 0.05) than the
average case reported in pre-COVID-19 time (Figure 3Biv).
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Figure 1. Comparison of dengue incidences in major dengue epidemic countries of Asia between 
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Figure 1. Comparison of dengue incidences in major dengue epidemic countries of Asia between the
pre-COVID-19 time (2015~2019) and COVID-19 period (2020~2021).

3.3. Relationship between Dengue and COVID-19 Cases

Although dengue cases showed diversities in 2020 and 2021, a higher number of COVID-19
cases were observed in all studied countries in 2021 (Figure 4; Supplementary Table S1). When
analyzing the percentage of COVID-19 and dengue cases in each country, only Nicaragua
reported a higher percentage of dengue incidences than COVID-19 cases in both years
of the pandemic (Figure 4B; Supplementary Table S1). Paraguay also reported more
dengue cases than COVID-19 cases in 1st year of the pandemic (in 2020). Similar to
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dengue incidences, countries in Latin America reported more COVID-19 cases per 1 million
population than in Asia (Figure 5Ai,ii). On the other hand, in contrast to Latin America,
a strong positive correlation (r = 0.83) between dengue cases/million population and
COVID-19 cases/million population was observed in the Asian countries (Figure 5Bi–iii).
However, the correlation between dengue and COVID-19 cases did not show any specific
pattern (decrease or increase) when countries were considered as a totality (r = 0.24).
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between the pre-COVID-19 time (2015~2019) and COVID-19 period (2020~2021).
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Figure 3. Dengue infection patterns in Asia verse Latin America during the pre-COVID-19 time
(2015~2019) and COVID-19 period (2020~2021). (A) (i) Average dengue incidences in both regions
during the pre-COVID-19 time and COVID-19 period. (ii) Epidemiological diversities of dengue
incidences from year to year in Asia and Latin America from 2015 to 2021. (B) (i−iv) Average change
of dengue incidences in each region during the pre-COVID-19 time and COVID-19 period.

3.4. Prediction of Dengue Incidences in 2022

Predicted analysis revealed that there will be no major changes in total dengue infec-
tions across the study area in 2022 although some exceptional upsurge will be observed
as seen in the previous 2-year of the pandemic period (Supplementary Table S2). Notably,
Bangladesh and Pakistan may be accounted for the double degree of dengue cases in
2022 compared to the average incidence reported between 2015~2021. Similarly, dengue
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cases may be increased in Bolivia, Paraguay, Singapore, and Nepal in 2022. On the other
hand, Mexico, Ecuador, Argentina, Indonesia, Malaysia, Thailand, and Sri Lanka may
report fewer dengue cases in 2022 than the average number reported in the past 7 years
(Supplementary Table S2).

Int. J. Environ. Res. Public Health 2022, 19, x FOR PEER REVIEW 7 of 12 
 

 

time. Compared to the dengue cases between 2020 and 2021, countries in Asia reported 

more changes in average incidence than Latin Americas in 2021 (261% vs. −156%; p < 0.05) 

(Figure 3Biii). However, overall, the Asian region reported a lower number of dengue 

cases during the 2-year period of the COVID-19 pandemic (−174% vs. −34%; p < 0.05) than 

the average case reported in pre-COVID-19 time (Figure 3Biv). 

3.3. Relationship between Dengue and COVID-19 Cases 

Although dengue cases showed diversities in 2020 and 2021, a higher number of 

COVID-19 cases were observed in all studied countries in 2021 (Figure 4; Supplementary 

Table S1). When analyzing the percentage of COVID-19 and dengue cases in each country, 

only Nicaragua reported a higher percentage of dengue incidences than COVID-19 cases 

in both years of the pandemic (Figure 4B; Supplementary Table S1). Paraguay also re-

ported more dengue cases than COVID-19 cases in 1st year of the pandemic (in 2020). 

Similar to dengue incidences, countries in Latin America reported more COVID-19 cases 

per 1 million population than in Asia (Figure 5Ai,ii). On the other hand, in contrast to 

Latin America, a strong positive correlation (r = 0.83) between dengue cases/million pop-

ulation and COVID-19 cases/million population was observed in the Asian countries (Fig-

ure 5Bi–iii). However, the correlation between dengue and COVID-19 cases did not show 

any specific pattern (decrease or increase) when countries were considered as a totality (r 

= 0.24). 

 

Figure 4. Country-wise percentage of dengue and COVID-19 incidences during the pandemic period
(2020~2021). (A) Percentage of dengue and COVID-19 incidences in each country located in Asia.
(B) Percentage of dengue and COVID-19 incidences in each country located in Latin America.



Int. J. Environ. Res. Public Health 2022, 19, 10768 8 of 12

Int. J. Environ. Res. Public Health 2022, 19, x FOR PEER REVIEW 8 of 12 
 

 

Figure 4. Country-wise percentage of dengue and COVID-19 incidences during the pandemic pe-

riod (2020~2021). (A) Percentage of dengue and COVID-19 incidences in each country located in 

Asia. (B) Percentage of dengue and COVID-19 incidences in each country located in Latin America. 

 

Figure 5. Dengue and COVID-19 cases per million population in Asia and Latin America during the 

pandemic period (2020~2021). (A) Average yearly (i) dengue and (ii) COVID-19 cases per million 

population. (B) Correlation between dengue and COVID-19 cases per million population of (i) Asia, 

(ii) Latin America or (iii) both regions. 

3.4. Prediction of Dengue Incidences in 2022 

Predicted analysis revealed that there will be no major changes in total dengue infec-

tions across the study area in 2022 although some exceptional upsurge will be observed 

as seen in the previous 2-year of the pandemic period (Supplementary Table S2). Notably, 

Bangladesh and Pakistan may be accounted for the double degree of dengue cases in 2022 

compared to the average incidence reported between 2015~2021. Similarly, dengue cases 

Figure 5. Dengue and COVID-19 cases per million population in Asia and Latin America during the
pandemic period (2020~2021). (A) Average yearly (i) dengue and (ii) COVID-19 cases per million
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(ii) Latin America or (iii) both regions.
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4. Discussion

The present study provided a comprehensive impression of global dengue infection
patterns during the 2-year of COVID-19 pandemic period (2020~2021) by compiling data
from 22 countries located in Asia and Latin America that harbor major dengue cases from
a global perspective. Compared to the average cases observed during the pre-COVID-19
time (2015~2019), the overall dengue cases decreased by 16% during the COVID-19 pan-
demic period, although sporadic increases in incidences were observed in some countries
(Figures 1–3). However, irrespective of epidemiological diversities between 2020 and 2021,
the overall decline of dengue cases was more pronounced in Asia than in Latin America
although the Asian countries showed a positive correlation between dengue and COVID-19
cases (Figures 3–5; Supplementary Table S1).

A recent study reported that restriction of COVID-19-related human movements is as-
sociated with the reduction of dengue cases during 1st year of the COVID-19 pandemic [22].
However, an upsurge of dengue cases is observed in Brazil, Peru, Bolivia, Paraguay, Ar-
gentina, and Singapore during 1st year of the COVID-19 pandemic time (Figure 2) although
most of these countries maintain strong COVID-19-related measures during the early time
of the pandemic. Similarly, dengue incidences sharply increased in Bangladesh, Pakistan,
and India during 2nd year of the COVID-19 pandemic (in 2021) when these countries
applied relatively strong COVID-19-related measures due to the severe outbreak of the
deadly Delta variant of SARS-CoV-2 [23]. Therefore, it remains unclear whether strict
COVID-19-related social measures or underreporting due to the overburden of manage-
ment of COVID-19 are related to the decline of reported dengue cases during the pandemic
period. However, regular observation and periodical analysis of dengue incidences will
provide more accurate insights into this issue.

Similar to dengue infection patterns, divergent incidences of COVID-19 cases were
reported in the studied countries. Since the COVID-19 pandemic began in Wuhan, China in
December 2019, the virus spread all over the world within a few months. With the experi-
ence of the ongoing pandemic, some countries in both regions, notably Thailand, Vietnam,
and Nicaragua reported only a few COVID-19 cases during the first year of the pandemic
(Supplementary Table S1). The low cases of COVID-19 may coincide with the introduction
of strict public health and social measures including school closer in some countries, par-
ticularly in Thailand [24]. Also, cultural activities and control measures (social distancing
and use of face masks) in some countries may be useful for preventing the spread of SARS-
CoV-2 in the early stage. However, in the second year of the COVID-19 pandemic when
some countries relaxed COVID-19-related restrictions along with the emergence of deadly
and highly transmittable variants of SARS-CoV-2, most of the studied countries reported
a significant number of COVID-19 cases (Figure 4; Supplementary Table S1). Although
the relationship between COVID-19 and dengue cases may be a complex phenomenon,
our present study found a positive correlation (r = 0.83) between dengue cases/million
population and COVID-19 cases/million population in Asian countries (Figure 5Bi).

The results of this study have some limitations. We have been formulating this article
on the basis of data provided by WHO or different government agencies. The real picture of
the incidence and prevalence of both SARS-CoV-2 and dengue viruses may be much more
as similar facts have been reported in developing countries [25–27]. Moreover, dengue is
prevalent in 129 countries [3], however, we used data from only 22 major dengue-affected
countries. Therefore, the results of the present study may differ from global dengue
infection patterns during the COVID-19 pandemic period. Also, we did not consider
the environmental and social factors to predict dengue incidences during the ongoing
pandemic year which may not provide the actual prediction data.

However, as of the end of June 2022, when this article is compiled, these countries
have been reporting daily increases in dengue and COVID-19 cases with almost no ap-
proach to get insights into the underlying management policies to prevent the worst
scenario. Many Latin American countries already reported more dengue cases than those
recorded in 2021 [14]. Similar increasing patterns of dengue cases were also observed in



Int. J. Environ. Res. Public Health 2022, 19, 10768 10 of 12

several Asian countries even though dengue season just started in this region [15–20,28].
However, the epidemiological data in the middle of 2022 clearly shows that the worst
may be yet to come as dengue infections have been increasing in prevailing countries
and it will continue usually until November. Our prediction analysis also revealed that
many countries in both regions may see more dengue cases during the ongoing pandemic
year (Supplementary Table S2). Therefore, it is possible that an alarming situation will be
continuing in many dengue epidemic countries due to the co-existence of one pandemic
(COVID-19) and one epidemic (dengue) with similar and overlapping clinical symptoms.
Such co-existing conditions may have serious consequences for both patient care and
public health perspectives. Particularly, confusion remains in the diagnosis of COVID-19
and dengue because there is a possibility of cross-reactivity between dengue virus and
SARS-CoV-2, which can lead to false-positive dengue serology among COVID-19 patients
and vice versa [8,29]. Indeed, it is already known that patients with co-infection of these
viruses follow a downhill course and fatal outcomes [8]. Moreover, dengue re-infection
may present as a more severe disease due to antibody-dependent enhancement (ADE) [30].
Pieces of evidence have also suggested that SARS-CoV-2 is capable of inducing ADE [31]
and many dengue patients may have co-infection with SARS-CoV-2. We are not sure at
this moment if there is any role of SARS-CoV-2 and dengue virus in inducing a deadly
infection at the cellular and molecular levels. However, this demands more insights into
the role of the co-infection of these viruses that enhance ADE. Under these realities, the
correct diagnosis and treatment of re-infection or co-infection of these two viruses pose a
substantial challenge during the ongoing pandemic period due to overlapping clinical and
laboratory parameters.

5. Conclusions

During 2-year of COVID-19 pandemic period, the overall dengue incidences decreased
in major dengue epidemic countries when compared to the average cases reported in 5-year
of pre-COVID-19 time. However, some exceptional sporadic upsurge was recorded in
some countries, particularly in South Asia. A similar upsurge of dengue cases may be seen
during the ongoing COVID-19 pandemic year (in 2022). Considering the serious condition
of dengue during the COVID-19 pandemic, the present situation should be scientifically
reviewed not only from the number of infected patients but also from the nature of the
infections. Under these realities, comprehensive and evidence-based scientific programs at
all levels such as epidemiology, pathogenesis, and management should be immediately
planned with an eye on the strengths and weaknesses of health care delivery services of
developing countries. As the world is moving through the emergency conditions with
the double punch of one pandemic (COVID-19) and one epidemic (dengue), the solution
of which would come from scientific works of international collaboration by various
stakeholders like WHO and allied international institutions as the facilities are yet to
optimize in resource-constrained developing dengue epidemic countries.
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The number of dengue cases may observe during the ongoing pandemic year (2022) in the Asian and
Latin American countries.
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