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Abstract: Introduction: Environmental factors such as wind, temperature, humidity, and sun exposure are 

known to affect influenza and viruses such as severe acute respiratory syndrome (SARS) and Middle East 

Respiratory Syndrome (MERS) transmissions. COVID-19 is a new pandemic with very little information 

available about its transmission and association with environmental factors. The goal of this paper is to 

explore the association of environmental factors on daily incidence rate, mortality rate, and recoveries of 

COVID-19. Methods: The environmental data for humidity, temperature, wind, and sun exposure were 

recorded from metrological websites and COVID-19 data such as the daily incidence rate, death rate, and 

daily recovery were extracted from the government’s official website available to the general public. The 

analysis for each outcome was adjusted for factors such as lock down status, nationwide events, and the 

number of daily tests performed. Analysis was completed with negative binominal regression log link using 

generalised linear modelling. Results: Daily temperature, sun exposure, wind, and humidity were not 

significantly associated with daily incidence rate. Temperature and nationwide social gatherings, although 

non-significant, showed trends towards a higher chance of incidence. An increase in the number of daily 

testing was significantly associated with higher COVID-19 incidences (effect size ranged from 2.17–9.96). 

No factors were significantly associated with daily death rates. Except for the province of Balochistan, a 

lower daily temperature was associated with a significantly higher daily recovery rate. Discussion: 

Environmental factors such as temperature, humidity, wind, and daily sun exposure were not consistently 

associated with COVID-19 incidence, death rates, or recovery. More policing about precautionary 

measures and ensuring diagnostic testing and accuracy are needed.   
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1. Introduction  

COVID-19 is a novel corona virus which is currently treated as severe pneumonia [1] and reportedly 

has a very high human-to-human transmission risk [2,3]. COVID-19 was declared a Public Health 

Emergency of International Concern (PHEIC) in January 2020 [4] and in March 2020, the World Health 

Organization (WHO) declared COVID-19 a pandemic and since it has affected 213 countries and two 

international conveyances [5–7]. In Pakistan, the Ministry of Health and government of Pakistan confirmed 

the first case of COVID-19 on February 26, 2020 in Karachi, the capital of the province of Sindh [8]. The 

early cases of COVID-19 were reported in pilgrims returning from Iran, Iraq, and Syria who were crossing 

the bordering city Taftan, Balochistan, and reportedly then travelling to other cities, mainly to Karachi and 

Gilgit-Baltistan. Within a few weeks time, the numbers of COVID-19 cases soared rapidly; affecting every 

province and territory in Pakistan. Although initially COVID-19 was mainly reported in travellers, with 

time there was an increase in community transmission. To deal with the pandemic, and following the 

international protocol [9], the federal government-imposed lockdowns, travel restrictions, and a ban on 

mass public gatherings to control the spread of COVID-19.  

In Pakistan, a common public believe is that the transmission of COVID-19 will decrease with the 

rise in temperature during the summer season [10]. Human-to-human contact is key in the transmission of 

viral illnesses such as influenza, however environmental factors such as humidity, temperature [11,12], 

wind [13], and sun exposure [14] play an important role in disease transmission. In other corona viruses 

such as Middle East Respiratory Syndrome (MERS) [15–17] and severe acute respiratory syndrome 

(SARS) [18,19], climatic factors are known to affect viral transmission. Climatic factors such as 

temperature [20] and humidity [21] affects factors such as viral viability and persistence [12], as well as 

people’s behavior and decisions—such as meeting for social gatherings [22]. As compared to the better-

known corona viruses, COVID-19 is a novel infection and an exact comparison to transmission and 

mortality is not available. Comparisons are difficult, potentially due to the differences in transmission such 

as the rapid spread that created limitations in hospital resources that stretched hospitals beyond their 

capabilities [23]. Although many symptoms of COVID-19 are the same as the seasonal flu, COVID-19 is 

different than the common flu in terms of the incubation period, transmission, effects on age groups, and 

risk factors associated with COVID-19 [24].   

With the continuous increase in the number of COVID-19 cases and speculations about the second 

wave throughout the world, there is need for a high level of action, proper, and thoughtful planning, and 

management [25]. It will be important to explore the transmissibility of COVID-19 and any association 

with climatic factors that affect daily incidence, mortality, and recovery rate [26]. As Pakistan does not 

have uniform weather throughout all provinces and territories, having an understanding about the 

transmission of COVID-19 during natural environment and climatic changes will be helpful to support 

decision-making related to disease control. The goal of this article was to explore whether climatic factors 

such as humidity, wind, temperature, and sun exposure influence the transmission of COVID-19.  

2. Methods  

To conduct this analysis, data was collected from various websites and online sources as reported 

in previous studies [15,16,25,27,28], thus ethical approval was not needed. No web scrapping software 

or programs were used, and data was not altered in any regards. Data was compared to multiple other 

sources to confirm authenticity.  
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Population data: COVID-19 cases, deaths, recovery and daily testing for each province and, 

Islamabad, as well as Gilgit-Baltistan and Azad Kashmir were collected online [29–31] from March 

10 to July 10th, 2020.  

Weather data: Weather data [31–34] consisted of daily mean humidity and wind, daily maximum 

and minimum temperature and sun status. Reports of “broken clouds” and “partly sunny” were merged 

with “cloudy days”, and “scattered clouds” were merged with “sunny days”.  

Statistical analysis: Descriptively we reported the cumulative incidence data, deaths, and daily 

recovery for each province and territory. Continuous variable such as wind (KM/H), humidity (%) and 

temperature (oC) were reported with mean and standard deviation (SD); whereas categorical data such 

as daily tests, sunny days, lock down status were reported with numbers and proportions. 

Data was analyzed with a log link of negative binomial distribution using the generalized linear 

mixed model [35,36]. We chose to use a negative binominal regression model as it is more suitable for 

count data [36]. The model of fit was determined with the likelihood ratio [37] and the outcome for 

each territory was reported separately. Besides weather data, the analysis was also adjusted for other 

variables such as lock down status (lock down vs. smart lock down vs. no lock down) and maximum 

daily testing status (≥10,000 vs. <10,000). In March-May of 2020 there were few nationwide events 

that required mass gatherings during which standard operating procedures (SOP) were potentially 

compromised. The nationwide events included religious events that required mass gatherings, 

Ramadan (iftar parties), and Eid days. As the incubation period for COVID-19 is 3 to 14 days, we 

included the following 14 days as a continuation for each nationwide event. First, we analyzed the 

association of climatic factors, lock down status, maximum daily testing with outcomes variable in 

univarable analysis. All variables were included in the final analysis for COVID-19 incidence, but the 

analyses for daily deaths and recovery were not adjusted for lock down status, number of daily testing, 

and nationwide social events. As humidity correlates with temperature, the interaction between 

humidity and temperature [11] was included in our secondary analysis. The effect estimates were 

reported with odds ratio (OR) and 95% confidence intervals (CIs) and statistical analyses were 

conducted using SPSS v.25. statistical software.  

3. Results  

A summary of cumulative COVID-19 cases, deaths, and recoveries are reported in Table 1. As of 

July 10th, 2020, there were 246,351 confirmed cases of COVID-19—5,123 (2.07%) patients died and 

153,134 (62.16%) recovered. Sindh was the most affected province in the country, with a confirmed 

102,368 (41.55%) cases, whereas Azad Kashmir region (AZK) had the lowest cumulative cases of 

COVID-19 (0.62%). Daily mortality rate was highest in Khyber Pakhtunkhwa (KPK) (3.60%) 

followed by AZK (2.74%). Most recoveries occurred in Gilgit Baltistan (79.93%) followed by 

Islamabad (74.00%). Figure 1 shows cumulative COVID-19 cases, death, and recoveries. Figure 2 

shows the reported daily cases and tests conducted in Pakistan as well as the number of daily COVID-

19 cases corresponding with the number of daily tests and trends in daily cases over 123 days. The 

peaks in daily cases corresponded with the 3–14 day incubation period and were associated with 

nationwide events and the loosening of lock down restrictions.   
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Figure 1. Cumulative cases, deaths, and recoveries due to COVID-19. 

 

Figure 2. Daily COVID-19 cases and tests. Day 23 = Lock down started in Pakistan; Day 

24 = Nationwide event; Day 56 = 10000 tests/day target achieved; Day 61 = Loosening of 

lock down; Ramadan + Eid = Day 45–76; Day 76 = Eid Day; Day 98 = Beginning of 

selective lock down. 
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Table 1. Cumulative incidence, deaths, recovery and mean wind, humidity, temperature minimum (min) and maximum (max). 

REGION Cumulative 

incidence 

Cumulative 

Deaths 

Cumulative Recovery Total 

tests 

Mean 

Wind 

(KM/H) 

Mean 

Humidity (%) 

Mean  

Temperature-Max 

(C) mean (SD) 

Mean 

temperature-Min 

(C) mean (SD) 

Sunny 

Day 

Sindh 102,368 

(41.55%) 

1,713 (33.43%) 

(1.67%) * 

59,185 (38.64%) 

(57.81%) * 

254,559 

(33.36%) 

16.39 

(5.37) 

61.91 (11.63) 35.23 (3.60) 26.32 (4.25) 98 

(79.7%) 

Punjab 85,991 

(34.90%) 

1,985 (38.74%) 

(2.30%) * 

53,836 (35.15%) 

(62.60%) * 

302,720 

(39.67%) 

11.95 

(7.35) 

53.41 (15.67) 34.13 (6.19) 22.06 (5.7) 103 

(83.7%) 

KPK 29,775 

(12.08%) 

1,074 (20.96%) 

(3.60%) * 

20,271 (13.23%) 

(68.08%) * 

84,842 

(11.11%) 

14.19 

(6.83) 

52.24 (15.62) 31.86 (6.59) 20.63 (5.73) 83 

(67.5%9) 

Balochistan 11,128 

(4.51%) 

126 (2.45%) 

(1.132%) * 

7,224 (4.71%) 

(64.91%) * 

33,283 

(4.36%) 

18.24 

(11.99) 

32.08 (18.07) 28.37 (7.50) 16.86 (7.33) 102 

(82.9%) 

Islamabad 13,927 

(5.65%) 

147 (2.86%) 

(1.05%) * 

10,441 (6.81) 

(74.96%) * 

65,634 

(8.601%) 

12.53 

(8.09) 

50.83 (20.38) 31.43 (6.20) 20.21 (5.49) 63 

(51.2%) 

Gilgit 

Baltistan 

1,630 

(0.66%) 

36 (0.7%) 

(2.20%) * 

1,303 (0.85%) 

(79.93%) * 

12,579 

(1.64%) 

2.60 (2.49) 58.19 (19.64) 25.60 (6.79) 13.50 (5.95) 60 

(48.8%) 

Azad 

Kashmir 

1,532 

(0.62%) 

42 (0.81%) 

(2.74%) * 

94 (0.58%) 

(58.35%) * 

9,437 

(1.23%) 

4.39 (5.88) 57.35 (18.51) 28.11 (6.21) 16.14 (5.09) 60 

(48.8%) 

Total 246,351 

1109 cases/million 

5,123 (2.07%) 

23 deaths/million 

153,134 (62.16%) 

689 recoveries/million 

763,054  

Note: KPK: Khyber Pakhtunkhwa; * = proportions from the total cases of each region 
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Table 2. COVID-19 daily cases—univariable analysis [OR (95%CI)]. 

 SINDH PUNJAB KPK BALOCHISTAN ISBD GILGIT AZK 

Wind 1.11 

(1.06, 1.15) 

1.04 

(1.00, 1.07) 

1.04 

(1.01, 1.07) 

1.01 

(0.99, 1.03) 

1.01 

(0.99, 1.04) 

1.01 

(0.93, 1.10) 

0.99 

(0.95, 1.02) 

Humidity 1.03 

(1.01, 1.04) 

0.98 

(0.97, 0.99) 

0.96 

(0.95, 0.97) 

0.98 

(0.97, 0.99) 

0.98 

(0.97, 0.99) 

0.99 

(0.98, 1.00) 

0.97 

(0.96, 0.98) 

Temperature Daily Max 1.59 

(1.45, 1.74) 

1.20 

(1.15, 1.24) 

1.18 

(1.14, 1.21) 

1.12 

(1.09, 1.15) 

1.22 

(1.18, 1.26) 

1.05 

(1.02, 1.08) 

1.19 

(1.14, 1.23) 

Temperature Daily min 1.30 

(1.26, 1.34) 

1.15 

(1.12, 1.18) 

1.23 

(1.19, 1.28) 

1.11 

(1.08, 1.15) 

1.28 

(1.24, 1.33) 

1.04 

(1.01, 1.07) 

1.18 

(1.14, 1.23) 

Sunny Day (Sunny day; Ref = No) 0.76 

(0.49, 1.18) 

1.15 

(0.71, 1.85) 

0.54 

(0.37, 0.79) 

1.18 

(0.74, 1.90) 

0.41 

(0.29, 0.59) 

0.68 

(0.47, 0.99) 

0.40 

(0.28, 0.588) 

Lock down stat (Ref = Lock down 

period) 

3.2 

(2.12, 4.81) 

2.92 

(1.94, 4.40) 

2.20 

(1.46, 3.31) 

2.42 

(1.60, 3.65) 

9.29,  

(6.13, 14.10) 

2.42 

(1.57, 3.73) 

5.06 

(3.15, 8.14) 

Smart lock down stat (Ref = Lock 

down period) 

7.87 

(4.77, 12.97) 

4.76 

(2.89, 7.85) 

4.22 

(2.55, 6.95) 

2.51 

(1.51, 4.14) 

14.11 

(8.50, 23.41) 

3.09 

(1.83, 5.20) 

17.71 

(10.19, 30.80) 

Nationwide Events* 0.74 

(0.52, 1.06) 

1.12 

(0.78, 1.61) 

1.00 

(0.70, 1.44) 

1.72 

(1.20, 2.47) 

1.53 

(1.06, 2.19) 

1.08 

(0.74, 1.57) 

0.80 

(0.55, 1.16) 

10000/Daily Test 10.28 

(7.20, 14.68) 

8.43 

(5.9, 12.04) 

6.88 

(4.81, 9.84) 

6.58 

(4.59, 9.44) 

26.46 

(18.30, 38.25) 

2.81 

(1.93, 4.08) 

16.64 

(10.85, 25.53) 

COVID-19 Daily Cases—Multivariable Analysis [OR (95%CI)] 

 SINDH PUNJAB KPK BALOCHISTAN ISBD GILGIT AZK 

Wind 1.010 

(0.969, 1.053) 

1.009 

(0.980, 1.039) 

0.998 

(0.968, 1.028) 

1.020 

(0.999, 1.041) 

0.997 

(0.973, 1.022) 

0.985 

(0.904, 1.073) 

0.974 

(0.939, 1.010) 

Humidity 0.996 

(0.977, 1.015) 

1.001 

(0.983, 1.019) 

1.010 

(0.992, 1.028) 

1.004 

(0.989, 1.019) 

1.015 

(1.004, 1.026) 

1.001 

(0.991, 1.011) 

0.999 

(0.984, 1.014) 

Temperature Daily Max 1.075 

(0.965, 1.197) 

1.044 

(0.986, 1.106) 

1.009 

(0.916, 1.106) 

1.017 

(0.949, 1.090) 

1.068 

(1.004, 1.136) 

1.027 

(0.969, 1.089) 

1.011 

(0.941, 1.085) 

Continued on next page 
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 COVID-19 Daily Cases—Multivariable Analysis [OR (95%CI)] 

SINDH PUNJAB KPK BALOCHISTAN ISBD GILGIT AZK 

Temperature Daily min 1.130 

(1.040, 1.228) 

1.043 

(0.989, 1.101) 

1.150 

(1.040, 1.271) 

1.055 

(0.996, 1.117) 

1.105 

(1.032, 1.182) 

0.984 

(0.925, 1.046) 

1.012 

(0.942, 1.087) 

Sunny Day (Sunny day; Ref = No) 0.959 

(0.587, 1.567) 

1.209 

(0.720, 2.029) 

0.979 

0.606, 1.58 

0.780 

(0.470, 1.296) 

1.047 

(0.680, 1.612) 

1.154 

(0.701, 1.900) 

0.976 

(0.594, 1.604) 

Lock down stat (Ref = Lock down 

period) 

1.025 

(0.426, 2.465) 

0.611 

(0.263, 1.421) 

0.401 

0.169, 0.951 

0.344 

(0.198, 0.598) 

0.674 

(0.352, 1.293) 

1.550 

(0.882, 2.725) 

0.636 

(0.273, 1.485) 

Smart lock down stat (Ref = Lock 

down period) 

2.868 

(0.624, 13.175) 

1.222  

(0.240, 6.217) 

0.552 

0.111, 2.751 

0.180 

(0.073, 0.446) 

0.754 

(0.292, 1.949) 

1.608 

(0.671, 3.851) 

3.243 

(1.069, 9.843) 

Nationwide Events* 1.963 

(0.844, 4.565) 

2.262 

(0.991, 5.161) 

1.710 

0.759, 3.855 

1.010 

(0.589, 1.733) 

1.761 

(1.008, 3.079) 

1.025 

(0.624, 1.684) 

2.803 

(1.581, 4.969) 

10000/Daily Test 3.273 

(1.115, 9.609) 

5.548 

(1.955, 15.74) 

4.9305 

(1.622, 14.833) 

9.963 

(4.049, 24.514) 

9.496 

(3.644, 24.748) 

2.173 

(1.031, 4.580) 

9.470 

(3.473, 25.819) 

Note: * Includes both religious or nation-wide social event that required mass gatherings or when the SOP were potentially not strictly followed. KPK: Khyber Pakhtunkhwa; ISBD: 

Islamabad; GILGIT: Gilgit Baltistan; AZK: Azad Kashmir. The p-value for the model fit for each region (analysis) was <0.001. 

 

 

 

 

 

 



861 

AIMS Public Health                                                                                                                                                           Volume 7, Issue 4, 854–868. 

Table 3. COVID-19 daily deaths—univariable analysis [OR (95%CI)]. 

 SINDH PUNJAB KPK BALOCHISTAN ISBD GILGIT AZK 

Wind 1.10 

(1.05, 1.14) 

1.05 

(1.02, 1.09) 

1.02 

(1.00, 1.05) 

1.029 

(1.00, 1.05) 

0.99 

(0.96, 1.02) 

0.99 

(0.84, 1.16) 

0.99 

(0.92, 1.05) 

Humidity 1.04 

(1.02, 1.06) 

0.99 

(0.97, 1.00) 

0.96 

(0.95, 0.97) 

0.96 

(0.95, 0.98) 

0.98 

(0.97, 1.00) 

0.98 

(0.96, 1.00) 

0.97 

(0.95, 0.99) 

Temperature Daily 

Max 

1.45 

(1.29, 1.62) 

1.20 

(1.15, 1.26) 

1.15 

(1.11, 1.19) 

1.09 

(1.05, 1.14) 

1.18 

(1.12, 1.25) 

1.15 

(1.07, 1.24) 

1.24 

(1.12, 1.37) 

Temperature Daily 

min 

1.46 

(1.36, 1.56) 

1.26 

(1.20, 1.32) 

1.17 

(1.12, 1.21) 

1.07 

(1.03, 1.12) 

1.27 

(1.18, 1.36) 

1.15 

(1.07, 1.24) 

1.23 

(1.12, 1.35) 

Sunny Day 0.98 

(0.56, 1.41) 

1.11 

(0.67, 1.81) 

0.52 

(0.35, 0.78) 

1.94 

(1.05, 3.56) 

0.42 

(0.25, 0.69) 

0.23 

(0.09, 0.56) 

0.26 

(0.11, 0.58) 

COVID-19 Daily Deaths—Multivariable Analysis [OR (95%CI)] 

 SINDH PUNJAB KPK BALOCHISTAN ISBD GILGIT AZK 

Wind 1.018 

(0.976, 1.062) 

1.019 

(0.985, 1.054) 

1.009 

(0.979, 1.040) 

1.020 

(0.996, 1.045) 

0.969 

(0.932, 1.007) 

0.913 

(0.741, 1.124) 

0.947 

(0.871, 1.029) 

Humidity 1.001 

(0.980, 1.023) 

1.005 

(0.985, 1.029) 

1.002 

(0.982, 1.023) 

0.981 

(0.961, 1.002) 

1.017 

(0.994, 1.040) 

0.998 

(0.970, 1.028) 

0.986 

(0.955, 1.017) 

Temperature Daily 

Max 

1.057 

(0.957, 1.168) 

1.076 

(0.982, 1.16) 

1.100 

0.997, 1.213 

1.085 

(0.988, 1.191) 

1.100 

(1.001, 1.209) 

1.026 

(0.900, 1.169) 

1.108 

(0.953, 1.288) 

Temperature Daily 

min 

1.421 

(1.307, 1.544) 

1.194 

(1.11, 1.296) 

1.065 

(0.973, 1.166) 

1.002 

(0.921, 1.091) 

1.197 

(1.087, 1.317) 

1.105 

(0.981, 1.245) 

1.143 

(1.004, 1.301) 

Sunny Day 1.093 

(0.640, 1.864) 

1.63 

(0.94, 2.81) 

0.955 

0.589, 1.54 

2.066 

(1.094, 3.902) 

0.870 

(0.459, 1.650) 

0.386 

(0.120, 1.240) 

0.883 

(0.307, 2.536) 

Note: The p-value for the model fit for each region was <0.001. 
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Table 4. COVID-19 daily recoveries (negative binomial)—univariable analysis [OR (95%CI)]. 

 SINDH PUNJAB KPK BALOCHISTAN ISBD GILGIT AZK 

Wind 1.15 

(1.10, 1.20) 

1.01 

(0.98, 1.03) 

1.02 

(0.99, 1.05) 

1.01 

(0.99, 1.03) 

0.97 

(0.95, 0.99) 

1.03 

(0.95, 1.12) 

0.93 

(0.89, 0.97) 

Humidity 1.06 

(1.05, 1.08) 

0.99 

(0.97, 1.00) 

0.97 

(0.96, 0.98) 

0.97 

(0.98, 0.98) 

0.97 

(0.95, 0.98) 

0.98 

(0.97, 0.99) 

0.99 

(0.97, 1.00) 

Temperature Daily 

Max 

1.92 

(1.70, 2.18) 

1.42 

(1.36, 1.48) 

1.29 

(1.25, 1.34) 

1.26 

(1.22, 1.30) 

1.43 

(1.37, 1.49) 

1.06 

(1.04, 1.09) 

1.13 

(1.10, 1.17) 

Temperature Daily 

min 

1.76 

(1.66, 1.86) 

1.19 

(1.16, 1.21) 

1.34 

(1.29, 1.39) 

1.20 

(1.17, 1.24) 

1.58 

(1.50, 1.67) 

1.10 

(1.07, 1.14) 

1.31 

(1.24, 1.39) 

Sunny Day 0.76 

(0.49, 1.18) 

0.42 

(0.26, 0.69) 

0.77 

(0.52, 1.12) 

1.33 

(0.83, 2.14) 

0.31 

(0.21, 0.44) 

0.46 

(0.32, 0.68) 

0.72 

(0.49, 1.05) 

COVID-19 Daily Recoveries—Multivariable Analysis [OR (95%CI)] 

 SINDH PUNJAB KPK BALOCHISTAN ISBD GILGIT AZK 

Wind 1.031 

(0.995, 1.069) 

0.977 

(0.949, 1.006) 

0.992 

(0.962, 1.023) 

1.021 

(1.000, 1.043) 

0.906 

(0.878, 0.934) 

1.039 

(0.948, 1.138) 

0.992 

(0.975, 1.009) 

Humidity 1.028 

(1.012, 1.044) 

1.023 

(1.003, 1.043) 

1.016 

(0.994, 1.038) 

0.992 

(0.978, 1.008) 

1.048 

(1.027, 1.069) 

0.987 

(0.975, 0.998) 

0.859 

(0.809, 0.913) 

Temperature Daily 

Max 

1.069 

(0.956, 1.196) 

1.361 

(1.276, 1.445) 

1.15 

(1.041, 1.269) 

1.212 

(1.128, 1.303) 

1.350 

(1.255, 1.452) 

0.996 

(0.954, 1.039) 

1.075 

(1.010, 1.144) 

Temperature Daily 

min 

1.673,  

(1.559, 1.796) 

1.132 

(1.093, 1.172) 

1.206 

(1.108, 1.314) 

1.035 

(0.972, 1.102) 

1.338 

(1.246, 1.436) 

1.117 

(1.060, 1.177) 

1.308 

(1.217, 1.405) 

Sunny Day 0.989 

(0.596, 1.642) 

1.858 

(0.932, 3.705) 

1.51 

0.741, 1.789 

0.911 

(0.531, 1.561) 

1.288 

(0.819, 2.025) 

0.763 

(0.502, 1.160) 

3.010 

(1.751, 5.175) 

Note: The p-value for the model fit for each region was <0.001. 
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The association of various factors with daily COVID-19 cases, deaths, and recovery are reported 

in Tables 2, 3, and 4. In univariable analysis, humidity was associated with a lower incidence of 

COVID-19; whereas temperature, lock down status, and number of daily tests were associated with 

higher daily incidence rate. Humidity was also associated with a decrease in death and recovery rates, 

whereas temperature was associated with higher death and recovery rates. 

Results of adjusted analysis: Results of the adjusted analysis for daily new cases, deaths, and 

recoveries are reported in Table 2, 3 and 4, respectively. In multivariable analysis, except >10,000 

tests per day, no other variable was consistently associated with an increase in the number of daily 

cases (Table 2). With more than 10,000 tests per day, the effect estimates (OR) ranged from 2.173 to 

9.963. In multivariable analysis, none of the climatic factors were associated with daily COVID-19 

incidence. Daily temperature showed a non-significant trend towards higher daily incidence which 

became more obvious with reports of daily low temperatures, although low temperatures showed a 

trend towards higher COVID-19 incidence. Similarly, nationwide events showed non-significant but 

consistent trends towards increased incidence of infection. Lock down status was not associated with 

daily incidence rate but mostly showed trend towards high daily incidence rate.  

In multivariable analysis, no variable was consistently associated with daily death rates or daily 

recoveries through all regions (Table 3 and 4). Daily low temperatures showed a trend towards higher 

recovery rate. The analysis of interaction between temperature and humidity was not significant for all 

three outcomes.  

4. Discussion  

Our goal was to explore the association of four important environmental factors; wind, humidity, 

temperature, and daily sun exposure with respect to the transmission of COVID-19. We adjusted our 

analysis for other important variables such as lock down status, nation wide social events, and daily testing 

for the COVID-19. The multivariable analysis showed trends for higher odds and increased COVID-19 

incidence with low daily temperature. However, high temperature was not significantly associated with the 

daily COVID-19 incidence. The multivariable analysis showed that the number of daily tests performed 

was the only factor significantly associated with increased daily incidence of COVID-19. Contrary to 

common belief, climatic factors—particularly temperature and humidity, did not have consistent 

association with daily COVID-19 cases. Nationwide social events and lock down status mostly showed a 

non-significant trend towards increased COVID-19 daily incidences. In the multivariable analysis, no 

factor showed a consistent association with daily deaths or recoveries throughout all regions. For daily 

recoveries, daily low temperatures showed a trend towards higher recovery rate.  

5. Conclusion 

To the best of our knowledge, this is the first study to investigate the association between 

environmental factors, daily tests, nation wide events and lock down status with daily COVID-19 

incidence, recoveries, and death dues to COVID-19 in Pakistan. Our study did not show an association 

between the environmental factors and daily COVID-19 cases, deaths, and recoveries and thus the 

speculations that the COVID-19 will decrease with warm temperature was not supported. A recent report 

suggested that weather may alter COVID-19 transmission but may not completely eliminate it [43,54]. 
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Due to social beliefs among the Pakistani nation, national and local governments need to take rigorous 

measures to educate people about the importance of social distancing as it remains our strongest method 

of prevention [42]. Stronger strategies and resources at the national and local levels of government are 

needed to increase daily testing for COVID-19.More research is needed to explore the true effect of 

environmental factors such as wind, temperature, humidity, and sun exposure while adjusting for other 

important factors such as age, gender, socioeconomic factors, underlying comorbidities with daily risks 

of COVID-19 spread, mortality and recovery, and therefore having more testing, and thus more data, is 

critical to understanding the true effects and patterns of the virus. 

Strengths and limitations 

The key strengths of this study were firstly, the analysis was adjusted for other key variables such 

as lock down status, number of daily testing, and nationwide mass social gatherings. Secondly, we 

explored the effect of various climatic factors on different outcomes, which makes the interpretation 

broad. Thirdly, data was collected on daily basis rather than on a weekly or monthly basis. Limitations 

of our study are due to the nature of the data utilized, we could not adjust for socioeconomic status, 

gender, air pollutants and comorbidities. As well, data was collected mainly from publicly available 

websites compared to data used in a population-based study design, however the data was collected 

through authentic websites and was compared with multiple sources for accuracy.   

Relevance to literature and current trends of COVID-19  

In Pakistan, temperatures did not show significant association with the COVID-19 daily 

incidence. However, a trend for increased incidence of COVID-19 was noted with lower 

temperatures. Similarly, inconsistent association of temperature with the COVID-19 incidence was 

also reported [38] in Hubei, China, where temperature showed a significant reduction in COVID-19 

cases, but similar associations with temperature were not reported in other parts of China.39 Our 

results differed from previous studies [31,39–41] that showed significant association of 

environmental factors such as temperature, wind, humidity with incidences of COVID-19 deaths and 

recoveries. One potential explanation for the variation between our results and the previous studies 

could be due to differences in the analysis plan. Previous studies [31,39–41] analyzed the association 

between environmental factors and COVID-19 incidence with correlation analysis. We measured 

association between environmental factors and COVID-19 incidence, death rates and recoveries 

using regression. Regression is a more suitable analysis method than correlation when predictive 

association of a variable is desired with the outcome and allows adjusting for other variables that 

can potentially affect the outcome [42]. Zhu [43] analyzed data using generalized additive method 

(GAM) and piecewise linear regression to determine the association between COVID-19 incidence 

and environmental factors. Zhu [43] did not report significant association of temperature with 

COVID-19 incidence, which concur with our results. Our findings also support the current 

international trend of COVID-19. On June 8th, 2020 New Zealand declared the nation free from 

COVID-19 and lifted all restrictions [44]. June is winter in New Zealand with an average temperature 

of 11.5°C, ranging from 15°C during the day to 8°C at night [45]. If the temperature had influenced 

COVID-19 spread, then it should not have experienced dramatic reductions in reported COVID-19 

cases. New Zealand initially imposed very strict lock down measures and surveillance for COVID-
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19 that were considered effective in reducing the transmission of COVID-19, but as New Zealand 

loosened the restrictions new cases of COVID-19 began to emerge [46,47]. Also, in countries such 

as India and Brazil with more moderate-to-warm climate, high temperatures did not show effects on 

reported daily COVID-19 cases [48,49]. In a lab study by Chin et al [50], the COVID-19 virus 

became inactive after 30 minutes at 56°C and 5 minutes at 70°C. If temperature has association with 

COVID-19 transmission, such high environmental temperatures are not likely in day-to-day life. The 

only finding that consistently showed significant association with daily COVID-19 incidence was 

increased daily testing. This also aligns with international trends found in countries with higher 

reported COVID-19 cases like the United States of America, where they have had the resources to 

perform more testing. 

Clinical implications 

In multivariable analyses, only daily testing was associated with higher odds of daily COVID-19 

incidence. In most regions, lock down status showed trend for lower odds of COVID-19 incidence and 

although non-significant, nationwide mass gatherings did show consistent trends towards high 

incidence. As compared to New Zealand and China, lock down status in Pakistan was not significantly 

associated with COVID-19 incidence. One possible explanation for the lack of association with lock 

down status could be due to the majority of the Pakistani nation’s social beliefs, potentially people did 

not follow lock down restriction and SOP strictly [51,52]. This pattern shows that social distancing 

remains a vital prevention strategy. COVID-19 is the third major corona virus outbreak after SARS 

and MERS, both which showed some variation with weather, but it was precautionary measures such 

as the policies adopted at the international, national, and public level that proved effective in 

controlling the major outbreaks of these viruses [53]. 
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