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Abstract

Bangladesh composes the most polluted air with Dhaka securing the top po-
sition. The purpose of the study is the enumeration of the prevalence of pa-
thogenic bacteria in Dhaka city’s air and their antibiotic susceptibility to the
common antibiotics. For the sample collection, different selective media was
exposed in air where the highest and lowest CFU was 137 and 1 respectively.
Pathogens were screened through Hemolysis, DNase and Coagulase test and
identified by 16s rRNA sequencing followed by antibiotic susceptibility test.
16s rRNA sequencing revealed that the organisms were Bacillus altitudinis
strain 41KF2bT.28, Bacillus licheniformis strain QMA46-2, Bacillus altitudi-
nis, Bacillus pumilis strain B]-DEBCR-34, Staphylococcus aureus strain TPS-
3156, Bacillus sp CO16, Pseudomonas sp strain 96LC22 and Shigella dysente-
riae strain ATCC 13313. Shigella dysenteriae, Staphylococcus aureus were
81.81% and 54.54% resistant to the antibiotics. Whole-genome sequencing
would help to observe mutations in the traits as changes in hemolytic activity
were found during pathogenecity tests.

Keywords
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1. Introduction

Ever since the COVID-19 outbreak, it has been of great concern to identify the pa-

thogens in nature and hence the atmosphere. Microorganisms like viruses and bac-
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teria are known to have been co-existing in nature with us from the beginning of
life [1]. In this era of incidences, epidemics, and pandemics which are most like-
ly to be transmitted through air or atmosphere, it is of great significance to identify
the potential pathogens in the air and take necessary measures as soon as possible.
A new study suggests that Bangladesh composes the most polluted air with
Dhaka securing the second position in terms of pollution [2]. According to IQ
AirVisual 2019 reports, Dhaka city is ranked number 21st amongst the world’s
most polluted cities [3]. However, this study aimed to enumerate the prevalence
of the microorganisms present in the air of Dhaka city to get an idea of the kind
of pathogenic bacteria present in such an extremely polluted area. Every day, 14
m’ of air is inhaled by a person [4] [5]. If there are numerous pathogenic micro-
bes in the air that people inhale, it could be health hazardous for them. Some
pathogenic strains in the air and their chemical secretions have the potential to
bring about acute health disorders and cause infectious diseases [4] [6]. There-
fore, it is of great significance to enumerate the pathogenic microbes present in
the air we breathe in and their hazardous effect and disease-causing capability,
which is the pathogenicity. The fact that a pathogenic microbe would survive or
not depends on their resistance capacity and the environmental conditions [7].
The study aims to find out pathogens in the air and confirm the pathogenic strain
species through genetic analysis of 16S rRNA gene sequences. Side by side the
study also depicts the multidrug resistance of the prevalent microbes in the air.
In addition to that, a comparison of colony count which shows the highest num-

ber of colonies and the lowest number recorded.

2. Materials and Methods
2.1. Study Area

This study was carried in different zones around Dhaka city (the Capital of Ban-
gladesh) from January 2019 to October 2019. The laboratory work was conducted
at the Microbiology Research Laboratory of the Department of Mathematics and
Natural Sciences of BRAC University.

Figure 1 shows locations covered in Dhaka city for microbial sample collec-
tion in a map form. The areas are, 1) Mohakhali, 2) Gulshan, 3) Banani, 4) Mir-
pur, 5) Farmgate, 6) Dhanmondi, 7) Uttara. Among these areas around Dhaka
city, Farmgate and Mohakhali are the major transportation hubs from where
people travel around the city. These areas are always crowded and consist of
numerous open garbage stations and drain and also pollution from public toi-
lets. Banani and Gulshan are solely residential areas as these are the home to
several commercial buildings, schools, universities, shopping centers, etc. Air
samples were taken from these two areas to find potential pathogenic microbes.
Mirpur has a significant number of garment factories which make this area
highly polluted. Deadly wastages of garments are dumped openly which may
help hazardous microbes to grow onto them and spread through the air. How-

ever, Uttara is also a busy location where Hazrat ShahJalal International Airport
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Figure 1. Sample area map.

(the biggest airport in Bangladesh) and Airport Railway Station is located. Dhan-
mondi has a large number of schools, hospitals, and shopping malls, etc. All
these places are very important central business zones and the most crowded sites

around Dhaka city and that is why they were selected for air sampling.

2.2. Air Sampling and Microbiological Analysis

Air samples were collected applying plate sedimentation technique as applied by
Stryjakowska-Sekulska et a/, 2007 and Ekhaise et al, 2008 [6] [8]. The plate se-
dimentation methods were used by opening prepared Petri dishes containing
Nutrient agar, Mannitol salt agar, and Mac Conkey agar for collecting culturable
microbes that are present in the air. Petri dishes were exposed to outdoor air in
two different time intervals (2 minutes and 5 minutes). Immediately after expo-
sure, the Petri dishes were transferred to the laboratory for further microbiolog-

ical analysis. The Petri dishes were incubated at 37°C for 24 - 48 hours.

2.3. Hemolytic Activity Identification

Hemolysis occurs when the erythrocytes in the blood rupture and discharge
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hemoglobin. Pathogenic bacteria produce hemolysins, a toxin that damages the
cytoplasmic membranes in red blood cells and causes lysis or cell death [9].
Blood Agar plates were prepared from the Tryptic Soy Agar base with 5% sheep
blood for the detection of pathogenic bacteria. Selective cultured bacteria were
screened on the blood agar base and incubated for 24 hours. Following the next
day, hemolytic activity was observed by holding up the plate to a light source
with the light coming from backward [10]. Isolates that had shown hemolytic

properties were marked as potential pathogens and went for further study.

2.4. Dnase Agar Test and Coaglulase Test

DNase agar base, a differential medium was used to test the ability of a micro- or-
ganism to produce deoxyribonuclease or DNase. Pathogenic organisms can hy-
drolyze DNA on the DNase agar plate and utilize it as a source of energy for
growth. This Dnase agar medium base is generally pale blue because of Tolui-
dine Dye (indicator) complex. It also contains nutrients for the bacteria. After
the inoculation of the organism in the agar base, if the organism that grows in
the medium produces Deoxyribonuclease, it is broken down into smaller frag-
ment molecules. When the DNA is broken down, it no longer binds to the To-
luidine blue, and blue color fades and the colony is surrounded by a colorless
clear zone.

On the contrary the coagulase is an exoenzyme, produced during coagulase
test which causes the fibrin (protein formed from fibrinogen) of blood plasma to
clot. Human blood collected from blood banks is generally avoided because it
has variable amounts of CRF (coagulase clumping factor) and anti-staphylococcal
antibodies which are not recommended to use [11]. Rabbit blood was used in
this study to make the plasma for the coagulase test. Fresh cultured samples were
inoculated on clean slides, then re-suspended in 2 ml of rabbit blood plasma and

examined a few hours later.

2.5. Bacterial DNA Isolation, PCR Amplification and Agarose Gel
Electrophoresis
Bacterial DNA isolation has been done for bacterial isolates by the standard
boiling method. PCR was done following Standard protocol for PCR [12].
The PCR reaction products were visualized at 1% of agarose gel under the ul-
traviolet (UV) light after stained by ethidium bromide [13] [14].

2.6. PCR Product Purification
The PCR products of the 16S rRNA gene were purified using Thermo Scientific
GeneJ]ET PCR Purification Kit (Thermo Fisher Scientific).

2.7.16S rRNA Sequencing and Bacterial Species Identification
Using BLAST

Purified PCR products were sent to Invent Technologies Ltd., Dhaka for 16S
rRNA gene sequencing.
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The generated 16S rRNA sequences were analyzed at the NCBI server at BLAST
(Basic Alignment Searched Tool) N-site. In comparison, the closest related spe-

cies were compared with percentages of identity.

2.8. Antibiotic Susceptibility Test

Identified bacterial isolates were subjected to antibiotic susceptibility testing by
Kirby Bauer’s disc diffusion method following CLSI (Clinical and Laboratory
Standards Institute) guidelines [15]. The organisms were screened against eleven
common antibiotics for their antibiotic susceptibility test; they are Tetracycline
30 ug, Moxifloxacin 5 pg, Doxycycline 30 pg, Ciprofloxacin 5 ug, Levofloxacin 5
ug, Amoxiclav 30 pg, Chloramphenicol 30 pg, Penicillin 10 pg, Cefixime 5 pg,
Azithromycin 10 ug, and Cefuroxime 30 ug.

3. Results

The results of hemolysis by screening seventy-four different strains which were
characterized by their morphology, eight of them have shown beta-hemolytic ac-
tivity on blood agar and sixty-eight have shown gamma hemolysis (no hemoly-
sis).

All beta-hemolytic isolates were marked as potential pathogens. DNase agar
test and coagulase tests were performed on the eight beta-hemolytic isolates.

Figure 2 depicts the beta hemolytic activity of two air samples 2 min MSA1
Banani and 5 min NA1 Banani.

Table 1 shows that among eight isolates, three of them have produced deox-
yribonuclease (DNase) which hydrolyzed DNA on the agar plate by showing a
clear zone around. These have shown positive results on the DNase agar test.
Three of the isolates have shown the coagulase test positive by showing coagu-
lase reaction (clumps are seen). Only one organism was found to be both DNase,
and coagulase-positive.

Following in the further study, 16S rRNA sequencing was done for the eight

microbes that showed pathogenic properties (Beta hemolytic) in blood agar.

Table 1. Hemolysis, DNase, and Coagulase test results of the isolate.

No. Test strains Hemolysis type DNase agar test
1 2 min MSA1 Banani Beta hemolytic negative
2 5 min NA1 Banani Beta hemolytic negative
3 5 min NA4 Mirpur Beta hemolytic negative
4 2 min NA1Farmgate Beta hemolytic negative
5 5 min NA3 Mirpur Beta hemolytic positive
6 5 min NA1 Uttara Beta hemolytic negative
7 5 min MACI Banani Beta hemolytic positive
8 5 min NA1 Mirpur Beta hemolytic positive

*MSA-Mannitol salt agar, NA-Nutrient agar, MAC-Mac conkey agar, 2MIN and 5MIN-petri dishes expo-
sure time.
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Figure 2. Bacteria showing beta hemolysis on blood agar plates.

Table 2 shows the closest related species of the air samples through 16S rRNA
sequencing. From here we can see 2 min MSA1 Banani, 5 min NA1 Banani, 2
min NA1 Farmgate, 5 min MACI Banani and 5 min NA1 Mirpur were 99% -
100% similar to Bacillus altitudinis strain 41KF2bT.28, Bacillus licheniformis
strain QMA46-2, Bacillus pumilis strain B]-DEBCR-34, Pseudomonas sp strain
96LC22 and Shigella dysenteriae strain ATCC 13313. Other three organisms
5MIN NA4 Mirpur, 5MIN NA3 Mirpur and 5MIN NA1 Uttara show 100% si-
milarity to Bacillus altitudinis, Staphylococcus aureus strain TPS3156 and Shi-
gella dysenteriae strain ATCC 13313.

Antimicrobial Resistance

Eight pathogenic isolates named Bacillus altitudinis strain 41KF2bT.28, Bacillus
licheniformis strain QMA46-2, Bacillus altitudinis, Bacillus pumilis strain BJ-
DEBCR-34, Staphylococcus aureus strain TPS3156, Bacillus sp CO16, Pseu-
domonas sp strain 96LC22, and Shigella dysenteriae strain ATCC 13313 were
subjected to eleven commonly used antibiotics for an antibiotic susceptibility
test.

In Table 3, two of the pathogens namely Staphylococcus aureus strain TPS3156
and Shigella dysenteriae strain ATCC 13313 were found to be 54.54% and
81.81% resistant to 6 drugs (Azithromycin 10 pg, Tetracycline 30 ug, Penicillin
30 pg, Cefixime 5 pg, Doxycycline 30 pg, Cefuroxime 30 pg) and 9 drugs (Tetra-
cycline 30 pg, Penicillin 30 ug, Cefixime 5 pug, Moxifloxacin 5 pg, Doxycycline 30
ug, Ciprofloxacin 5 pg, Chloramphenicol 30 pug, Amoxiclav 30 pg, Cefuroxime 30

Hg).

4. Discussion

According to a report of WHO in 2014, in the year 2012, 2.6 million deaths were
likely to be caused due to outdoor air pollution [16]. This scenario was most
prevalent in the South-east Asian countries and the Western Pacific countries
because these are the developing countries where industrialization following air
pollution is high with low to middle-income rates [17]. Over the last few years,
Bangladesh is facing a concerning number of air pollution deaths with 173,500
deaths in 2019 [18]. However, in our study, the air sample collection zones were
chosen to cover most important and crowded areas of Dhaka city. Eight patho-
gens were found which reveal early signs of being potential health hazards of the

environment.
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Table 2. 16S rRNA sequencing results of the eight beta hemolytic pathogens.

NCBI
Test strain Sequences similar to Similarity E-Value
q R Accession No
2 min MSA1
Banani Bacillus altitudinis strain 41KF2bT.28  99% - 100% 0.0 MN543872.1
5 min NA1 i X . . .
B . Bacillus licheniformis strain QMA46-2  99% - 100% 0.0 MT525234.1
anani
5 min NA4
ml.n Bacillus altitudinis 100% 0.0 MT627439.1
Mirpur
2 min NA1
Bacillus pumilis strain B]-DEBCR-34 ~ 99% - 100% 0.0 MF487832.1
Farmgate
5 min NA3 .
. Staphylococcus aureus strain TPS3156 100% 0.0 AP023034.1
Mirpur
5 min NA1
' Bacillus sp CO16 100% 0.0 DQ643042.1
Uttara
5 MIN .
. Pseudomonas sp strain 96LC22 99% -100% 0.0 MT072158.1
MACI Banani
5 min NA1 X . .
Mirpur Shigella dysenteriae strain ATCC 13313 99% - 100% 0.0 NR 026332.1
irpu

*2MIN and 5MIN = two time intervals of sample collection , MSA-Mannitol Salt Agar , NA-Nutrient Agar,

MAC-Mac Conkey Agar.

Table 3. Resistance pattern of bacterial isolates.

S. Isolate strain AZM TE PEN CFM MXF DO CIP LE
NO. 10ug 30ug 30ug 5pg 5Spg 30pg Spg  Sug
Bacillus altitudinis
i S S S R S S S S
strain 41KF2bT.28
Baci , . .
aa]]ztrs licheniformis S S S R S S S S
strain QM A46-2
3 Bacillus altitudinis IR S R R S S S S
Bacill i i
acillus pumilis strain S S R S S S S
BJ-DEBCR-34
St:
aph y./.ococcus aureus R R R R R R S S
strain TPS3156
6 Bacillus sp CO16 S S N R S S S S
; Pseuc.iomonas sp S S R R S S R S
strain 96LC22
Shigella dysenteri
igella dysenteriae R R R R R R R S

strain ATCC 13313

*AZM-Azithromycin, TE-Tetracycline, PEN-Penicillin, CFM-Cefixime, MXF-Moxifloxacin, DO-Doxycycline,
CIP-Ciprofloxacin, Le-Levofloxacin, C-Chloramphenicol, AMC-Amoxiclav, CXM-Cefuroxime, S-Sensitive,
R-Resistant, IR-Intermediate Resistant.

One of the most alarming findings of our study was Shigella, which is the
causative agent of a kind of diarrheal disease called shigellosis which transmits

through direct exposure of the microbe present in feces or consumption of con-
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taminated water and meal. Generally, in blood agar media, Shigella dysenteriae
shows gamma or no hemolysis at all [19] but in our study, Shigella showed beta
hemolysis. This could be due to some mutation in the genetic makeup of the
strain found in air that possess potential pathogenic characteristics. The more
concerning fact is that the strain is multi-drug resistant. This is alarming because
if a pathogenic and multidrug resistant strain of Shige//a is in the air then it can
cause disease through a novel route of transmission.

Secondly, the most frequently occurring bacteria of the staphylococcal family,
Staphylococcus aureus is also the most pathogenic in which skin, heart valve,
and bone infections and pneumonia are predominant. Staphylococcus aureus
typically gives f-hemolytic phenotype [20] and our Staphylococcus aureus strain
TPS3156 also showed the same. Besides the strain was Coagulase and DNase
positive. Despite being highly pathogenic, the alarming fact here is that the strain
was resistant to majority of the common antibiotics used in the experiment to
see antibiotic susceptibility pattern. So, the antibiotic resistant gene must be de-
tected to find out presence of mutation and act accordingly.

The third pathogen was Bacillus altitudinis strain 41KF2bT.28. According to
Kaur & Goyal, 2020 “Butachlor is a chloroacetamide pre-emergence herbicide. It
has been speculated as a carcinogen, genotoxin, neurotoxin, and present firmly
in the environment having a toxic effect on living systems”. A Butachlor de-
grading bacterial strain A16 was isolated from coal tar contaminated soil [21]. In
our study, 16S rRNA analysis revealed 99.38% resemblance of butachlor de-
grading strain A16 with Bacillus altitudinis 41KF2bT strain which suggests the
strain could have the characteristics of degrading butachlor too. Evidently bu-
tachlor is a genotoxin so it might have changed the genetic makeup of the Bacil-
lus altitudinis strain 41KF2bT.28 while degrading it causing the strain to mutate
and act as a pathogen by showing hemolytic activity which is not its usual cha-
racteristic. However, another same bacterial strain found in our research is B. al/-
titudinis. A study shows that B. altitudinis A-19 168 strain gives partial hemolyt-
ic activity in salted fish L. vivanusin Indonesia [22]. In our study, it showed total
beta hemolysis and hence a suggested potential pathogen. Now the question
arises as it is already showing pathogenic characteristics, does it have the capaci-
ty to transmit to humans and cause disease? The answer lies in further investiga-
tion on this strain.

People who are unable to develop normal immune responses may suffer from
infections caused by Bacillus licheniformis making the bacteria a potential hu-
man pathogen. However, a case has been recorded of a patient with a competent
immune system being diagnosed with sepsis caused by B. licheniformis where
antibiotic treatment did not work [23]. Another research shows for the first
time, a unilateral maxillary sinusitis case was reported that was caused by B. /-
cheniformis and that too in a patient with a competent immune system [24]. The
strain of B. licheniformis that was found in the air of the Banani area of Dhaka
showed beta hemolysis in blood agar. Usually, B. licheniformis shows no hemo-

lytic activities [25] but in our experiment, it showed beta hemolysis which being
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a potential pathogen in the air is highly exposed to humans and could be a caus-
ative agent of multiple infections.

B. pumilis does not cause infection very often except in cases of people with
suppressed immunity and neonates mostly as skin infections. However a case of
septic arthritis with the causative agent, B. pumulis was reported in a healthy boy
[26]. The B. pumulis in our experiment showed pathogenicity with beta hemoly-
sis in blood agar but in general, it also shows beta hemolysis in blood agar. We
believe’ B. pumilus in the air may cause human to human transmissive infec-
tions. This could be assumed from a study, where Bacillus pumilus was the caus-
ative agent of a kind of cutaneous infection whose lesions were identical to those
of cutaneous anthrax lesions [27].

In our study, Bacillus sp. CO16 showed beta hemolysis hence pathogenicity
along with being resistant to Cefixime 5 pg and Cefuroxime 30 pg. There is no
conventional data available that suggests Bacillus sp. CO16 is a pathogen but it
showed beta hemolysis in our experiment that depicts pathogenicity which could
be due to possible mutation.

Pseudomonas stutzeri is a rare opportunistic pathogen isolated from human
CSF (cerebrospinal fluid) which was found in people undergoing CAPD (conti-
nuous ambulatory peritoneal dialysis) [28]. Our experiment found Pseudomonas
sp strain 96LC22 is a potential pathogen found in air which is not commonly
studied bacteria but could be compared to P. stutzeri because their 16srRNA se-
quencing result shows most similarity and so it might pose opportunistic patho-
genic characteristic after having mutation. Further study of this strain is re-
quired.

Some studies on the identification of air microbes have been conducted from
time to time covering smaller areas in Bangladesh. Two studies by Kabir et al,
2016 and Uddin et al, 2020 was done in university premises in which prevalence
and identification of the bacteria was seen but no pathogenicity and antimi-
crobial resistance was performed [4] [29]. Another study by Asaduzzaman et al,
2019 which is ongoing where airborne antibiotic-resistant bacteria were targeted
to help form data for multidrug-resistant pathogens but no pathogenicity or
identification was done here [30]. On the other hand, our study narrowed down
the pathogens first and then figured out which pathogenic strain is multi-drug
resistant. As a result, possible health hazardous pathogenic strains that are mul-
tidrug-resistant were specifically detected. A wider area wise pathogenic identi-
fication following their antibiotic resistance to shedding light on the total pa-
thogenic microbial state of the busiest area of Dhaka city has been done for the

first time in Bangladesh.

5. Conclusion

It is quite alarming that these proven pathogens are found in the air and some of
them show resistance to a number of commonly used antibiotics and people are

highly exposed to it. Hence extending the work would help us find out the po-
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tential pathogens dispersed in the environment and act on time before the mat-
ter gets out of hand and give rise to new incidences, epidemics, or even pan-
demics. Mutated characteristics might be present among all of the eight micro-
bes for which whole-genome sequencing is a must to find out the mutation in
the strain. The virulence activity of pathogens could be detected too along with
its course of transmission. The research could be termed as a potential environ-
mental hazard issue as certain and further studies related to it could be con-
ducted shortly.
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