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Background: The COVID-19 pandemic varies between countries, with suggestions that weather might contribute to the transmission mode, disease presentation, severity, and clinical outcomes. Yet the exact link between climate and COVID-19 is still not well-explored.

Objectives: This study aimed to evaluate the effect of hot geographical region weather [like United Arab Emirates (UAE)] on COVID-19 clinical profile and outcomes. Temperature, wind speed, cloud cover, precipitation, and other weather-related variables were studied concerning COVID-19 patients outcomes and laboratory results.

Methodology: A total of 434 COVID-19 positive patients admitted between January and June 2020, were recruited from Al Kuwait Hospital, Dubai, UAE. Temperature, wind speed, cloud cover, and precipitation rate were retrieved from history+ for the day when COVID-19 patients presented to the hospital. These weather parameters were correlated with COVID-19 clinical and laboratory parameters.

Results: Our results showed that patients needed admission in days with higher temperatures, higher solar radiation, and less humidity were associated with higher deaths. This association can be linked to the association of these weather parameters with age at diagnosis; higher C-reactive protein (CRP), neutrophil count, white cell count (WCC), aspartate aminotransferase (AST), and alkaline phosphatase (ALP); and lower lymphocyte count, estimated glomerular filtration rate (eGFR), hemoglobin (Hb), Na, and albumin, all of which are considered poor prognostic factors for COVID-19.

Conclusion: Our study highlighted the importance of weather-related variables on the dynamics of mortality and clinical outcomes of COVID-19. The hot weather might makes some people, especially those with comorbidities or older ages, develop aggressive inflammation that ends up with complications and mortality.
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INTRODUCTION

The exact link between weather and COVID-19 spread is still not well-explored, although a few reports claimed that warm weather can slow down such spread and can help in predicting which geographic areas in different countries can have a higher risk of spread (1). One of the COVID-19 pandemic characteristics is a very rapid spread and high mortality rates in countries north of the equator known to have low seasonal air temperatures (2). Such countries with low humidity are suspected to favor the transmission and survival of SARS-COV-2 (3). Such a link is not surprising for the virus family as Middle East respiratory syndrome coronavirus (MERS-CoV) human cases in Saudi Arabia were more likely to occur when conditions were relatively cold and dry (4), where increasing temperature to 65°C had a strong negative effect on viral infectivity (5). Recently, the severity of COVID-19 in Europe was documented to be decreased significantly between March and May, and the seasonality of COVID-19 was suggested to explain that note (6).

Some reports suggested SARS-CoV-2 be inactivated relatively fast during summer due to the sunlight effect (7), and the overall epidemic intensity of COVID-19 was shown to be reduced slightly following days with higher temperatures (8). Short-term exposures to the ozone can influence COVID-19 transmission and initiation of the disease (9).

The COVID-19 pandemic was found to be correlated negatively with average temperature (10), wind speed 14 days ago, the temperature of the day (11), air quality (12) in terms of averaged ground levels of particulate matter concentrations (13), and relative humidity (14). Of these, temperature and humidity are essential features for predicting the COVID-19 mortality rate (15). Air pollution by an increase in PM2.5 accelerated transmission of SARS-CoV-2 (16) and triggered COVID-19 spread and lethality levels (17).

Nevertheless, cases in warm and humid countries have consistently increased later, opposite to the claimed effect of warm weather on the virus spread (18). On the other hand, some reports showed that there was no association between COVID-19 transmission and temperature or UV radiation in Chinese cities (19). For example, the temperature was shown to have no role in the containment of COVID-19 in Wuhan (20).

From the literature, such as dynamic multidimensional and complex weather, COVID-19 interaction cannot be explained as a general role. Still, they can suggest a regional trend that should be kept in mind when trying to understand pandemic dynamics. Based on that, we thought of exploring the correlation between weather parameters in Dubai, United Arab Emirates (UAE), and COVID-19 patients' related clinical and laboratory characteristics. To our knowledge, this paper is the first to explore this relationship in the Middle East region.



MATERIALS AND METHODS


Patient Data Collection

A total of 434 COVID-19-positive patients admitted between January and June 2020 were recruited from Al Kuwait Hospital, Dubai, UAE. The study was approved by the Ministry of Health and Prevention (MOHAP, Research Ethics Committee number MOHAP/DXB-REC/MMM/NO. 44/2020). Adult patients (above 18 years) with COVID-19 (confirmed by nasopharyngeal polymerase chain reaction, PCR-positive sample) were enrolled. Complete current and past medical history, along with their demographic data, history of recent travel or contact with another confirmed case(s), was documented. Patients were classified according to “Clinical Management of Critically Ill COVID-19 Patients” guidelines (Version 1, April 15, 2020) issued by MOHAP (6).



Blood and Radiological Tests

Laboratory tests were retrieved: (1) complete blood count, including neutrophil count (NR: 2–7 × 103/μL), lymphocyte count (NR: 1–3 × 103/μL), hemoglobin (Hb, NR: 12–15 g/dL), white cell count (WCC, NR: 4–11 × 103/μL), and platelet count (NR: 150–450 × 103/μL); (2) coagulation profile, including international normalized ratio (INR, NR: 0.8–1.29 s), prothrombin time (PT, NR: 9.9–12.3 s); (3) electrolytes, including sodium (Na, NR: 136–145 mmol/L) and potassium (K, NR: 3.6–5.1 mmol/L); (4) renal function tests, including urea (NR: 2.5–6.5 mmol/L), creatinine (NR: 53–88 μmol/L), and estimated glomerular filtration rate (eGFR, NR: 90–120 mL/min/1.73 m2); (5) liver function tests, including total serum bilirubin (NR: 3–17 μmol/L), alanine aminotransferase (ALT, NR: 16–63 IU/L), aspartate aminotransferase (AST, NR: 15–37 U/L), alkaline phosphatase (ALP, NR: 46–116 IU/L), and albumin (NR: 34–50 g/L); (6) inflammatory markers, including C-reactive protein (CRP, NR: 0–3 mg/L), D-dimers (NR: mg/dL), lactate dehydrogenase (LDH, NR: 85–227 IU/L), procalcitonin (NR: μg/L), and ferritin (8–388 μg/L). For risk of severe cases, the presence of lymphopenia, neutrophilia, high ALT and/or AST, high LDH, high CRP, high ferritin, high D-dimer, and high pro-calcitonin, above those of the age- and gender-matched references, were used as indicators of risk. Admission chest X-ray (presence of bilateral air consolidation) and computerized tomography (CT) scan (presence of bilateral peripheral ground-glass opacities) were documented.



Climate Data

We downloaded the temperature, wind speed, cloud cover, precipitation rate, and other weather parameters of Dubai City for the duration of patient recruitment using history+ (https://www.meteoblue.com/en/historyplus), which offers immediate access to the meteoblue global weather simulation archive as shown in Table 1. We matched the date of admission for each patient with the corresponding day weather details, as shown in Table 1.


Table 1. The temperature, wind speed, cloud cover, precipitation rate, and other weather parameters of Dubai City for the duration of patient recruitment using history+ (https://www.meteoblue.com/en/historyplus).
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Statistical Analysis

For all statistical analyses and tests, SPSS was used (IBM SPSS Statistics for Windows, Version 26.0, released 2019, IBM Corp., Armonk, NY). The chi-square test of independence was used to examine the association between categorical variables. Pearson's correlation coefficient was used to measure the correlation between different variables where correlation is significant at the 0.01 and 0.05 levels (two-tailed).




RESULTS


The Clinical Severity of COVID-19 Was Significantly Dependent on the Temperature on the Day of Admission

Comparing the weather parameters on the day of admission between patients with different COVID-19 severity levels or those who needed ICU admission showed that daily temperature (°C) at 2 m elevation was the most profound factor that is statically different between patients with different COVID-19 severity levels as shown in Table 2. Patients who had severe and critical case of the disease and those who needed ICU were admitted on days with higher temperatures (23.4 ± 3.77, 23.57 ± 3.59, and 23.14 ± 3.74, p = 0.02). Those who showed a mild to moderate course were admitted in days with lower temperatures (20.28 ± 4.07) compared to the rest (23.51 ± 3.69).


Table 2. Difference in day-of-admission weather variables in Dubai City between COVID-19 patients' clinical outcomes divided into those with risk factors to develop severe COVID-19 and those without (A: old age, B: DM, C: HTN, D: CVD, or E: chronic lung disease).
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Differences in Daily Admission Temperature Affect the Clinical Outcomes in Patients Who Have No Risk Factors to Develop Severe COVID-19

To delineate whether the difference in the clinical outcomes based on daily temperature was different among patients with risk factors to develop severe COVID-19 or not, we divided the patients into those with such risk factors [old age, diabetes mellitus (DM), hypertension (HTN), cardiovascular disease (CVD), or chronic lung disease] and those without. Differences in daily admission temperature affect the clinical outcomes in patients who have no risk factors to develop severe COVID-19, while patients with such risk factors showed no significant difference in the clinical outcomes as shown in Tables 3A–E. This showed that the effect of weather on the clinical outcomes is important in those who have no risk as such risks can affect the outcome regardless of the weather parameters.


Table 3A. Difference in day-of-admission weather variables in Dubai City between COVID-19 patients' clinical outcomes: Death.
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The Clinical Outcomes (Death and Organ Failure) of COVID-19 Were Significantly Dependent on the Day-of-Admission Temperature and Relative Humidity

The next step was to compare the weather parameters of the day of admission between different COVID-19 patients who developed outcomes and complications (like death, acute cardiac injury, acute kidney injury, acute liver injury, acidosis, and septic shock) and those who did not develop such complications.


Death

There were significant statistical differences in the mean of temperature, relative humidity, shortwave radiation, and direct shortwave radiation between the group of COVID-19 patients who died and the group of COVID-19 patients who survived. COVID-19 patients admitted in days with higher temperatures, higher solar radiation, and less humidity were at higher risk of death, as shown in Figure 1.


[image: Figure 1]
FIGURE 1. Difference in day admission weather variables in Dubai City between COVID-19 patients with death and those who were discharged in terms of (A) temperature, (B) humidity, and (C) radiation.


COVID-19 patients who died due to the disease were admitted on days with less relative humidity (40.15 ± 13.93% 2 m daily mean) compared to those who survived (45.31 ± 14.17% 2 m daily mean, p = 0.005). Also, COVID-19 patients who died due to the disease were admitted on days with higher temperature (32.12 ± 3.97°C sfc daily mean) compared to those who survived (30.71 ± 4.91°C sfc daily mean, p =0.024) as shown in Table 3A. COVID-19 patients were divided according to mortality and were compared in terms of day-of-admission weather parameters.



Acute Cardiac Injury

COVID-19 patients who developed acute cardiac injury were admitted on days with higher temperature (30.77 ± 3.89°C 2 m elevation corrected daily mean) compared to patients without cardiac injury (28.81 ± 4.93°C 2 m elevation corrected daily mean, p ≤ 0.005) as shown in Table 3B. On the other hand, COVID-19 patients who developed acute cardiac injury were admitted on days with less relative humidity (41.94 ± 2.99% 2 m daily mean) compared to the rest of the patients (45.19 ± 14.53% 2 m daily mean, p = 0.048).


Table 3B. Difference in day-of-admission weather variables in Dubai City between COVID-19 patients' clinical outcomes: Acute cardiac injury.
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Acute Kidney Injury

COVID-19 patients who showed acute kidney injury were admitted on days with higher temperature (30.42 ± 3.97°C 2 m elevation corrected daily mean) compared to patients with intact kidney (28.95 ± 4.92°C 2 m elevation corrected daily mean, p = 0.01) as shown in Table 3C.


Table 3C. Difference in day-of-admission weather variables in Dubai City between COVID-19 patients' clinical outcomes: Acute kidney injury.
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Acute Liver Injury

COVID-19 patients who showed acute liver injury were admitted on days with higher temperature (30.78 ± 3.89°C 2 m elevation corrected daily mean) compared to patients with intact liver (28.88 ± 4.90°C 2 m elevation corrected daily mean, p = 0.001) as shown in Table 3D.


Table 3D. Difference in day-of-admission weather variables in Dubai City between COVID-19 patients' clinical outcomes: Acute liver injury.
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Acidosis

COVID-19 patients who end up with acidosis were admitted on days with higher temperature (30.62 ± 4.07°C 2 m elevation corrected daily mean) compared to patients who did not develop acidosis (28.90 ± 4.89°C 2 m elevation corrected daily mean, p = 0.003) as shown in Table 3E.


Table 3E. Difference in day-of-admission weather variables in Dubai City between COVID-19 patients' clinical outcomes: Acidosis.
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Septic Shock

Interestingly, COVID-19 patients with septic shock were admitted on days with higher temperature (30.73 ± 3.96°C 2 m elevation corrected daily mean) compared to patients without septic shock (28.96 ± 4.88°C 2 m elevation corrected daily mean, p = 0.005), as shown in Table 3F. Again, COVID-19 patients who developed septic shock were admitted on days with less relative humidity (40.63 ± 13.32% 2 m daily mean) compared to the rest of the patients (45.20 ± 14.32 2 m daily mean, p = 0.014).


Table 3F. Difference in day-of-admission weather variables in Dubai City between COVID-19 patients' clinical outcomes: Septic shock.
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Higher Temperature, Less Humidity, and More Radiation on Admission Dates Were Associated With Specific Laboratory Markers

The next step was to find the correlation between the three weather measurements that were found to be significantly different between the group of COVID-19 that had death as an outcome and the group that survived COVID-19; namely, the weather parameters were high temperature, less humidity, and more radiation. The weather parameters were correlated with patients' clinical and laboratory parameters. The results showed that higher temperature, less humidity, and more radiation on admissions dates were associated with higher CRP, neutrophil count, age at diagnosis, WCC, AST, and ALP but lower lymphocyte count, eGFR, Hb, Na, and albumin, as shown in Table 4.


Table 4. Correlation between the significant weather variables (temperature, humidity, and radiation) on the day of admission with patients' clinical and laboratory parameters.
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DISCUSSION

High temperatures create a substantial health burden (21) and pose significant public health concerns worldwide, like increased premature deaths attributable to either heat or cold in selected countries (22), but such a burden is not always associated with extreme (high or low) temperatures due to the complexity of weather-related health effects (23). Using the spatial synoptic classification, which uses the combined effect of meteorological factors rather than temperature only for assessing the weather effects on health, is more appropriate to delineate the link between weather and health-related issues (24). For that reason, we explored the different meteorological factors on the outcome of COVID-19 patients in our locally recruited cohort.

Our results showed that in our cohort, COVID-19 patients who were admitted in days with higher temperature, higher solar radiation, and less humidity had a higher chance to develop severe and critical COVID-19, to need ICU admission, and to die than those who were admitted in days with lower temperature and higher relative humidity.

Our results showed also that higher temperature and less humidity were associated with devastating consequences of COVID-19 like acute cardiac, liver and kidney injuries, increased acidosis, and septic shock. All these can explain the positive correlation between higher temperature and less humidity with increased mortality on our cohort. In confirmation to such association, our finding of higher temperature, higher solar radiation, and less humidity association with higher deaths can be linked to the association with markers known to be associated with poor prognosis in COVID-19 patients like higher CRP, neutrophil count, WCC, AST, and ALP and lower lymphocyte count, eGFR, Hb, Na, and albumin.

But it is not easy to prove causality in such an observational study where many confounding factors might play different roles in the clinical outcomes (6), and that is why we looked for the effect of known risk factors among our cohort to measure the real effect of weather on the outcomes. Interestingly, we found that the effect of weather was more obvious in patients who have no history of risk factors to develop severe COVID-19 as such patients with risk factors showed no difference in their outcomes in different weather conditions. This might indicate the possible direct effect of weather on the consequences of the COVID-19 course. This finding goes with the earlier findings where temperature variation and humidity were found to be important factors affecting COVID-19 mortality (25). Recently, researchers found that there is an observed decrease in COVID-19 severity with higher outside temperature, which was explained by restoration of impaired mucosal barrier function due to dry air (6). Substantial community outbreaks of COVID-19 were found to show some preferred latitude, temperature, and humidity measurements, same as other seasonal respiratory virus (26). Climatic factors were thought to affect COVID-19 incidence and severity and can be used in preventive and public health actions against upcoming outbreaks of the disease (27).

So, one can postulate that our finding of more severe COVID-19 with lower relative humidity and higher temperature is due to impaired mucosal defense that aids the virus in its infection and propagation. Effective humidity of inhaled air can modulate hydration of the respiratory epithelium that boosts mucosal immunity, so lower relative humidity and higher temperature can actually decrease mucosal hydration and impair it in return (28).

It was shown earlier that the rate of cases presenting daily was inversely associated with daily temperature; such a rate was decreased on days when the temperature was above 52°F, 5 days earlier (29), as for every 1°C increase in temperature, daily new cases of COVID-19 were reduced by 3.08% (30). So, in our case, the higher temperature might decrease the daily reported cases, but the cases that were admitted despite unfavorable weather might be exposed to a higher dose of the virus with closer contact, which can explain the worse course outcome.

The relation between high temperature and mortality in the general population was documented in some reports as it was associated with increased mortality risk, particularly in females and adults aged 20–59 years (31). High air temperature in early summer was associated with increased mortality compared with that in late summer (32), where apparent temperature appeared to be the most critical predictor of heat-related mortality for all-cause mortality (33). On the other hand, the effects of cold on all-cause mortality were highest among people over 75 years old, mainly due to myocardial infarction, ischemic heart diseases, and respiratory diseases (34). Older adults with medical and psychiatric conditions without home heat are most at risk of death due to hypothermia (35).

Patients with chronic diseases may have impaired thermoregulatory ability (36). SARS-CoV-2 is known to increase the hypothalamic–thermoregulatory set, which adversely impacts the outcomes and mortality in patients with COVID-19 (37). Short-term exposure to weather-related stimuli like heat is associated with increased glucocorticoid level that serves as a physiological mechanism promoting fitness during inclement weather, but this, if extended, might have an adverse effect (38). Hot weather in disturbed thermoregulatory conditions induced by SARS-CoV-2 might aggravate mortality.

Heat stress was shown to increase a more significant percentage of neutrophils and a lesser percentage of lymphocytes in animals (39). In humans, heat stress conditions were shown to reduce leukocyte levels, and immunoglobulin concentration can weaken the immune system (40). Elevated ambient temperatures can affect the cardiocirculatory and hormonal systems, resulting in changes in neutrophil and monocyte cell trafficking (41). The neutrophil-to-lymphocyte ratio, interleukin (IL)-6, IL-1β, and CRP were higher in persons exposed more frequently to heat per month, which might predispose to systemic inflammation (42). Long-term heat exposure was found to enhance chemokines to recruitment neutrophils to the lungs, leading to an increased risk of respiratory illnesses (43). However, those recruited neutrophils might have impaired phagocytosis and reactive oxygen species (ROS) production under severely high temperatures, leading to a higher occurrence of infections during hot weather (44). Our finding of a correlation between higher temperature and lower eGFR and old age during a presentation can be explained by the fact that older age in men and women exposed to short-term ambient temperature was significantly associated with kidney injury biomarkers (45).

In conclusion, our study highlighted the importance of taking weather-related variables into account to understand the dynamics of mortality or clinical outcomes in COVID-19 patients in countries with hot climates like the UAE. The effect of hot stress might weaken the immune system and unleash an inflammatory response that makes some people, especially those with comorbidities or those who are older, more susceptible to infections or to develop aggressive inflammation that ends up with complications and mortality.
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