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Abstract
A flu-like disease (COVID-19) caused by a novel coronavirus has emerged in Wuhan, China in December, 2019 that is shortly turned into a public health concern globally. The effect of climatic variables on COVID-19 transmission is of paramount importance. However, the interactions are still controversial. This study investigated the association between climatic factors and COVID-19 spread in Dhaka megacity, Bangladesh. Data on the daily confirmed new cases of COVID-19 and climate parameters were collected from March 8, 2020 to April 30, 2020 in Dhaka City, Bangladesh. A log-linked negative binomial regression model was applied to estimate the association between climatic factors and transmission of COVID-19 cases. The daily new confirmed cases of COVID-19 were found positively associated with 14-days moving average of the daily average temperature (AvgT) and Relative Humidity (RH). Each 1°C increase of AvgT was associated with 2.76 times increase of daily confirmed new cases whereas 1% increase of RH was linked to an increase of 18% of the daily confirmed new cases of COVID-19. The study also found RH to be the stronger predictor and moderator between the AvgT and the daily cases of COVID-19 in Dhaka City. The results provide no evidence that COVID-19 could fade out itself when warmer season arrives. Thus, effective public health control measures must be implemented to prevent further transmission of COVID-19. 
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1. Introduction
In December 2019, a flu-like symptom induced by a novel coronavirus occurred in Wuhan, China (Xie and Zhu 2020). Subsequently, it quickly spread throughout the country and to further hit many other countries severely (Auler et al. 2020). The World Health Organization (WHO), later, on March 11, 2020, declared the disease as a pandemic over the novel coronavirus causing an illness known as COVID-19 (Bashir et al. 2020). With a very high transmission rate, the COVID-19 has spread globally in more than 200 countries. As of April 30, 2020, the WHO reported 3,096,626 confirmed cases and 217,896 deaths globally (World Health Organization 2020). 
Previous studies have shown that environmental variables significantly affect the growth and activity of respiratory viral disease (Tan et al. 2005; Bi et al. 2007; van Doremalen et al. 2013; Park et al. 2020). For instance, the emergence of severe acute respiratory syndrome (SARS) coronavirus outbreak in China was detected in the November of 2002 and faded out itself as the warmer season started from around July 2003 (Tan et al. 2005). A previous study has observed that SARS-CoV survived at low ambient temperature and relative humidity on surfaces over 5 days, but rapidly disappeared at 38 °C and higher humidity (>95%) (Chan et al. 2011). A significant relation between climate condition and the incidence rate of MERS-CoV was reported in Saudi Arabia (Altamimi and Ahmed 2020).
The current epidemiological research indicates that climate conditions can affect the transmission of COVID-19 infection (Wu et al. 2020). The SARS-CoV-2 reported a long resistance period at 4 ° C but was reduced to 5 minutes when the temperature increased to 70 ° C (Chin et al. 2020). Several studies have investigated the influence of climatic factor on the transmission of COVID-19 in different geographical regions, however, interactions are still unclear (Liu et al. 2020; Xie and Zhu 2020; Ma et al. 2020; He et al. 2020; Bashir et al. 2020). Recent research conducted by Xie and Zhu (2020) in 122 cities in China found that each 1°C rise in average temperature (below 3°C) was correlated with an increase of 4.861 per cent in new reported COVID-19 cases per day. A global study conducted by  Wu et al. (2020) found a negative association between meteorological parameters and daily reported new COVID-19 cases and deaths. Therefore, it is reasonable to assume that climate conditions may also have a significant impact on COVID-19 transmission in subtropical regions such as Bangladesh.
Bangladesh is a member country of the World Health Organization located in the eastern side of the South Asia region (Zahirul Islam et al. 2018). The country is characterized by a humid subtropical climate with a distinct seasonal variation in warm temperature, rainfall, and humidity. The monthly mean temperature of the country ranges from 18.85 to 28.75 °C (Rahman and Lateh 2017). Approximately 75% of the total rainfall occurs in the monsoon season (May-September) with an annual average of 2428 mm (Rahman and Lateh 2017). In Bangladesh, the first corona case was detected on March 8, 2020. The country confirmed its first death due to coronavirus on March 18. As of April 30, 7667 confirmed cases and 168 deaths were reported in Bangladesh (IEDCR 2020). As COVID-19 continues to spread rapidly throughout Bangladesh, studying the relationship between climatic variables and COVID-19 spread could bring useful recommendation in the coming months for decision-makers and public. However, no study is reported so far on whether and how climatic conditions can affect the COVID-19 spread in Bangladesh. Therefore, this research aims toto examine the association between climatic factors and transmission of COVID-19 in Dhaka Megacity, Bangladesh. The findings of the present study will add more knowledge into the evidence on the climatic implications of COVID-19 from a megacity of developing country context. 
2. Materials and Methods
2.1 Study Area
Dhaka is one of the fastest-growing megacities in the world with 14.2 million of population (Bangladesh Bureau of Statistics 2014). The city is comprised of a total area of 304.17 km2 (Roy et al. 2019). The climate of the city is tropical monsoon (hot and humid weather with seasonal variation). The mean annual temperature, rainfall and relative humidity of the city are 26.1°C, 2149 mm and 65.1% respectively (Zahirul Islam et al. 2018). The first COVID-19 case of Bangladesh was detected in Dhaka City on March 8, 2020. The City has become the epicentre of COVID-19 transmission in the whole country since then. By April 30, a total of 3751 cases were confirmed in Dhaka City, which is about 49% of total confirmed cases in Bangladesh (IEDCR 2020).
2.2 Data 
Data on daily confirmed new cases of COVID-19 were collected from the official press release of the Institute of Epidemiology, Disease Control and Research (IEDCR) from March 8, 2020 to April 30, 2020. Daily climate data such as average temperature (AvgT), average dew point, rainfall (Rain) and wind speed (WS) of Dhaka City for same study periods were collected from the National Oceanic and Atmospheric Administration (NOAA) (https://www.ncei.noaa.gov/access/search/data-search/global-summary-of-the-day) website. 

2.3 Relative humidity (RH) calculation from Dew point
Following Lawrence (2005) and Wu et al. (2020), the average dew point was used to calculate the relative humidity (RH). The relative humidity is measured as the ratio of the actual pressure of water vapour (E) to the equilibrium pressure of water vapor (EW) at ambient temperature. The following equation is used for calculation of relative humidity: 
Relative humidity = E/EW×100%
On the other hand, the dew point is estimated as the temperature at which a parcel of air needs to be cooled at an initial temperature to become saturated with water vapour. First, we calculated the actual vapor pressure (E) from the dew point temperature. Then, the Magnus formula was used to calculate the saturated vapor pressure (Eo) from the actual temperature (Lawrence, 2005): 
E=Eo×eAt/B+t
where values of the coefficients are: A = 17.625, B = 243.04°C, and Eo = 6.11 mb. t (°C) is the actual or dew point temperature.

2.4 Statistical Analysis
As all of the variables used in this study are quantitative, a descriptive analysis including mean, standard deviations, maximum and minimum was calculated for all the variables. We used Shapiro-Wilk test to check the data normality. Since the data failed to meet the normal distribution, the parametric test is not appropriate for the analysis. Therefore, a non-parametric test, Spearman correlation, was conducted to examine whether any significance exists between climatic variables and daily confirmed new cases. SPSS statistics software version-20 was used for the analysis.  
Poisson or negative binomial regression is the possible distribution in the case of this study as the daily confirmed new case (response variable) is count data (Lindén and Mäntyniemi 2011). However, the response variable was over-dispersed given that the variances were larger than their mean. Thus, a negative binomial regression was suggested over Poisson to assess the association between climatic factors and COVID-19 cases (Lindén and Mäntyniemi 2011). Data of the daily average temperature (AvgT), relative humidity (RH), rainfall (Rain), and wind speed (WS) were included as independent variables in the model. Since the latent period of COVID-19 is 1-14 days long (Tosepu et al. 2020), it is appropriate to employ a moving-average concept to compensate for the potential delayed effects of the covariates (Li et al. 2018). Therefore, we considered 14 days moving average for all the climatic parameters. Several models with different combinations of predictor variables were performed to get the best-fit model. The model considering all four independent variables are displayed here as follows:
𝐸(𝑦t) = µt
log µt = β0 + β1 AvgT + β2 RH + β3 Rain + β4 WS
where 𝑦t is the daily confirmed new cases at day t, µt is the expectation of 𝑦t, β0 represents the intercept, β1, β2, β3, β4 is the regression coefficients of 14 days moving average of the daily average temperature (AvgT), relative humidity (RH), rainfall (Rain) and wind speed (WS) respectively. 
Model performance was determined based on the Akaike information criterion (AIC) value.  The best-fit model was selected based on the lowest value of AIC (Akaike 1974). The MASS package of R software (version 4.0) was used for analyses. The incidence rate ratio (IRR) was estimated as exponents of regression coefficients. 

3. Results
Table 1 summarizes the descriptive statistics of daily confirmed new cases and climate variables of Dhaka City, Bangladesh from March 8, 2020 to April 30, 2020. A total of 3751 cases were considered in this study over the study period. The average value of daily confirmed new cases was 69.46. The mean value of the daily average temperature (AvgT), relative humidity (RH), rainfall (Rain) and wind speed (WS) was 27.59 (°C), 62.37%, 2.39 mm, and 0.68 m/s respectively. 
[bookmark: _Hlk42466838][Table 1: Summary statistics of daily confirmed new cases of COVID-19 and climate variables in Dhaka City, Bangladesh, March 8 - April 30, 2020.  ]

Fig.1. shows that there were potential variations in the incidence of daily confirmed new cases with climatic factors. About 84% (3143) of total confirmed cases reported after April 17, 2020. During this period, the daily average temperature fluctuated between 24.56 °C and 29 °C and relative humidity varied from 66.97% to 89.91%. The daily rainfall and wind speed also showed variations. 
[bookmark: _Hlk42463614]
[Fig. 1. Temporal distribution of daily confirmed new cases of COVID-19 and climate variables in Dhaka City, Bangladesh from March 8, 2020 to April 30, 2020.]
Table 2 shows the Spearman correlation coefficients between climate variables and daily confirmed new cases of COVID-19 in Dhaka City. The daily confirmed new cases had a positive correlation with all the climatic variables. All these variables were significantly correlated except for average temperature. The relative humidity (r = 0.77) showed stronger association with daily confirmed new cases compared to rainfall (r = 0.36) and wind speed (r = 0.33).
[bookmark: _Hlk42466990][Table 2 Spearman correlation between daily confirmed new cases of COVID-19 and climate variables. ]

A log-link negative binomial regression model was employed to estimate the association between climatic factors and COVID-19 cases. A total of 15 models (supplementary table 1) were constructed based on various combinations of given independent variables. Of these, the best-fitting model with AIC 338.62 (lowest as better) included daily new cases, daily average temperature (AvgT), relative humidity (RH) and rainfall (Rain). AvgT (1.01, 95% CI: 0.81 - 1.24) and RH (.17, 95% CI: 0.14 - 0.20) was statistically significant in the model (Table 3). 
Fig. 2 shows an association of climatic factors with the daily confirmed new cases of COVID-19. The daily confirmed new cases of COVID-19 was found positively associated with AvgT and each 1°C increase was associated with 2.76 times increase of daily confirmed new cases. Similarly, RH also showed a positive relationship with daily confirmed new cases and every 1% increase of RH was linked to an increase of 18% of the daily confirmed new cases of COVID-19. 

[bookmark: _Hlk42467102][Table 3 Negative binomial regression model result] 

[Fig. 2. Association of AvgT and RH with Daily Confirmed New Cases of COVID-19; (a) The X-axis represents the 14-day moving average of the daily average temperature (°C) (AvgT). The Y-axis represents the natural log transformation of daily confirmed new cases of COVID-19 (b) The X-axis represents the 14-day moving average of Relative Humidity (%) (RH). The Y-axis represents the natural log transformation of daily confirmed new cases of COVID-19. The shadow area represents 95% confidence interval. ]

4. Discussion
This study has explored the association between climate variables and the daily confirmed new COVID-19 cases in the Dhaka megacity, Bangladesh by using a log-linked negative binomial regression model. Our findings show that daily average temperature (AvgT) and relative humidity (RH) had a significant positive association with the number of daily new cases. This indicates that warm weather may not inhibit COVID-19 transmission. 

There is evidence that temperature-human health relationship may differ depending on the climatic settings of the country around the world (Hajat and Kosatky 2010). The findings in our research match with the recent research in which temperature was found to be a significant predictor of the transmission of respiratory syndrome viruses such as SARS (Tan et al. 2005), MERS-CoV (Altamimi and Ahmed 2020) and SARS-CoV-2 (Ma et al. 2020). Altamimi & Ahmed (2020) reported that each of 1°C rise in monthly average temperature related to 5.4% increase in monthly cases of MERS-CoV. An earlier study conducted in the capital city of Indonesia found a significant relation of daily mean temperature with COVID-19 transmission (Tosepu et al. (2020). A recent preprint study also reported a positive association between average temperature and daily confirmed cases in 6 Asian cities (He et al. 2020). A study performed in Wuhan, China, reported a positive association of high diurnal temperature ranges (DTR) with deaths to COVID-19 (Ma et al. 2020). Our study also indicates that an optimum temperature is linked with COVID-19 transmission. Approximately 84% of the cases occurred when daily mean temperature varied between 24°C and 29°C. This result corresponds with Tan et al. (2005) where they observed an optimum temperature between 16°C to 28°C are associated with the growth of SARS virus. Alghamdi et al. (2014) found that temperatures varied between 20°C and 35°C were linked with a high incidence rate of MERS-CoV. Therefore, our results suggest that COVID-19 is seasonally independent and that warm weather is unlikely to prevent the spread of this epidemic.  

Researchers have investigated that low humidity constitutes a significant risk factor for influenza virus transmission (Davis et al. 2016; Gardner et al. 2019; Liu et al. 2020) because of its high stability in cold and dry condition (Steel et al. 2011). The influenza virus favors its survival at 20%-30% while at 80% relative humidity it disappears completely (Lowen et al. 2007). An important study conducted by Li et al. (2018) found that low absolute humidity (AH) had a significantly higher risk of infection with H7N9 virus. Qi et al. (2020) reported that an increase of 1% humidity associated with 11% to 22% decrease in daily corona cases in Hubei province in China. However, these correlations were not compatible with other Chinese cities. A global study conducted by Wu et al. (2020) also reported negative association of relative humidity with daily number of corona cases. Our study, however, contradict with these results and showed that 1% increase of relative humidity associated with 18% increase of COVID-19 cases. The majority (over 80%) of cases occurred at a relative humidity between 66.97% and 89.91%. These findings are consistent with a recent study conducted in nine Asian cities where they found a positive influence of high relative humidity on daily confirmed COVID-19 cases (He et al. 2020). Thus, our study found no evidence that coronavirus could vanish itself when the warmer season arrives. 
An important finding of our study is the interactive effect of climatic variables on COVID-19 cases. When considering AvgT as a single parameter in the model, it cannot significantly affect the transmission of COVID-19 cases (Supplementary Table). In addition, there was no significant association observed between AvgT and COVID-19 cases in the Spearman test. However, AvgT showed a positive association with COVID-19 cases after adjusting other climatic parameters (Table 1 and Supplementary Table). On the other hand, RH demonstrated a significant positive association with COVID-19 cases during both single and interactive conditions A similar observation was found (Poirier et al. 2020) in Wuhan, China. Thus, our findings indicate that RH could be the single robust predictor of COVID-19 transmission in Dhaka city, in other words, if AvgT were linked to spread of COVID-19, RH would have a significant role in moderating the effect on transmission. The findings on the interactive effect of climatic factors should be considered when assessing the weather effects on COVID-19 transmission. 

5. Limitations
Some limitations should be acknowledged when interpreting the results of this study. First, our analysis has considered only one area, so it is not sufficient to conclude our findings for the whole of Bangladesh. Moreover, our study duration is short, which might limit the significant variation of many covariates within such a short period. Hence, we encourage researchers to further explore the association between climate variables and COVID-19 transmission, considering a long period of dataset covering all regions of Bangladesh. Second, the low COVID-19 detection rate inevitably underestimated the actual number of confirmed cases to be addressed in future research. So, it can be assumed that the number of tests conducted may be a strong predictor for a city like Dhaka. Third, meteorological parameters cannot solely predict the transmission of COVID-19. Other factors, such as population density, population mobility, population immunity status, healthcare infrastructure, atmospheric pollutant concentration and socio-economic condition, which may also affect the COVID-19 transmission. These variables were not evaluated in this research because of mono-city study. Finally, the extent public health measures including social distancing, quarantine, isolation and individual hygiene practices affected the transmission of COVID-19 in Dhaka, need to be explored in the future study.

5. Conclusion
To our knowledge, this is the first study exploring the association between climatic factors and daily confirmed new cases of COVID-19 in Bangladesh. Our findings show that the daily average temperature (AvgT) and relative humidity (RH) was positively associated with daily confirmed new cases of COVID-19. No evidence was found that COVID-19 could fade out itself when summer comes. Therefore, public health control strategies such as social distancing, quarantine, and promoting good practice of hygiene might be effective for preventing the further transmission of COVID-19. 

Contribution of authors

MMP conceptualized the study, prepared and analyzed data as well as wrote the manuscript.
FKS supervised the study in the conceptualization and analyzed, reviewed and edited manuscript
MRH helped in conceptualizing the study, sourced data, reviewed and edited the manuscript. 

[bookmark: _GoBack]Statement of data availability
The data is available at https://github.com/fkshuvo/DhakaCovid19Data 

Ethical statement
Ethics approval was not required for this study as the study did not collect any human specific data. All the data used are collected through secondary sources.

Statement on conflict of interest
There is no potential conflict of interest to declare among the authors. 




References
Akaike, H. 1974. "A new look at the statistical model identification."  IEEE Transactions on Automatic Control 19 (6):716-23. doi: 10.1109/TAC.1974.1100705.
Alghamdi, Ibrahim G., Issam I. Hussain, Shaia S. Almalki, Mohamed S. Alghamdi, Mansour M. Alghamdi, and Mohammed A. El-Sheemy. 2014. "The pattern of Middle East respiratory syndrome coronavirus in Saudi Arabia: a descriptive epidemiological analysis of data from the Saudi Ministry of Health."  International journal of general medicine 7:417-23. doi: 10.2147/IJGM.S67061.
Altamimi, Asmaa, and Anwar E. Ahmed. 2020. "Climate factors and incidence of Middle East respiratory syndrome coronavirus."  Journal of Infection and Public Health 13 (5):704-8. doi: https://doi.org/10.1016/j.jiph.2019.11.011.
Auler, A. C., F. A. M. Cássaro, V. O. da Silva, and L. F. Pires. 2020. "Evidence that high temperatures and intermediate relative humidity might favor the spread of COVID-19 in tropical climate: A case study for the most affected Brazilian cities."  Science of The Total Environment 729:139090. doi: https://doi.org/10.1016/j.scitotenv.2020.139090.
Bangladesh Bureau of Statistics. 2014. "Population & Housing Census-2011: National Volume-3: Urban Area Report." In. Dhaka, Bangladesh: Bangladesh Bureau of Statistics, Statistics and Informatics Division.
Bashir, Muhammad Farhan, Benjiang Ma, Bilal, Bushra Komal, Muhammad Adnan Bashir, Duojiao Tan, and Madiha Bashir. 2020. "Correlation between climate indicators and COVID-19 pandemic in New York, USA."  Science of The Total Environment 728:138835. doi: https://doi.org/10.1016/j.scitotenv.2020.138835.
Bi, P., J. Wang, and J. E. Hiller. 2007. "Weather: driving force behind the transmission of severe acute respiratory syndrome in China?"  Internal Medicine Journal 37 (8):550-4. doi: 10.1111/j.1445-5994.2007.01358.x.
Chin, Alex, Julie Chu, Mahen Perera, Kenrie Hui, Hui-Ling Yen, Michael Chan, Malik Peiris, and Leo Poon. 2020. "Stability of SARS-CoV-2 in different environmental conditions."  medRxiv:2020.03.15.20036673. doi: 10.1101/2020.03.15.20036673.
Davis, Robert E., Erin Dougherty, Colin McArthur, Qiu Sue Huang, and Michael G. Baker. 2016. "Cold, dry air is associated with influenza and pneumonia mortality in Auckland, New Zealand."  Influenza and Other Respiratory Viruses 10 (4):310-3. doi: 10.1111/irv.12369.
Gardner, Emma G., David Kelton, Zvonimir Poljak, Maria Van Kerkhove, Sophie von Dobschuetz, and Amy L. Greer. 2019. "A case-crossover analysis of the impact of weather on primary cases of Middle East respiratory syndrome."  BMC Infectious Diseases 19 (1):113. doi: 10.1186/s12879-019-3729-5.
Hajat, Shakoor, and Tom Kosatky. 2010. "Heat-related mortality: a review and exploration of heterogeneity."  Journal of Epidemiology and Community Health 64 (9):753. doi: 10.1136/jech.2009.087999.
He, Zonglin, Yiqiao Chin, Jian Huang, Yi He, Babatunde O. Akinwunmi, Shinning Yu, Casper J. P. Zhang, and Wai-kit Ming. 2020. "Meteorological factors and domestic new cases of coronavirus disease (COVID-19) in nine Asian cities: A time-series analysis."  medRxiv:2020.04.15.20066613. doi: 10.1101/2020.04.15.20066613.
IEDCR, Institute of Epidemiology Disease Control and Research 2020. "Covid-19 Status Bangladesh." Accessed May 7. https://www.iedcr.gov.bd 
Li, Yapeng, Xi-Ling Wang, and Xueying Zheng. 2018. "Impact of weather factors on influenza hospitalization across different age groups in subtropical Hong Kong."  International Journal of Biometeorology 62 (9):1615-24. doi: 10.1007/s00484-018-1561-z.
Lindén, Andreas, and Samu Mäntyniemi. 2011. "Using the negative binomial distribution to model overdispersion in ecological count data."  Ecology 92 (7):1414-21. doi: 10.1890/10-1831.1.
Liu, Jiangtao, Ji Zhou, Jinxi Yao, Xiuxia Zhang, Lanyu Li, Xiaocheng Xu, Xiaotao He, et al. 2020. "Impact of meteorological factors on the COVID-19 transmission: A multi-city study in China."  Science of The Total Environment 726:138513. doi: https://doi.org/10.1016/j.scitotenv.2020.138513.
Lowen, Anice C., Samira Mubareka, John Steel, and Peter Palese. 2007. "Influenza Virus Transmission Is Dependent on Relative Humidity and Temperature."  PLOS Pathogens 3 (10):e151. doi: 10.1371/journal.ppat.0030151.
Ma, Yueling, Yadong Zhao, Jiangtao Liu, Xiaotao He, Bo Wang, Shihua Fu, Jun Yan, Jingping Niu, Ji Zhou, and Bin Luo. 2020. "Effects of temperature variation and humidity on the death of COVID-19 in Wuhan, China."  Science of The Total Environment 724:138226. doi: https://doi.org/10.1016/j.scitotenv.2020.138226.
Park, Ji-Eun, Woo-Sik Son, Yeonhee Ryu, Soo Beom Choi, Okyu Kwon, and Insung Ahn. 2020. "Effects of temperature, humidity, and diurnal temperature range on influenza incidence in a temperate region."  Influenza and Other Respiratory Viruses 14 (1):11-8. doi: 10.1111/irv.12682.
Poirier, Canelle, Wei Luo, Maimuna S Majumder, Dianbo Liu, Kenneth Mandl, Todd Mooring, and Mauricio Santillana. 2020. "The Role of Environmental Factors on Transmission Rates of the COVID-19 Outbreak: An Initial Assessment in Two Spatial Scales."  Available at SSRN.
Rahman, Md Rejaur, and Habibah Lateh. 2017. "Climate change in Bangladesh: a spatio-temporal analysis and simulation of recent temperature and rainfall data using GIS and time series analysis model."  Theoretical and Applied Climatology 128 (1):27-41. doi: 10.1007/s00704-015-1688-3.
Roy, Shilpi, Tanjil Sowgat, and Jhuma Mondal. 2019. "City Profile: Dhaka, Bangladesh."  Environment and Urbanization ASIA 10 (2):216-32. doi: 10.1177/0975425319859126.
Steel, John, Peter Palese, and Anice C. Lowen. 2011. "Transmission of a 2009 Pandemic Influenza Virus Shows a Sensitivity to Temperature and Humidity Similar to That of an H3N2 Seasonal Strain."  Journal of Virology 85 (3):1400. doi: 10.1128/JVI.02186-10.
Tan, Jianguo, Lina Mu, Jiaxin Huang, Shunzhang Yu, Bingheng Chen, and Jun Yin. 2005. "An initial investigation of the association between the SARS outbreak and weather: with the view of the environmental temperature and its variation."  Journal of Epidemiology and Community Health 59 (3):186. doi: 10.1136/jech.2004.020180.
Tosepu, Ramadhan, Joko Gunawan, Devi Savitri Effendy, La Ode Ali Imran Ahmad, Hariati Lestari, Hartati Bahar, and Pitrah Asfian. 2020. "Correlation between weather and Covid-19 pandemic in Jakarta, Indonesia."  Science of The Total Environment 725:138436. doi: https://doi.org/10.1016/j.scitotenv.2020.138436.
van Doremalen, N, T Bushmaker, and V J Munster. 2013. "Stability of Middle East respiratory syndrome coronavirus (MERS-CoV) under different environmental conditions."  Eurosurveillance 18 (38):20590. doi: doi:https://doi.org/10.2807/1560-7917.ES2013.18.38.20590.
World Health Organization. 2020. "Coronavirus disease 2019 (COVID-19): situation report, 101." In. Jeneva: World Health Organization.
Wu, Yu, Wenzhan Jing, Jue Liu, Qiuyue Ma, Jie Yuan, Yaping Wang, Min Du, and Min Liu. 2020. "Effects of temperature and humidity on the daily new cases and new deaths of COVID-19 in 166 countries."  Science of The Total Environment 729:139051. doi: https://doi.org/10.1016/j.scitotenv.2020.139051.
Xie, Jingui, and Yongjian Zhu. 2020. "Association between ambient temperature and COVID-19 infection in 122 cities from China."  Science of The Total Environment 724:138201. doi: https://doi.org/10.1016/j.scitotenv.2020.138201.
Zahirul Islam, Mohammad, Shannon Rutherford, Dung Phung, Md Nazim Uzzaman, Scott Baum, M. Mamun Huda, Muhammad Asaduzzaman, Mohammad Radwanur Rahman Talukder, and Cordia Chu. 2018. "Correlates of Climate Variability and Dengue Fever in Two Metropolitan Cities in Bangladesh."  Cureus 10 (10):e3398-e. doi: 10.7759/cureus.3398.
