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Abstract

Bacteria isolated from the environment during the present study were representative of
normal microflora of the skin, respiratory and urinary tracts; it also includes some soil
and water-borne pathogenic and nonpathogenic genera. Six samples from different
locations were studied for bacterial investigation. Among 14 isolates obtained, 13 were
Gram positive, and the rest one was Gram negative. Out of 13 Gram positive isolates, 12
were round-shaped non spore forming and were identified as Planococcus citreus,
Stomatococcus mucilaginosus, Kocuria kristinae, Micrococcus agilis (2), Kytococcus sedentarius
(2), Micrococcus luteus, Micrococcus lylae and M. roseus, Staphylococcus aureus,
Staphylococcus epidermidis and rod-shaped non spore forming identified as Renibacterium
salmoninarum. The Gram-negative bacteria was identified as Pseudomonas aeruginosa.
Other than provisional identification, two isolates (JG 40 and SG 49) were further
confirmed through molecular characterization on the basis of 16S5r RNA gene sequence
analysis as Staphylococcus aureus and Pseudomonas aeruginosa repectively. Spearman’s
correlation showed that air temperature and wind speed negatively correlated with the
bacterial abundance. It is clear that none of the samples containing airborne pathogens
collected was safe for human health due to presence of potentially pathogenic
microorganisms. Many were human pathogenic as well as food poisoning micro-
organisms.

Introduction

Humans are intimately related to the air. Microorganisms disperse widely in the
aerosphere (Griffin 2007, Burrows et al. 2009a) with thousands to millions of cells per
cubic meter of air (Lighthart 2000) and consist of a wide range of taxa in urban
environments (Brodie et al. 2007, Bowers et al. 2011a). Most of the airborne bacteria
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originate from natural sources such as soils, lakes, oceans, animals and men (Proctor
1935, Zobell 1946). Bacteria enter the near-surface atmosphere by continuous
aerosolization from various surfaces such as those from plants, animals (including
humans), soil and water (Burrows et al. 2009b, Harrison 2004). These bacterial
communities have been associated with various processes, being causative agents of
human health (Douwes et al. 2003) and even influencing atmospheric conditions
(Christner et al. 2008, Bowers et al. 2009). The study of these bio-aerosols, has been
identified as a high priority and immediacy issue concerning not only public health but
also climate, environment, ecology, epidemiology and environmental engineering (Peccia
et al. 2008).

The culturable atmospheric bacteria diversity is generally dominated by Gram
positive bacteria, particularly the phyla Firmicutes (e.g. Bacillus and Staphylococcus spp.)
and Actinobacteria (e.g. Micrococcus spp.) (Després et al. 2012, Gandolf et al. 2013,
Lighthart 2000).Some studies showed higher concentrations of cocci due to lower
susceptibility of organisms to environmental stress due to the presence of pigments and
higher peptidoglycan in their cell wall preventing them from drying and heat stress
(Raymond et al. 2001).

Outbreaks of the foot and mouth disease and Q fever in England have been linked to
the aerosolization of pathogens originating from diseased livestock (Donaldson and
Alexandersen 2002, Smith et al. 1993, Hawker et al. 1998). For instance, outdoor airborne
bacteria and fungi can cause several types of respiratory illnesses or conditions such as
asthma, bronchitis, pneumonia, chronic obstructive pulmonary disease COPD, seasonal
allergies, and others (Yassin and Almougatea 2010, Bowers et al. 2011b). This is also
illustrated by a recent report of the World Health Organization (WHO 2018),
globally, 4.2 million deaths are attributable to ambient air pollution (AAP) in 2016. About
91% of these deaths occur in low- and middle-income (LMI) countries.

The relationship between aerial microbial community composition and meteorology
is still not well characterized (Gunthe et al. 2016). Even bacteria within the same
structural classification (e.g. Gram negative) may vary in how they respond to
temperature and relative humidity (Tang 2009).

The present study was aimed at investigating the abundance, diversity and
meteorological effects on airborne bacteria of a coastal urban area of Dhaka city near
Buriganga River.

Materials and Methods

In all six air samplings were conducted during November, 2017 to May, 2018 from
rooftop of Zoology Department of Jagannath University (S1), Jagannath University gate
(S2), Bahadur Shah Park (S4), Sadarghat Gate-10 (S4), Ahsan Manzil (S5) and Mitford
Ghat (S6). Sterile plates with different media, estio HTC-1 Digital Hygrometer
Thermometer, LX-1330 Digital Illuminance meter, camera, watch, markers, field
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notebook, and stand were taken to the sampling sites. For all samplings, data from 3
meteorological parameters (air temperature, relative humidity and wind speed) were
measured.

Four Five types of media (each deployed in duplicate during each exposure) were
used. Airborne bacteria were collected by using settling plate technique (Brown 1953).
Nutrient agar (NA) medium was used for the enumeration and isolation of aerobic
heterotrophic bacteria, while Baird parker agar (Difco), Mannitol salt agar (Diagnostic
Pasteur), Cetrimide agar (Difco) were used for the determination and isolation of
pathogenic bacteria present in air samples.

All the culture plates were incubated at 37°C in dark for 48 hrs. Bacterial colony
counting was made with the help of a digital colony counter (DC-8 OSK 100086,
Kayagaki, Japan). Discrete bacterial colonies were isolated immediately after counting. In
Baird Parker Agar medium, colonies appeared black and shiny, with a fine white rim,
surrounded by a clear zone which was expected to be Staphylococcus aureus a human
pathogenic bacterium. In Mannitol salt agar non-mannitol fermenters such as S.
epidermidis, show pinkish colonies with no yellow color change in the medium. In
Cetrimide agar medium, green colonies were considered Pseudomonas aeruginosa, a
human pathogenic bacterium. The selected colonies were marked and given a unique
identifier and studied for various characteristics viz. color, form, elevation, margin
surface, optical characters etc. (Eklund and Lankford 1967, Bryan 1950). . During this
investigation a total of 75 isolates were primarily selected. Finally, 15 isolates were
chosen randomly and purified for further essential study for identification.

Following Bergey's Manual (Sneath et al. 1986) the physiological and biochemical
tests of the isolated bacteria were carried out. Considering the physiological and
biochemical characteristics of the bacterial isolates, provisional identification was made
with the help of laboratory manuals (Sneathet al. 1986, Krieg and Holt 1984).

Two conventionally identified isolates were subjected to molecular identification on
the basis of 16S rDNA sequence analysis for further confirmation. The following primer
pairs were used - 5-16S rRNA: CCAGACTCCTACGGGAGGCAGC, 3'-16S rRNA: CTTG-
TGCGGGCCCCCGTCAATTC for the partial amplification of 16S rRNA gene. The
supernatant of heat lysed cell suspension was used as the source of template DNA
during PCR amplification of the 16S rRNA gene. The PCR reaction was performed
following an initial denaturation at 95°C for 5 min, denaturation at 94°C for 1 min,
annealing at 55°C for 30 sec, extension at 72°C for 1 min, and final extension was at 72°C
for 10 min. After completion of the cycling program, the reactions were held at 4°C. The
amplified products were separated electrophoretically on 1% agarose gel. DNA bands
were observed on UV-transilluminator and photographed by a gel documentation
system (Microdoc DI-HD, MUV21-254/365, Cleaver Scientific). The sequence generated
from automated sequencing of PCR products was analyzed through NCBI-BLAST
database (http://blast. ncbi.nlm.nih.gov/) and rRNA BLAST (http://bioinformatics.
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psb.ugent.be/cgi-bin/rRNA/ blastform.cgi) programs to find out possible similar
organism through alignment of homologous sequences.

To find out the relationship between environmental factors and airborne bacteria,
non-parametric test Spearman correlation was applied. The analysis was performed
using SPSS 22.0 (IBM, USA).

Result and Discussion

Some biochemical characteristics and provisionally identified isolates are shown in Table
1. Considering the morphological, cultural and biochemical characters, selected isolates
were provisionally identified. Out of 14 isolates, 13 were Gram positive, and one was
Gram negative bacteria. Among 13 Gram positive isolates, Micrococcus was the dominant
genus. Under the genus Micrococcus, the provisionally identified species were Kocuria
kristinae, Micrococcus agilis (2), Kytococcus sedentarius (2), Micrococcus luteus, Micrococcus
lylae, Micrococcus roseus and other five were Planococcus citreus, Stomatococcus
mucilaginosus, Renibacterium salmoninarum, Staphylococcus aureus and Staphylococcus
epidermidis. The Gram negative isolates was identified as Pseudomonas aeruginosa. Besides,
two isolates were subjected to molecular characterization. The average number of
bacteria from two replicates exposed in different culture media for 30 min, and the
meteorological parameters along with the study period were presented in Fig. 2. The air
temperature ranged between 24.6 and 32°C. The relative humidity ranged from 34.5 to
83%. Bacterial abundance is shown in Table 2. The Gram positive Micrococcus was the
dominating member (53.34%) followed by Staphylococcus (13.34%).

In the approximate gel size of the amplified DNA band was observed as 600 bp (Fig.
1). The amplified DNA was sequenced, and through NCBI-BLAST and rRNA BLAST
analysis the isolate JG-40 was identified as Staphylococcus cohnii and the isolate SG-49 was
identified as Pseudomonas aeruginosa (Table 3).

Spearman’s correlation showed that air temperature and wind speed negatively
correlated with the bacterial abundance of Baired Parker Agar (r = -0.829) and bacterial
colony that formed in mannitol salt agar (r = —0.812), respectively. In addition, the
positive correlation (r = 0.841) was observed between air temperature and wind speed.
So, both environmental factors can influence the abundance of airborne bacteria
negatively.

Previous studies have shown that temperature above 24°C appeared to universally
decrease airborne bacterial survival (Tang 2009) which clearly support the result of the
present study in which bacterial concentration was highest in S2 site where temperature
was lowest (24.6°C) and the negative correlation of bacteria with temperature.

The relative humidity has a negative correlation with bacterial concentrations.
Studies on airborne Gram negative bacteria such as Serratiamarcescens, Escherichia coli,
Salmonella pullorum, Salmonella derby, Pseudomonas aeruginosa and Proteus vulgaris have
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Table 2. Culturable airborne bacterial abundance in the Old Dhaka city near Sadarghat area.

Name of organism Number of occurrences

Abundance (%)

Gram positive (round shaped non-spore former)

Micrococcus 8
Staphylococcus 2
Planococcus 1
Stomatococcus 1

Gram-positive (rod-shaped non-spore former)
Renibacterium 1
Gram negative

Pseudomonas 1

57.1553:34
14.29 1334
7.15 667
7.15 667

7.15 667

7.15 667

Table 3. Conventional and molecular identification of two selected isolates.

Isolate  Conventional

Molecular identification

name name

Scientific Strain  Strain identity Max. coverage E-
name score value
JG-40 Staphylococcus Staphylococcus ~ AS21 994 0.0
aureus cohnii
SG-49 Pseudomonas Pseudomonas HOB1 1000 0.0
aeruginosa aeruginosa

Fig. 1. PCR amplification of part of the 16S rRNA gene. Lane M = 1.0 kb ladder, lanes 1-2 represent
isolate SG49 and lanes 3-4 represent isolate JG40. Approximate size of the amplified DNA band

was 600 bp.
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Fig. 2. Different environmental parameters (a-b) and abundance of bacteria (c, d and €) in different
media after exposure of 30 min.

increased death rates at intermediate (approx. 50 - 70%) to high (approx. 70 - 90%) RH
environments (Webb 1959, Won and Ross 1966). For some airborne Gram positive
bacteria, Staphylococcus albus, Streptococcus haemolyticus, Bacillus subtilis and Streptococcus
pneumoniae (type 1), their death rates were also highest at intermediate RH levels
(Dunklin and Puck 1948, Webb 1959, Won and Ross 1966).

Pseudomonas aeruginosa is responsible for 10 - 15% of the nosocomial infections
worldwide (Blanc et al. 1998). It may be a resident in the gut in healthy people. Eight per
cent of healthy individuals carried P. aeruginosa in stool samples in a study conducted in
Spain (Estepa et al. 2014).
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This study will generate available information about the load, type and
meteorological effects on of bacteria associated with the air from polluted locations.
Among the bacteria, found in the present investigation Staphylococcus aureus, Pseudomonas
aeruginosa, Kocuria kristinae, Micrococcus luteus and M. lylae were reported as pathogenic to
human.
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