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Abstract 

The  corona virus disease 2019 (COVID-19) has become a global pandemic 

with more than 4 million confirmed cases and over 280,000 confirmed deaths 

worldwide. Evidence exists on the influence of temperature and humidity on the 

transmission of related infectious respiratory diseases, such as influenza and 

severe acute respiratory syndrome (SARS). This study therefore explored the 

effects of daily temperature and humidity on COVID-19 transmission and 

mortality in Nigeria, the epicenter of COVID-19 in Nigeria. Correlation 

analysis was performed using incidence data on COVID-19 and meteorological 

data for the corresponding periods from 9th March to 12th May, 2020. Our 

results showed that atmospheric temperature has a significant weak negative 

correlation with COVID-19 transmission in Nigeria. Also, a significant weak 

negative correlation was found to exist between temperature and cumulative 

mortality. The strength of the relationship between temperature and the disease 

incidence increased when 1 week and 2 weeks’ pre detection delays were put 

into consideration. However, no significant association was found between 

atmospheric humidity and COVID-19 transmission or mortality in Nigeria. This 

study contributes more knowledge on COVID-19 and will benefit efforts and 

decision-making geared towards its control. 
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Introduction 

The novel corona virus disease 2019 (COVID-19) is currently a global 

pandemic. This infectious respiratory disease was first reported in Wuhan, 

China, in December 2019 . Symptoms commonly associated with COVID-19 
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include cough, fever, fatigue, and breathing difficulties, but sore throat, 

diarrhea, muscle pain, nasal congestion, and new loss of taste or smell may also 

occur. According to , there were 4,098,018 global confirmed cases and 283,271 

confirmed deaths worldwide as of 12th May 2020. 

Many respiratory viral infectious diseases such as those caused by the human 

respiratory syncytial virus (RCV), influenza virus, and human corona viruses 

show seasonal oscillation and are prevalent during winter . Transmission of 

influenza was found to increase in colder and drier conditions. In addition, the 

severe acute respiratory syndrome (SARS), caused by the corona virus SARS-

CoV, is affected by temperature . The fact that SARS and COVID-19 are caused 

by corona viruses and the outbreak of both diseases started during the winter 

seem to suggest that winter conditions could be promoting transmission of these 

infections . 

Several groups have been investigating how weather components like 

temperature and humidity can influence the transmission and mortality from 

COVID-19. A study in China that looked at about 429 cities revealed that 

temperature can change COVID-19 spread [9], while another study in Jakarta, 

Indonesia, found that temperature was correlated with COVID-19 transmission, 

whereas humidity did not have any correlation. However, another study by Yao 

et al. in 224 Chinese cities found no association between temperature or relative 

humidity and COVID-19 spread. Ma et al. also investigated COVID-19 

mortality and weather in Wuhan, China, and observed that temperature had a 

positive association with deaths, whereas relative humidity had a negative 

association with COVID-19 deaths. COVID-19 is still recent and there is 

limited knowledge on it. More studies are still needed to better understand this 

novel disease. 

Nigeria witnessed its first case of COVID-19 on the 27th of February 2020. 

There have been 4,787 confirmed cases and 158 confirmed deaths as of 

12th May, 2020. In this study, we explored how daily atmospheric temperature 

and humidity affect COVID-19 transmission in Nigeria state, the epicenter of 

the disease. This study contributes to the existing knowledge on this new disease 

and will aid efforts and decision-making geared towards its control. 

 

Methods 

Data Collection 

Incidence data on COVID-19 from 9th March to 12th May 2020 was obtained 

from the Nigeria state Ministry of Health (https://twitter.com/lsmoh?lang=en). 

https://twitter.com/lsmoh?lang=en
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Meteorological data such as atmospheric temperature and humidity for the 

periods corresponding to COVID-19 incidences were obtained from the weather 

section of Time and Date AS (https://www.timeanddate.com/weather/). 

 

Data Analysis 

Data obtained were imported into Microsoft Excel 2017 for trend line analysis. 

Thereafter, the data were also imported into SPSS 20.0 statistical software for 

descriptive and inferential statistics. The relationship between meteorological 

variables (temperature and humidity) and COVID-19 incidence/transmission or 

mortality was analyzed using the Spearman correlation test with the formula: 

where rs is the Spearman correlation, cov (rgx × rgy) is the covariance of the rank 

variables, and σrgxσrgy are the standard deviations of the rank variables. 

 

Results and Discussion  

The first case of COVID-19 in Nigeria was confirmed in Lagos on 27th February 

2020. While this index case was imported, the first case of local transmission (a 

contact of the index case) was confirmed on the 9th of March and the state has 

since remained the epicenter of the disease with a total of 2006 confirmed cases 

as of 12th May 2020 when data collection for this study was stopped. 

During the period of this study (9th March to 12th May 2020), Nigeria recorded 

a daily maximum incidence of 183 COVID-19 confirmed cases (Table 1; 

Figure 1). There were days when no single case was confirmed. A steady 

increase in the number of daily confirmed cases could be observed several days 

after the initial confirmed cases (Figure 1), implying that some community 

transmission had started to take place. The average minimum and maximum 

atmospheric temperatures in Nigeria within this period were 26.00 ± 1.66°C and 

33.38 ± 1.43°C, whereas the average minimum and maximum humidity were 

67.42 ± 4.90% and 91.14 ± 2.80% (Table 1). There was a cumulative incidence 

of 2006 COVID-19 confirmed cases and a cumulative mortality of 34 COVID-

19-related deaths. 

https://www.timeanddate.com/weather/
https://www.hindawi.com/journals/scientifica/2020/2562641/tab1/
https://www.hindawi.com/journals/scientifica/2020/2562641/fig1/
https://www.hindawi.com/journals/scientifica/2020/2562641/fig1/
https://www.hindawi.com/journals/scientifica/2020/2562641/tab1/
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Fig.1 

Temporal pattern of COVID-19 incidence, mortality, and meteorological 

factors(temperature and humidity) between9th March and 12th May 2020 In 

Nigeria 

Source: Author Research Work, 2021  

 

Table 1 shows the result of the correlation test between COVID-19 transmission 

and mortality in Nigeria and the meteorological factors, temperature and 

humidity. A significant weak negative correlation exists between atmospheric 

temperature (maximum and average temperature) and daily incidence of 

COVID-19 (r = −0.356 and −0.327; ). The same significant weak negative 

correlation existed between temperature (minimum, maximum, and average 

temperature) and cumulative incidence of COVID-19 (r = −0.302, −0.359, and 

−0.416; ). There was no significant correlation between temperature and daily 

mortality. However, there was a significant weak negative correlation between 

temperature (minimum, maximum, and average temperature) and cumulative 

mortality (r = −0.255, −0.305, and −0.316; ). No significant relationship was 

found to exist between humidity (minimum, maximum, and average) and 

COVID-19 transmission or mortality in Nigeria. 

https://www.hindawi.com/journals/scientifica/2020/2562641/tab2/
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COVID-19 symptoms typically start within 1–14 days after exposure to an 

infected person [1], and laboratory confirmation of positive cases could take 

additional days too. As such, the temperature and humidity on the day of 

positive confirmation of a case are not ideal parameters for correlational 

analysis. Considering this caveat, pre detection date adjustments of 1 week and 

2 weeks, respectively, were made for temperature and humidity, and the 

adjusted values were used to determine if there was any relationship with 

disease transmission. The correlation tests show that there was still a significant 

weak correlation between 1- and 2-week adjusted average temperature and daily 

COVID-19 transmission in Nigeria (r = −0.357, −0.384; ), as well as for 

cumulative incidence (r = −0.416, −0.460; ) (Table 2). It is interesting to note 

that the weak negative correlation observed gets stronger within the 1 week to 

2 weeks’ predetection delay period, consistent with the disease incubation 

window period mentioned above. Furthermore, there was no significant 

correlation between both adjusted average temperatures and daily COVID-19 

mortality, but a significant weak negative correlation existed between both 

adjusted average temperature and cumulative mortality (r = −0.373, 

−0.453; ) (Table 2). No significant correlation whatsoever occurred between 

any of the adjusted humidity values and COVID-19 transmission or mortality 

in Nigeria. 

The findings of this study are consistent with those from Shi et al. who also 

found a negative correlation between temperature and COVID-19 transmission 

in China, while at the same finding no correlation between humidity and the 

disease. Also, another study in Jakarta, Indonesia, reported an association 

between COVID-19 spread and temperature, but no association between the 

disease and humidity. While this study and the two aforementioned studies were 

on a relatively micro level, they concur with the findings of a macro level 

investigation by Decongest and colleagues. The large-scale study examined 

data from 21 different countries including France, Italy, Germany, Iran, Spain, 

Malaysia, Australia, the United Kingdom, and the United States of America and 

found out that temperature decreased the early spread of the disease. It remains 

to be seen how seasonal temperatures will affect COVID-19. 

The results from this study also differed in some aspects with other studies. Qi 

et al. found a negative correlation between average daily temperature and 

COVID-19 cases in mainland China similar to this study, but they observed a 

https://www.hindawi.com/journals/scientifica/2020/2562641/tab2/
https://www.hindawi.com/journals/scientifica/2020/2562641/tab2/
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correlation between humidity and the disease as well. Yao et al. investigated 

COVID-19 in about 224 cities in China and failed to find any correlation 

between the disease incidence and temperature or humidity. Correlation was 

found between COVID-19 mortality and temperature in Wuhan, as well as for 

mortality and humidity. It could be that the different conditions and limitation 

at our study location and the study locations of these other studies may have 

affected the outcomes of analyses. 

The following limitations may have influenced results from this study. First, the 

temperature range during the period of study was between 20°C and 35°C. 

Freezing temperatures or temperatures above 35°C may have some influence 

on COVID-19 transmission or mortality that our study would not be able to 

detect. Second, Nigeria is a very highly populated state and the close contact 

among people could positively influence disease transmission. Third, incidence 

or mortality figures may be underreported due to social stigmatization and other 

factors that could lead to infected persons avoiding laboratory testing or sick 

persons going to hospitals or isolation centers. Fourth, meteorological data were 

accessed remotely from satellites or obtained from meteorological agencies or 

weather websites, but these data may contain varying inaccuracies due to human 

or machine errors. Fifth, some COVID-19-related deaths also had underlying 

illnesses and the actual cause of death sometimes becomes unclear. Sixth, the 

novel corona virus, SARS-CoV-2, that causes COVID-19 could be genetically 

evolving in different geographic locations due to mutations and might not be 

exactly the same. The recent sequencing of SARS-CoV-2 from the Nigerian 

index case revealed genomic clusters that belong to different geographic clades. 

Future studies could determine if COVID-19 in different locations are due to 

the same strain of SARS-CoV-2 or if genomic mutations have somehow 

influenced their transmission and virulence. Lastly, COVID-19 is new and our 

study was conducted for a duration of about 2 months. Investigations lasting up 

to one year could reveal more about the disease and show if it exhibits 

seasonality like other respiratory diseases. 

Deductions from this study include some of the followings:  

(i) Considering the weak correlation between COVID-19 spread and 

atmospheric temperature between 26.00 ± 1.66°C and 

33.38 ± 1.43°C, conditions of higher temperatures (and possibly at 

equally high humidity) may have more profound negative effect on 

the disease transmission although such conditions might prove 

distressful or discomforting.  

(ii) (ii) COVID-19 may likely be no seasonal in places with weather 

conditions similar to the ones under which this study was carried out. 
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Efforts should therefore focus on finding suitable medications for 

treatment of COVID-19. While present efforts continue and 

progresses are made as some compounds have shown promise in 

vitro against SARS-CoV-2, more research and trials are still needed. 

Adoption of effective preventive measures such as wearing masks 

and practicing social distancing will be important in communities to 

curtail the spread of the disease. 

 

Table 2 

Demography and most affected age group by June 10th, 2020 

Demography                                                                    Most affected age 

group  

Male        Female  

9,117 (68%) 4,347 (32%)    31-40(24%) 
 

Source: Author Research Work, 2021-09-23 

 

Table2 shows the total registered cases with COVID-19 globally and the new 

cases in the last 24 h as per the 10th of June, 2020. It can be seen that Africa has 

the least number of cases with 2.03% out of all registered cases globally. The 

same can be seen from the number of deaths which amounted to 0.86% of global 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8112247/table/table-4/
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deaths by COVID-19. Moreover, Fig. 4 shows the epidemic curve of confirmed 

cases in Nigeria. In addition, figures in Table 5 shows Situation updates in 

numbers with the total cases (new cases in the last 24 hours) by June 10th, 2020. 

 

Table 3 

Situation in numbers by WHO Region. 

Total positive cases (new cases in the last 24 h), and total deaths (new cases in 

the last 24 h) by June 10th, 2020. 

Globally 7,145,539 cases 

(105,621) 

408,025 deaths 

(3,629) 

Africa 145,287 cases (4,789) 3,493 deaths (141) 

Americas 3,415,174 cases (48,923) 185,863 deaths 

(1,913) 

Eastern 

Mediterranean 

677,338 cases (18,724) 15,246 deaths (333) 

Europe 2,321,147 cases (17,786) 185,537 deaths (866) 

South-East Asia 392,674 cases (14,556) 10,741 deaths (365) 

Western Pacific 193,178 cases (843) 7,132 deaths 

(7,132) 

Note: 

Source: Situation Report–142 Data as reported by WHO from National 

Authorities by 10:00 CEST, by June 10th, 2020. 

 

Table 4 

Situation updates in numbers. 

Total positive cases (new cases in the last 24 hours) by June 10th, 2020. 

Sample 

tested 

Confirmed 

cases 

Affected 

states 

Discharged 

cases 

Confirmed 

fatalities 

82,935 

(2,987) 

13,464 (663) 36 (0) 4,206 (166) 365 (4) 3% 

CFR 

From the analysis of the map in Fig.  it can be seen that nitrogen dioxide 

pollution has been widely present around the city of Nigeria and its 

surroundings with high concentrations reaching 156.9 μmol/m2 and above 

575.7 μmol/m2, with Ikeja the capital of the city recording 505.9305 μmol/m2. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8112247/figure/fig-4/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8112247/table/table-5/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8112247/figure/fig-5/
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Oyo State generally has a much lower nitrogen dioxide emissions between 

−52.36 μmol/m2 to 471 μmol/m2 compared to Nigeria state, while Ibadan town 

has a concentration of 453.58 μmol/m2 at the time before lockdown. 

Nevertheless, the map representing lockdown period (Fig. 5A) shows a visible 

decrease in nitrogen dioxide concentrations, with Ikeja measuring a negative 

value of −60.41 μmol/m2 representing a decrease in Nitrogen dioxide 

concentration. Nigeria overall concentration is between −95.15 μmol/m2 and 

−25.05 μmol/m2. This indicated significant decrease in activities that generate 

NO2 due to lockdown restrictions. 

 

Conclusion 

COVID-19 is new and more studies and time will be required to better 

understand it. This study found out that there is a weak negative relationship 

between temperature and the spread of this disease, as well as its related 

mortality. Higher temperatures might reduce the disease transmission. The 

weak relationship between atmospheric temperature and COVID-19 incidence 

and mortality suggests that the disease may exhibit little or no seasonality unlike 

SARS or influenza, at least in places with similar weather conditions as in this 

study. 
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