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Abstract: The efforts towards effective control of the COVID-19 pandemic may affect the incidence
of dengue. This study aimed to investigate temporal variations and spatial clusters of dengue in
Thailand before and during the COVID-19 pandemic. Reported dengue cases before (2011–2019) and
during (2020–2021) the COVID-19 pandemic were obtained from the national disease surveillance
datasets. The temporal variations were analyzed using graphics, a seasonal trend decomposition
procedure based on Loess, and Poisson regression. A seasonal ARIMA model was used to forecast
dengue cases. Spatial clusters were investigated using the local indicators of spatial associations
(LISA). The cyclic pattern showed that the greatest peak of dengue cases likely changed from every
other year to every two or three years. In terms of seasonality, a notable peak was observed in June
before the pandemic, which was delayed by one month (July) during the pandemic. The trend for
2011–2021 was relatively stable but dengue incidence decreased dramatically by 7.05% and 157.80%
on average in 2020 and 2021, respectively. The forecasted cases in 2020 were slightly lower than the
reported cases (2.63% difference), whereas the forecasted cases in 2021 were much higher than the
actual cases (163.19% difference). The LISA map indicated 5 to 13 risk areas or hotspots of dengue
before the COVID-19 pandemic compared to only 1 risk area during the pandemic. During the
COVID-19 pandemic, dengue incidence sharply decreased and was lower than forecasted, and the
spatial clusters were much lower than before the pandemic.

Keywords: dengue; temporal variations; spatial clusters; coronavirus disease; COVID-19

1. Introduction

Dengue is an infectious disease caused by the dengue virus (DENV), which belongs to
a single-strand RNA arbovirus (family, Flaviviridae; genus, Flavivirus). Dengue consists
of four serotypes, DENV-1, DENV-2, DENV-3, and DENV-4, and can cause disease in
humans [1]. Aedes aegypti and Aedes albopictus mosquitoes are the primary vectors in the
tropical zone [2]. The infection has an incubation period of 4–10 days after a person has
been bitten by an Aedes mosquito, and 80–90% of infected people are asymptomatic. Of the
10–20% with clinical symptoms, 50% have mild clinical symptoms, 40% are dengue fever
(DF) patients and 10% have severe clinical symptoms classified as dengue hemorrhagic
fever (DHF), of which 5–30% are characterized as having dengue shock syndrome (DSS) [3].

The global incidence of dengue has increased dramatically in the past decade, and it
has been estimated that 3.9 billion people are at risk of infection. The incidence of dengue
increased over eightfold from 2000 to 2019, but has likely declined during the coronavirus
disease 2019 (COVID-19) pandemic (2020–2021) [1]. Thailand has been reporting dengue
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outbreaks for a long time and has timescales of multiannual oscillations that vary in space
and time [4]. The epidemic has spread throughout the country, and dengue cases have
been reported in every province and region. The dengue fatality rate during the COVID-19
pandemic was approximately 0.1% [3], which is lower than that in previous years and is
lower than the global rate. However, the morbidity rates were still high and do not seem to
have decreased. The incidence rates of DF, DHF, and DSS in 2020 were 76.66, 31.71, and
0.83 per 100,000 population, and these cases were mainly found in the north, northeast, and
south regions, respectively [5].

COVID-19 is a global threat that reportedly started in China at the end of 2019 and
thereafter spread to several countries. The World Health Organization (WHO) declared
COVID-19 a global pandemic on 11 March 2020 [6]. Various control and preventive
measures were taken in each country, including city-wide lockdowns that had effects on
the transmission of other infectious diseases, such as pneumonia, influenza, and dengue,
leading to a decreased incidence of these during the period of the COVID-19 pandemic [7].
In addition, statistically significant and homogeneous reductions in the risk of dengue
were observed at all levels during the lockdown in Sri Lanka [8]. In Thailand, during
the first wave of the pandemic (1 January–14 December 2020), 4237 confirmed cases of
COVID-19 were detected, with 60 deaths [9]. During the second wave, the number of
confirmed cases increased 300 times compared to those observed during the first wave and,
at present (8 July 2022), the number of confirmed cases has increased by about 1000-fold
compared with the first wave [10]. The proportion of deaths was high in people who
had an underlying disease and/or who were elderly [10]. Public health, social, and other
measures from all departments at the central, local, and community levels were mobilized,
integrated, and vigorously implemented to control and prevent the spread of the disease
and to save patients’ lives [11,12]. The COVID-19 pandemic not only affected human
behavior, but also affected human movement, transportation, and the length of time spent
indoors during the day [12]. These are closely related to the occurrence of dengue, which is
influenced by population movement, the residential environment, meteorological indices,
and human–mosquito contact [13–16]. Moreover, some limitations during COVID-19,
such as health-seeking behaviors for probable cases, misdiagnosis in patients with flu-
like symptoms, and the inability to confirm the diagnosis using laboratory tests due to
insufficient equipment and labor, resulted in underreporting [8,17].

In China, the dengue epidemic in Yunnan during the COVID-19 pandemic dramati-
cally decreased compared to non-pandemic years, and the preventive measures against
COVID-19 were efficient at preventing the transmission of dengue between cities and
from urban to suburban areas [18]. Studies using time series modeling showed that the
predicted dengue cases during the COVID-19 pandemic were higher than the reported
cases in many countries in Latin America (i.e., Dominican Republic and Jamaica), Southeast
Asia (i.e., Cambodia and Philippines) [16], and South Asia (i.e., Sri Lanka) [19]. On the
contrary, the dengue cases in Peru increased in many endemic regions during the COVID-19
pandemic, with the highest incidence ratio (IRR) being 90.14 [15]. The observed cases in
some countries (e.g., Brazil) were also higher than in model predictions [16].

There is no specific antiviral treatment for dengue. An anti-dengue vaccine has recently
been introduced, but due to its inconsistent efficacy and safety issues, its use is restricted to
specific target groups [20]. Therefore, dengue control still primarily relies on vector control,
environmental management, population movements, and other social determinants. Thus,
well-designed, reliable strategies to identify the temporal variations, risk areas or hotspots,
and forecasted cases are needed, particularly during the COVID-19 pandemic. The current
research aimed to investigate temporal variations and spatial clusters of dengue in Thailand
before and during the COVID-19 pandemic. The findings provide an understanding of
how the disease situation has changed over time and space both before and during the
COVID-19 pandemic. In addition, the findings could orient future planning as well as the
implementation of dengue prevention and control measures that are appropriate for the
temporal variations and spatial clusters.
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2. Materials and Methods
2.1. Study Design and Study Areas

A longitudinal study was carried out using retrospective data collected at the province
level. The study areas were seventy-seven provinces (including Bangkok, the capital city)
in Thailand (Figure 1). Thailand, officially known as the Kingdom of Thailand, is located in
Southeast Asia, bordered by Laos People’s Democratic Republic (PDR) and Cambodia to
the east, the Gulf of Thailand and Malaysia in the south, the Andaman Sea and Myanmar
in the west, and Laos PDR and Myanmar in the north. It has a land area of approximately
513,120 km2 and a total population of almost 70 million. There are six provinces in Bangkok
and its vicinities, six provinces in the central region, eight provinces in the eastern region,
six provinces in the western region, seventeen provinces in the northern region, twenty
provinces in the northeastern region, and fourteen provinces in the southern region. The
majority of the population is composed of Thai nationals (98.6%) and Buddhists (93.5%).
The major economic sectors are agriculture, manufacturing, tourism, services, and natural
resources. The transportation system, infrastructure, and communication systems are
well-developed [21]. Thailand’s climate can be divided into three seasons: summer from
mid-February to mid-May, the rainy season from mid-May to mid-October, and winter
from mid-October to mid-February, except in the southern region, where only summer and
the rainy seasons are present [22].
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2.2. Dengue Data

New cases of dengue diagnosed according to the 1997 WHO guidelines [23] are
reported by the local health facilities to the national disease surveillance system using the
R506 form [5]. Dengue is classified into DF, DHF, and DSS. DF is classified as a patient who
has 2–7 days of acute fever with at least two of the following: headache, retro-orbital pain,
myalgia, arthralgia, rash, hemorrhagic manifestations (positive tourniquet test, bleeding
spots, nosebleed), white blood cell count ≤ 5.0 × 109/L with an increase in atypical
lymphocytes, an increase in hematocrit of 5–10%, and platelet count ≤ 150 × 109/L. DHF
is classified as a patient with 2–7 days of acute and persistent high fever and the clinical
features of hemorrhagic manifestations, thrombocytopenia, and laboratory evidence of
plasma leakage. DSS is classified as a patient who meets all DHF criteria and shows
evidence of circulatory failure and hypotension with tissue hypoperfusion [3,23]. WHO
revised the guidelines in 2009 and classified dengue cases according to their severity into
dengue (dengue without warning signs: DF or DHF, Grades I and II) and severe dengue
(dengue with warning signs: abdominal tenderness, persistent vomiting, and clinical fluid
accumulation) [24].

The datasets of monthly reported dengue cases and the midyear population in the
77 provinces before the COVID-19 pandemic from January 2011 to December 2019 and
during the COVID-19 pandemic from January 2020 to December 2021 were obtained
from the national disease surveillance system available on the website of the Division of
Epidemiology, Ministry of Public Health [5].

2.3. Temporal Analysis

The temporal variations were analyzed using RStudio version 1.1.419 (RStudio Team,
Boston, MA, USA) [25]. Line graphs were generated for visual interpretation of the cyclic
variations, and box plots were drawn to see the seasonal variations more clearly. A sea-
sonal trend decomposition procedure based on Loess (STL) was generated to analyze
disease trends after adjusting for seasonal influences and to analyze seasonality after ad-
justing for trend influences. The adjusted data series of the trend was analyzed using a
Poisson regression model to determine the change in dengue cases over years in which
monthly cases were the outcome, population size was the offset term, and month was the
predictor variable.

The non-stationarity of the data series was overcome by transforming and differencing
methods. The seasonal autoregressive integrated moving average (seasonal ARIMA or
SARIMA) models, (p,d,q,)(P,D,Q)s, using the Box–Jenkins approach were generated [26],
where p and P refer to the order of the non-seasonal (or ordinary) and seasonal autoregres-
sive (AR) models, d and D refer to the order of non-seasonal and seasonal differencing, q
and Q refer to the order of the non-seasonal and seasonal moving average (MA) models,
and s refers to the length of a season (12 months). The autocorrelation function (ACF) and
the partial autocorrelation function (PACF) were the tools used to identify the order of the
AR and MA in the tentative models.

To forecast dengue cases during the COVID-19 pandemic (January 2020 to December 2021)
compared with the actual reported cases, tentative seasonal ARIMA models were identified
and fitted to data series of monthly dengue cases from 2011 to 2018 (the training set) and
the cases from January to December 2019 (the validating set) using the one-step-ahead
prediction method. A model diagnostic test was performed in which the models with
significant parameters (p < 0.05), those for which the residual of ACF was statistically equal
to zero or white noise, those with p-values for the Ljung–Box statistics of >0.05, and those
with a low Akaike information criterion (AIC) were considered to be adequate models. The
forecasted cases from those adequate models were compared with the actual reported cases,
and the mean absolute percentage error (MAPE) was calculated for the model accuracy,
in which the model with the least MAPE was the model with the best fit. The best fitting
model was then fitted to the data from 2011 to 2019 to forecast the dengue cases from
January 2020 to December 2021.
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Using the same approaches, the tentative seasonal ARIMA models were identified and
fitted to the data series from 2011 to 2019 (the training set), and the cases from January 2020
to December 2021 (the validating set) were forecasted. The best fitting model was then fitted
to the data from 2011 to 2021 to forecast the dengue cases from January to December 2022.

2.4. Spatial Analysis

Spatial analysis and mapping were performed using QGIS 3.20 (QGIS Development
Team, Malaga, Spain) [27] and GeoDa 1.18.0 (Luc Anselin, IL, USA) [28]. The annual
incidence rates per 100,000 population of dengue from 2011 to 2021 at the province level
were calculated and mapped for visual interpretation, comparing between before (2011–2019)
and during the COVID-19 pandemic (2020–2021). The spatial empirical Bayesian (SEB)
approach was used to minimize the phenomenon of the modifiable areal unit problem
(MAUP) [29]. SEB is one of the smoothing methods for disease rates; it is used for solving
the problem of comparing rates in different population sizes related to the problem of
variance instability and spurious outliers. SEB smoothing addresses variance instability by
borrowing strength from other spatial units and the smoothing of disease rates for mapping
in small areas enhances the visualization of spatial patterns. The SEB-smoothed rates per
100,000 population were also calculated and mapped for visual interpretation, comparing
between before (2011–2019) and during the COVID-19 pandemic (2020–2021).

The spatial weight used in this analysis, which indicates whether regions are neighbors
to each other, was the K-nearest neighbor method with four neighbors. The local clusters
based on SEB-smoothed rates of dengue were investigated using the Moran local indicators
of spatial association (Moran LISA or LISA) statistics [30]. LISA detects clusters of either
similar or dissimilar disease frequency values around a given observation, which means
that a LISA is an indicator of the extent to which the value of an observation is similar to
or different from its neighboring observations. The LISA cluster map provides essential
information on the significant locations by the type of spatial autocorrelation. The four
types are high–high (red area: areas that have high rates and have neighbors that also have
high rates), low–low (blue areas: areas that have low rates and have neighbors that also
have low rates), high–low (pink areas: areas that have high rates and have neighbors that
have low rates), and low–high (pale blue: areas that have low rates and have neighbors that
have high rates). The significance is based on 99 random permutation procedures, with
p < 0.05 considered to be significant.

3. Results
3.1. Temporal Variation
3.1.1. Cyclic, Seasonal, and Trend

During the first period, a large peak in dengue cases was observed every other year
(in 2013 and 2015). Thereafter, this changed to two consecutive low peaks from 2016 to
2017 and three consecutive high peaks from 2018 to 2020 (Figure 2). Before the COVID-19
pandemic, a seasonal pattern of dengue incidence showed a large peak from July to August
and a smaller peak in November. By contrast, there was only one peak in July during the
pandemic (Figure 3).

After adjusting for seasonal variation and removing background noise from the data
series, the regression coefficients indicated that the trend for dengue incidence from 2011
to 2021 was relatively stable, with a 0.27% reduction for every one additional month of
the study period (IRR 0.9988, 95% CI 0.9973–1.0004). If we consider the period during the
COVID-19 pandemic only, the dengue incidence decreased dramatically, with a 7.05% and
157.80% reduction on average from the previous month in 2020 and 2021, respectively (Figure 4).
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3.1.2. Forecasting Dengue Incidence

The seasonal ARIMA (2, 0, 0)(2, 1, 0)12 model with a MAPE of 1.58% was fitted
to monthly dengue cases from 2011 to 2019 (before the COVID-19 pandemic) to predict
dengue cases from January 2020 to December 2021 (during the COVID-19 pandemic). The
forecasted dengue cases in the year 2020 and 2021 were 70,638 and 98,239 cases, respectively,
compared with the actual reported cases: 72,519 (2.63% more than the forecast) and 9956
(163.19% less than the forecast) in the corresponding years (Figure 5).
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The seasonal ARIMA (1, 1, 0)(2, 1, 0)12 model with a MAPE of 13.96% was fitted to
the whole data series from 2011 to 2021 and the dengue cases in 2022 were forecasted:
3810 cases with a peak in July (664 cases) (Figure 6).
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3.2. Spatial Clusters

Before the COVID-19 pandemic (2011–2019), the annual incidence rates of dengue
were four times higher than the national target (40 cases per 100,000 population; a 10%
decrease from the previous target of 50 cases per 100,000 population) in about half of all
provinces during the high peak years (2013, 2015, 2019) and were 7.8–32.5% in the low
peak years. In contrast to the previous years, the high incidence rates (four times higher
than the national target) appeared in 1.3% of the provinces in 2020 and in none in 2021.
There were 10 provinces in 2020 (namely, Mae Hong Son, Chiang Mai, Nakhon Ratchasima,
Chaiyaphum, Surin, Khon Kean, Bueng Kan, Chai Nat, Rayong, and Ang Thong) and only
1 province in 2021 (Mae Hong Son) where the incidence rate was four times higher than the
national target (Figure 7).
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Figure 7. Map of the incidence rates (top) and the SEB-smoothed rates (bottom) of dengue before and
during the COVID-19 pandemic. The red dots represent the beginning of the COVID-19 pandemic
in Thailand.

After minimization of the variance instability due to the phenomenon of the MAUP
using the SEB smoothing method and mapping of the annual SEB-smoothed rates in the
same scale of the incidence rates, a difference between the two maps during the period
before the COVID-19 pandemic was observed in the northeastern region: one province in
2015 (Yasothon) and one province in 2016 (Surin). During the pandemic, there were two
provinces in the southern region (Prachuap Khiri Khan and Trang) where the SEB-smoothed
rates differed from the incidence rates in 2020 (Figure 7).

Before the pandemic, the risk areas or hotspots (high–high clusters) of dengue from
the LISA maps ranged from 5 to 13 provinces, while the lower risk areas (high–low clusters
and low–high clusters) ranged from one to six provinces. The dengue hotspots were mainly
located in the southern region in 5 years (2012, 2014, 2016, 2017, and 2018), followed by the
eastern region in four years (2011, 2012, 2015, and 2019). During the pandemic, the LISA
maps indicated significant local clusters in 2020, where one risk area (high–high clusters)
and one lower-risk area (low–high clusters) occurred in the northern region (Chiang Mai
and Lamphun Province, respectively), and one lower-risk area (high–low clusters) was
observed in the southern region (Phang Nga Province). There was only one lower-risk area
(low–high clusters) in 2021 in Lamphun Province (Figure 8).
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4. Discussion

The seasonal peak of dengue before the COVID-19 pandemic was observed in June,
with a small peak in November, but during the pandemic, a single peak occurred a month
later (i.e., in July) compared with the pre-COVID-19 period. This seasonal delay can be
explained by the climate, as it has been reported in Thailand [31] that a 1- to 3-week lag
in precipitation was associated with a corresponding delay in the occurrence of the peak
incidence of dengue [31]. The amount of precipitation can substantially affect mosquitos’
habitat by increasing water storage for laying eggs and may also correspond to the life cycle
of mosquitos, as it takes up to 14 days for a female mosquito to become fully mature. On the
other hand, the seasonal delay during the COVID-19 pandemic may not have been caused
by the natural history of the disease but by delays in the diagnosis, laboratory-confirmed
diagnosis, and health-seeking behavior of the probable cases. The small peak occurrence in
November was probably due to rainfall in the short period before winter. This probably led
to the creation of more Aedes spp. mosquito breeding sites and resulted in another peak of
cases in November. In addition, having a long holiday in October encourages more people
to travel or return to their hometowns, which can increase the number of infections [32–34].

The cyclic pattern of dengue in Thailand was usually observed every other year [35],
meaning that the high peaks were expected and actually observed in 2013, 2015, and 2019,
but not in 2017 and 2021. After 2015, the cyclic patterns seemed to appear every two or three
years. This observation is consistent with the cyclical dengue outbreaks in Singapore [14]
and Nepal [36]. The change in the dengue cycles is likely due to the shorter rainy season
or rainfall days and the long winter, especially in 2017, due to La Niña [37] making the
environment unsuitable for the mosquitoes and the spread of the disease. Moreover,
extensive efforts to control and prevent the spread of the COVID-19 pandemic and to save
patients’ lives [11,12] affected human behavior, travel, transportation, and length of stay
at home [12], as well as some limitations, such as lack of access to health services and
misdiagnosis [8,17], which are possible additional reasons that explain the low incidence
of dengue in 2021. The trend of dengue derived from the STL, which decomposed the
data for both periods (i.e., the entire study period from 2011 to 2021 and the period before
the COVID-19 pandemic from 2011 to 2019), was stable. However, dengue cases during
COVID-19 dramatically decreased, which was in agreement with the situation reported
in Yunnan Province, China, which found that there was a substantial reduction of 96.20%
relative to historical cases from the year before the pandemic [38].

The forecasted cases in 2020 were slightly lower than the reported cases, but in 2021,
the reported cases were much lower than the forecasted cases. This may be because in 2020,
the first year of the COVID-19 pandemic, COVID-19 had not spread widely in the country.
The entire health system was still able to carry out planned actions in terms of health
promotion, disease prevention, treatment, and rehabilitation, including disease reporting
via the surveillance system. Apart from the reasons discussed earlier, the sharp decline in
dengue incidence in 2021 might be due to the disruption-induced administrative delays
in reporting [39]. In addition, the high peak dengue incidence in 2019 may be because
2019 was an unprecedented year for dengue globally, which led to high immunity against
dengue infection [16,40] and resulted in fewer dengue cases being reported in 2020–2021.
This is similar to the data on post-dengue outbreak years in Brazil [41]. Our findings are
in agreement with the significant decrease in dengue cases in Southeast Asia and Latin
America [16]. COVID-19 lockdowns and movement restrictions also led to decreased
dengue transmission in Sri Lanka [19] and Brazil [42]. During the COVID-19 pandemic in
Thailand, restrictions on movement within the country were introduced from 26 March
2020 to control the spread of COVID-19, especially closing schools, universities, and offices.
During the lockdown, the dengue prevention and control program was interrupted. Public
health staff and village health volunteers were heavily involved with COVID-19 mitigation
activities, resulting in reduced activities related to dengue fever control as compared
with the situation before the COVID-19 pandemic [43]. Moreover, people were staying
or working at home and had more time to eliminate the breeding habitats of the Aedes
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mosquitoes both in the house and around the house. This resulted in a decrease in dengue
incidence and may have affected the natural dengue cycle in 2021.

The forecasted dengue cases in 2022 from the seasonal ARIMA model showed the
lowest number of cases compared with the previous decade and may differ from the natural
history of dengue dynamics due to the COVID-19 pandemic, as described above [16]. The
low number of forecasted cases may have been caused by the input of fewer cases during
the COVID-19 pandemic from 2020 to 2021 into the forecasting model. Therefore, the
results of the forecast might be underestimated, and evidence is needed to support the
analysis to clarify whether this is because the number of cases is low or because of other
contributing reasons regarding the limitations during COVID-19 such as the health-seeking
behaviors of the probable cases, misdiagnosis of patients with flu-like symptoms, the
inability to confirm the diagnosis using laboratory tests due to insufficient equipment
and labor, and underreporting [8,17,39,44]. In addition, the Meteorological Department of
the Ministry of Digital Economy and Society Thailand reported that Thailand’s average
annual rainfall in 2018 was 1650.3 mm and dropped to 1343.4 mm in 2019. During the
COVID-19 pandemic, rainfall increased slightly to 1527.3 mm and 1759.3 mm in 2020 and
2021, respectively [45–48]. These data support the possibility that the decline in dengue
incidence was not due to reductions in the mosquito vectors. Thus, if effective prevention
and control of the disease are not carried out, then a large epidemic of dengue may occur
and may have a strong impact on people’s lives and the public health system.

Regarding the spatial analysis, there was a slight difference between the incidence
rates and SEB-smoothed rates for each province and its four neighbors, according to the
spatial weight used to minimize the variance instability in the analysis, which did not have
much difference in population size. Therefore, both the incidence rates and SEB-smoothed
rates can be used for prioritizing and allocating resources to each province.

In 2020, 10 provinces had dengue incidence rates more than four times higher than the
national target. However, in 2021, the incidence in nine of these provinces was much lower
than in the previous year, except for Mae Hong Son, where the morbidity rate was only three
times lower than the previous year and the incidence rate was still more than four times
higher than the national target. The reason for the sharp decline in the incidence of dengue
in the nine provinces is probably due to 2021 being a year of low outbreak according to the
natural disease cycle, as well as the impact of the COVID-19 pandemic, as discussed above.
The incidence rate in Mae Hong Son Province did not decrease as much as other provinces
and it still had a high rate. This is likely due to the majority of the population living in rural
or remote areas, working in agriculture, and with sheltered sanitation which facilitates
mosquito breeding sites [49], and because some houses lack protective equipment such as
mosquito nets and repellents. Additionally, some populations are housed in valleys where
humidity and the climate are suitable for mosquito breeding, consistent with previous
studies that identified a relationship between dengue incidence and climate variables in
Mae Hong Son Province [31]. In addition, Mae Hong Son’s precipitation data are consistent
with the data of the entire country, declining in 2019 and increasing in 2021. However, in
2021, it was reported that Mae Hong Son had the highest temperature, compared with
other provinces in the same region [50]. Moreover, the humidity comfort levels from May
to November were at an oppressive and miserable level [51].

The southern and eastern regions were likely to be re-clustered areas during the period
before the pandemic. However, a high-risk area during the pandemic was observed only in
Chiang Mai in the northern region, which might be related to the high number of travelers.
Chiang Mai is a famous province for both Thai and foreign travelers. Many people tend
to visit during the festival, especially the Songkran festival (April) and winter season
(November to December). In addition, relatively dense housing and 67% of people with
knowledge of dengue have been reported in Chiang Mai [52]. The high–high cluster (areas
that have high rates and neighbors that also have high rates) could be a dengue reservoir
for spreading to the neighboring provinces. Moreover, there was a province with low
incidence surrounded by a province with high incidence (low–high clusters) identified in
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Lamphun Province for two consecutive years. This may be because Lamphun is a small
province located near Chiang Mai and is the gateway to Chiang Mai. Lamphun has cheaper
accommodation and famous cultural attractions, which means that some tourists prefer to
stay overnight in Lamphun before their trip to Chiang Mai or to stop by Lamphun after
their Chiang Mai trip. This low–high outlier indicated areas at risk of infection spreading
from the neighboring provinces if there is no effective control or good surveillance. Phang
Nga Province in the southern region was a province with high incidence surrounded by
provinces with low incidence (high–low clusters), which might be related to dengue being
imported by travelers [53] due to the presence of many attractive places and the high
number of travelers visiting those places in the early stages of the COVID-19 pandemic.
Dengue from Phang Nga can spread to neighboring provinces if disease control in Phang
Nga is inadequate or if prevention and surveillance measures in the neighboring provinces
are ineffective.

Our results suggest that if the cyclic pattern changes to every 3 years, a large epidemic
will occur in 2023. If the occurrence of dengue in 2017 is an unusual event, the cyclic pattern
may be the same as previous periods (every other year), and a large epidemic should have
been observed in 2021 and can be expected in 2023. Therefore, effective planning and
preparedness should be well organized to control the disease in 2023, since the delayed
seasonal peak during the COVID-19 pandemic may be due to factors other than the natural
history of the disease. If the number of patients begins to increase in May, control measures
should be strengthened a month prior to the seasonal peak in April, in accordance with
the vector dynamics and incubation period of the disease. Control measures must also
be strengthened a month before November, in which another small seasonal peak was
observed. The forecasted cases in 2022 were also as low as in 2021, as the low case numbers
in 2021 were fitted to the forecasting model. However, the reported cases could be higher
than the forecasted cases because the control measures for COVID-19 in 2022 are less serious
and lockdowns have stopped. This has enabled people to travel more for tourism, to return
home, and to visit relatives and friends. Preparedness for increased cases of dengue in 2022
should also be launched in April to July.

For future studies, an interrupted time series analysis, as well as forecasting, should be
explored by excluding the unusual low-peak years (such as 2017 and 2021) from the dataset
to see the real natural history of the disease. An analysis of the synchrony of all pairs of
the provinces throughout the country should be investigated to identify the external and
internal factors contributing to dengue occurrence. The differences in the factors for the
different cluster types should also be investigated for effective intervention. Longitudinal
studies after the COVID-19 pandemic should be set up to closely observe the occurrence
and natural history of dengue.

5. Conclusions

The cyclic pattern of dengue cases has likely changed from every other year to every
two or three years. During the COVID-19 pandemic, the seasonal peak was delayed by one
month, and dengue incidence decreased dramatically and was much lower than forecasted.
The spatial clusters were much lower during the COVID-19 pandemic compared to the
situation before the pandemic.
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AIC Akaike information criterion
AR Autoregressive model
ARIMA Autoregressive integrated moving average
CI Confidence interval
COVID-19 Coronavirus disease 2019
DENV Dengue virus
DF Dengue fever
DHF Dengue hemorrhagic fever
DSS Dengue shock syndrome
IRR Incidence rate ratio
LISA Local indicators of spatial association
MA Moving average model
MAPE Mean absolute percentage error
MAUP Modifiable areal unit problem
PACF Partial autocorrelation function
SEB Spatial empirical Bayesian
STL Seasonal decomposition of time series by Loess
WHO World Health Organization

References
1. World Health Organization. Dengue and Severe Dengue. Available online: https://www.who.int/news-room/fact-sheets/

detail/dengue-and-severe-dengue (accessed on 10 July 2022).
2. Kraemer, M.U.G.; Reiner, R.C.; Brady, O.J.; Messina, J.P.; Gilbert, M.; Pigott, D.M.; Yi, D.; Johnson, K.; Earl, L.; Marczak, L.B.; et al.

Past and future spread of the arbovirus vectors Aedes aegypti and Aedes albopictus. Nat. Microbiol. 2019, 4, 854–863. [CrossRef]
[PubMed]

3. Department of Medical Services, Ministry of Public Health. Guidelines for Diagnosis and Treatment of Dengue in Adults 2020; Ministry
of Public Health: Nonthaburi, Thailand, 2020; ISBN 978-974-422-927-4.

4. García-Carreras, B.; Yang, B.; Grabowski, M.K.; Sheppard, L.W.; Huang, A.T.; Salje, H.; Clapham, H.E.; Iamsirithaworn, S.;
Doung-Ngern, P.; Lessler, J.; et al. Periodic synchronisation of dengue epidemics in Thailand over the last 5 decades driven by
temperature and immunity. PLoS Biol. 2022, 20, e3001160. [CrossRef]

5. Department of Disease Control, Ministry of Public Health. National Disease Surveillance (Report 506). Available online:
http://doe.moph.go.th/surdata/index.php (accessed on 10 July 2022).

6. Cucinotta, D.; Vanelli, M. WHO declares COVID-19 a pandemic. Acta Biomed. 2020, 91, 157–160. [CrossRef] [PubMed]
7. Prasertbun, R.; Mori, H.; Mahittikorn, A.; Siri, S.; Naito, T. Pneumonia, influenza, and dengue cases decreased after the COVID-19

pandemic in Thailand. Trop. Med. Health 2022, 50, 27. [CrossRef] [PubMed]
8. Liyanage, P.; Rocklöv, J.; Tissera, H.A. The impact of COVID-19 lockdown on dengue transmission in Sri Lanka; a natural

experiment for understanding the influence of human mobility. PLoS Negl. Trop. Dis. 2021, 15, e0009420. [CrossRef] [PubMed]
9. Department of Disease Control, Ministry of Public Health. Thailand COVID-19 Situation Update on 14 December 2020. Available

online: https://ddc.moph.go.th/viralpneumonia/eng/file/situation/situation-no344-141263.pdf (accessed on 10 July 2022).
10. Centre for COVID-19 Situation Administration. Thailand COVID-19 Situation Report on 8 June 2022. Available online: https:

//www.moicovid.com/08/07/2022/uncategorized/7967/ (accessed on 10 July 2022).
11. Rajatanavin, N.; Tuangratananon, T.; Suphanchaimat, R.; Tangcharoensathien, V. Responding to the COVID-19 second wave in

Thailand by diversifying and adapting lessons from the first wave. BMJ Glob. Health 2021, 6, e006178. [CrossRef]
12. Marome, W.; Shaw, R. COVID-19 response in Thailand and its implications on future preparedness. Int. J. Environ. 2021, 18, 1089.

[CrossRef]
13. Wilder-Smith, A. Dengue during the COVID-19 pandemic. J. Travel Med. 2021, 28, taab183. [CrossRef]

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
http://doi.org/10.1038/s41564-019-0376-y
http://www.ncbi.nlm.nih.gov/pubmed/30833735
http://doi.org/10.1371/journal.pbio.3001160
http://doe.moph.go.th/surdata/index.php
http://doi.org/10.23750/abm.v91i1.9397
http://www.ncbi.nlm.nih.gov/pubmed/32191675
http://doi.org/10.1186/s41182-022-00419-2
http://www.ncbi.nlm.nih.gov/pubmed/35337390
http://doi.org/10.1371/journal.pntd.0009420
http://www.ncbi.nlm.nih.gov/pubmed/34111117
https://ddc.moph.go.th/viralpneumonia/eng/file/situation/situation-no344-141263.pdf
https://www.moicovid.com/08/07/2022/uncategorized/7967/
https://www.moicovid.com/08/07/2022/uncategorized/7967/
http://doi.org/10.1136/bmjgh-2021-006178
http://doi.org/10.3390/ijerph18031089
http://doi.org/10.1093/jtm/taab183


Trop. Med. Infect. Dis. 2022, 7, 171 13 of 14

14. Ong, J.; Soh, S.; Ho, S.H.; Seah, A.; Dickens, B.S.; Tan, K.W.; Koo, J.R.; Cook, A.R.; Richards, D.R.; Gaw, L.Y.-F.; et al. Fine-scale
estimation of effective reproduction numbers for dengue surveillance. PLoS Comput. Biol. 2022, 18, e1009791. [CrossRef]

15. Plasencia-Dueñas, R.; Failoc-Rojas, V.E.; Rodriguez-Morales, A.J. Impact of the COVID-19 pandemic on the incidence of dengue
fever in Peru. J. Med. Virol. 2022, 94, 393–398. [CrossRef]

16. Chen, Y.; Li, N.; Lourenço, J.; Wang, L.; Cazelles, B.; Dong, L.; Li, B.; Liu, Y.; Jit, M.; Bosse, N.I.; et al. Measuring the effects of
COVID-19-related disruption on dengue transmission in Southeast Asia and Latin America: A statistical modelling study. Lancet
Infect. Dis. 2022, 22, 657–667. [CrossRef]

17. Imlach, F.; McKinlay, E.; Kennedy, J.; Pledger, M.; Middleton, L.; Cumming, J.; McBride-Henry, K. Seeking healthcare during
lockdown: Challenges, opportunities and lessons for the future. Int. J. Health Policy Manag. 2021, 1–9. [CrossRef] [PubMed]

18. Sheng, Z.Y.; Li, M.; Yang, R.; Liu, Y.H.; Yin, X.X.; Mao, J.R.; Brown, H.E.; An, J.; Zhou, H.N.; Wang, P.G. COVID-19 prevention
measures reduce dengue spread in Yunnan Province, China, but do not reduce established outbreak. Microbes Infect. 2022,
11, 240–249. [CrossRef] [PubMed]

19. Surendran, S.N.; Nagulan, R.; Sivabalakrishnan, K.; Arthiyan, S.; Tharsan, A.; Jayadas, T.T.P.; Raveendran, S.; Kumanan, T.;
Ramasamy, R. Reduced dengue incidence during the COVID-19 movement restrictions in Sri Lanka from March 2020 to April
2021. BMC Public Health 2022, 22, 388. [CrossRef] [PubMed]

20. Paz-Bailey, G.; Adams, L.; Wong, J.M.; Poehling, K.A.; Chen, W.H.; McNally, V.; Atmar, R.L.; Waterman, S.H. Dengue vaccine:
Recommendations of the advisory committee on immunization practices, United States, 2021. MMWR Recomm. Rep. 2021,
70, 1–16. [CrossRef]

21. Statistical Forecasting Division, National Statistical Office, Ministry of Digital Economy and Society. Statistical Yearbook Thailand
2020; National Statistical Office: Bangkok, Thailand, 2020.

22. Thai Meteorological Department. The Climate of Thailand. Available online: https://www.tmd.go.th/en/archive/thailand_
climate.pdf (accessed on 10 July 2022).

23. World Health Organization. Dengue Haemorrhagic Fever: Diagnosis, Treatment, Prevention and Control. 1997. Available online: https:
//apps.who.int/iris/bitstream/handle/10665/41988/9241545003_eng.pdf?sequence=1&isAllowed=y (accessed on 15 July 2022).

24. World Health Organization. Dengue: Guidelines for Diagnosis, Treatment, Prevention and Control. 2009. Available online: https:
//www.who.int/publications/i/item/9789241547871 (accessed on 15 July 2022).

25. RStudio Team. RStudio: Integrated Development for R. 2020. Available online: http://www.rstudio.com (accessed on
5 June 2022).

26. Box, G.E.P.; Jenkins, G.M. Time series analysis, forecasting and control. In A Very British Affair: Six Britons and the Development of
Time Series Analysis during the 20th Century; Mills, T.C., Ed.; Palgrave Macmillan UK: London, UK, 2013; pp. 161–215.

27. QGIS Development Team. QGIS Geographic Information System 2022. Available online: https://www.qgis.org/en/site/index.
html (accessed on 10 June 2022).

28. Anselin, L.; Syabri, I.; Kho, Y. GeoDa: An introduction to spatial data analysis. Geogr. Anal. 2006, 38, 5–22. [CrossRef]
29. Morris, C.N.; Kostal, H. An Empirical Bayes Approach to Spatial Analysis. 1983. Available online: https://ntrs.nasa.gov/

citations/19840004489 (accessed on 28 June 2022).
30. Anselin, L. Local Indicators of Spatial Association—LISA. Geogr. Anal. 1995, 27, 93–115. [CrossRef]
31. Chumpu, R.; Khamsemanan, N.; Nattee, C. The association between dengue incidences and provincial-level weather variables in

Thailand from 2001 to 2014. PLoS ONE 2019, 14, e0226945. [CrossRef]
32. Yuan, B.; Lee, H.; Nishiura, H. Analysis of international traveler mobility patterns in Tokyo to identify geographic foci of dengue

fever risk. Theor. Biol. Med. Model 2021, 18, 17. [CrossRef]
33. Oo, N.; Hanboonkunupakarn, B.; Piyaphanee, W.; Phumratanaprapin, W.; Luvira, V.; Wichainprasat, P.; Chotivanich, K.;

Tantawichien, T. Review of health problems among foreign travelers presenting to the hospital for tropical diseases, Bangkok,
Thailand between 2009 and 2014. J. Med. Assoc. Thail. 2019, 102, 918–926.

34. Gossner, C.M.; Fournet, N.; Frank, C.; Fernández-Martínez, B.; Manso, M.D.; Dias, J.G.; Valk, H. Dengue virus infections among
European travellers, 2015 to 2019. Eurosurveillance 2022, 27, 2001937. [CrossRef] [PubMed]

35. Wongkoon, S.; Jaroensutasinee, M.; Jaroensutasinee, K. Development of temporal modeling for prediction of dengue infection in
northeastern Thailand. Asian Pac. J. Trop. Med. 2012, 5, 249–252. [CrossRef]

36. Gyawali, N.; Johnson, B.J.; Dixit, S.M.; Devine, G.J. Patterns of dengue in Nepal from 2010–2019 in relation to elevation and
climate. Trans. R. Soc. Trop. Med. Hyg. 2021, 115, 741–749. [CrossRef]

37. NOAA Climate.gov. November 2017 La Niña Update: She’s Back! Available online: https://www.climate.gov/news-features/
blogs/enso/november-2017-la-ni%C3%B1a-update-she%E2%80%99s-back (accessed on 13 July 2022).

38. Li, N.; Feng, Y.; Vrancken, B.; Chen, Y.; Dong, L.; Yang, Q.; Kraemer, M.U.G.; Pybus, O.G.; Zhang, H.; Brady, O.J.; et al. Assessing
the impact of COVID-19 border restrictions on dengue transmission in Yunnan Province, China: An observational epidemiological
and phylogenetic analysis. Lancet Reg. Health West. Pac. 2021, 14, 100259. [CrossRef] [PubMed]

39. Yek, C.; Nam, V.S.; Leang, R.; Parker, D.M.; Heng, S.; Souv, K.; Sovannaroth, S.; Mayxay, M.; AbuBakar, S.; Sasmono, R.T.; et al. The
pandemic experience in Southeast Asia: Interface between SARS-CoV-2, malaria, and dengue. Front. Trop. Dis. 2021, 2, 788590.
[CrossRef] [PubMed]

40. Lam, L.T.M.; Chua, Y.X.; Tan, D.H.Y. Roles and challenges of primary care physicians facing a dual outbreak of COVID-19 and
dengue in Singapore. Fam. Pract. 2020, 37, 578–579. [CrossRef] [PubMed]

http://doi.org/10.1371/journal.pcbi.1009791
http://doi.org/10.1002/jmv.27298
http://doi.org/10.1016/S1473-3099(22)00025-1
http://doi.org/10.34172/ijhpm.2021.26
http://www.ncbi.nlm.nih.gov/pubmed/33906337
http://doi.org/10.1080/22221751.2021.2022438
http://www.ncbi.nlm.nih.gov/pubmed/34935597
http://doi.org/10.1186/s12889-022-12726-8
http://www.ncbi.nlm.nih.gov/pubmed/35209890
http://doi.org/10.15585/mmwr.rr7006a1
https://www.tmd.go.th/en/archive/thailand_climate.pdf
https://www.tmd.go.th/en/archive/thailand_climate.pdf
https://apps.who.int/iris/bitstream/handle/10665/41988/9241545003_eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/41988/9241545003_eng.pdf?sequence=1&isAllowed=y
https://www.who.int/publications/i/item/9789241547871
https://www.who.int/publications/i/item/9789241547871
http://www.rstudio.com
https://www.qgis.org/en/site/index.html
https://www.qgis.org/en/site/index.html
http://doi.org/10.1111/j.0016-7363.2005.00671.x
https://ntrs.nasa.gov/citations/19840004489
https://ntrs.nasa.gov/citations/19840004489
http://doi.org/10.1111/j.1538-4632.1995.tb00338.x
http://doi.org/10.1371/journal.pone.0226945
http://doi.org/10.1186/s12976-021-00149-8
http://doi.org/10.2807/1560-7917.ES.2022.27.2.2001937
http://www.ncbi.nlm.nih.gov/pubmed/35027102
http://doi.org/10.1016/S1995-7645(12)60034-0
http://doi.org/10.1093/trstmh/traa131
https://www.climate.gov/news-features/blogs/enso/november-2017-la-ni%C3%B1a-update-she%E2%80%99s-back
https://www.climate.gov/news-features/blogs/enso/november-2017-la-ni%C3%B1a-update-she%E2%80%99s-back
http://doi.org/10.1016/j.lanwpc.2021.100259
http://www.ncbi.nlm.nih.gov/pubmed/34528006
http://doi.org/10.3389/fitd.2021.788590
http://www.ncbi.nlm.nih.gov/pubmed/35373190
http://doi.org/10.1093/fampra/cmaa047
http://www.ncbi.nlm.nih.gov/pubmed/32374384


Trop. Med. Infect. Dis. 2022, 7, 171 14 of 14

41. Sanchez-Gendriz, I.; de Souza, G.F.; de Andrade, I.G.M.; Neto, A.D.D.; de Medeiros Tavares, A.; Barros, D.M.S.; de Morais, A.H.F.;
Galvão-Lima, L.J.; de Medeiros Valentim, R.A. Data-driven computational intelligence applied to dengue outbreak forecasting: A
case study at the scale of the city of Natal, RN-Brazil. Sci. Rep. 2022, 12, 6550. [CrossRef]

42. Lorenz, C.; Bocewicz, A.C.D.; de Azevedo Marques, C.C.; Santana, L.M.R.; Chiaravalloti-Neto, F.; Gomes, A.H.A.; Barbosa, G.L.
Have measures against COVID-19 helped to reduce dengue cases in Brazil? Travel Med. Infect. Dis. 2020, 37, 101827. [CrossRef]

43. Kaweenuttayanon, N.; Pattanarattanamolee, R.; Sorncha, N.; Nakahara, S. Community surveillance of COVID-19 by village
health volunteers, Thailand. Bull. World Health Organ. 2021, 99, 393–397. [CrossRef]

44. Wiyono, L.; Rocha, I.C.N.; Cedeño, T.D.D.; Miranda, A.V.; Lucero-Prisno, D.E., III. Dengue and COVID-19 Infections in the
ASEAN Region: A concurrent outbreak of viral diseases. Epidemiol. Health 2021, 43, e2021070. [CrossRef]

45. Thai Meteorological Department. Monthly and Yearly Rainfall of Thailand 2021. Available online: http://climate.tmd.go.th/gge/
R-dev21.pdf (accessed on 31 July 2022).

46. Thai Meteorological Department. Monthly and Yearly Rainfall of Thailand 2020. Available online: http://climate.tmd.go.th/gge/
R-dev20.pdf (accessed on 31 July 2022).

47. Thai Meteorological Department. Monthly and Yearly Rainfall of Thailand 2019. Available online: http://climate.tmd.go.th/gge/
R-dev19.pdf (accessed on 31 July 2022).

48. Thai Meteorological Department. Monthly and Yearly Rainfall of Thailand 2018. Available online: http://climate.tmd.go.th/gge/
R-dev18.pdf (accessed on 31 July 2022).

49. Kitphati, R.; Seangkeao, K.; Muangyim, K.; Nak-ai, W. Participatory development in community health for the Pgazkoenyau
Ethnic: A case study in an ethnic community in Thailand. Open Public Health J. 2022, 15, 1–10. [CrossRef]

50. Northern Meteorological Center. Highest-Lowest Temperature and Rainfall of the North. Available online: http://www.cmmet.
tmd.go.th/forecast/pt/Max_Min_Rainfall.php (accessed on 31 July 2022).

51. Weather Spark. Past Weather at Sanam Bin Mae Hong Son, Thailand. Available online: https://weatherspark.com/h/y/149056
/2021/Historical-Weather-during-2021-at-Sanam-Bin-Mae-Hong-Son-Thailand (accessed on 31 July 2022).

52. Van Benthem, B.H.B.; Khantikul, N.; Panart, K.; Kessels, P.J.; Somboon, P.; Oskam, L. Knowledge and use of prevention measures
related to dengue in Northern Thailand. Trop. Med. Int. Health 2002, 7, 993–1000. [CrossRef] [PubMed]

53. Wilder-Smith, A. Risk of dengue in travelers: Implications for dengue vaccination. Curr. Infect. Dis. Rep. 2018, 20, 50. [CrossRef]
[PubMed]

http://doi.org/10.1038/s41598-022-10512-5
http://doi.org/10.1016/j.tmaid.2020.101827
http://doi.org/10.2471/BLT.20.274308
http://doi.org/10.4178/epih.e2021070
http://climate.tmd.go.th/gge/R-dev21.pdf
http://climate.tmd.go.th/gge/R-dev21.pdf
http://climate.tmd.go.th/gge/R-dev20.pdf
http://climate.tmd.go.th/gge/R-dev20.pdf
http://climate.tmd.go.th/gge/R-dev19.pdf
http://climate.tmd.go.th/gge/R-dev19.pdf
http://climate.tmd.go.th/gge/R-dev18.pdf
http://climate.tmd.go.th/gge/R-dev18.pdf
http://doi.org/10.2174/e18749445-v15-e2201040
http://www.cmmet.tmd.go.th/forecast/pt/Max_Min_Rainfall.php
http://www.cmmet.tmd.go.th/forecast/pt/Max_Min_Rainfall.php
https://weatherspark.com/h/y/149056/2021/Historical-Weather-during-2021-at-Sanam-Bin-Mae-Hong-Son-Thailand
https://weatherspark.com/h/y/149056/2021/Historical-Weather-during-2021-at-Sanam-Bin-Mae-Hong-Son-Thailand
http://doi.org/10.1046/j.1365-3156.2002.00950.x
http://www.ncbi.nlm.nih.gov/pubmed/12390606
http://doi.org/10.1007/s11908-018-0656-3
http://www.ncbi.nlm.nih.gov/pubmed/30374664

	Introduction 
	Materials and Methods 
	Study Design and Study Areas 
	Dengue Data 
	Temporal Analysis 
	Spatial Analysis 

	Results 
	Temporal Variation 
	Cyclic, Seasonal, and Trend 
	Forecasting Dengue Incidence 

	Spatial Clusters 

	Discussion 
	Conclusions 
	References

