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Abstract
The COVID-19 outbreak was a serious challenge for countries around the globe. With the objective of 
mitigating the spread of the virus, both national and international health organizations swiftly enacted 
quarantine measures across numerous cities around the globe. This presented a unique chance to 
evaluate the consequences of human actions on the quality of the air. This study aimed to investigate 
airborne microbial levels in different outdoor locations in Al-Madinah City, Kingdom of Saudi Arabia 
(KSA), during the COVID-19 pandemic by comparing lockdown against non-lockdown conditions. Twelve 
outdoor locations were investigated in terms of microbial total counts using the open plate method during 
and after the COVID-19 lockdown. Environmental factors that could affect the airborne microbial load, 
including humidity, temperature and wind speed, were recorded during the assessment. The means of the 
total colony-forming units (CFU) for each cubic meter (m3) of air were calculated. Lockdown restrictions 
caused significant decreases in the biological contaminants in all locations compared with the numbers 
after the pandemic. Gram-positive bacteria represented most of the samples, with fewer fungal strains 
detected. The outdoor average total bacterial counts ranged between 0.00±0.00-8337.50±248.98 CFU/m3, 
compared with 2903.75±407.60-19722.50±475.03 CFU/m3 after the pandemic. The mean concentrations 
of total fungi were lower than those of bacteria and ranged between 0.00±0.00-143.75±131.75 CFU/m3 

during the COVID-19 lockdown and were elevated after the lockdown to reach 28.75±49.80-776.25±298.78 
CFU/m3. Based on the available data, there are no studies comparing outdoor microbial counts during 
and after the COVID-19 pandemic. Therefore, this research offers additional perspectives on the air 
quality experienced amidst the COVID-19 pandemic and the subsequent implementation of lockdown  
measures and could serve as a valuable resource for monitoring and implementing measures to control 
air pollution.
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INTRODUCTION

 Air quality, both indoors and outdoors, 
is the most important factor that impacts 
our everyday lives. Every day, we breathe 
approximately 10 cubic meters of air.1 Air can be full 
of biocontaminants, which allows for their spread 
and dispersal. Biocontaminants are microscopic, 
suspended particles in the air that are made up of 
or derived from living organisms. Other examples 
of these substances are spores, pollen particles, 
endotoxins, or fragments of animal shedding.2 
They can be released into the environment as 
singular cells, in clumps of multiple organisms, 
or as cells or pieces of cells attached to other 
particles in the air. Inhaling these biocontaminants 
can lead to infectious, allergic, and toxic effects. 
The past few decades have seen heightened 
global interest in biocontaminant exposure. This 
is largely due to the understanding that exposure 
to these contaminants is linked to many serious 
health issues, ranging from contagious diseases 
to malignancies. Such conditions can lead to 
considerable public health burdens.3 Every year, 
outdoor air pollution claims the lives of almost 3.3 
million individuals.4 There is a significant impact of 
air pollution on life expectancy worldwide that is 
estimated to be more than twice as large as the 
combined effects of water, soil, and occupational 
pollution.5

 A i rborne microbes  const i tute  a 
significant proportion of particulate matter 
present in the atmosphere,6 which can be 
hazardous to human health, as well as the 
ecological balance of wildlife and plant species. 
Additionally, they can be transported with wind, 
thus affecting the entire ecosystem.7,8 Adverse 
health effects have been observed due to spread 
of airborne microorganisms.9-11 The findings of 
epidemiological studies indicate that exposure 
to high concentrations of microbes in the air can 
induce respiratory disorders,12 allergic reactions 
and infectious diseases,10,13 hypersensitivity,14,15 
fatigue, headache and sinusitis, asthma attacks11,12 
along with alveolitis.16 Immunocompromised 
individuals, young children, pregnant women, 
the elderly, and patients suffering respiratory 
and cardiovascular diseases, are more susceptible 
to air pollutants.11,14

 Previous studies investigated airborne 
microorganisms in outdoors and indoor 
environments in urban and rural regions.17-22 There 
are a variety of bacterial communities found in 
urban air microbiomes; however, Proteobacteria, 
Actinobacteria and Firmicutes tend to be the 
most abundant.18,20,21 Some of the fungal spores 
detected in many studies are associated with 
allergies, such as Ascomycota, Basidiomycota, 
and Zygomycota.22,23 Nevertheless, the levels of 
microorganisms in air are strongly correlated 
with various environmental factors, including 
temperature, humidity, air movement, light 
intensity, and types of human activities.24-27

 Air quality in terms of microbes can be 
analysed to ensure safety and protection from 
potential risks.28 It allows the detection of the 
existence of biological agents, recognizes crucial 
situations, and ensures that the safety measures 
taken are effective. Moreover, air sampling 
serves educational, scientific, and quality control 
objectives.29

 In December 2019, the world was 
in a panic caused by a new infection officially 
recognized as coronavirus disease 2019 (COVID-19) 
by the World Health Organization (WHO). It was 
initially detected in Wuhan, Hubei, China, and 
subsequently extend all over the world.30 Our 
laboratory has published several previous works 
concerning COVID-19.31-33 The effects of COVID-19 
can vary widely, from individuals who show 
no symptoms at all to those with severe cases 
that might necessitate the use of a ventilator 
or even result in fatalities. The worldwide count 
of confirmed COVID-19 cases and fatalities has 
exceeded 12 million and 550,000, respectively, 
as indicated by a global database. All countries 
were striving to contain the virus. To execute 
the “flattening the curve” plan, the world faced 
an unprecedented lockdown with a range of 
measures from individual to global levels. Closing 
global boundaries, educational facilities, and 
nonessential businesses, as well as restricting the 
movement of people in some areas, were among 
the steps taken to implement lockdown.34 In 
many cities, air quality, in terms of non-biological 
pollutants, improved during the lockdown 
period. The strict restriction placed on billions 
of people globally had at least one beneficial 

http://ec.europa.eu/health/scientific_committees/opinions_layman/en/indoor-air-pollution/glossary/abc/cardiovascular-system-circulatory-system.htm
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/indoor-environment
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/indoor-environment
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consequence. Satellite images and measurements 
of contaminants conducted from ground-based 
locations in several cities clearly demonstrate 
this study.34-37 This study aimed to investigate 
airborne microbial levels, mainly bacteria and 
fungi, in twelve different outdoor locations in Al-
Madinah City, KSA, during the COVID-19 outbreak 
by comparing lockdown conditions against non-
lockdown conditions.
 To date, there is no definite agreement on 
when air sampling should be done, what technique 
would be applied, and how to analyse the results 
in order to apply control and safety measures 
that are effective. The techniques employed for 
microbial air sampling can be categorized as either 
passive or active.28,38 The active technique provides 
a way to measure the concentration of cultivable 
microorganisms in the atmosphere. It uses various 
tools to take a known amount of air that is then 
blown onto a nutrient medium. The final result 
is quantified in terms of the quantity of colony 
forming units per cubic meter. On the other hand, 
Passive methods involve exposing settle plates to 
air for a predetermined time period to measure 
the rate of sedimentation of microorganisms on 
surfaces. Findings are given as CFU/plate/time. In 
general, the choice of the technique is determined 
by the objectives of the study, and no particular 
method is preferred over another.39

MATERIALS AND METHODS

Sampling sites
 The present study was done at twelve 
locations in Madinah, KSA. The framework of 
this study is shown in Figure 1.40 The investigated 
districts include C1 and C2 located in the centre; 
N1 and N3 in the northern part; S1 and S2 in the 
southern part; E1 and E2 in the eastern part; and 
W1 and W4 in the western part of Madinah City.

Study period and meteorological conditions
 The sampling studies were conducted 
in June 2020 and July 2023. All the samples were 
collected in the afternoon between approximately 
16:00–18:00 o’clock. The meteorological factors 
(wind speed, temperature, and relative humidity) 
were recorded during sampling.

Collection of samples
 Bacterial and fungal samples were 
collected using the open plate method. Petri 
dish plates of 9.0 cm diameter containing media 
(nutrient agar and MacConkey agar were used 
to obtain bacterial total counts and Sabouraud 
Dextrose agar for fungal culturing) were exposed 
for 5 min at 150 cm height, which represents 
the breathing zone of an individual. A minimum 
of 10 m was kept between walls and other 
obstructions. The plates were transported to the 

Figure 1. Geographical description and marked sampling locations in Madinah, KSA. C, centre; N, north; S, south; 
E, east; W, west
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laboratory in sealed microbiological plastic bags. 
The incubation process on bacterial samples was 
done at a temperature of 37°C for 24-48 hours. 
Fungal samples were incubated for 5 days at 
28°C.41,42 To obtain data variation, all air analyses 
were performed in 3 parallel repetitions at each 
sampling location. Air samples were analysed at 
the microbiology laboratory, College of Science, 
Taibah University.

Enumeration of bacteria and fungi
 After incubation, the calculated number 
of colonies was then converted into CFU/m3 
considering the Omelyansky formula.43,44

 N =5a × 104(bt)-1 (1)
 where 
 N = CFU/m3, a = colonies number per 
Petri dish, b = plate surface (cm2), and t = the time 
duration for opening of the plate (min), according 
to estimates that on an area of 100 cm2, in 5 
minutes, as many microorganisms as there are 
deposited in 10 m3 of air.

Statistical analysis
 Microsoft  Excel  2010 (Microsoft 
Corporation, New York, USA) was used for 
statistical analysis. One-way analysis of variance 
(ANOVA) with multiple comparison tests (Tukey’s) 
(Minitab®19 statistical software) was applied to 

verify the likelihood of statistically significant 
differences among the concentrations of bacteria 
and fungi at diverse locations. The values are 
presented as mean±standard deviation (SD). A 
p-value less than 0.05 indicates that the difference 
is statistically significant. 

RESULTS

 In this study, a total of 216 outdoor air 
samples from twelve locations in Madinah City 
were included during and after the COVID-19 
pandemic. The wind speed during sampling varied 
between 14 and 23 km h−1. The air temperature 
ranged from 44°C to 45°C (summer season), and 
the relative humidity was approximately 5%. The 
numbers of bacteria and fungi at these sampling 
points had significant differences based on the 
location. Data, arithmetic means and standard 
deviations of bacteria and fungi recorded at each 
sampling location are presented in Tables 1-3. 
There was a significant decline (p<0.05) in the 
biological contaminants during the COVID-19 
lockdown in all sampling areas compared with 
their numbers after the pandemic.
 All samples were dominated by bacteria 
during and after the lockdown. There was no 
statistically significant difference (p>0.05) observed 
in the bacterial count between the 24-hour and 

Table 1. Descriptive statistics of bacteria at different sampling locations during the COVID-19 pandemic

          Bacteria CFU/m3

No. Location       Nutrient agar          MacConkey agar

  24 hours 48 hours 24 hours 48 hours

1. C1 4772.5±388.9228 4830.00±524.64 28.75±49.80 57.50±99.59
2. C2 6957.5±348.58 7848.75±480.22 0.00±0.00 57.50±49.80
3. N1 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00
4. N2 5491.25±277.25 5606.25±228.20 57.50±99.59 57.50±99.59
5. N3 0.00±0.00 0.00±0.00 316.25±131.75 977.50±217.06
6. S1 0.00±0.00 0.00±0.00 345.00±345.00 1236.25±302.90
7. S2 0.00±0.00 0.00±0.00 230.00±263.50 977.50±131.75
8. E1 0.00±0.00 0.00±0.00 603.75±86.25 1236.25±277.25
9. E2 0.00±0.00 0.00±0.00 316.25±99.59 862.50±86.25
10. W1 2242.50±480.22 5203.75±131.75 0.00±0.00 0.00±0.00
11. W2 1351.25±131.75 3680.00±263.50 28.75±49.80 57.50±99.59
12. W3 8337.50±248.98 9286.25±587.09 0.00±0.00 28.75±49.80
13. W4 2300.55±248.98 2846.25±345.00 0.00±0.00 0.00±0.00
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Figure 2. The concentration of total airborne bacteria isolates on nutrient agar after incubation for (a) 24 hours 
and (b) 48 hours at different locations during and after the COVID-19 pandemic

48-hour time points. The average outdoor total 
bacterial count varied (p<0.05) among different 
locations significantly. During COVID-19, it ranged 
between 0.00±0.00-9286.25±587.09 CFU/m3, 
compared with 2903.75±407.60-19722.50±475.03 
CFU/m3 after the pandemic (Tables 1 & 2). During 
COVID-19, the western part of Madinah had the 
maximum average outdoor bacterial count, ranging 
between 3680.00±263.50 and 9286.25±587.09 

CFU/m3. The districts located in the east, north 
and south had zero outdoor bacterial counts (Table 
1 and Figures 2 & 3). In comparison, the central 
part had the highest average outdoor bacterial 
counts after the pandemic (21418.75±131.75-
25070.00±777.85 CFU/m3). The outdoor bacterial 
average ranged between 6497.50±475.03-
25472.50±623.95 CFU/m3 in the eastern part, 
10407.50±217.06-12793.75±359.09 CFU/m3 in the 
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Figure 3. Representative plates of bacterial colonies isolated from air samples collected from different locations 
during the COVID-19 pandemic. The control showed zero colonies (data not shown)

southern part, 4283.75±733.55-16905.00±395.25 
CFU/m3 in the western part and 14403.75±831.76-
21390.00±395.25 CFU/m3 in the northern part 
(Table 2 and Figures 2 & 5).
 Gram-positive bacteria were the most 
common in most of the samples across all sampling 
locations during and after the COVID-19 lockdown, 
with a statistically significant correlation (p<0.05). 
The outdoor average number of Gram-negative 
bacteria (lactose fermenters) grown on MacConkey 
agar ranged between 0.00±0.00-1236.25±302.90 
CFU/m3. After COVID-19, the number decreased 
to 460.00±131.75-776.25±86.25 CFU/m3 (Table 1-2 
and Figure 4 & 5).

 The outdoor average total fungal counts 
in the different locations showed no significant 
(p>0.05) differences. It was lower than that 
of bacteria and ranged between 0.00±0.00-
143.75±131.75 CFU/m3 during the COVID-19 
lockdown (Table 3 and Figure 6-8). The range 
increased significantly (p<0.05) after the pandemic 
to reach 28.75±49.80-776.25±298.78 CFU/
m3. Among all districts in Madinah, C2, N3 and 
W4 had zero outdoor fungal counts, while N1 
had the highest outdoor average fungal count 
(143.75±131.75 CFU/m3). After COVID-19, E2 
illustrated the highest outdoor counts of fungi 
(776.25±298.78 CFU/m3), whereas W4 had the 
minimum average fungal count (28.75±49.80 CFU/
m3).
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DISCUSSION

 Bacteria and fungus are widely distributed 
throughout the atmosphere near the earth’s 
surface, forming a vital component of atmospheric 
aerosols that could affect human health and 
atmospheric dynamics. They both display a range 
of differences in terms of their composition and 
spatiotemporal dynamics.45 Taking into account 
the possible role of airborne microorganisms in 
public health, many studies have investigated 
factors affecting airborne microbial composition 
and biodiversity, including meteorological 
conditions,46,47 as well as human activities.48

 In  March 2020,  str ict  lockdown 
procedures were implemented by the Saudi 
authorities to stop the spread of the coronavirus. 
This lockdown has had a substantial influence on 
the mobility of individuals within the country. The 
implementation of social distancing measures 
among individuals has resulted in the disruption 
of the movement of aircraft, the suspension of 
industrial production and economic operations, 
and has had significant consequences on air 
quality.49 A review of the literature shows that most 
researchers have mainly focused only on indoor 
microbial contamination during COVID-19. Some 
air contaminants may be two to five times higher 

Figure 4. The concentration of total airborne bacteria isolates on MacConkey agar after incubation for (a) 24 hours 
and (b) 48 hours at different locations during and after the COVID-19 pandemic
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Figure 5. Representative plates of bacterial colonies isolated from air samples collected from different locations 
after the COVID-19 pandemic. The control showed zero colonies (data not shown)

indoors than outdoors during the epidemic.41,42,50,51 
Other researchers have investigated the levels of 
primary chemical contaminants in the atmosphere 
in numerous cities.47,52,53 However, based on the 
current body of information, there is no studies 
have been conducted to highlight the outdoor 
microbial load during the pandemic. The reason 

could be that people were not allowed to leave 
their houses at that time, but formal written 
permission was obtained for this study, in addition 
to their feelings of worry and fear from going 
outdoors. Hence, it is believed that none of the 
previous studies compared the outdoor microbial 
load during and after the pandemic. Therefore, 
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this study intended to provide a glimpse into the 
influence of the pandemic on microbial air quality 
in a number of outdoor environments during and 
after the COVID-19 pandemic in Madinah, KSA. 
Madinah is regarded as Islam’s second sacred 
City. The Central Department of Statistics and 
Information (CDSI) of Saudi Arabia reports that 
Madinah receives millions of visitors annually.54 
It has distinguished air environment, topography, 
and weather.
 The present investigation employed the 
open plate method (sedimentation technique) 
to collect the samples. Although this method 
provides an imprecise estimation of the quantities 
and varieties of airborne organisms, it is still 
regarded as a cost-effective and scientific practical 
technique.55 In our study, assessment of microbial 
air pollutant levels in the outdoor environment of a 
variety of locations in Madinah City indicated that 
the numbers of bacteria and fungi were significantly 
lower in the outdoors during COVID-19 than after 
the pandemic. The reason behind this was that 
during the COVID-19 pandemic, 90% of a person’s 
waking hours were spent in a contained space, 
mostly at home. Prior research has demonstrated 
that the primary causes of micro-contaminants 
are human activity and habitation in residential 
areas.56,57,58 In addition, dust is considered one of 
the most microbial sources, and its composition 
significantly affects the survival of the attached 
microorganisms. Moreover, dust on surfaces exists 

in different sizes and is periodically resuspended 
in air due to human activities.13,59 In a study 
conducted by Jiang et al.,60 using a meta-analysis 
of air samples (3226 samples), it was revealed 
that samples in categories linked to anthropogenic 
activities displayed higher co-occurrence network 
complexity, higher microbial diversity, and 
higher relative prevalence of pathogens. Gao et 
al.61 reported that atmospheric pollutants from 
human activities were the main factors in shaping 
bacterial community structure. Cordeiro et al.62 
demonstrated that outdoor microbial quality 
is related to the natural and anthropogenic air 
pollution, besides climatic and geographical 
factors.
 Bacterial presence is widespread in the 
atmosphere, exhibiting a density ranging from 
104-108 cells per cubic meter.63,64 The results of 
the study showed that Gram-positive bacteria 
were detected in a large number of the samples 
in all the sampling areas. Indeed, Gram-positive 
bacterial species exhibited greater prevalence and 
resistance to environmental influences than Gram-
negative bacteria. A similar finding was discovered 
in a study carried out in Madinah by Bakutis et 
al.,65 since a higher prevalence of Gram-positive 
bacteria was observed in farms raising cattle and 
poultry. The difference may be explained by the 
Gram-negative bacteria’s susceptibility to Atom 
Environs and the cell wall structure of the Gram-
positive bacteria.66 Other studies reported that 

Table 2. Descriptive statistics of bacteria at different sampling locations after the COVID-19 pandemic

          Bacteria CFU/m3

No. Location       Nutrient agar          MacConkey agar

  24 hours 48 hours 24 hours 48 hours

1. C1 19722.50±475.03 25070.00±777.85 115.00±49.80 776.25±86.25
2. C2 17451.25±1021.74 21418.75±131.75 201.25±49.80 287.50±99.59
3. N1 11960.00±302.90 18313.75±587.09 57.50±99.59 143.75±248.98
4. N2 9861.25±505.38 14403.75±831.76 0.00±0.00 28.75±49.80
5. N3 13138.75±658.75 21390.00±395.25 0.00±0.00 0.00±0.00
6. S1 8251.25±623.95 10407.50±217.06 0.00±0.00 57.50±99.59
7. S2 10436.25±684.59 12793.75±359.09 0.00±0.00 28.75±49.80
8. E1 4571.25±822.77 6497.50±475.03 0.00±0.00 0.00±0.00
9. E2 16100.00±425.46 25472.50±623.95 0.00±0.00 460.00±131.75
10. W1 2903.75±407.60 4283.75±733.55 0.00±0.00 57.50±99.59
11. W2 3622.50±228.20 4485.00±456.39 0.00±0.00 0.00±0.00
12. W3 13800.00±603.75 16905.00±395.25 28.75±49.80 28.75±49.80
13. W4 5290.00±863.94 7791.25±527.00 0.00±0.00 0.00±0.00
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Figure 6. The concentration of total airborne fungal isolates at different locations during and after the COVID-19 
pandemic

Figure 7. Representative plates of fungal colonies isolated from air samples collected from different locations 
during the COVID-19 pandemic

microorganism viability can be greatly impacted 
by temperature and sun radiation intensity, with 
Gram-positive bacteria being more resistant to 
elevated solar radiation than Gram-negative 
bacteria.67,68

 In terms of airborne bacterial counts, 
they varied significantly between the studied 
outdoor sites. The differences in bacterial 
concentrations indicate that sources of this bio-
contamination are diverse in various locations of 
Madinah City. Of the twelve sampling locations, 
western part of Madinah had the maximum 
average outdoor bacterial count during COVID-19. 
This may be related to the poor infrastructure 

of this location and the standards of living and 
socioeconomic status. The east and south districts 
had zero bacterial counts since Saudi Arabia’s 
interior ministry imposed a complete lockdown 
in these neighbourhoods to prevent the spread 
of coronavirus. All movement was restricted 
in those areas, and residents were prohibited 
from circulating outside their homes. After the 
pandemic, the central part had the highest average 
outdoor bacterial count. The main reason for the 
high numbers of microbes found in this location 
might be due to overcrowding with people. This 
time of year, millions of Muslims visit the two 
holy mosques in KSA. The Prophet’s Mosque and 
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the Grand Mosque in Makkah are important sites 
for the Hajj and Umrah. The Prophet’s Mosque 
(Al-Masjid al-Nabawi) is located in the centre of 
the City of Madinah and all these visitors stay in 
there for some days. However, this location had 
a lower microbial load during COVID-19, due to 
the lockdown at these sacred locations and the 
suspension of Umrah and Ziyarah by the Saudi 
Arabian authorities.69 The western region (W1) 
had the lowest bacterial count, which may be 
explained by the fact that it has lowered human 
occupancy compared with other locations. It 
has been demonstrated that human occupancy 
and pollutant levels in the outdoors have a 
proportional and direct relationship.13

 The dispersion of spores from various 
fungal species in the atmosphere contributes 

significantly to air pollution, highlighting the crucial 
role of airborne fungus in this environmental 
concern,70 which can change environmental biotic 
and/or abiotic elements, which has an impact on 
human health.71 The abundance and composition 
of aerial fungal populations within a certain region 
are contingent upon a variety of factors, including 
environmental parameters, human interventions, 
and the presence of suitable substrates conducive 
to fungal proliferation.72 In this study, few fungal 
species were detected compared to bacteria 
before and after the pandemic, since sufficient 
moisture is necessary for fungi to be active.73 
During COVID-19, The northern region (N1) had 
the highest number of fungi, since farms are 
common in this area. Various studies have earlier 
reported that the concentration of airborne 
fungi was strongly correlated with the amount 
of vegetation cover in outdoor environments. 
A research conducted in Beijing by Fang et al.,74 
showed that the diversity of fungi in green 
regions was found to be greater in comparison 
to those observed in heavily inhabited and 
polluted areas. Previous research has indicated 
that regions exhibiting a greater prevalence of 
verdant vegetation were associated with elevated 
levels of aerial fungal spores.74-77 Lymperopoulou 
et al.,78 illustrated that local vegetation strongly 
influences the composition of outdoor air locally. 
The concentration of airborne microbial particles 
was up to ten times greater close to plants than 
in the bulk air distant from the plants. After the 
pandemic, the eastern region (E2) recorded the 

Table 3. Descriptive statistics of fungi at different 
sampling locations during and after the COVID-19 
pandemic

          Fungi (CFU/m3)

No. Location      Sabouraud Dextrose agar

  During COVID-19 After COVID-19

1. C2 0.00±0.00 201.25±131.75
2. N1 143.75±131.75 230.00±131.75
3. N3 0.00±0.00 201.25±131.75
4. S1 115.00±99.59 143.75±131.75
5. S2 57.50±49.80 373.75±179.54
6. E2 28.75±49.80 776.25±298.78
7. W2 28.75±49.80 488.75±263.50
8. W4 0.00±0.00 28.75±49.80

Figure 8. Representative plates of fungal colonies isolated from air samples collected from different locations after 
the COVID-19 pandemic. The control showed zero colonies (data not shown)
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highest level of fungi among all the districts. 
This district is crowded with four hospitals and 
several shopping centres located there. A large 
number of studies have revealed that diversity and 
concentration of fungi in outdoor environments 
are primarily influenced by factors such as traffic 
flow and human activities.13,79,80

 One drawback of this study was the wind 
speed during sample collection. Prior research 
has demonstrated that several environmental 
parameters, temperature, atmospheric pressure, 
wind velocity, and humidity, have the potential to 
influence the variety of airborne microbes across 
diverse habitats.81 However, it is fairly known that 
the results of these studies vary significantly from 
one study to another. The difficulty in comparing 
the microbial load is related to the influence of a 
number of factors apart from the location, such as 
changes in atmospheric conditions (temperature, 
wind speed and direction, humidity, rainfall and 
solar radiation), sampling technique, and social 
and economic conditions.

CONCLUSION

 Both the productivity of naturally 
occurring and managed ecosystems and 
human health can be significantly impacted 
by airborne microorganisms. Air and microbial 
pollutants research are a crucial component in 
comprehending public health policies. Evidence 
shows airborne microorganisms play a significant 
but understudied, role in air quality, and their 
inclusion in models and measurements of 
atmospheric contaminants has to be improved. 
Governments worldwide imposed lockdowns in 
early 2020 due to the sudden increase in COVID-19 
cases. This provided a unique opportunity to 
learn more about how human activities affect 
air quality. The scientific community used this 
global experiment as a natural laboratory to 
gain knowledge and reconstruct their findings. 
In this study, the microbial load of the outdoor 
environments of Madinah City, KSA, for the period 
of the COVID-19 lockdown was investigated. It 
provides the first report on the bacterial and fungal 
diversity in outdoor air during COVID-19 pandemic. 
In this regard, all studied locations had significantly 
lower biological pollutants during the pandemic 
due to lockdown limitations. Mostly Gram-positive 

were detected, with few fungal species. Different 
studied outdoor locations showed varied microbial 
counts due to particular conditions related to 
these locations. The results confirmed the strong 
influence of human activities as a primary source 
of microbes in air. The understanding of factors 
that determine the composition of microbes in 
outdoor air might contribute to our understanding 
of indoor air quality. In many cases, outside air 
significantly contributes to the bacterial and 
fungal populations that are found in interior 
spaces, including homes. However, it is important 
to be careful when comparing short-term data 
during lockdown because seasonal changes can 
be significant and may mask any actual changes 
caused by the lockdown.
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