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Abstract 

  

Background: COVID-19 was first reported in Erbil province  in Iraq on March 19, 2020. 

The effect of lockdown on reducing the spread of the novel coronavirus and the effect of 

weather conditions (air temperature and humidity) on the daily reported number of cases and 

death rate of COVID-19 were investigated during April to July, 2020. 

Objective: To investigate the effect of lock down on reducing the spread of the novel 

coronavirus pandemic and the effect of weather conditions (air temperature and humidity) on 

the daily reported number of cases and death rate of COVID-19. 

Patients and Methods: The data collected during three different periods, the first (total 

lockdown), followed by the second period of lockdown relaxation, which was followed by 

the third period (interrupted relaxation of lockdown) that reported hundreds of new cases 

daily. The real-time PCR .assay was performed on suspected COVID-19  patients according 

to  the protocol established by the World Health Organization. 

Results: Temperature and relative humidity were recorded in Erbil city in Iraq. Patients’ age 

ranged (2-70) years old. Out of (1469) patients confirmed positive with COVID-19, 57.7% of 

them were males, 31.3% were females, and the rest (11%) were children. The mean number of 

patients per day was 32.77 during the period of interrupted relaxation lockdown which was 

significantly higher than in the total-lock down period (3.88 patient), and the relaxation 

lockdown period (1.93 patient). The mortality rate per day was 0.77 during the period of 

interrupted relaxation lockdown was significantly higher than the rates (0.0%) of the other 

periods. Moreover, increasing the temperature increased the number of confirmed cases in July 

while, low relative humidity significantly increased the rate of reported cases.  
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Conclusion: The increase in the number of reported cases of COVID-19, might be related to 

the interruption of lockdown. Moreover, the daily reported cases and mortality rates 

increased by increasing the temperature from April to June.  

Keywords: COVID-19, humidity, temperature, pandemics, Kurdistan region, Iraq  

  

Introduction

   Coronavirus disease 2019 (COVID-19), 

caused by SARS-CoV-2,  at the first 

appeared  in a  group of patients  suffering 

from  pneumonia of unknown causes  in the 

Hubei province of China, and  afterward 

spreads  via global travel to many other 

countries in the world [1]. Due to the  

emerging as a third highly pathogenic disease 

that rises in the last 20 years,  on eleventh  

February, 2020. The International Committee 

on Taxonomy of Viruses has named the virus 

into severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) .On March 

11
th

, 2020 the disease was considered by the 

WHO as a pandemic [2]. 

   Countries put stringent measures in place , 

sometimes called lockdowns, in response to 

the intense transmission. Many have used the 

time to ramp up their ability to test, trace, 

isolate and care for patients, which is the best 

way to track the virus, slow the spread and 

take pressure off the health systems.  

However, such strong measures have come at 

a cost and we recognize the serious socio-

economic impact of the lockdowns, which 

have had a detrimental effect on many 

people's lives.To date thereis no specific  

effective vaccine, and  specific treatment, 

however, the protection and  control measure 

are the best ways  for prevention of  its 

transmission, [3]. 

   There are several factors,  contribute in  

transmission of viruses, such as 

environmental  conditions (including  

temperature and humidity), the quality of  

medical care and   the  density of population 

[4]. 

   Many infectious diseases show a seasonal 

pattern in their incidence. An onerous burden 

for health care systems around the globe, 

including human coronaviruses (HCoV-

229E, HCoV-HKU1, HCoV-NL63, and 

HCoV-OC43), which usually cause to  mild 

respiratory  symptoms, which are more active  

in  the winter season [1]. The mechanism  

related to these patterns of  weather 

estimation that lead to possible transmission  

and infection is due to  the ability of the virus 

to  maintain in external environmental 

conditions before  getting into  a host [5].  It 

has been reported that rising in  temperature 

and adequate humidity, significant inactivate 

coronaviruses while cold and dry weather  

mediate  the virus for long time survival  on 

different types of  surfaces and facilitate its 

transmission [6].Therefore, understanding the 

relationship between weather and the 

transmission of COVID-19 is key to forecast 

the intensity and end time of this epidemic.    

   The aims of this study were investigating 

the effect of lock down on reducing the 

spread of the novel coronavirus pandemic 

and the effect of weather conditions (air 

temperature and humidity) on the daily 

reported number of cases and death rate of 

COVID-19.  
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Patients and Methods 

   The study analyzed the daily number of 

reported cases, the death rate of the 

coronavirus disease (COVID-19) in Erbil city 

in Iraq   from the 1
st
 of April to the 3

rd 
of July 

2020. The data was obtained from the Erbil 

public hospitals records, knowing that during 

the study period, every positive patient 

(according to PCR) was admitted to the 

hospital irrespective of symptoms. Age and 

gender of patients were also obtained. The 

effect of lockdown control measures and 

weather parameters (temperature and 

humidity) have been studied too. 

Confirmation of the diagnosis was done by 

molecular technique real time PCR.  The 

study was conducted during three different 

periods. The first one (total lockdown), at the 

start of the epidemic in Erbil, followed by the 

second period of lockdown relaxation, which 

was followed by the third period (interrupted 

relaxation of lockdown) that reported 

hundreds of new cases daily. Weather 

parameters (temperature and   relative 

humidity) have been recorded from the 

website: (timeanddate.com). The study was 

approved by the Ethics Committee of Health 

Sciences College, Hawler Medical 

University. A questionnaire designed by the 

researchers was used to collect the personal 

data of patients. 

Statistical analysis 

   The Statistical Package for Social Sciences 

(SPSS) version 25, was used for data entry 

and analysis. Numerical variables were 

presented in the form of means and standard 

deviations (SDs), while categorical variables 

were summarized and presented by 

calculating the proportions. One way analysis 

of variance (ANOVA) was performed  to 

compare the means of three groups, and a 

post hoc test (LSD) was used to compare 

every two groups. Pearson correlation 

coefficient (r) was used to assess the strength 

of correlation between two numerical 

variables. Multiple regression was used 

where the dependent variable was the number 

of patients. A P value of ≤ 0.05 was 

considered to be statistically significant. 

Results 

   The total number of patients who have been 

admitted to   hospitals specialized for the 

novel coronavirus was 1469. Their mean age 

(±SD) was 39.77 ± 17.16 years, the median 

was 41 years. The age range was 2-77 years. 

Table 1 shows that the highest proportion of 

the patients (21.9%) was aged 40-49 years, 

while those below 20 years were less 

affected. More than half (57.7%) of the 

sample were males, 31.3% were females, and 

the rest (11%) were children (unknown 

gender because the data was not available).
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Table (1): Age and gender distribution of  patients 

  No. (%) 

Age (years)     

< 10 95 (6.5) 

10-19 102 (6.9) 

20-29 225 (15.3) 

30-39 260 (17.7) 

40-49 321 (21.9) 

50-59 254 (17.3) 

≥ 60 212 (14.4) 

Mean (±SD) 39.77 (±17.16) 

Gender     

Male 848 (57.7) 

Female 460 (31.3) 

*Child (Unknown gender) 161 (11.0) 

Total 1469 (100.0) 
                                      *child(Unknown gender)sex of children is not available in the records 

It is evident in Figure (1) that the number of 

daily cases started to increase during the third 

period of lockdown (interrupted relaxation 

lockdown). 

 
Figure(1): Number of daily cases by time 

 

Note: The period of total lockdown extended 

from the 1
st
 of April through the 10

th
 of May. 

The period of relaxation lockdown extended 

from the 11
th

 of May through the 25
th

 of 

May. The period of interrupted relaxation 

lockdown extended from the 26
th

 of May to 

the 3
rd

 of July.The mean number of patients 

per day was 32.77 during the period of 

interrupted relaxation lockdown which was 

significantly (P < 0.001) higher than that of 

the total lockdown period (3.88 patient), and 

also significantly (P < 0.001) higher than that 

of the relaxation lockdown period (1.93 

patient).  

   None of the patients died during the period 

of total lockdown, and during the period of 
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relaxation lockdown, but it is evident in 

Table (2) that the mean number of deaths per 

day was 0.77 during the period of interrupted 

relaxation lockdown which was significantly 

higher than the rates (0.0%) of the other 

periods. 

Table (2): Means of number of patients and number of deaths by periods of lockdown 

   Period N 

(days) 

Mean SD p 

(ANOVA) 

LSD 

groups 

p (LSD) 

No. of 

patients 

  

  

A) Total 

lockdown 

40 3.88 7.796   A X B 0.683 

B) Relaxation 

lockdown 

15 1.93 4.574   A X C < 0.001 

C) Interrupted  

relaxation 

lockdown 

39 32.77 22.693 < 0.001 B X C < 0.001 

  Total 94 15.55 21.259       

No. of 

deaths 

  

  

A) Total 

lockdown 

40 0.00 <0.001   A X B >0.999 

B) Relaxation 

lockdown 

15 0.00 <0.001   A X C 0.001 

C) Interrupted  

relaxation 

lockdown 

39 0.77 1.495 0.001 B X C 0.010 

  Total 94 0.32 1.029       

 

It is evident in Table (3) and Figure (2) that 

there was a positive significant correlation 

between the number of patients per day and 

the temperature, whether the high 

temperature (r = 0.593, P < 0.001) or the low 

temperature (r = 0.441, P < 0.001), while 

there was a negative significant correlation 

between the number of patients and the 

humidity (r = -0.540, P < 0.001). Regarding 

the number of deaths per day, the same 

pattern can be observed, and all the 

correlations were significant, but the strength 

of the correlation was less. 

Table (3): Correlation between number of patients and number of deaths with the environmental 

temperature and humidity 

  No. of patients Deaths 

  r P r P 

High Temp.  °C 0.593 < 0.001 0.328 0.001 

Low Temp. °C 0.441 < 0.001 0.251 0.015 

Mean humidity -0.540 < 0.001 -0.266 0.009 

 

Table (4) shows that there was positive 

significant correlation between the number of 

patients and the high temperature (B = 1.61, 

P = 0.008); also, with the period of relaxation 

(B = 18.104, P = 0.016). 
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Figure (2): Correlation between number of patients, number of deaths, temperature, and humidity 

 

Table (4): SPSS output of multiple regression analysis where the dependent variable is the number of 

patients 

 Unstandardized 

Coefficients 

Standardized 

Coefficients 

  95.0% Confidence 

Interval for B 

  B Std. 

Error 

Beta t p Lower 

Bound 

Upper 

Bound 

(Constant) -50.292 25.489   -1.973 0.052 -100.947 0.362 

High Temp. 

°C 

1.619 0.599 0.524 2.702 0.008 0.428 2.809 

Low Temp. 

°C 

-0.135 0.418 -0.044 -0.323 0.747 -0.966 0.696 

Mean 

humidity 

0.279 0.257 0.203 1.087 0.280 -0.232 0.790 

Interrupted 

relaxation 

-9.812 6.319 -0.170 -1.553 0.124 -22.369 2.746 

Relaxation 

lockdown 

18.104 7.379 0.422 2.453 0.016 3.440 32.768 

 

 Discussion 

   The mean age (±SD) was 39.77 ± 17.16 

years, the median was 41 years. The 

proportion of males (57.7%) was nearly 

double the proportion of females (31.3%), 

and the children constituted 11% (unknown 

gender because the data were not available). 

A Chinese study, on COVID-19 patients, 

found that the median age was 49 years and 

73% were males [7]. Another study reported, 

that the children aged 10 years and less 

accounted for just 1% of all COVID-19 cases 

[8]. Another study,  suggested that SARS-

CoV-2  infection in adults is  more frequent 

and severe than in children :this is could be 

related to  deference in  expression  of adults  
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ACE2 receptor [9]. Another study reported 

that the median age of the patients was 56 

years, with approximately equal proportions 

of males and females [10]. While others 

reported that more than half of the incidences 

were male and the proportion of them  ranged 

from 51.4% to 73.2% [11]. It has been 

concluded that no age is exempted from this 

viral infection, as it was reported even in a 

one-month-old infant [12]. In addition, a 

study observed that 77.8% of the patients are 

between 30-69 years old and 51.4% are male 

[13]. According to another study, the higher 

mortality rate of  COVID-19 cases among the 

elderly people  is related to  presence of  co 

morbidities, a weak immune and respiratory 

system [14]. 

   In this study the males were more than 

females, and this could be due to the fact that 

males are more exposed to the environment 

and they work outside their homes, while a 

considerable proportion of the women in 

Erbil are housewives. In addition to that 

smoking is expected to be more common 

among males, which may contribute to the 

higher number of male patients [15]. 

   This study showed a marked increase in the 

number of cases and deaths during the period 

of interrupted relaxation lockdown. This 

could be attributed to opening the borders 

between the Iraqi cities. The problem is that 

asymptomatic persons can transmit the 

disease especially when there is 

overcrowding, knowing that this period 

preceded the Muslim’s EID, and usually 

people go to the markets and malls, and many 

go to mosques to pray where there is 

overcrowding. 

In consistent to our results, a study reported 

that if these control measure  are lifted 

completely , while there are still  high 

percentage of the population are at risk to 

keep the (R0) more than one the number of 

infections would increase, in line  with 

increased contacts  basically ,  interferences 

are lifted slowly, to avoid a significant  

increase in infection,  in regard to logistical 

and practical reasons. Another study 

[16]reported that the lockdown measures may 

have averted 3.1 million deaths from 

COVID-19 across      [11] European 

countries, including 470 000 in the UK, 

however, the researchers warn that European 

countries are very far from achieving herd 

immunity, as less than 4% of their 

populations were infected with SARS-CoV-2 

up to the 4th of May, when lockdowns started 

to be lifted.  A study done in Wuhan, the 

origin of the COVID 19, focused on the 

effects of relaxation of lockdown. The study 

reported  that the  gradually  lockdown 

relaxation  in March, a second wave of cases 

might occur in the   mid-summer. Therefore, 

the alternative strategies should be taken after 

relaxation, such as the use of face masks, 

temperature checks, and  social distance , are 

now needed [17, 18]. 

   The correlation between the numbers of 

deaths with the numbers of daily cases in our 

study coincides with the results of a previous 

study that reported the absolute values of the  

mortality  may differ , even with  limited 

testing; the information on the number of 

cases can be directly   related to  the deaths  

rate caused by SARS-CoV-2. For instance,   

in the countries (AUS) 1.7%  

and(ITA)14.3%, with a world average of 

8.4%.  indicating that in countries  with a 

high mortality rate   have  a higher rate of  

unrecorded cases [2]. 
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   It has been estimated that the reproduction 

number (R0) in (Beijing, Shanghai, 

Shenzhen, Wenzhou, and the ten Chinese 

provinces outside Hubei) on Jan 23 has 

become  lower than 1 after the 

implementation of non-pharmaceutical 

control measures were applied [19]. On the 

other hand, premature relaxation of 

interventions, may lead to transmissibility 

exceeding 1 again—i.e, the second wave of 

infections. The R0 reproductive number is 

the average number of new  cases that result 

from a single infected person in a whole 

exposed  population [20]. The R0  value can 

be changed vary by some  factors that affect  

the contact rate among   population ,  like 

physical distancing and lockdowns strategies  

in order to  decrease the R0  under 1 [21].     

  According to another study, an initial 

evaluation of COVID-19 transmission 

dynamics showed that the R0 of COVID-19 

is estimated to be1.4–3.9 [12].  Depending on 

control measures and other factors, cases may 

come in waves of different heights (with high 

waves signaling major impact) and in 

different intervals. Between 2
nd

 and 29
th

 

March European countries  applied non-

pharmaceutical interventions to control the 

COVID-19 epidemic including social 

distancing,  prohibit large gatherings, closing 

schools, and stopping all unessential travel. 

Accordingly, the study indicated that the 

―Lockdown has had a really dramatic effect 

on reducing the rate of transmission, and 

without it there would have been many more 

deaths from COVID-19‖ The US researchers  

found that without anti-contagion policies in 

place, the  early rates of SARS-CoV-2  daily 

infection  increased  rapidly  up to  68% in 

Iran [4]. 

   Erbil is the city located in north of Iraq. 

Over the course of the year, the period of 

summer season starts from, ( June 3
th

 to 

September 16
th

) with an average daily 

temperature upto 36.11⁰C while, the winter 

season starts from (November 24
th

 to March 

13
rd

) with an average daily temperature under 

17.77⁰C. Moreover, the level of humidity 

mostly stay constant 0% throughout year  

does not vary significantly over the course of 

the year, remaining a virtually constant 0% 

throughout. However, raising  the 

temperature in the hot months did not –

decrease  the –transmission    of coronavirus 

while, the number of  positive cases  raised 

quickly in the middle of May with relaxation 

of lockdown, as presented in Table (3) and 

Figure (2). 

   In order to understand whether high 

temperature reduces the transmission of a 

novel coronavirus, the daily number of 

reported cases and the mortality rate in 

relation to the weather condition were 

analyzed. We observed that these parameters 

increased with rising temperature and with   

decreasing relative humidity. A similar 

finding was reported from an Iranian study, 

which reported  that the increasing 

temperature has no  influence on the R0 and 

the transmission  of COVID-19 in Bushehr, 

Iran. In agreement with our results, another 

study, found that y that the number of 

COVID-19 cases would not be reduced in a 

warmer temperature. Moreover,   revealed a  

direct  relationship between  temperature and 

COVID-19 cases in  which  a 1⁰C rise in the 

mean temperature  lead to a 4.9% increase in 

the daily  reported cases [22]. Unlike 

humans, bats are constantly flying and 

exercising, in order to compensate for the 
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constant release of energy, bats regularly 

increase their body temperature to between 

(38°C and 41°C). As a result, pathogens 

inside bats evolve to withstand warmer 

conditions and are able to resist fevers and 

continue to proliferate when transmitted to 

humans [23]. 

   On the other hand, it has been reported that 

the mechanism underlying these weather  

conditions is  related to the capability of the 

virus to  maintain in external environmental 

conditions  before  getting into  a suitable  

host. The virus  can survive for  up to 5 days 

at temperatures between 11-25ºC and relative 

humidity  between 40-50 %. The virus is also 

sensitive to humidity, it is expected that the 

humidity in the air affect the transmissibility 

of respiratory viruses, once the pathogens 

have been expelled from the respiratory tract 

by sneezing, they literally float in the air and 

they do so far longer period when the 

humidity is greater [24]. 

   In contrast to our results, a study observed 

no relations between the daily temperature , 

the relative humidity and R0 value. The 

temperature has a less  effective  than  

relative humidity, due to a larger daily  

variation in relative humidity  in compare  to 

the temperature [25].  It has been   found  

that, in winter under dry cool environmental 

conditions , with low humidity helps  viral 

aerosols maintain for a longer period  in air 

because of their small  sizes,  which   

facilitating   the spread of the virus. However 

in warm rainy  season  regions , the virus via 

large aerosol particles  easily spread  , in the 

relatively-low temperature and near-

saturation humidity [26].They also showed 

that the rate of  incidence of the novel 

coronavirus was  indirectly related to 

humidity. Another study  performed in Hong 

Kong between11 March and 22 May 2003 

showed that as temperature increased from 

15ºC up to 29ºC, SARS-CoV-2 incidences 

sharply decreased,  until they  completely  

disappeared. Moreover, they thought that if 

the temperature increase up to 30°C, because 

the transmission of  virus survival will be 

reduced  but, the virus will be absolutely  

eliminated. It has also been revealed  a 

negative association between COVID-19 

case  mortality and temperature, as they 

investigated that the fatility of respiratory 

diseases    significantly increased with 

reducing  the temperature [2, 22]. Finally, it 

has been estimated that activity of  the virus  

decrease in  higher temperatures and higher 

relative humidity (38°C and  95%) 

respectively  [27]. 

Conclusions  

   Our result concluded that the interruption 

of lockdown has an obvious effect an 

increase in the   number of   COVID-19 

cases. Moreover, the temperature variation 

increased in   the daily reported cases and 

death rates from April to June in our region. 

Recommendations   

   Owing to the wide spread of the virus in 

our community, low level of herd immunity 

and limited health care quality, therefore, 

control measures such as social distancing, 

quarantine of contacts, hand washing, and 

using face masks are highly recommended to 

reduce the number of cases and hence the 

mortalities.More comprehensive studies are 

needed to study the effect of the 

environmental parameters on the spread of 

the novel virus. 
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