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Abstract

Ma lays ia reported its first COVI0 - 19 case on Janu ary 25, 2020, and the cases have continued

to grow, necessitating the implem ent ation of add it iona l measures. Hence, determining the

facto rs that responsible for the significant increase in COVI0 - 19 cases is the top priority issue

for the gov ernment to take necessary act ion and ultim ate ly restrain this virus before the vacc ine

avai labil ity . Researchers had predi cted that a ir pollut ion had an indirect relationship w ith

COY ID- 19 in terms of viru s infections. As a result , this study concentrated on the link between

the A ir Po llutant Index (API) and COVID- 19 infection s. The init ia l data set consists of daily

co nfirmed COVID-19 cases in Ma laysia and API readings obtained from the Mini stry ofHealth

(MOl-I) and the Department of the Environme nt (DOE). The resu lts show that Klang (S22)

recorded the high est mean of API which at 62.7 0 whil e the lowest is at Limbang (S37) (25 .37).

Next, due to the implementation of Moveme nt Co ntro l Order (MCO) in Ma lays ia and redu cin g

soc ial mo vement, 27 stat ions recorded a good level o f API co mpare to the stat ions that recorded

moderate and unhealthy level s. There is positive relation ship between API and COYID- 19 at

eac h of the region which are North 0.4%(R 2=0.004), Ce ntra l 2.1 % (R2= 0.02 1), South 0.04%

(R2=0.0004), East 1.6%(R2=0 .0 16), Sara wak 0.2%(R 2=0.002), mea nw hile Sabah recorded

negative co rre lat ion at 4. 3% (R2=0. 043)(To conclude, the API value did not have a strong

re latio nship with the rising number o fCO YID- 19 daily cases.)
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1. Introduction

The progression of the d isease is co rre lated with aspects such as o lde r age , smoki ng

habit, and the respiratory and cardiovascular diseases (Z hou et aI., 2020). High a ir pollu tants

concentration might induc e and worsen the COYD- 19 cases at certain area (G upta et aI., 2020).

The current globa l spread of SARS-CoY-2 coronav irus (COYID-19) began as a contagiou s

event in the Chinese c ity 0 f Wuha n in late December 20 19 and er upted and was proclaimed a

pandemic thro ughout Europe, the United States of America, and other parts of the wo rld,

inc luding Mal aysia , by March 2020. The disease was isolated from patients in Wuhan in ea r ly

2020 by the sc ient ific co mmunity. The genet ic sequenc ing o f the new coronavi rus has required

rea l-time dia gnostic tests to evolve rap idly (Wa ng et a l., 2020) .

The first findin gs found that fever , co ugh, and myalg ia are the most prevalen t sympto ms

at the onset o f the illness sp utum development, head ache and diarrhea we re the less frequent

symptoms (C heng et al., 2020; Wang et a I., 2020; Sharma et al. , 2020) . The progression of the

co ndition is associated w ith con d it ions such as o ld age, smoking histo ry, e levated blood

pressure, and heart disease (Gautam, 2020; Zho u et a I., 202 0). The WHO announces the

COYID- 19 ep ide mic as a Pub lic Hea lth Eme rgency of Internat io na l Co nce rn due to its high

degree of infection and its vio lent histor y, it has bee n granted pandemic sta tus. Pneumon ia

infec t ions transmitted by a novel coronavirus (COY ID- 19) is an infectious di sease, w ith so me

similarity to previou s infect ions doc ume nte d over time such as Severe Acut e Respirato ry

Syndrome (SA RS-CoY) that occur on 2002-2003 and Midd le East Resp irato ry Syndrome

(MERS-CoY) that spread on 20 12-20 15 with so me variations in its phenotyp ic and ge notyp ic

composition that may affe ct their pat hogenic mech anisms.
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Ma lays ia record ed the first COY ID- 19 cases o n 25th January 2020 (Ministry of Hea lth

Ma laysia, 2020). Therefore, the number of cases particularly in March 2020 has co ntinued to

increase. This rise o f COYI0 -19 disease in Malaysia has called for a few ste ps to be taken,

invo lve the development of a screening sys te m to rapidly detect cases; cause of the symptoms

urge nt iso lat ion and compre hensive surve illance of cases, and close co ntact quarantine for

those tested positive for CO YID- 19. Intending to isolate the or igins ofthe CO Y ID- 19 outbreak,

the Malaysian Government declared the enforcement of the Movement Co ntro l Order (MCO).

Human-to-human transmi ssion between close co ntac ts has occurred since mid-December 20 19

and has stead ily expanded over the upco ming month. On the other hand, op timizing a ir qua lity

by minimizin g both serious and long ave rage co ncentra tions will help protect cit ies from

COYID-19 and redu ce pressure on heal th faci lities (St ieb et aI., 2020).

Exposure to air pollut ion had a very we ll assoc iat ion with heightened thre ats and severe

effects of the spread of disease, inc lud ing COV ID- 19, 2009 HI N I, and 1918 Spanish influenza

pande mics (C lay et a I., 20 19; Mo ra les et a l., 20 17). Exposure to criteria po lluta nts is known to

cause respi rato ry and variou s other disea ses that make people more vu lne rable to infectiou s

d iseases c lose to COYID- 19 (Mahnoo r et a I., 2020) . Latest reports have close ly linked COYIO­

19 mor tality to long-t erm exposure to air pollution in the Un ited States (Shoari et aI., 2020).

Among various co ntro lling factors, env ironmental factors, especially a ir pollution play an

essential ro le in the emergence of an influe nza virus w ith pandemic potential. T he severity of

respiratory problems and lung infection wi ll increase when there is a significant comb inat ion

of a ir pollutant conc entrations and virus infect ion at the same time. COY ID-1 9 is a respiratory

d isease and particulate pollution is stro ng ly linked with resp iratory diseases. Air pollution is

read ily assoc iated with respiratory infection s such as chro nic obstruct ive pulmonary disea se

(COPD). COYID- 19 is ma inly transmitted by dropl ets and contact. Aeros o l transmission is

4



possib le when peop le have prolonged expos ure to high co nce ntrations o f aerosols. Research

has demonstrated that resp irato ry viruses are tra nsmittable among ind ividua ls via co ntacting

direct ly or indirectl y, o r coar se or small drop lets and SARS-CoY-2 is transmittable throu gh

d irect or ind irect ly sa livary route (To et al., 2020). Wong et aI., (20 I0) denoted that the

like lihood of transmitting infl ue nza by aeroso ls could be redu ced by improving ventilation

desig n and prevention o f ge nerating aeroso ls. It is bel ieved that transmitt ing by aerosols is

plausible due to the high risk o f cross- infect ion among physicians, nurses, and personnel

(Hose inzadeh et a l., 20 17). Anot her study proved that the SARS-Co V-2 is probably transm itted

via ae roso ls produce during therapeut ic ac t ions (Huang et al., 2020). COYID-1 9 is spread by

the a irborne route . There are curre nt ly few stud ies that define the path ophysiolog ical

characte rist ics 0 f COVI D- 19, and the re is great uncertainty regard ing its mec hanism 0 f spread.

Current knowledge is large ly derived from s imilar coronaviruses. which are transmitted fro m

human-to- huma n throu gh respi ratory fo mites. An epide miological investigat io n of 198 ea r ly

cases in Wuhan revealed that o nly 22% o f pat ients had d irect exposure to the marketplace, 32%

were in co ntact with the suspected cases and 5 1% had no contact with e ither o f the so urce (A li

et aI., 2020). However , the virus was capa ble o f effic ient hum an-to-human transmi ssion , and

sim ilar to MERS, report s of nosocomi al propagation were also docume nted (A li et aI., 2020).

This s ituat ion necessitated the need for the imp lem entat ion of measures to absta in fro m

transmiss ions. Thus, this study is aimed to investigate the association of A ir Pollutant Index

(A PI) towards COYID- 19 infection s in Malays ia .

2. Methods

In Mala ysia, the areas that reported COYID- 19 were not in line with A ir Qu al ity

Monitor ing Station (AQMS). T hus, the nea rest AQMS were taki ng to investigate the

re lat ionsh ip between API w ith the reported CO YID- 19 confi rmed cases (Table I).
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Table I. Selected AQMS in line with COYID- 19 in Malaysia

Region State Label Stations

Perlis S I Kangar

Kedah S2 Langkawi

Kedah S3 Alor Setar

Kedah S4 Kulim Hi-Tech

North Pulau Pinang SS Seberang Perai

Perak S6 Taiping

Perak S7 Tasek Ipoh

Perak S8 Ser i Manjung

Pahang S9 Rompin

Pahang S IO Temerloh

Pahang S I I Jerantut

Pahang S I2 Balok Baru Kuantan

East
Terengganu SI 3 Kemaman

Terengganu SI4 Kuala Terengganu

Terengganu S IS Besut

Kelantan SI 6 Tanah Merah

Kelantan S I7 Kota Bharu

Kuala Lumpur S I8 Cheras

Putrajaya Sl 9 Putrajaya

Central Selangor S20 Kuala Selangor

Selangor S21 Petaling Jaya

Selangor S22 Klang

Negeri SembiIan S23 Seremban

South Negeri SembiIan S24 Port Dickson

Melaka S2S Alor Gajah
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Melaka S26 Bandaraya Melaka

lohor S27 Segamat

lohor S28 Batu Pahat

lohor S29 Kluang

lohor S30 Larkin

lohor S3 1 Kota Tinggi

Johor S32 Tangkak

S33 Tawau

S34 Sandakan
Sabah

S35 Kota Kinabalu

S36 Keningau

S37 Limbang

S38 Miri

S39 Bintulu

S40 Mukah

S41 Kapit
Sarawak

S42 Sibu

S43 Sarikei

S44 Sri Aman

S45 Samarahan

S46 Kuching

Data of API have been co llected from the Air Pollutant Index Malaysia (available at

http://apims.doe.gov.my/publicv2/home.html) (DOE, 202 1) and Malaysian Department of

Environment from 18 March 2020 to 28 February 2021. The status of air quality in Malaysia

is displayed on an hourly basis by the Malaysian Department of Environment (DOE) via the

Air Pollutant Index (API). There are six criteria pollutants measured, including fine particulate
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matter (PM2s), coarse parti cul ate matter (PM 10), sulphur dioxide (S02), nitrogen dioxide

(N02), carbon monoxide (CO), and gro und- level ozone (03). Before the execut ion o f A PI, the

sub- index for each criteria pollu tant s are calculated , and the max imum sub- index is con sidered

as the API, show ing the status of a ir quality at that parti cul ar area. The monitoring wa s under

the co ncess io n of DO E and Transwate r Sdn. Bhd . which covers urban, suburban, indu strial,

and background stations (Ashaari et a l., 2020). Most of the t ime, the sub- index of API was

dominated by PM2s. Specifically, the PM 2.5 played an important role for Angiotensin-

Co nve rt ing Enzyme 2(AC E2), but in order to represent the overall air qua lity status, the API is

used as a representative for a ll pollutants. The exposure of high part iculate matter will induce

ACE2 ex press io ns. AC E2 receptor usuall y exists at respiratory systems. The full-length protein

structure of ACE2 con sists of an N-terminal and a C-terminal domain with a s ing le

transmembrane helix and an intracellular segment. AC E2 is expressed in different tis sues, such

as renal, cardiovascular, and gas tro intest ina l. ACE2 is a lso present in lung alveolar epithelial

ce lls, ente rocytes of the sma ll intestine, arterial and venous endothe lial cell s, and art erial

smoo th muscle cells. ACE2 was previou sly identified as an entry receptor for SARS-CoV and

HCo V-NL63. Higher expression s o f ACE2 may prol ong the viru s life cyc le, enhance viru s

replication and mediate penetration of the viru s into the host cell. It has been reported that

SA RS-CoV-2 spike glycoprotein may use AC E2 as a receptor to gain entry into human ce lls,

in a way similar to that of SAR S-CoV. CO VID- 19 dail y cases data have been acquired from

the web site ofCOVID-19 Malays ia (av a ilable at http ://covid -I9.moh.gov.my/ ) (MO H, 202 1)

fro m 18 March 2020 to 28 February 202 I. Data in this study had bee n ana lyzed to determine

the trend o f API during the COVlD- 19 pandemic in Malaysia. These da ta were then translated

into bar graph for clear ob servation regarding the trend. A fter getting the trend, the indication

of air quality status at study areas is investigated. Descriptive statist ics ind ices were evaluated
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(Abd ullah et a l., 2020), and for the inferenti al sta tist ics, it aim s to correlate the relation ship

between A PI and CO YID-19 cases using Microsoft Excel Spreads heet® 20 19.

3. Resul ts and Discussion

Table 2 summarizes the main stat ist ica l index which are minimum, maximum, median,

average, sta nda rd deviati on, variance, skewness , and kurtosis valu es o f API based on AQMS

in Malaysia. T here are 46 locat ions of AP I at a ll-region in Malaysia that nearest to COYI0 -19

recorded areas (Fig ure I) .
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Data have skewness ranged from -0 .63 to 1.3 1 and kurto sis ranged -0 .85 to 1.90. While

for med ian are ranged from 23 to 6 I. Last ly, the range for standard deviat ion and varia nce are

7.25 - 18.74 and 52 .55 - 351.10, respective ly. The ranges of min imum to max imum API val ue

lor the Nort h region (S I-S8), are from 2-97 while for the East (S9- S 17), are from 8- 139. Next,

for Centra l (S 18-S22) and So uth (S23 -S32) are 17-11 6 and 8-1 24, respective ly. Last ly, for

Sabah (S33 -S3 6) and Sarawak (S37-46) the range is between 9-71 and 8-90, respectively. In

between th is study period , Klang (S22) was found to be the most station-do minant air poll utant

compared to others . T he average AP I recorded was 62.70 and categorized as moderate

acco rd ing to the New Malaysian Ambient A ir Quality Standard (NM AAQS). Since Port Klang

is one of the industr ial towns with a high vo lume of heavy vehicles (the monitoring site is also

located just beside the main road o f Port Klang), PM 10 mass co ncentrat ions appear to

accumulate in th is area (Mohamad et aI., 20 15). A study by Rahman et aI., (20 15) stated that

a ir pollution so urces in Klang are PM 10, and migh t has influen ce by rela t ive hum idity, and

atmospheric temp erature. Th is indicates that, in addition to CO and N02, PM IO was a

significant a ir pollutant in the Kla ng Va lley . The lowest AP I has been recorded at Limbang

(S37) (25.37). Limbang is co nsidered as the backgro und stat ion (rural) . The distin ct differences

in N02, CO, and S02 var iation s revealed di fferent or igins for them, e.g., N02 is emitted by

automobile emiss ions from a local highway rather than S02and C02 produced from res ident ial

coal combust ion emiss ions in rural area s (Z hou et aI., 2014). A rur al area can cause air pollut ion

from the sources of coal combustion on heating activ ities during the w inter seaso n. According

to Zhou et aI., (2020), the Rural Residentia l Coal Combustion (RRCC) for heating had a

s ignificant effect on air quality, adding 36 . 1, 9. 1, and 16. 1 perc ent of S02, NO x, and PM2.5 to

the atmosphere, respecti ve ly, in the wi nter. According to the findin gs from Q iao et aI., (2020),

eac h I g/rrr' increase in PMI , PM25, PM IO, and N02 was linked to 14.9%, 14.6%,7.3%, and

13



16.5% increased risk of osteoporos is, respectively. A ir co ntaminat ion In China's rural

pop ulation is thou ght to be responsib le for 20.29 to 24 .36% of osteopo ros is inc ide nts . In rural

areas, duri ng movement con trol order, avera ge daily PM2.5 co nce ntrations in the kitch en and

liv ing room rose by 17.4 and 5.1 g/rrr' , respective ly, which may be attr ibuted to higher fuel

consumption for cooking and heatin g due to greate r fami ly sizes than on usual da ys (Du et a l.,

202 1).

Table 3 shows the percentage level o f API in study areas. Acco rd ing to the Mala ysian

Departmen t o f Environment (202 1), the API levels between 0 to 50 signified a goo d level.

Goo d API shows that the study are as co nta in low pollu t io n and do not impose negative health

effe cts . No restrictions on pub lic outdoor events, and enco urages people to live a healthi er

lifestyle. The API level ranged fro m 51 to 100. indicat ing a moderate sta tus . The areas were

reported to have mod erate emissions and no restrictions on outdoor act ivit ies . Fina lly, dur ing

the study, severa l location s reported an unhealth y level of API ( 10 1-200). Elderly, pregnant

wo men, kids, and peopl e wit h heart and lung problem s suggested staying indoor and the

government advi ses high-risk individu als to restrict the ir recreat iona l behav io rs. The good A PI

leve l in the north area ranges fro m 30. 12% to 70.81%. The highest percentage at Good was

70 .8 1% in Langkawi (S2) (sub-urban), while the lowest perce ntage was in Tasek Ipoh (S7)

(30. 12%) (urban). In the East regio n. Balok Baru Kuantan (S 12) (industria l) has the high est

percentage (68.4 1%), while Kuala Te rengga nu (S II ) (urban) has the lowest percent age

(34.75%) . Kuala Se lango r (S20) (rural) had the highest percentage (30 .78%) in the central area ,

while Klang (S22) (sub-urban) had the lowe st perc entage (2.41 %) . In the so uth area. Kota

T ingg i (S 3 I) (sub-urban) record ed the highest percentage (83.86%) compared to La rkin (S30)

(urban) tha t has the lowest percentage (32 . 12%). In Sa bah, the percentage varies from 77.1 0 to

98.82% , with Tawau (S33) (sub-urban) bein g the most do minant (9 8.82%) at the good API

leve l. Fina lly, in Sarawak, the goo d level o f API ranges from 57. 10% to 98.48%, w ith

14



Kap it(S44) (rura l) record ing the highest percentages. In the North, the mod erate API level

ranged from 29. 19% to 69.88%. Tasek lpoh (S7) (urban) has the hig hest percentage, whil e

Langkawi(S2) (sub-urban) has the lowest. In the East, Balok Baru Kuantan (S 12) ( Industrial)

had the lowe st percentage. The levels for central range from 75.09% to 97.59%. Cheras (S 18)

(urban), Putrajaya (S 19) (sub-urban), Kua la Se lango r (S20) (rural), Petaling Jaya (S2 1) (sub­

urba n), and Klan g (S22) (sub-urban) we re the study areas in this field . These areas in the region

had an AP I ratin g o f more than 50% at a mod erate API leve l. At So uth, Larkin (S3 0) (urban)

recorded the highe st perc entages in this region followed by Bandaraya Me laka (S2 6) (urban)

that recorded 54.58%. Sabah and Sarawak were ranges from 1.18% - 22.9% and 1.52% ­

42 .9%, respect ively. Keningau (S36) (background) and Miri (S3 8) (sub-urban) are recorded

the highest percentages (22 .9% & 42 .9%) respectively. Th is study also revealed 0.6% and

0.08 % from the east region for unhealthy API level located at Rompin (S9) (rura l) and Ba lok

Baru Kuantan (S 12) (indust ria l) respecti ve ly. Next, at centra l region, Putrajaya (S 19) (sub­

urban) is reco rded 0.11% while Petalin g Jaya (S2 1) (sub-urban) recorded 0.17%. Lastly, at

South, Port Dickson (S24) (sub-urba n) produced 0.05% wh ile Bandaraya Me laka (S26) (urban)

and Lark in (S3 0) (urban) recorded only at 0.0 I% eac h.
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Figure 2 shows that reco rde d API at a goo d level is higher com pared to a moderate

level. Th is shows that bett er a ir qua lity is formed during the COVID-19 pande mic. Research

from Abdu llah et a l., (2020) and Othman & Latif(202 1) reported that the introduct ion of MCO

great ly dec reased hum an ac t ivit ies, result ing in lower a ir emissions and improv ed human health

in Ma lays ia. Oth er than that, during the COV ID- 19 lockdown, Mahato et al. (2020) found a

36 .84% dec line in CO in the megacity o f Delhi , which they attribute to closed highways,

industria l factories, and power plant s. A study by Rahman et a l., (202 1) sta ted that PM2.5, N02,

S02, 0 3, and CO conc ent rations in Dhaka C ity decreased by 26%, 20.4%, 17.5%, 9.7%, and

8.8% respective ly during the partia l and absolute lockd owns, respectively, relati ve to the tim e

befo re the lockdown. The introduction 0 f a lockout strategy to contain COVI0-1 9 transmi ssion

was critica l in lowering pollut ion level s. During the first partial lockdown, fro m March I to

Apri l21 , Baghd ad 's a ir qua lity index (A Q I) improved by 13% relative to pre- Iockdo wn levels.

N02, PM25, and PM 10 concentrat ions in Baghdad decreased by 6%, 8%, and 15%, respectively

but 0 3 levels increa sed by 13% during the first partial and absolute lockdowns from March I

to April21 . N02and PM2.5 leve ls fe ll by 20% and 2.5%, respect ive ly, dur ing the second partial

lockout, which lasted from Jun e 14 to July 24 while 0 3 and PM 10 levels increased by 525%

and 56%, respectively (Hashim et a l., 202 1). Acco rd ing to Wang et a!. (202 1), The air quality

index (AQI) was decreased by 15.2%, and N02, PM 10, PM2.5, and CO co nce ntrations were

reduced by 37.8% ,33.6%,21.5%, and 20.4%, respecti ve ly. We discov ered that traffic co ntro ls,

especially the restriction of intra -city trave l intens ity (T I), had a major heterogeneo us impact

on N02, with a redu ction of approximate ly 13.6%, and that anyone-unit rise in co ntrol

measures intens ity decreased air po llution co nce ntra tions by approximate ly 2-4%.
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Figure 2. Percentage of AP[ Level at A ir Quality Monitoring Stat ions

Acco rd ing to Table 4 and Figure 3, as the AP[ var iable increased by one unit , the

number of COY ID- [9 cases increased by 0.114 in the north. [n this reg ion, the R2 was only

0.4%. T he number of COYID- 19 cases increased by 1.831 in central areas as the AP[ variable

increased by one unit , resulting in a 2% of'R". Fo llow ing that , as the AP I variable increased by

one un it, the COYID- 19 cases increased by 0.102, resulting in a 0.04% R2 in the south area.

When the AP[ var iable was increased by one unit , the COY[0 -19 cases increa sed by 0.0 62 in

the east. This area had an R2 of 1.5%. Meanwhile, in Sabah, the number o fCOYID- 19 cases

decrease d by 0.821 as the AP[ va lue increased by one unit , res ulting in a negative relation ship

with an R2 of4%. Finall y, as the AP[ va lue rose by one unit and R2 was 0.2%, Sarawak record ed

a 0.065 rise in COYID-1 9 cases . Base d on the result , it is ob served that there is a slight
' . r

co rre lat ion between COY10-1 9 cases and AP[ due to the exposure from the emiss ion o f

industr ialization activity, vehi cle smoke, and road dust. We also can see that the ambient air

d id not co ntribute much to the rising of CO Y[0-1 9 in Malaysia. Li et a l., (202 1) have also
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confirmed that the A ir Quality Index (AQ I) in China promotes the transmiss ion ofCOYID - 19

cases (R2 = 0. 13 and 0.223) in Wuhan and X iaoGan. Furthermore, in Milan, Italy, Zoran et aI.,

(2020) have also just ified that the COYID- 19 new dail y cases have posi t ive s ignifica nt

relationshi p w ith the air quality index. In Singapore, it is reported that the pollutant standa rd

index is a lso positi vely correlated w ith COY ID- 19 cases (r = 0.3 5) (Lorenzo et aI., 202 1).

Moreover, severa l air pollutants co nce ntrat ion are positive ly correlated with COYID- 19 cases

in Mexico, which the eva luated correlat ion va lues are 0.77 - 0.80 (Tello-Lea l and Macia­

Hernandez, 2020) . But, converse ly, Sangkha m et a I., (202 1) sa id that the daily confirmed

COYID- 19 cases are negat ive ly associated with the a ir quality index in Ba ngkok (r = 0.458).

in line for Sabah reg ion in thi s study. As adv ised by the MOH (202 1), the co mmunity needs to

practicing the 3W w hich are washing the hands using soap and sanit izer, wear the face mask

when going outdoo r, and warning from the government need to be a lerted. Furthermore, the

soc iety also needs to avo id the 3C wh ich mean close conversation, crowded place, and co nfined

spaces to avo id the COYID-19 tra nsmiss ion from occurring. These act ions had effect ive

towards the society in curbing the CO YID- 19 spread. T he spread of the COYID- 19 outbrea k

is strong ly associated with po pulation movem ent s in o ur culture , which may intensify the

spread of nove l co ronav iruses and pose a serious threat to human life and public health (Wang

et aI., 202 1). The env ironme nta l factor like temperature might plays an impo rtan t ro le in the

surviva l and transmi ssion of viruses. Unusua l temperature variat ion is an important risk factor

for resp irato ry diseases. Temperature fluct uation s can increase the mort ality rate and enhanced

in fluen za-re lated mechan isms. Influenza vir use s live lengthier on surfaces o r in drop lets in co Id

and dr y a ir, which increases the pos s ibil ity ofsucceed ing contagion (Hoseinzadeh et a I., 2020).

Prev iously, the temperature is a sig nificant factor influencing the infect ious diseases such as

SARS and influenza. Te mperature and its changes affected the SARS outbrea k (L in et a I.,

2006). Ta n et aI., (2005) found that the temp erature was lower in the 2003 SA RS outbrea k and
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there is an increased risk of daily inc idence. A study by Casanova et a l., (20 10) shows that the

SARS-CoV stra in o ft he infe ction was see n to endure longer on surface s at a lower temp erature.

The SARS-CoY da y by day rate of cases during the endem ic wa s IS-overl ap in lower

temperatures co ntrasted with higher temperatures (Lin et al., 2006). Furthermo re, Chan et a l.,

(20 II) repo rted that the reasonabi lity of different sorts of SARS Covids was diminished w ith

high temperatures . The ir study likewise recommends that trop ical nati ons have a ge nera lly sa te

ofSA RS Cov id di sease as co ntrasted and mod erately chilly nation s. Higher temperatures have

been shown to be protected against the transm iss io n of the SAR S in 2002-2003 (Li n et al.,

2006), per haps becau se of the dimin ished endurance of the SARS-CoV on sur faces at higher

temperatures (C han et a l., 20 I I) . For MERS-Co V, Gardner et al., (20 19) found that it has a

nega tive re lat ionship amo ng temperature and case occurrences for a situat ion case- crossover

investigation. Unfortunate ly, A ltamimi et a l., (20 19) found that the high te mperature was one

o f the contributors to increased ME RS-CoV cases. The speculat ion is drawn from the inverse

relationship bet ween warm temperature and viral infect io ns, including influe nza and other

coronaviruses like MERS- Co V (Fagbo et a l., 20 17; Lowen et al. , 2007).

Ta ble 4. Summary of linear regressio n between AP I and COYID - 19

Region Equation (y = rnx + c ) R2 p-value

No rth C I9 = 0.114(API) + 2 .054 0.004154 p<0.05

Ce ntral C 19 = 1.83 1(A PI) - 45 0.0 21279 p<0.05

So uth C I9 = 0. 102(API) + 13 0.00041 2 p>0.05

East C 19 = 0.062(API) + 0.227 0.01 5648 p<0 .05

Sabah C 19 = -0.821 (API) + 7 1.56 0.0 43024 p>0.05

Sarawak C 19 = 0.065(API) + 2.22 0.002565 p<0.05
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Figu re 3. The relationship o f A PI and COYID-19

Prata et aI., (20 20) examine the role o f temperature on the co mbined number of

COYID- 19 cases in Brazil. The Ge nera lized Add it ive Mode l (GA M) deve loped to reveal that

there is an inverse relationshi p between temp eratu re and dail y cumulat ive COYID-1 9 cases .

In-dept h, the y found that o n every 1°C increase o f temperature, w ill dec rease 4.9% ofCOYID-

19 cases in Brazil. Li et aI., (2020) found that the dail y temp erature (R2 = 0.126, p<005) and
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dai ly lowest temperature (R2 = 0. 143, p<0 .05) were predom inant ly correlated with COYI0-1 9

inc idence, in inverse co rre lat ion by using simp le linear regression analysis. Moreover, Mandai

and Panwar (2020) found that the monthly ave rage environment temperature has a strong

negative co rrelat ion o f total cases (r = -0.45), active cases (r = -0.42), and cases per million (r

= -0 .50) via Spearma n co rre lat ion ana lysis. They added that a chilly climate might be an extra

danger facto r for CO YID-19 cases. In Bang ladesh, Haque and Rahman (2020) found that high

temperature s ignificant ly reduces the transmiss ion ofCOYID -19. They found the peak spread

CQYID-19 occurred at an average tempe rature of 26°C. In a study by Sha hzad et al., (2020),

the research found that there exists negati ve co rre lat ion between temperature and CO YID- 19

for severa l provinces; Guangdong (r = -0.3038346, p<0.05), Henan (r = - 0.5006 19 1, p<0.05),

Jiangxi (r = -0.5178269, p<0.05), Shando ng (r = -0.5246733, p<O.05), and Jian gsu (r = ­

0.52 11593, p<O.05), while some prov inces show pos itive correlation; Hube i (r = 0.5356257,

p<0 .05), Zhenj iang (r = 0.494 1642, p<0.05), Hunan (r = 0.4372964, p<0.05), Anhui (r =

0.5098245, p<0.05), and Heilon gj iang (r = 0.6612333, p<0.05). Xie and Zhu (2020) a lso used

the GAM to determine the relat ionshi p between mean te mperature and CQ YID- 19 confirmed

cases in China like Prata et aI., (2020). Co nverse ly, they found that mea n temperature has a

positive linear relation ship wit h the number of COYID-19 cases over 122 cities when the

temperature is below 3°e. For every 1°C increase is associated with a 4.86 1% increase in the

daily number of CO YID- 19 co nfirmed cases. Me nebo (2020) found that the maximum

temperature (r = 0.374, p<0.05) and normal te mperature (r = 0.293, p<0 .05) were positively

and significant ly co rre lated wit h CO YID- 19. Azuma et a l., (2020) revea led that COYID- 19 is

significa nt ly associ ated with the increase in dail y temperature or sunshine hours. Thi s sugg ests

that an increase in person-to- person contac t due to increased outing activit ies on a warm and/or

sunny day might promote the transmiss ion of COYID-19. Interestingly, Runkle et aI., (2020)

sta ted tha t the temperature did not ex hibit a strong assoc iatio n with CQ YID- 19 in US c it ies.
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This is co rroborated by To et aI., (202 1), who discovered no co rre lat ion between ambient

temperature and COYID- 19 inc idence. The co ncept that lower or higher te mperatures w ill limit

COY ID- 19 transm ission is not fulIy supported by var ious data. These co ntradictor y find ings

regard ing the effect of temperature on COYID- 19 transmi ssion emphas ise the importance o f

co nduct ing more investigation in a range o f geographic areas and over lo ng time period s. MOH

(2020) also recorded that until November 2020, there are I 19 clusters reported to be workplace­

re lated . O f that number, a total of 36 clusters have been declared ended while another 83

c lus ters are still active to th is day. A tot al o f77,20 I indi vidua ls we re screened in which a total

o f 12,079 cases were found to be COYID- 19 positi ve. T his invol ved 4,398 cases o f c itize ns

and 7,681 cases were non -c it ize ns. This shows that the infect ion ofCOYID- 19 is involv ed in

the wo rkplace that spec ifica lly in indoor spaces .

4. Conclusion

This resea rch should ideall y serve as a sta rt ing po int for a bett er understa nd ing of the factors

afTecting COYID- 19 tran smission and spread. Add it iona lly, the find ings imply that air qualit y

shou ld be prioritised , since it wou ld help pre vent the spread of infect ious di seases suc h as

COYID- 19. Integrated so lut ions to ave rt pandemics com pa rable to COYID- 19 sho uld be

deve loped not ju st in terms of medicin e and welln ess, but a lso in terms of sustainabilit y and

environmenta l sc ience . Characteriza tion of PM2.5 is ideall y a significant step in detecting the

presence of SARS-CoY-2 genes in the a ir as the PM2.5 has a lways dominated the API.

Add it io na l factors to con sider inc lude temperature, traffic volume, industrial act iv ity, and

biomass burning. Seri ous action must be done to halt the spread ofCOYID- 19, with a particul ar

emphas is on the installation of se vere lockd owns that can s ignificant ly reduce the number o f

new confirmed ca ses ofCOYID- 19 o n a dail y basis.
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