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Abstract. – OBJECTIVE: The weather allied 
conditions have an impact on air, water, soil, 
food, ecosystem, feelings, behaviors, and pat-
tern of health and disease. The present study 
aims to investigate the impact of heat and hu-
midity on the daily basis incidence and mortali-
ty due to COVID-19 pandemic in European coun-
tries.

MATERIALS AND METHODS: We selected 10 
European countries, Russia, United Kingdom, 
Spain, Italy, Germany, Turkey, France, Belgium, 
Netherlands and Belarus. This region has a rel-
atively low temperature and high humidity, and 
has homogenous European ethnicity with al-
most similar socioeconomic culture and health 
care system. The data on COVID-19 pandem-
ic including daily new cases and new deaths 
were recorded from World Health Organization 
(WHO). The information on daily temperature 
and humidity was obtained from world climate 
web “Time and Date”. The daily cases, deaths, 
temperature and humidity were recorded from 
the date of appearance of first case of “Se-
vere Acute Respiratory Syndrome Coronavirus 2 
(SARS-CoV-2)” in the European region, from Jan 
27, 2020 to July 17, 2020. 

RESULTS: In 10 European countries, (Rus-
sia, United Kingdom, Spain, Italy, Germany, Tur-
key, France, Belgium, Netherlands and Belarus), 
the daily basis mean temperature from Jan 27, 
2020 to July 17, 2020 was 17.07±0.18°C, and hu-
midity was 54.78±0.47%. The overall results re-
vealed a significant inverse correlation between 
humidity and the number of cases (r= -0.134, 
p<0.001) and deaths (r= -0.126, p<0.001). More-
over, an increase in temperature was linked with 
an increase in the number of cases (r=0.062, 
p=0.013) and deaths (r=0.118, p<0.001). The re-

gression analysis results further revealed that 
with an increase of 1% humidity the number of 
cases (β = -15.90, p<0.001) and deaths (β=-1.56, 
p<0.001) reduced significantly. Whereas, with 
an increase of 1°C in temperature the number of 
cases (β = 20.65, p<0.001) and deaths (β = 3.71, 
p<0.001) increased significantly.

CONCLUSIONS: Increase in relative humidi-
ty was associated with a decrease in the num-
ber of daily cases and deaths, however, a rise 
in temperature was allied with an upsurge in the 
number of daily cases and daily deaths due to 
COVID-19 pandemic in European countries. The 
study findings on weather events and COVID-19 
pandemic have an impact at European region-
al levels to project the incidence and mortality 
trends with regional weather events to enhance 
public health readiness and assist in planning to 
fight against this pandemic situation.
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Introduction

The current COVID-19 pandemic situation 
caused by “Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2) infection” has 
speedily spread across the entire globe, causing 
a lot of havoc and resulting in many devastating 
consequences on human health, lives, and econo-
mies1. The COVID-19 pandemic is highly hostile, 
and relatively more prevalent than other similar 
pandemics which have occurred before, such as 
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Severe Acute Respiratory Syndrome Coronavi-
rus (SARS-CoV-1), and Middle East Respiratory 
Syndrome Coronavirus (MERS-CoV)2. On July 
29, 2020, this pandemic has spread to 216 coun-
tries, and has infected 16523815 people with a 
mortality rate of 655112 (3.96%)3.  

The science community, researchers, policy-
makers, as well as public, all are highly anx-
ious about the contagious nature of the disease 
and pandemic calamities, which has first time 
developed an extraordinary instable and threat-
ened situation in the world. The transmission of 
this pandemic and its subsequent incidence and 
mortalities have continued worldwide. There is 
great debate on the climate connected conditions, 
impact of heat and humidity, and incidence and 
mortality due to COVID-19 pandemic. There are 
some meteorological factors in relation to trans-
mission and magnitude of spread of viruses4. 
More recently, a few published studies demon-
strated that warm weather and humidity may 
change the epidemiological trends of COVID-19 
pandemic4,5, which has already infected over 16 
million people worldwide3.

The weather conditions have an impact on air, 
water, soil, agriculture, food, ecosystem6, feelings 
behaviors, and pattern of health and disease2,4. 
The present study aimed to investigate the impact 
of heat and humidity on the daily basis incidence 
and mortality due to COVID-19 pandemic in Eu-
ropean countries, including Russia, The United 
Kingdom, Spain, Italy, Germany, Turkey, France, 
Belgium, Netherlands and Belarus. 

Materials and Methods

Europe is the sixth largest continent, situated 
in the Northern hemisphere and mostly in the 
Eastern hemisphere. There are 50 states in Eu-
rope, with a 747 million people, about 11% of the 
world population7,8. In this study, from 50 Euro-
pean states, we selected 10 European countries, 
including, Russia, The United Kingdom, Spain, 
Italy, Germany, Turkey, France, Belgium, Neth-
erlands and Belarus. 

This region has relatively homogenous weather 
conditions, ethnicity, socioeconomic culture and 
health care system. The data on COVID-19 pan-
demic, daily new cases and daily new deaths were 
collected from the World Health Organization3. 
The daily information on meteorological condi-
tions, temperature and humidity was recorded 
from climate web “Time and Date”9, and mean 

values were calculated. The daily new cases and 
new deaths due to COVID-19, daily information 
on meteorological conditions, temperature and 
humidity were recorded from the date of appear-
ance of first case of SARS-COV-2 in the region, 
Jan 27, 2020 to July 17, 2020. The daily mean 
temperature during this period was 17.07±0.18°C 
and humidity was 54.78±0.47%.

Statistical Analysis
In this study, 10 European countries were 

selected with confirmed new cases and new 
deaths of COVID-19. The data was analyzed 
using R-Core Team 2020, a language and envi-
ronment for statistical computing, R Foundation 
for Statistical Computing, Vienna, Austria. Mean 
± SEM has been reported for quantitative meteo-
rological factors. Normality of data was checked 
through one-sample Kolmogorov-Smirnov test. 
Pearson correlation was applied to assess the 
relationship between humidity, temperature with 
no of cases and deaths at 1% level of signifi-
cance, whereas, Linear Regression Analysis was 
performed to predict the number of cases and 
deaths with humidity and temperature after ful-
filling the assumptions, i.e., normality, linearity, 
homoscedasticity, and independence. There was 
slight deviation from normality regarding one of 
the dependent variables in for which Box-Cox 
transformation was used, which was later back 
transformed for interpretation. An α=0.05 was 
considered as statistically significant.

Results

The impact of heat and humidity on the daily 
new cases and deaths due to COVID-19 pan-
demic in 10 European countries was analyzed. 
The daily basis mean temperature and humidity 
were recorded from the date of appearance of 
first case of SARC-COV-2 in the European re-
gion, from Jan 27, 2020 to July 17, 2020 (Table 
I, Figure 1). The mean values of number of daily 
cases, daily deaths and cumulative cases due to 
SARS-COV-2 infection are presented in Table 
I. The impact of temperature and humidity on 
the epidemiological trends on number of cas-
es and deaths were presented and correlation 
coefficient values are given in Table II, and re-
gression analysis results are presented in Table 
III, IV, Figures 2-5. The mean temperature and 
humidity in Russia was 11.58±0.73, 59.79±1.55; 
The United Kingdom 16.56±0.44, 55.97±1.41; 
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Table I. Temperature, humidity, number of daily cases, cumulative cases, daily deaths and cumulative deaths due to COVID-19 pandemic in European countries.

		  Temperature °C	 Humidity %	 Daily Cases	 Cumulative Cases	 Daily Deaths	 Cumulative Deaths
	 Countries	 (mean ± SEM)	 (mean ± SEM)	 (mean ± SEM)	 (mean ± SEM)	 (mean ± SEM)	 (mean ± SEM)

Russia	 11.58 ± 0.73	 59.79 ± 1.55	 4492.33 ± 316.73	 221994.73 ± 20133.13	 71.73 ± 5.61	 2910.13 ± 292.70
United Kingdom	 16.56 ± 0.44	 55.97 ± 1.41	 1737.31 ± 239.34	 141853.67 ± 9701.21	 266.97 ± 32.60	 20242.77 ± 1421.50
Spain	 22.73 ± 0.59	 47.32 ± 1.52	 1535.30 ± 172.25	 144515.35 ± 8162.83	 195.56 ± 23.80	 16076.84 ± 947.54
Italy	 21.69 ± 0.46	 50.35 ± 1.17	 1425.35 ± 134.00	 140949.22 ± 7634.66	 204.77 ± 19.11 	 19454.39 ± 1114.02
Germany	 15.77 ± 0.50	 52.94 ± 1.49	 1167.69 ± 125.26	 107958.17 ± 6239.47	 52.80 ± 5.89	 4435.39 ± 298.82
Turkey	 20.85 ± 0.59	 46.08 ± 1.55	 1668.25 ± 107.41	 120192.20 ± 6380.17	 41.84 ± 3.14	 3151.66 ± 171.75
France	 16.56 ± 0.43	 58.57 ± 1.32	 938.80 ± 103.17	 84509.58 ± 5039.22	 170.63 ± 22.95	 15398.05 ± 995.18
Belgium	 15.84 ± 0.44	 57.18 ± 1.43	 381.13 ± 38.99	 33812.28 ± 2032.35	 59.02 ± 7.56	 5190.72 ± 336.21
Netherlands	 16.07 ± 0.42	 59.45 ± 1.33	 361.23 ± 31.78	 32203.95 ± 1590.58	 43.15 ± 4.61	 3892.99 ± 206.07
Belarus	 13.00 ± 0.63	 59.59 ± 1.66	 465.41 ± 40.48	 26236.71 ± 2102.62	 3.44 ± 0.24	 161.52 ± 13.27
Mean ± SEM	 17.07 ± 0.18	 54.78 ± 0.47	 14445.61 ± 59.34	 107814.61 ± 3192.75	 116.09 ± 5.87	 9520.72 ± 309.06

Data presented from the date of appearance of first case of SARS-COV-2 in European countries, Jan 27, 2020 to July 17, 2020.Values are presented in Mean and SEM. Temperature 
°C: Humidity %.
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Spain 22.73±0.59, 47.32±1.52; Italy 21.69±0.46, 
50.35±1.17; Germany 15.77±0.50, 52.94±1.49; 
Turkey 20.85±0.59, 46.08±1.55; France 
16.56±0.43, 58.57±1.32; Belgium 15.84±0.44, 
57.18±1.43; Netherlands 16.07±0.42, 59.45±1.33 
and Belarus 13.00±0.63, 59.59±1.66. The over-
all mean temperature in all these 10 European 
countries was 17.07±0.18°C, and humidity was 
54.78±0.47% (Table I).  

While analyzing the overall correlation co-
efficient the results showed that an increase in 
temperature was linked with an increase in the 
number of cases (r=0.062, p=0.013) and deaths 
(r=0.118, p<0.001). Moreover, the correlation co-
efficient between temperature and cumulative 
cases was (r=0.576, p<0.001) and temperature 

and cumulative deaths (r=0.573, p<0.001) (Table 
II). In-addition, for humidity, the overall correla-
tion coefficient results showed that an increase in 
humidity was associated with a decrease in the 
number of cases (r=-0.127, p<0.001) and deaths 
(r=-0.125, p<0.001). Moreover, an increase in 
humidity was associated with a significant de-
creased in cumulative cases (r=-0.188, p<0.001) 
and cumulative deaths (r=-0.229, p<0.001) in the 
European countries (Table II).

Regression Analysis Between Humidity, 
Daily Cases and Daily Deaths

The overall regression analysis results further 
revealed that with an increase of 1% relative hu-
midity, the number of cases and deaths reduced 

Figure 1. Mean temperature, humidity, number of daily cases, daily deaths due to COVID-19 pandemic in European countries.

Table II. Overall correlation coefficient between daily cases, cumulative cases, daily deaths and cumulative deaths due to 
COVID-19 pandemic in European countries.

	 Comparable parameters	 Correlation coefficient 	 Significance level

Temperature and Daily Cases	 0.062	 p = 0.013
Temperature-Cumulative Cases	 0.576	 p < 0.001
Temperature-Daily Deaths	 0.118	 p < 0.001
Temperature-Cumulative Deaths	 0.573	 p < 0.001
Humidity-Daily Cases	 -0.127	 p < 0.001
Humidity-Cumulative Cases	 -0.188	 p < 0.001
Humidity-Daily Deaths	 -0.125	 p < 0.001
Humidity-Cumulative Deaths	 -0.229	 p < 0.001

Temperature, humidity, and correlation coefficient analysis is based on data recoded from the date of appearance of first case of 
SARS-COV-2 in European countries, Jan 27 to July 17, 2020. Temperature °C: Humidity %.
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by (β= -15.90, p<0.001) and (β = -1.56, p<0.001) 
respectively. 

The country-wise regression results showed 
that with an increase of 1% humidity the number 
of cases reduced in Belgium were (β = -11.97, 
p<0.001), France (β = -39.39, p<0.001), Germany 
(β = -33.18, p<0.001), Netherlands (β = -11.16, 
p<0.001), Russian Federation (β = -47.37, p<0.001) 
and UK (β = -50.74, p<0.001). Humidity has no 
significant effect on number of cases in Belarus 
(β = -2.57, p=0.210), Italy (β = 7.08, p=0.372) and 
Turkey (β = -9.120, p=0.133). Whereas Spain was 
the only country where the number of cases in-
creased with 1% increase in humidity (β = 34.27, 
p<0.001) (Table III, Figure 2). 

Regarding the country-wise relation between 
deaths and humidity, the results showed that with 
an increase of 1% humidity the number of deaths 
reduced in Belgium were (β = -2.06, p<0.001), 

France (β = -7.30, p<0.001), Germany (β = -1.68, 
p<0.001), Netherlands (β = -1.52, p<0.001), UK (β 
= -5.06, p<0.001) and Turkey (β= -0.52, p=0.003). 
Humidity had no significant effect on number of 
deaths in Belarus (β = -0.10, p=0.417), Italy (β = 
0.69, p=0.579) and Russian Federation (β = -0.41, 
p=0.142). Again, Spain was the only country 
where the number of deaths increased with 1% 
increase in humidity (β = 3.998, p<0.001) (Table 
III, Figure 3).

Regression Analysis Between 
Temperature, Daily Cases and 
Daily Deaths

The overall regression analysis results showed 
that with an increase of 1° of the tempera-
ture the number of cases and deaths increased 
were (β=20.65, p<0.001) and (β = 3.71, p<0.001) 
respectively. Country-wise regression results 

Table III. Regression analysis between humidity and daily cases and deaths due to CIVID-19 pandemic in European countries.

		  Humidity and	 Significance	 Humidity and	 Significance
	 Countries	 Daily Cases	 level	 Daily deaths	 level

Russia	 β = -47.37	 p < 0.001	 β = -0.41  	 p = 0.142
United Kingdom	 β = -50.74	 p < 0.001	 β = -5.06	 p < 0.001
Germany	 β = -33.18 	 p < 0.001	 β = -1.68 	 p < 0.001
France	 β = -39.39	 p < 0.001	 β = -7.30 	 p < 0.001
Belgium	 β = -11.97	 p < 0.001	 β = -2.06 	 p < 0.001
Netherlands	 β = -11.16 	 p < 0.001	 β = -1.52	 p < 0.001
Belarus	 β = -2.57 	 p = 0.210	 β = -0.10	 p = 0.417
Italy	 β = 7.08	 p = 0.372	 β = 0.69	 p = 0.579
Turkey	 β = -9.120 	 p = 0.133	 β = -0.52	 p = 0.003
Spain	 β = 34.27	 p < 0.001	 β = 3.998 	 p < 0.001

Data presented from the date of appearance of first case of SARS-COV-2 in European countries, Jan 27, 2020 to July 17, 2020. 
Temperature °C: Humidity %.

Table IV. Regression analysis between temperature and daily cases and deaths due to COVID-19 pandemic in European 
countries.

		  Temperature and 	 Significance	 Temperature and 	 Significance
	 Countries	 Daily Cases	 level	 Daily deaths	 level

Russia	 β = 300.02	 p < 0.001	 β = 6.19  	 p < 0.001
United Kingdom	 β = 102.8	 p < 0.001	 β = 13.18	 p = 0.014
Germany	 β = -17.30	 p = 0.365	 β = 1.61 	 p = 0.071
France	 β = 24.98	 p = 0.163	 β = 13.02 	 p < 0.001
Belgium	 β = 12.09	 p = 0.08	 β = 4.05 	 p < 0.001
Netherlands	 β = -10.0	 p = 0.113	 β = -0.46	 p = 0.061
Belarus	 β = 23.94	 p < 0.001	 β = 0.24	 p < 0.001
Italy	 β = -90.82	 p < 0.001	 β = 10.1	 p <0.001
Turkey	 β = -37.5	 p = 0.018	 β = -1.22	 p = 0.008
Spain	 β = -104.9 	 p < 0.001	 β = 3.998 	 p < 0.001

Data presented from the date of appearance of first case of SARS-COV-2 in European countries, Jan 27 to July 17, 2020. 
Temperature °C: Humidity %.
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showed that with an increase of 1° temperature 
the number of cases increased in Belarus were 
(β = 23.94, p<0.001), Russian Federation (β = 

300.02, p<0.001) and UK (β = 102.8, p<0.001). 
However, the number of cases decreased signifi-
cantly in Italy (β = -90.82, p<0.001), Spain (β = 

Figure 2. Trend of humidity and daily cases due to COVID-19 pandemic in European countries.

Figure 3. Trend of humidity and daily deaths due to COVID-19 pandemic in European countries.
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-104.9, p<0.001) and Turkey (β = -37.5, p=0.018) 
with 1° increase in temperature. Temperature had 
no significant effect on number of cases in Belgium 

(β = 12.09, p=0.08), France (β = 24.98, p=0.163), 
Germany (β = -17.30, p=0.365) and Netherlands (β 
= -10.0, p=0.113) (Table IV, Figure 5). 

Figure 4. Trend of temperature and number of daily cases due to COVID-19 pandemic in European countries.

Figure 5. Trend of temperature and daily deaths due to COVID-19 pandemic in European countries.
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Regarding the country-wise relation between 
deaths and temperature, results showed that 
with an increase of 1° temperature the number 
of deaths increased in Belarus were (β = 0.24, 
p<0.001), Belgium (β = 4.05, p<0.001), France (β 
= 13.02, p<0.001), Russian Federation (β = 6.19, 
p<0.001) and UK (β = 13.8, p=0.014). Whereas 
the number of deaths reduced in Italy were (β = 
-10.1, p<0.001) and Turkey (β = -1.22, p=0.008). 
Temperature had no significant effect on num-
ber of deaths in Germany (β = 1.61, p=0.071) 
and Netherlands (β = -0.46, p=0.614) (Table V, 
Figure 5).

Discussion

The present study explored the impact of heat 
and humidity on the incidence and mortality 
due to COVID-19 pandemic in 10 European 
countries to understand the dispersal pattern of 
COVID-19 pandemic. The epidemiologic and 
public health facts considering the periodic vari-
ation in weather conditions are essential factors 
in defining the seasonal behavior of some forms 
of diseases and health phenomena10. The change 
in weather conditions is believed to alter the 
ecosystem pattern at wide regional levels. The 
impact of extreme weather events are traumatic 
in nature, leading to injuries, lethal diseases, 
and deaths. Extreme weather events include heat 
waves, cold waves, heavy rain, and snowfalls 
etc. These weather conditions have a great influ-
ence on the pattern of health and disease4.  

The environmental conditions required for the 
persistence and spread of SARS-COV-2 are rath-
er clear, but there is limited knowledge about 
the climate associated causes of SARS-COV-2 
transmission11,12. However, few studies on SARS-
CoV-2 have shown that humidity and temperature 
possibly affect the activity and transmissibility of 
the SARS-COV-2.  

Harmooshi et al5 reported that environmental 
conditions are necessary for the survival and 
spread of SARS-COV-2 infection. The virus may 
tolerate for about 9 days at 25°C, but life span 
may reduce if temperature rises to 30°C. The 
SARS-COV-2 is sensitive to humidity, lifespan at 
50% humidity is longer than at 30%. The authors 
further reported that low temperature, dry and 
unventilated environment may affect the stability 
and spread the virus. 

Sajadi et al13 conducted a study on COVID-19 
pandemic and temperature and humidity, they did 

not find an association between weather changes 
and spread of SARS-CoV-2. Similarly, Huang et 
al14 study result demonstrates an optimal climatic 
zone in which SARS-CoV-2 increases in ambi-
ent environment. Their findings demonstrate that 
COVID-19 pandemic may episodically appear 
and outbreak may recur in metropolitan areas in 
autumn season.

Wu et al15 assessed the impact of “tempera-
ture and humidity on new cases and deaths of 
COVID-19”. The authors identified that “tem-
perature and relative humidity have negative as-
sociation to daily new cases and deaths”. Qi et al16 
identified that temperature and humidity showed 
significant negative relationship with COVID-19. 
Their study findings suggest that daily tempera-
ture and relative humidity influenced the occur-
rence of COVID-19. However, the relationship 
between COVID-19, temperature, and humidity 
was not constant throughout Mainland China. 

The results of the present study revealed that 
in 10 European countries, an increase in tempera-
ture was allied with an increase in the number of 
daily cases and deaths due to COVID-19. How-
ever, there was a negative correlation, decrease 
in number of daily cases, and daily deaths due to 
COVID-19 with an increase in humidity in the 
European countries. The results reflect that hu-
midity plays a more important role in minimizing 
the daily incidence and mortality in the European 
countries. However, as a note, the weather in the 
European countries is still changing. 

More recently, Xie and Zhu17 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 could see 
a decline when the weather becomes warm. Wang 
et al18 investigated the association of temperature 
on the spread of COVID-19 and claimed that tem-
perature affects the transmission of COVID-19. 
Bannister-Tyrrell et al19 demonstrated that an 
average temperature increase was negatively cor-
related with the number of cases. 

More recently, Meo et al4 investigated the im-
pact of whether events, temperature and humidity 
on the daily basis new cases and new deaths due 
to COVID-19 pandemic in Gulf Cooperation 
Council (GCC) countries in the Middle East 
region. They found out that an increase in rel-
ative humidity was associated with a decrease 
in the number of daily cases and deaths due to 
COVID-19 in GCC countries.  In another study, 
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Meo et al20 reported a decrease trends in the inci-
dence of daily cases and deaths in world’s top ten 
warmest countries compared to world’s top ten 
coldest countries. 

Ma et al21 reported that an increase in diur-
nal temperature was associated with increase in 
COVID-19 deaths whereas an increase in humid-
ity was related to a decrease in COVID-19 deaths. 
The present study results are inconsistent with 
the findings reported by Meo et al4 and Ma et al21. 
In the present study, we identified that increase in 
humidity decreases the number of daily cases and 
daily deaths due to COVID-19 in European coun-
tries. We believe that meteorological parameters 
are important elements influencing infectious 
diseases, including the SARS-COV-2 infection.

Study Strengths and Limitations
This is the first article 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 ten countries from 
European region. Second strength is that the 
study data were collected using reliable sources, 
including “World Health Organization”. Thirdly, 
this study included variables that reflected almost 
same ethnicity, geographical, socioeconomic lev-
el, standardized health care system and diagnostic 
criteria to reduce confounding bias. Fourth, the 
study period is long starting from Jan 27 till July 
17, 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. One limitation of 
our study is that we examined the impact of tem-
perature and humidity on COVID-19 pandemic 
from the ten European countries, therefore, it is 
not appropriate to generalize the results globally. 

Conclusions 

In European countries an increase in rela-
tive humidity was allied with a decrease in the 
number of daily cases and deaths, however, an 
increase in temperature was associated with an 
increase in the number of daily cases and daily 
deaths due to COVID-19 pandemic. The findings 
have outcomes for policymakers and health of-
ficials about the impact of heat and humidity on 
the epidemiological trends of daily new cases and 
deaths due to COVID-19 pandemic in the Euro-
pean region. The studies regarding the impact of 

weather events on COVID-19 pandemic epidemi-
ological trends at regional levels may be focused 
to project the trends in regional weather events 
which as a result can improve public health read-
iness and mitigation. The similar epidemiological  
studies may also provide more accurate measures 
and assist in future planning to fight such pan-
demic situations. We also strongly believe that 
the required essential measures must be taken to 
control the source of infection and transmission 
to prevent the further spread of COVID-19 pan-
demic both at regional and international levels.  
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