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Abstract

The physical environment plays an important role in the transmission of respiratory infections
like Covid-19. To find relevant articles on environmental factors influencing respiratory
infection outbreaks, we searched Pub med Central on the following topics: 1. Environmental
pollution causing coronavirus fatality- 73 results, relevant 1 article, 2. Environmental factors
affecting Covid-19, 149 results from which there were 6 relevant articles, 3. Impact of air
pollution on Covid-19 fatality, 10 results, relevant 3 articles, 4. Environmental factors affecting
respiratory viruses- 10646 results were obtained, 2 relevant articles. We searched Google scholar
on environmental factors affecting Covid-19 transmission and found 7 relevant papers. We
excluded the duplicates in each of the key words search. Date of search was on 20™ April 2020.
All articles included in results were scrutinized and relevance of articles was based on their
content that discussed meteorological and physical environment factors in the spread and
severity of Covid-19. We have discussed factors like air pollution, smoking, air temperature,
humidity and air velocity as contributing factors. If meteorological factors are conducive to
spread in a particular area, we need protective measures way before a respiratory infection
outbreak occurs. Covid-19 is a lesson learnt the hard way, and we must enable people to practice
hygienic practices with limited resources but high level of protection that it provides. Air
pollution control can prevent priming of respiratory system which shall further protect from
pulmonary infections.

Keywords: Covid-19, SARS-CoV, Environmental factors, Air pollution, Smoking, Air
temperature

Introduction

Viral respiratory tract infections have similar manifestations as well as modes of transmission.
Factors like air pollution may alter the respiratory tract and cause severe manifestations. There
are other physical factors that enhance the virus transmission and should be considered when
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planning or strategizing control measures. With the emergence and re-emergence of respiratory
viral diseases in different parts of our planet in the past decade, it becomes important to explore
all plausible pathways other than mutation responsible for their transmission. Countries have
notified Influenza, SARS-CoV, Ebola, Zika and NIPAH virus diseases in the past with wide
spectrum of outcomes in terms of morbidity and fatality. The fight against them was not easy and
with prompt public health efforts, followed by endemic regions, there have been established
norms for the whole world in infection control methods. It is needless to emphasize that anything
can happen as far as microbes are concerned. Similar to the aforementioned diseases, Covid-19
has become yet another spectacle in the world’s arena that has swiped all of its human
inhabitants with an economic, social, mental health crisis other than its implication on physical
health and fatality. There are limited researches on the environmental factors associated with
SARS-CoV-2 pandemic. Apart from the unique phylogenetics of novel coronavirus and host
factors, here we are inclined to explore some physical environment factors that have lead to this
disaster, and research on such factors must be carried out for future containment of respiratory
diseases.

Research Methodology

1. We searched Pub med Central for articles based on the following key words:
a. “Environmental pollution causing coronavirus fatality”’- 73 results were obtained,
with 1 relevant article downloaded,
b. “Environmental factors affecting Covid-197- 149 results were obtained from
which 6 relevant articles were downloaded,
c. “Impact of air pollution on Covid-19 fatality”- showed 10 results of which 3
articles were downloaded.
d. “Environmental factors affecting respiratory viruses”- 10646 results were
obtained, 4 relevant articles were downloaded
2. We searched Google scholar for key words- “environmental factors affecting Covid-19
transmission” and found 7 relevant papers that were downloaded.

We excluded all the duplicates in article search. Date of search was on 20" April 2020. All
articles in the results were scrutinized and relevance of articles was judged based on their content

that discussed meteorological and physical environment factors in the spread and severity of
Covid-19.

A total of 21 articles were subjected to in-depth study before writing this review.

Air Pollution

Our physical environment includes air, land, water, plants and animals, buildings and
infrastructure. “The immediate environment of man comprises of air on which depends all forms
of life!”. Nitrogen oxides in atmosphere cause air pollution. They give rise to particulate matter
(PM) and acid rain. But they also cause decreased lung function and increased rate of respiratory
infections?. There are existing postulates supporting air pollution as the reason for nCoV
outbreak in affected countries. But, previously there have been no reliable studies documenting
the correlation between air pollution and the SARS outbreak?. Air pollution is one of the most
common causes of prolonged inflammation, eventually leading to an innate immune system
hyper-activation®.
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79  Let us begin with Italy being one of the first European countries to have handled COVID-19,

80  with first cases detected in January 2020. In mid February, cases of community spread were

81  detected in the region of Lombardy, and the outbreak soon involved all of Northern Italy,

82  eventually appearing in other parts of the country®. The reasons that have been hypothesized for
83  Italian outbreak are more number of elderly patients with high risk of respiratory infections and
84  poor reporting and quarantine system in the initial stages of the outbreak. But, more number of

85  young deaths needs inquisition into other factors such as air pollution. Air particles help to

86  diffuse and disseminate the virus for many hours and days, helping in its survival and spread in

87  higher polluted areas.

88 A study conducted by Sima® has shown that air pollution has played a key role in the propagation

89  of SARS- CoV-2, although there is no evidence if it had rendered the community incapable to

90 tackle the infection because of already poor health status. According to Conticini* et al, an

91  exaggerated inflammatory status is found in airways exposed to air pollution, evidenced in an

92  outdated paper that described, “alveolar macrophages (AM), exposed in vitro to PM10,

93  significantly increased the levels of IL-1b, IL-6, IL-8 and TNF-a, thus underlining the prominent

94  role of AM in cleaning particulates and activating immune response”. Such information was

95 elaborated by another study about the effects of air pollution in Milan city (Lombardy, Italy)

96  during winter (PM2.5) and summer (PM10) months on human bronchial cells showing an in

97  vitro elevated production of both IL-6 and IL-8. Such priming of the immune system can occur

98 even in the absence of causative microbial agents®>’. Daily concentrations of six air pollutants

99  were measured, in 120 cities of China which included particles with diameters < 2.5 pym
100 (PM2.5), particles with diameters < 10 um (PM10), sulfur dioxide (SO2), carbon monoxide
101 (CO), nitrogen dioxide (NO2), and ozone (O3). This data was correlated with average daily cases
102 12.94 from January 23" to Feb 29" 2020. Short-term exposure to higher concentrations of
103 PM2.5, PM10, CO, NO2 and O3 was found to be associated with an increased risk of COVID-19
104  infection. However, a higher concentration of SO2 was related to the decreased risk of COVID-
105 19 infection in this study®. “The extent to which the COVID-19 virus induces respiratory stress
106  in infected individuals may also be influenced by the extent to which an individual’s respiratory
107  system is already compromised” and hence the role of air pollution as a co-factor in disease
108  acquisition and severity can be emphasized®!°.

109 Smoking

110  Smokers, both active and passive, are more predisposed to respiratory tract damage and hence
111  acquire common colds (coronavirus and rhinovirus) more frequently than non smokers. Also

112 their lungs are frequently affected by bacterial infections too. Studies have observed that smokers
113 are associated with more hospital admissions after contracting influenza virus, from which we
114  can form a corollary that smoking is associated with severe pulmonary infection

115  manifestations! 12,

116  According to Buono® et al, mortality rates of COVID-19 in Italy have been higher in men and
117  elderly than in women. This could be because men are more frequent smokers with more

118  frequent cardiovascular disorders than women. In South Korea, most infected by COVID-19 are
119  young and non-smoking women who manifest as mild infections with low lethality. Therefore, it
120  can be hypothesized that non-smokers exhibit mild infections>.
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121 China has a high male smoking rate at around 50% in rural areas and is estimated to be about
122 44.8% spread across all country!'3. Most of the deaths identified from the epicenter of the Covid-
123 19 outbreak were in people from older age groups (22.8% case fatality) for 70 years and above.
124  Those with underlying co-morbidities died from COPD (6.3% case fatality), cancer (5.6% case
125  fatality), hypertension (6% case fatality), diabetes (7.3% case fatality), or cardiovascular disease
126 (10.5% case fatality). People who died with no co-morbidities were only 0.9%. The initial age
127  distribution of Covid-19 cases was skewed towards older age groups with a median age of 45
128  years. The patients who died were maximum at the age of 70 years and above'*+!>. There is a
129  need to correlate this data with prevalence of smoking in Chinese population so that it can be
130  postulated as risk for contracting the disease as well as poor outcomes.

131  Recent studies have found that the modified S protein of SARS-CoV-2 exhibits higher affinity
132 for ACE2 in human cells in comparison to the S protein of the previous SARS-CoV!3.Thus the
133 virus has a prerogative in smokers who are found more likely to up regulate ACE2 expressed by
134  type 2 pneumocytes on lung surface. Smokers show enhanced gene expression of ACE2 than
135  non smokers, thereby increasing virus reproduction and transmission'®. “The eventual

136  engulfment of ACE2 further provides the virus access to the host cells system, thus providing a
137  flourishing environment, not just to sustain and proliferate but also to mutate and modify host
138  evasion mechanisms”. Smokers are the key population who may transmit and show severe forms
139  of infection. They are also candidates for vaccination if it is developed in near future to fight

140 nCoV'4.

141  Atmospheric Temperature

142 It is an established fact that respiratory pathogens of human beings such as human coronavirus is
143 seasonal'”'® and the 2003 SARS outbreak waned when the weather turned warmer, it is an
144  analogy that meteorological conditions may have influenced the 2003 SARS outbreak.

145  Atmospheric temperature is an important factor influencing survival of microorganisms in the
146  external environment. Several studies report that SARS-CoV is sensitive to temperature and

147  relatively stable at low temperatures. As an example, the influenza virus persists in cold-dry

148  weather with no UV radiation. Winters also reduce innate immunity due to deficiency of Vitamin
149 D and hormone melatonin. People usually prefer closed spaces where they transmit influenza to
150  each other. The lessons learnt from other respiratory pandemics may hold true for Covid-19 too.
151  Some experimental evidence had shown that previous SARS-CoV agent remained stable at 4 deg
152 C, at room temperature (20 deg C) and at 37 deg C for at least 2 h without remarkable change in
153  the infectious ability of cells, but was converted to a non-infectious state after 90-, 60-, and 30-
154  min exposure at 56 deg C, at 67 deg C, and at 75 deg C, respectively. Therefore, air temperature
155  may not have only or adversely affected SARS-CoV transmission. And the same theory can be
156  induced for nCoV pandemic'%-?2,

157  Humidity and Air Current

158  Relative humidity is defined as the ratio of the water vapor content of the air to its total capacity
159  at a given temperature. A high relative humidity and high temperature such that exists in tropical
160  countries, is found to be a protective factor for respiratory viral infections!.The survival of virus
161  is supported in low humidity for days along with low temperature. Transmission of viruses via
162  airborne routes may be affected by ambient humidity, which affects not only the virus’ stability
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163  but also respiratory droplet size, as water content evaporates. The droplet size influences how the
164  particle will quickly settle to the ground or remain airborne long enough to be inhaled into the
165  respiratory tract of a susceptible host. For example, the relative humidity is an important variable
166  in droplet spread of influenza virus, high relative humidity favors removal of infectious particles
167  both by increasing the mass of water-laden droplets causing it to settle and not be suspended in
168  air and by hastening virus inactivation.- In contrast, Adenovirus and Rhinovirus were more stable
169  at high relative humidity?’. Studies suggest that a high relative humidity level may shorten the
170  suspending time of SARS-CoV in the air, as well as high wind velocity adversely affecting virus
171  survival. Enveloped viruses like SARS-CoV thrive longer in dry air’. There may happen

172 prolonged transmission of Covid-19 in lower humidity regions. However, there is paucity of

173 research to support this hypothesis in the current scenario of this pandemic.

174  Evidence from various laboratory controlled experiments like animal models have elucidated
175  potential mechanisms by which humidity and temperature affect human influenza virus

176  transmission. As an example, in the early 1960s, Schulman and Kilbourne developed an

177  influenza virus transmission model in mice. They observed a significant decrease in transmission
178  efficiency with increasing relative humidity and during summer months?%!,

179  In the outdoor environment, high wind velocity facilitates dilution and removal of the droplets
180  and shortens their suspending time in the air, thus reducing the transmission potential. In

181  contrast, indoor poorly ventilated rooms do not dilute the virus and make people residing in their
182  closed spaces susceptible to infections for most respiratory infections. So cross-ventilation plays
183  arole in clearing off the virus. Usually suspected carriers of the virus travelling or in contact

184  with known Covid-19 cases must self isolate themselves instead of becoming a potential risk for
185  health-care workers and other close contacts especially elderly and people with co-morbidities
186  and the immunocompromised.

187  As a result, several investigators have propagated the use of humidifiers?? in public spaces during
188  the winter season. This may prove effective in influenza prevention, but for coronavirus, there is
189  no robust evidence as yet.

190 Effects of Physical Factors on Survival of Virus Indoors

191  According to Yang et al’!, the concentration of airborne Influenza virus resulting from a cough
192  would be reduced by 10% if the relative humidity increases from 35%, the mean indoor relative
193  humidity in hot weather. The chance of infection diminishes to 50%, 10 min following the

194  cough, and by 40% after 1 h in residential settings.

195  Casanova et al®3, carried out an experimental study to find out the effects of air temperature and
196  relative humidity on survival of coronavirus on surfaces of hospital. For this purpose, two

197  potential surrogates were evaluated: transmissible gastroenteritis virus (TGEV) and mouse

198  hepatitis virus (MHV). They found that at 4 deg C, virus survived for 28 days. At all relative
199  humidity levels, the infectious virus were inactivated more rapidly at 20 deg Celsius than 4 deg
200  Celsius. The inactivation was slow at 20% relative humidity. We can imply the same

201 characteristics to Covid-19 too but we need to support it with current evidence which is lacking
202 still.

203 Conclusion
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204  The physical environment plays an important role in the transmission of respiratory infections
205 like Covid-19. We have discussed factors like air pollution, smoking, low air temperature, and
206  low relative humidity and decreased air velocity as contributing factors. If meteorological factors
207  are conducive to spread in our area, we need protective measures way before an outbreak can
208  occur. We infer that during the colder and drier months or in places struck with polluted air,

209  various preventive measures must be imbibed by the general population, both during this

210  pandemic as well as during each season to prevent future spread of such diseases. Covid-19 is
211  transmitted as an aerosol infection, and to nip in the bud, any other similar disease in future, we
212 have to combat airborne transmission wearing of masks in highly polluted areas, practicing hand
213 hygiene to prevent direct contraction of infections from contaminated surfaces, abstaining from
214  active and passive smoking and maintaining distance from symptomatic individuals both at home
215  and at work are some prevention measures. Covid-19 is a lesson learnt the hard way, and we

216  must enable people to practice hygienic practices which utilize limited resources but provide

217  high level of protection against this infection. Air pollution control can prevent priming of

218  respiratory system by limiting exposure to toxic gases, which shall further protect from

219  pulmonary infections.
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