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1 | INTRODUCTION

Virgilio E. Failoc-Rojas® ® | Alfonso J. Rodriguez-Morales*”

Abstract

Dengue virus and severe acute respiratory syndrome coronavirus 2 coexist in dengue-
endemic countries; therefore, the adoption of preventive measures is essential to
control the spread of both viruses. We conducted an ecological study to compare the
temporal patterns of the incidence of dengue before and during the Coronavirus disease
2019 (COVID-19) pandemic in Peru. A time-series analysis comparing the incidence of
dengue using a Student's t test with variance correction was performed. Poisson
regression was applied to determine the incidence rate ratio (IRR) of dengue before and
during the COVID-19 pandemic. The incidence of dengue was found to be increased in
all endemic regions of Peru during the COVID-19 pandemic, with the highest incidences
registered in Ica (IRR = 90.14), Hudnuco (IRR = 38.6), and Ucayali (IRR = 23.78), with the
exception of Piura (IRR = 0.83). The highest increases in the number of dengue cases per
million inhabitants were in Ucayali (393.38), Tumbes (233.19), Ica (166.08), and Loreto
(129.93). The gradient of dengue cases was positive in all endemic regions during the
COVID-19 pandemic. The number of dengue cases per million increased during
the COVID-19 pandemic throughout Peru and in several endemic regions, with the

exception of Piura.
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World Health Organization (WHO) declared coronavirus disease

Dengue is the most important mosquito-borne viral infection. It
causes 400 million cases of dengue fever worldwide every year. In
the word, most cases are mild or asymptomatic, and only 100 million
cases are clinically symptomatic, of which half a million require hos-
pitalization.® Dengue can be misdiagnosed as other febrile illnesses,
resulting in an underestimation of the actual number of
cases.” As there is no specific treatment for this disease, only early
diagnosis and access to immediate medical attention allow for the
timely management of the disease, thereby preventing its progres-
sion to a serious stage and/or death."

Due to epidemics, other public health issues such as dengue have
been neglected in Peru due to the excessive prioritization of the

prevention and control of these new diseases.>” In March 2020, the

2019 (COVID-19) a pandemic caused by the severe acute respiratory
syndrome coronavirus type 2 (SARS-CoV-2).° The Americas have
reported the highest number of cases to date.® However, Latin
America and the Caribbean continue to experience dengue epidemics
that cause a large medical, human, and economic burden, which is
why they should not be ignored.”

Currently, both viruses coexist in dengue-endemic countries, and
it may be difficult to differentiate one from the other because both
diseases share identical clinical symptoms,® and laboratory results.”
The trends of COVID-19 and dengue analyzed in other countries
have allowed us to reflect upon the relevance of adopting preventive
measures necessary to control the spread of both diseases®'° 2 The
purpose of this study was to compare the temporal pattern of dengue
incidences before and during the COVID-19 pandemic in Peru.
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2 | METHODS

2.1 | Study design

An ecological study was conducted using secondary data sources.

2.2 | Geographical area of the study

Data on dengue and COVID-19 cases were assessed in 23 regions of
Peru that have reported dengue cases in the past 3 years as an
analysis unit, of which only the regions defined as endemic by the
Ministerio de Salud del Pert (Ministry of Health of Peru)—such as
Loreto, Amazonas, Ucayali, Junin, Tumbes, Huanuco, Piura, and
Lambayeque—and not endemic as Ica were considered (see Sup-

porting Information Figure).

2.3 | Data sources

Data on the number of dengue cases were obtained from the virtual
Health Situation Room of the Centro Nacional de Epidemiologia,
Prevencion y Control de Enfermedades, CDC, Peru (National Center
for Epidemiology, Prevention and Disease Control, CDC, Peru)
(available at https://www.dge.gob.pe/salasituacional/). This database
contains the updated epidemiological information necessary to un-
derstand the healthcare situation and trends of diseases subject to
epidemiological surveillance to guide, prioritize, and focus healthcare
interventions by national, regional, and local authorities for the

control of the health problems identified.

24 | Procedures

Several databases were constructed using Microsoft Excel for each of
the studied regions, as well as a database containing data from all
Peruvian territories. The date of notification of cases was taken into
account to determine the epidemiological weeks of COVID-19, and
each was estimated using STATA® 16.0 and Microsoft® Excel. The
COVID variable was regarded as a variable consisting of two values,
which allowed for the division of time into two stages: before and
during the COVID-19 pandemic. The population variable was
determined based on population data estimated for each year in Peru
and in each region, according to the Instituto Nacional de Estadistica
e Informética (National Institute of Statistics and Informatics or INEI,
Spanish acronym). The variable “number of dengue cases per epide-
miological week” in each region and in Peru was calculated as the
annual number of dengue cases registered in the virtual Health
Situation Room of the Centro Nacional de Epidemiologia, Prevencion
y Control de Enfermedades, CDC, Peru, expressed as a real number
for each epidemiological week from 2015 to 2020. Cases per million
were calculated based on the variable “dengue cases per epidemio-

logical week” and taking into account the estimated population in

Peru and in each region. The temperature and humidity variables
were determined based on the data available for each region,
calculating the mean temperature and humidity of each station by
epidemiological week, according to the Servicio Nacional de Meteor-
ologia e Hidrologia del Pert (National Service of Meteorology and
Hydrology or SENAMHI, Spanish acronym). The data are available on

the website: https://www.senamhi.gob.pe/?%26p=estaciones

2.5 | Statistical analysis

Epidemiological weeks were converted into time series to analyze the
time series of Peru and of each endemic region. A white noise test
was performed to assess the randomness of the time series. The
Kendall Tau test was performed to determine whether the series is
stationary. The partial autocorrelation function was used to
determine the existence of any temporal dependence of the number
of dengue cases at a given time as opposed to previous periods. To
estimate the average incidence of dengue (cases per million) before
and during the COVID-19 pandemic, Student's t test was used with
correction of variances, and Poisson regression was applied to
compare the incidence of dengue before and during the COVID-19
pandemic, obtaining an incidence rate ratio (IRR) crude and IRR ad-
justed for temperature and humidity. Moreover, 95% confidence

intervals (Cls) and p values were calculated.

2.6 | Ethical aspects

This study did not require the approval of an ethics committee as it
was an analysis of secondary aggregate data obtained from an open-
access public domain that does not allow for the identification of the

cases assessed.

3 | RESULTS

In 2020, the total number of dengue cases was 895 in the depart-
ment of Amazonas, 1776 in Huanuco, 4256 in Junin, 10829 in
Loreto, 208 in Piura, 3104 in Tumbes, 10934 in Ucayali, 577 in
Lambayeque, 7126 in Ica, and 38 879 nationwide. The number of
dengue cases per million increased during the COVID-19 pandemic
throughout Peru as well as in several endemic regions, with the ex-
ception of Piura, where it decreased. The incidence of dengue has
increased during the COVID-19 pandemic in all dengue-endemic
regions of Peru, showing a greater increase in Huanuco (IRR = 58.3,
95% Cl: 46.26-73.47), Ica (IRR=53.93, 95% Cl: 48.27-60.25), and
Ucayali (IRR=30.66, 95% Cl: 28.56-32.92). However, adjusting for
temperature and humidity, Ica is the region with the highest increase
(adjusted IRR=90.14, 95% Cl: 80.60-100.81). Piura showed the
lowest increase in incidence (IRR=0.7, 95% Cl: 0.59-0.83) and ad-
justing for temperature and humidity, (adjusted IRR =0.83, 95% ClI:
0.70-0.98). These results are statistically significant (p <0.001,
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except el IRR adjusted of Ica: p = 0.029), suggesting that the incidence
of dengue has changed between the pre-pandemic era and the
pandemic era in Peru (Table 1).

Figure 1 shows that the time series of Peru and its nine endemic
regions evidenced a generally increasing trend. Additionally, the va-
lues were not random, there were no seasonal influences on the
variability of data before or during the COVID-19 pandemic, and
there was no autocorrelation between epidemiological weeks in any
region. In most endemic regions, a positive gradient of total dengue
cases has been observed since the beginning of the COVID-19
pandemic in Peru, especially in the regions of Amazonas, Huanuco,
Ucayali, Junin, Tumbes, and Ica. The national graph shows a decrease
in the number of dengue cases reported as from the first case of
COVID-19 reported in Peru, which increased again over time. As
shown in Figure 2, there was a general increase in the number of
dengue cases reported in Peru during 2020 relative to that in 2018
and 2019.

4 | DISCUSSION

The results of this study suggest that the variability in the number of
dengue cases in Peru and its endemic regions during the years
2018-2020 was influenced by seasonal drivers. The upward trend
coincides with the rainy season in the Amazon regions and with the
summer on the coast.'® There was no autocorrelation between the
number of cases in a given epidemiological week and that in any
previous week. This is consistent with previous findings in China,
where the majority of cases increase in the epidemiological weeks of
summer and where the number of dengue cases in a certain month is

related to that in the previous month.*

TABLE 1 Incidence of dengue and
cases per million inhabitants during the
COVID-19 pandemic in endemic regions
of Peru

Pre-
Region

Amazonas 7.84

Huénuco 0.87

Junin 7.39
Loreto 59.16
Piura 2.8
Tumbes 33.18
Ucayali 12.68

Lambayeque 6.21
Ica 3.04
Peru 8.22

COVID-19°

MEDICAL VIROLOGY

We observed that since the first case of COVID-19 was reported
in Peru, there has been a decrease in the number of dengue cases
reported in several endemic regions of Peru. This temporal pattern is
consistent with findings in Brazil.® This could be due to the fact that
the epidemiological alert triggered by an increase in the number of
COVID-19 cases in Peru has affected the epidemiological surveil-
lance of dengue, resulting in an underreporting of dengue cases, as
has also occurred in recent epidemics, where the excessive prior-
itization of the prevention and control of emerging diseases has led to
the unintentional neglect of endemic diseases.” Dengue virus is
transported mainly by infected travelers.® Therefore, social isolation,
quarantine, and other preventive measures that were implemented in
Peru to counteract the progression of COVID-19 could have gener-
ated a real decrease in the incidence of dengue.“'15 In contrast,
difficulty in access to timely diagnosis together with the population's
concern about the risk of being infected with COVID-19 in health-
care facilities may be another reason for the decrease in the number
of dengue cases reported at the beginning of the COVID-19
pandemic.*¢

Similarly, until July 2020, in the West Pacific region, countries
such as China, Malaysia, Vietnam, and Australia registered fewer
cases of dengue compared with that in the same period in 2019."7
Moreover, in the Americas, data registered up to epidemiological
week 21, 2020, show a reduction by approximately 10% compared
with that in 2019.%® Countries such as Bolivia, Honduras, Mexico,
Paraguay, and Brazil reported a large increase in the number of
dengue cases during the first weeks of 2020,">*? which abruptly
decreased subsequently, coinciding with the exponential increase in
the number of COVID 19 cases.'*®

The findings of our study also demonstrate that the number of

dengue cases per million inhabitants during the COVID-19 pandemic

COVID-19° IRR crude 95% CI crude L?i';.lstedb 95% Cl adjusted
41.25 5.25* 4.64-5.94 5.39* 4.75-6.12
50.99 58.3" 46.26-73.47 38.6" 30.47-48.90
61.12 8.2" 7.67-8.77 10.15* 9.43-10.93
129.93 2.18* 2.10-2.25 2.17* 2.10-2.25
1.94 0.7* 0.59-0.83 0.83** 0.70-0.98
233.19 6.91* 6.42-7.46 6.25* 5.75-6.80
393.38 30.66" 28.56-32.92 23.78" 21.66-26.10
7.86 1.26* 1.12-1.41 2.17* 1.89-2.50
166.08 53.93" 48.27-60.25 90.14* 80.60-100.81
32.60 3.93* 3.87-3.99 -

Abbreviations: 95% Cl, 95% confidence interval; IRR, incidence rate ratio.

?Dengue cases per million inhabitants.

bAdjusted for temperature and humidity.

*p <0.001; **p =0.029.
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FIGURE 1 Number of dengue cases per
epidemiological week from January 2018 to
December 2020 in nine endemic regions of
Peru and nationwide. (A) Amazon.

(B) Huanuco. (C) Loreto. (D) Piura. (E) Junin.
(F) Tumbes. (G) Ucayali. (H) Lambayeque. (l)
Ica. (J) Peru. The vertical black dotted line
corresponds to the first case of COVID-19
reported in Peru, dividing the time into two
periods: before and during the COVID-19
pandemic
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Cases of Dengue in Peru (2018-2020)
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FIGURE 2 Number of dengue cases per epidemiological week in
2018, 2019, and 2020 in Peru. The vertical black dotted line
corresponds to the first case of COVID-19 reported in Peru, dividing
the time into two periods: before and during the COVID-19
pandemic

has exceeded the number of cases reported in the years before the
pandemic. This is in line with findings in other geographical areas
such as Brazil, the Southwest Indian Ocean lIslands,'® and Asia.”®
Paradoxically, this could also be explained because of the prevention
measures established to prevent COVID-19 transmission because,
during the quarantine, populations have lived in close contact with
each other for a long time, which promotes the reproduction of ar-
thropods/mosquitoes in and around the houses.”*

Aedes aegypti is found in 22 of the 24 regions of Peru, due to
population migration from endemic areas and social determinants
such as unplanned urban growth, deficient provision of basic services
such as drinking water, housing development, and poverty conditions
that make vector control increasingly difficult.”> The reduction of
vector control measures, the suspension of preventive campaigns,
and fumigations'® may have resulted in an increase in the number of
cases during the COVID-19 pandemic. Moreover, some populations
believe that fumigation can favor the spread of COVID-19, and for
fear of contagion, do not allow health authorities to apply this vector
control measure, resulting in a higher risk for dengue.??

Previous studies found difficulties in the correct diagnosis of dengue
and COVID-19 cases because both diseases share similar clinical symp-
toms, which is why coinfection in endemic areas is very likely to occur.”?*
An increase in the incidence of dengue and other arboviral diseases poses
a real threat during the COVID-19 pandemic®* because it could lead to
the overburdening of health systems.

During the Phenomenon Nifio Costero 2017 in Peru, Piura was
the region that reported 64% of all dengue cases nationwide, being
the region with the highest incidence rate in the country.?® This
generated a high natural immunization of its population, which could
explain the decrease in the incidence of dengue in the following
years, even during the COVID-19 era. In addition, Piura is the only
region where DENV-2 and DENV-3 are circulating, although all four
dengue serotypes are currently circulating throughout the country,

MEDICAL VIROLOGY

with DENV-1 and DENV-2 circulating in the regions of Loreto,
Ucayali, Tumbes, and Lambayeque, and only DENV-2 in Junin and
Huanuco.*®

The limitations of this study mainly relate to Peru having a pas-
sive surveillance system, and therefore, the results could have a
selection bias, which could result in their underestimation. Further-
more, being an ecological study, no inferences can be made at the
individual level (ecological fallacy).

In conclusion, the number of dengue cases per million has
increased during the COVID-19 pandemic throughout Peru and in
several endemic regions, with the exception of Piura, where it has
decreased. The entire country has experienced an increased
incidence during the COVID-19 pandemic compared with the in-
cidence before the COVID-19 pandemic. However, Huanuco, Ica,
and Ucayali are the regions with the highest increase. Coepidemics of
COVID-19 and dengue in endemic areas, especially in Latin America
and Southeast Asia, constitute a health, economic, and social burden.
Therefore, it is important to apply vector control measures in con-
junction with those established to prevent COVID-19, as well as
measures that allow for the timely and adequate deployment of

health personnel.
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