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Abstract. - OBJECTIVE: Weather-related dy-
namics have an impact on the pattern of health
and disease. The present study aimed to inves-
tigate the effect of temperature and humidity on
the daily new cases and daily new deaths due
to COVID-19 in Gulf Cooperation Council (GCC)
countries in the Middle East.

MATERIALS AND METHODS: We selected
all the six GCC countries, including Saudi Ara-
bia, United Arab Emirates, Bahrain, Kuwait, Qa-
tar and Oman. This region has a relatively high
temperature and humidity, and has homoge-
nous Arab ethnicity with a similar socioeconom-
ic culture. The data on the global outbreak of
COVID-19, including daily new cases and deaths
were recorded from World Health Organization.
The information on daily temperature and hu-
midity was obtained from world climate web
“Time and Date”. The daily basis, mean tem-
perature and humidity were recorded from the
date of appearance of first case of COVID-19 in
the region, Jan 29, 2020 to May 15, 2020. We also
evaluated the growth factor, “a ratio by which a
quantity multiplies itself over time; it equals dai-
ly cases divided by cases on the previous day”.

RESULTS: In GCC countries, the daily ba-
sis mean temperature from Jan 29, 2020 to
May 15, 2020 was 29.20+0.30°C and humidi-
ty was 37.95+4.40%. The results revealed that
there was a negative correlation and decrease
in the number of daily cases and deaths from
COVID-19 with increase in humidity in Oman,
Kuwait, Qatar, Bahrain, United Arab Emirates
and Saudi Arabia. The correlation coefficient
between temperature with daily cases shows
that an increase in temperature was associated
with an increase in daily cases and deaths due
to COVID-19, however, the temperature is still
gradually rising in the region. The growth fac-
tor result for daily cases was 1.09+0.00 and daily
deaths was 1.07+0.03 for COVID-19, and shows
declining trends in GCC region.
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CONCLUSIONS: Anincrease in relative humid-
ity was associated with a decrease in the num-
ber of daily cases and deaths due to COVID-19
in GCC countries. The daily growth factor for pa-
tients and deaths shows a declining trend. How-
ever, the climate is swiftly changing in the re-
gion; further studies may be conducted during
the peak of summer season. The findings have
outcomes for policymakers and health officials
about the impact of temperature and humidity
on epidemiological trends of daily new cases
and deaths due to COVID-19.

Key Words:
COVID-19, Climate, Temperature, Humidity, Preva-
lence, Mortality.

Introduction

The “Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2)” also called
COVID-19 pandemic has swiftly spread all over
the world and had devastating consequences on
human health, lives and economies'. COVID-19
has been more prevalent than other pandemics,
such as “Severe Acute Respiratory Syndrome
Coronavirus (SARS-CoV-1), and Middle East
Respiratory Syndrome Coronavirus (MERS-
CoV)”2. COVID-19 has spread to 217 countries
and has infected 4889205 people with a mortality
rate of 318789 (6.52%)°.

The severe contagious nature of COVID-19
has developed an unprecedented and unpre-
dictable situation in the world. The world’s
population is 7.6 billion*, and approximate-
ly half of the world’s population, 3.9 billion
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people, are under lockdown and quarantined
in their homes’. However, the transmission of
the disease and its subsequent mortalities have
continued.

COVID-19 has “animal to animal, animal
to human and human to human” transmission®.
There are some meteorological factors in relation
to transmission and magnitude of spread of vi-
ruses’®. More recently, a few published studies®’
demonstrated that warm weather and humidity
may slow down the COVID-19 global pandemic,
which has already infected about 5 million people
worldwide.

The effect of change in climate, mainly
temperature and humidity, on the spread of
COVID-19 is poorly understood at various re-
gional levels; hence, clarification of such rela-
tionships in literature needs further scientific
evidence. Therefore, the present study aimed
to investigate the impact of temperature and
humidity on the daily new cases and daily new
deaths due to COVID-19 in Gulf Cooperation
Council (GCC) countries, including “Saudi Ara-
bia, United Arab Emirates, Bahrain, Kuwait,
Qatar, and Oman”.

Materials and Methods

We selected all the six “Gulf Cooperation
Council (GCC) countries, including Saudi Ara-
bia, United Arab Emirates, Bahrain, Kuwait,
Qatar, and Oman”. This region has relatively
high temperature, homogenous Arab ethnicity
and same socioeconomic culture. The data on the
global outbreak of COVID-19, including daily
new cases and daily new deaths were collected
from the World Health Organization (WHO)’.
The daily information on meteorological condi-
tions, temperature and humidity was recorded
from climate web, “Date and Times”'°, and the
mean values were calculated. In GCC countries,
the daily basis mean temperature and humidity
were recorded from the date of appearance of first
case of COVID-19 in the GCC region, Jan 29,
2020 to May 15, 2020. The daily mean tempera-
ture during this period was 29.20+0.30°C and
humidity was 37.95+4.40%. We also evaluated
the growth factor, “a ratio by which a quantity
multiplies itself over time; it equals daily cases
divided by cases on the previous day. A growth
factor of more than 1.0, indicates an increasing
pattern, whereas the values between 0-1.0 show a
decreasing pattern”>!!,

Ethical Statement

For this study the data on the global daily
new cases and deaths due to COVID-2019 and
other related information were obtained from the
“World Health Organization”, and “climate web
Time and Date” from the publically available
data; hence, ethical approval was not required.

Statistical Analysis

In this study, all the six GCC countries in the
Middle East with confirmed new cases and new
deaths of COVID-19 were included. The data
were recorded and analyzed; Mean and Standard
Error of Mean (SEM) were calculated. A de-
scriptive analysis was performed, with numerical
variables described using means, SEM and distri-
butions. A correlation coefficient was calculated
between meteorological factors, temperature and
relative humidity, and daily new cases and daily
new deaths of COVID-19. The growth factor, by
which quantity multiplies itself over time (daily
cases divided by cases on the previous day), was
calculated.

Results

We analyzed the impact of temperature and
humidity on the daily new cases and deaths due
to COVID-19 in all six GCC countries. The daily
basis mean temperature and humidity were re-
corded from the date of appearance of first patient
of COVID-19 in the GCC region, from Jan 29,
2020 to May 15, 2020 (Table I, Figure 1-2). The
number of daily cases, daily deaths and cumu-
lative cases due to COVID-19 infection are pre-
sented in Table 1. The impact of temperature and
humidity on the epidemiological trends on num-
ber of cases and deaths were presented and cor-
relation coefficient values are given in Table II,
Figures 3-4. The mean temperature and humid-
ity in Oman was 29.89+0.48, 51.32+2.21; Unit-
ed Arab Emirates 29.03%£0.55, 39.45+1.58; Ku-
wait 28.85+0.52, 31.16+1.68; Bahrain 27.99+0.49,
44.8741.78; Saudi Arabia 29.75+0.55, 20.59+£1.12
and Qatar 29.67+0.55, 40.29+2.04. The overall
mean temperature in all these six GCC coun-
tries was 29.20 £0.30°C and humidity was 37.95
+4.40% (Table I, Figures 1-2).

Temperature and Daily Cases and
Daily Deaths

The results revealed that in GCC countries an
increase in temperature was associated with an in-



Table 1. COVID-19: mean temperature, humidity, number of daily cases, cumulative cases, daily deaths, cumulative deaths in GCC countries.

Temperature °C | Humidity % Daily cases Cumulative cases | Daily deaths |Cumulative deaths
Country with data collection dates | (Mean = SEM) | (Mean = SEM) | (Mean = SEM) (Mean = SEM) (Mean = SEM) (Mean = SEM)
Oman 24/2/2020-15/5/2020 29.89 +0.48 51.32+2.21 56.40 +7.72 1008.07 + 140.42 0.24 +0.06 4.65+0.65
United Arab Emirates 29/1/2020-15/5/2020 29.03 £0.55 39.45 +1.58 202.14 +34.82 3969.54 + 589.98 1.94 £0.43 33.83+5.71
Kuwait 24/2/2020-15/5/2020 28.85+0.52 31.16 £ 1.68 151.77 £ 27.06 2099.54 + 340.85 1.15+0.24 1291 +2.51
Bahrain 24/2/2020-15/5/2020 27.99 +0.49 44.87 £ 1.78 76.43 £10.93 1506.00 + 186.81 0.12 +£0.04 4.33+0.37
Saudi Arabia 2/ 3/2020-15/5/2020 29.75 +0.55 20.59 + 1.12 655.68 + 81.17 10823.01 + 1641.99 3.89 £ 0.40 79.40 +10.39
Qatar 1/3/2020-15/5/2020 29.67 £0.55 40.29 £2.04 387.16 + 50.95 6279.67 +943.27 0.18 £ 0.05 5.34£0.60

Data presented from the date of appearance of first case of SARS-COV-2 patient in the GCC region, Jan 29, 2020 to May 15, 2020. Values are presented in Mean and SEM.
(Temperature °C: Humidity %).
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Figure 1. GCC countries with mean temperature and humidity from the date of appearance of first case of SARS-COV-2 in

the region Jan 29, 2020 to May 15, 2020.

crease in the number of daily cases of COVID-19.
The correlation coefficient between temperature
and daily cases in Oman was (0.637), United
Arab Emirates (0.493), Kuwait (0.664), Bahrain
(0.575), Saudi Arabia (0.526) and Qatar (0.664)
(Table II, Figure 3). Similarly, the increase in the
temperature was also associated with an increase
in number of daily deaths due to COVID 19. The
correlation coefficient between temperature and
daily deaths in Oman was (0.3442), United Arab

Emirates (0.459), Kuwait (0.603), Bahrain (0.051),
Saudi Arabia (0.536) and Qatar (0.186) (Table II,
Figure 4).

Humidity and Daily Cases and
Daily Deaths

While analyzing the correlation coefficient be-
tween humidity with daily cases in GCC coun-
tries, it was identified that there was a negative
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Figure 2. Mean temperature and humidity trends in GCC countries from the date of appearance of first case of SARS-COV-2

patient in the region Jan 29, 2020 to May 15, 2020.



Table Il. COVID-19: correlation coefficient between temperature and humidity with daily cases and daily deaths, and growth factor in GCC countries.

Country with data collection dates

Temperature °C
and
daily cases

Temperature °C
and
daily deaths

Humidity
and
daily cases %

Humidity
and
daily deaths %

Daily cases
growth factor
(Mean = SEM)

Daily death
growth factor
(Mean = SEM)

Oman 24/2/2020-15/5/2020

United Arab Emirates 29/1/2020-15/5/2020
Kuwait 24/2/2020-15/5/2020

Bahrain 24/2/2020-15/5/2020

Saudi Arabia 2/ 3/2020-15/5/2020

Qatar 1/3/2020-15/5/2020

0.637 (p 0.001)
0.493 (p 0.001)
0.664 (p 0.001)
0.575 (p 0.001)
0.526 (p 0.001)
0.664 (p 0.001)

0.3442 (p 0.002)
0.459 (p 0.001)
0.603 (p 0.001)
0.051 (p 0.647)
0.536 (p 0.001)
0.186 (p 0.108)

-0.360 (p 0.001)
-0.254 (p 0.008)
-0.346 (p 0.001)
-0.271 (p 0.014)
-0.111 (p 0.341)
-0.324 (p 0.005)

-0.213 (p 0.054)
-0.254 (p 0.008)
-0.322 (p 0.003)
-0.041 (p 0.714)
-0.126 (p 0.280)
-0.033 (p 0.776)

1.11 £ 0.02
1.09 +0.01
1.12+£0.03
1.18 £ 0.09
1.20 £ 0.06
1.28 £ 0.18

1.08 £0.03
1.10 £ 0.03
1.13+£0.03
1.05£0.02
1.13+0.03
1.07 £0.03

Data presented from the date of appearance of first case of SARS-COV-2 patient in the GCC region Jan 29, 2020 to May 15, 2020. Values are presented in Mean and SEM.

(Temperature °C: Humidity %).
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Figure 3. The correlation between temperature with daily cases in GCC countries.

correlation, and an increase in humidity was
associated with decrease in number of daily cases
of COVID-19 in Oman (-0.360), Kuwait (-0.346),
Qatar (-0.324), Bahrain (-0.271), United Arab
Emirates (-0.254), and Saudi Arabia (-0.111) (Ta-
ble II, Figure 5).

Furthermore, there was also a negative correla-
tion between humidity and daily deaths. An in-
crease in humidity showed a decrease in the num-
ber of daily deaths due to COVID 19 in Kuwait
(-0.322), United Arab Emirates (-0.254), Oman
(-0.213), Saudi Arabia (-0.126), Bahrain (-0.041),
and Qatar (-0.033) (Table I, Figure 6). The asso-
ciations between temperature and humidity and
COVID-19 were not consistent throughout the six
countries of GCC region.

Growth Factor for Daily Cases
and Daily Deaths

We also analyzed the growth factor for mean
daily cases and growth factor for mean daily
deaths.

The growth factor results for daily cases of
COVID-19 show declining trends in all the GCC
countries (Figure 7). Similarly, the growth factor
for mean daily deaths showed declining trends in
GCC countries (Figure 8).

Discussion

The COVID-19 pandemic is an evolving glob-
al health concern and has infected a significant
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Figure 4. The correlation between temperature with daily deaths in GCC countries.
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Figure 5. The correlation between humidity with daily cases in GCC countries.
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Figure 6. The correlation between humidity with daily deaths in GCC countries.
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Figure 7. The growth factor of daily cases in GCC countries (log base 10).
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Figure 8. The growth factor of daily deaths in GCC countries.

number of people worldwide'?. The virus does
not replicate outside living cells but it may persist
on contaminated environmental surfaces and the
duration of persistence is affected by temperature
and humidity'. In the earlier five months since
its circulation from Dec 2019, the variations in
COVID-19 cases over time have been unclear.
This study investigated the impact of temperature
and humidity on the daily new cases and deaths
due to COVID-19 in GCC countries. There was a
negative correlation and a decrease in the number
of daily cases and daily deaths of COVID-19 with
increase in humidity in the GCC region. How-
ever, this association was not established with
temperature.

Wu et al”® assessed the impact of temperature
and relative humidity on daily new cases and
daily new deaths of COVID-19. The authors
identified that temperature and relative humidity
have negative association to daily new cases and
deaths. Qi et al'"* found that temperature and hu-
midity showed significant negative relationship
with COVID-19. Their study findings suggest that
daily temperature and relative humidity influ-
enced the occurrence of COVID-19. However, the
association between COVID-19, temperature, and
humidity was not consistent throughout Main-
land China.

The present results revealed that in GCC coun-
tries an increase in temperature was associated
with an increase in the number of daily cases and
deaths due to COVID-19. However, there was a
negative correlation and decrease in number of

daily cases and daily deaths due to COVID-19
with an increase in humidity in the GCC coun-
tries. Hence, humidity plays a more important
role in minimizing the daily incidence and mor-
tality in the GCC region. However, as a note, the
weather in the GCC region still has not seen peak
temperature and humidity.

More recently, Xie and Zhu"“ examined the
correlation between COVID-19 and temperature
in China, and their results showed a positive lin-
ear association between the number of COVID-19
cases and the mean temperature. They did not
find any evidence that COVID-19 cases decline
when the weather becomes warm. Wang et al'
investigated the association of temperature on
the spread of COVID-19 and claimed that tem-
perature significantly affects the transmission of
COVID-19. Bannister-Tyrrell et al'” demonstrated
that an average temperature increase was nega-
tively correlated with the number of cases.

More recently, Ma et al'® reported that an in-
crease in diurnal temperature was associated with
increase in COVID-19 deaths whereas increase in
humidity was related to a decrease in COVID-19
deaths. The present study results are inconsistent
with the findings reported by Ma et al’®. In the
present study, we identified that increase in hu-
midity decreases the number of daily cases and
daily deaths due to COVID-19 in GCC countries.
In the present study, we also analyzed the growth
factor for mean daily cases and growth factor for
mean daily deaths. The growth factor results for
daily cases and daily deaths due to COVID-19
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show declining trends in the GCC countries (Fig-
ure 7-8]. We believe that meteorological parame-
ters are important factors influencing infectious
diseases, including the COVID-19 infection.

Study Strengths and Limitations

This is the first study added in literature, to
our knowledge, that has investigated the impact
of temperature and humidity on epidemiological
trends of incidence and mortality of COVID-19,
and findings are based on six countries from the
Middle East. Second strength is that the study da-
ta were collected using reliable sources, including
“World Health Organization”.

Thirdly, this study included variables that re-
flected same ethnicity, geographical, socioeco-
nomic level, standardized health care system and
diagnostic criteria to reduce confounding bias.
Fourth, the study period is long starting from Jan
29 till May 15, 2020, hence it can be anticipated
that many covariates would differ considerably
during such a long time period. The longer the
study period, the more stable the findings. We
also analyzed the growth factor, a very vital com-
ponent to determine the epidemiological trends.
One limitation of our study is that we examined
data from the six Gulf countries of the Middle
East, so it is not appropriate to generalize the
results globally.

Conclusions

In GCC countries, an increase in humidity was
associated with a decrease in the number of daily
cases and deaths from COVID-19. However, an
increase in temperature was associated with an
increase in the number of daily cases and daily
deaths due to COVID-19. As a consequence,
the association between COVID-19, temperature
and humidity were not consistent throughout
the GGC region. The findings have convenient
inferences for policymakers and the community
about the impact of climatological factor, such as
temperature and humidity on trends of incidence
and mortality of COVID-19. We strongly believe
that required essential measures must be taken to
control the source of infection and transmission
to prevent the further spread of COVID-19.
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