
Introduction

Bioaerosols are ubiquitous in the environment. 
Biogenic aerosol particles are a significant part of 
atmospheric aerosols, varying from quarter to half of 
the total number of aerosol particles [1]. The air serves 

primarily as a temporary habitat and dispersal medium 
for microorganisms [2, 3]. Air contaminated with 
microbes can be a source of infection for human beings. 
Bioaerosols can induce the occurrence of pulmonary 
symptoms, headache, allergies, sick building syndrome, 
and toxic reactions, as well induce deep infections of 
internal organs such as kidneys, endocardium, bone 
marrow and intestines [4, 5]. Humans spend around 
90% of their time in enclosed microenvironments; 
homes in particular account for a large proportion of 
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time spent, especially by women, children, and old 
people [6, 7]. Thus, it is desirable to minimize indoor 
bioaerosol exposure; two important steps in this are 
proper estimation and clear understanding of the factors 
affecting its occurrence. 

Indoor bioaerosols are either generated in an 
indoor environment or drawn from the outdoor 
environment. Housing factors like human occupancy 
and activities – like talking, sneezing, coughing, 
walking, washing, use of toilets, vacuuming, making 
the bed, sleeping, and folding clothes, housing type, the 
type of construction material, flooring, housing space, 
ventilation pattern, temperature, humidity, concentration 
of gases, lighting or dust concentration and the presence 
of moulds and dampness because of defective plumbing 
and air conditioning – have been reported to affect the 
count and types of microbes inside a house, by their 
generation, aerosolisation and re-suspension [8-21].

Outdoor bioaerosols enter the indoor environment 
through a range of avenues such as heating, ventilation 
and air conditioning systems, doors, windows, cracks 
in the walls, adhering to objects or human bodies, 
and drinking water systems [8, 22, 23]. The microbial 
community of outdoor air varies with the location, 
land use pattern, presence of open sewage and solid 
waste management [4, 24]. The adequacy and type of 
ventilation system determines the rate of seasonal air 
exchange and therefore also the rate of ingression and 
dispersion of bioaerosols between indoor and outdoor 
environments [25, 26]. 

The indoor and outdoor sources or factors that 
affect bioaerosol counts vary with season and socio-
economic status [27, 28]. Socio-economic status is 
also one of prime determiners of residential mobility 
and segregation [29, 30]. Residential mobility and 
segregation occur due to differential land and house 
prices in different areas of a metropolis and succession 
of socio-economic status across generations. It leads to 
the development of socio-economic zoning of residential 
areas in a metropolis [31-34]. Such zones can be called 
socio-economic zones (SEZs) having agglomeration of 
common housing parameters and life style based on 
socio-economic status. Hence, such socio-economic 
zones may have a bearing on bioaerosol exposure of its 
inhabitants. 

It is necessary to monitor exposure to aerosolised 
microbes across residential houses in different socio-
economic zones (SEZs) and seasons. The aim of the 
present study was to estimate the count of aerosolised 
bacteria and fungi in the indoor residential environment 
of houses belonging to different socio-economic zones 
of Delhi, a metropolis, across five seasons of tropical 
climate. 

Methodology

Aerosolised bacterial and fungal counts were 
measured in three residential areas of different socio-

economic status (low, mid, and high SEZs) within 
the north campus of the University of Delhi. The 
measurements were taken weekly across all seasons for 
two years (November 2013 to October 2015). Delhi has 
five seasons in a cycle: winter, spring, pre-monsoon, 
monsoon, and post-monsoon [35]. 

Selection of Sampling Sites

Sampling sites were selected based on the Delhi 
government’s residential property circle rates such that 
one colony was selected from high-, mid- and low-circle 
rate zones [36]. Three colonies were selected near to 
the north campus of the University of Delhi in order 
to minimize the effect of meteorological variability 
on bioaerosol counts. The socio-economic status of 
residents of three selected colonies were confirmed by 
a pre-sampling assessment of socio-economic status by 
applying Kuppuswamy’s scale of socio-economic status 
for urban areas in India that divide socio-economic 
status (SES) into low, mid and high SESs through a pilot 
study of randomly selected 50 homes from each zone 
[37]. 

Study Sites

Low socio-economic zone (low SEZ): a slum in 
the vicinity of the university campus was selected.  
The slum had narrow lanes with open sanitary drains 
filled with household solid waste and wastewater.  
There were multiple waste dumping sites within the 
colony. Each house was enclosed on three sides by 
other houses and the houses had inadequate natural 
ventilation. Most of the houses were in a dilapidated 
condition without a separate toilet and bathroom.  
The population density across the low SEZ was 
23/100m2*.

Mid socio-economic zone (mid SEZ): the residential 
quarters of clerical staff of the University of Delhi  
were selected. This area had a large open space and 
a closed sewage system. Household solid waste was 
dumped in an area outside the residential area. The 
houses had two stories and were open on two sides  
(back and front). Each house had adequate natural 
ventilation and separate toilet and bathroom. The 
housing space was larger than that in the low SEZ  
and the human occupancy rate was much lower 
(6/100m2).

High socio-economic zone (high SEZ): a plush 
area near the University of Delhi with privately  
owned buildings was selected. This area had wide  
roads with an adequate sewage system. Solid refuse  
was dumped at a designated site outside the area. There 
was a closed sewage system for liquid waste. The 
majority of the houses were big, with air conditioning 
systems, and were open on two sides. Most, if not all, of 
the houses belonged to residents of high socio-economic 
status. Each house had its own toilet and bathroom.  
The area had a lower human occupancy rate (3/100 m2) 
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than the mid SEZ. All houses were well constructed and 
had good-quality flooring.1

Culture Media 

The present study monitored the culturable fraction 
of bioaerosols viz. aerosolised bacteria and fungi. For 
detection and enumeration of fungi and bacteria, petri 
plates with enriched media were used. The fungal 
fraction was sampled over potato dextrose agar (PDA) 
media, which promotes the growth of fungi; it has a 
low pH and contains antibiotics, thereby inhibiting 
the growth of bacteria [38]. Aerosolised bacteria were 
sampled on blood agar, which allows for both isolation 
and the cultivation of a wide variety of fastidious 
microbes [1, 39].

Bioaerosol Sampling

Each socio-economic zone was divided into three 
grids with a rough sketch of sites created by pre-
sampling on site visits. Air sampling was conducted in 
the living room of three houses, one house from each 
grid selected by using a random number table, in each 
of the three SEZs. Aerosolised microbial counts were 
measured using the sedimentation-based passive settle 
plate method [40]. To minimize the effect of diurnal 
variations on the bioaerosol counts, sampling was 
conducted between noon and 14:00 [41]. A set of two 
agar plates (one each for bacteria and fungi) were kept 
1 m above the ground and 1 m away from the walls, 
exposed for one hour for estimating microbial counts.

The residents were allowed to continue with 
their normal activities during sampling. The outdoor 
bioaerosol sampling was also done simultaneously. On 
site, both indoor and outdoor relative humidity (RH)  
and temperature were recorded during the sampling 
period using a handheld weather monitor (Kestrel A33, 
USA) with a logging interval of 1 min. The inoculated 
blood agar plates were incubated at 36ºC for 48 hours 
for fast-growing bacteria, whereas the PDA plates were 
kept at 28ºC for 72 hours for fungus to develop into a 
visible colony. Bacterial and fungal colonies, which 
grew on a particular plate, were counted, and the result 
was noted as the number of cells or cell aggregates 
capable of developing in the form of colonies (CFU 
– colony forming units). The resultant colonies were 
reported as CFU/plate. 

Statistical Analysis

A mixed-effects model (based on covariance 
parameter) of the statistical computer program SPSS 
(IBM, Version 23) was used to determine the statistical 
significance of variations of indoor aerosolised bacterial 

1	 *Size calculated from data of a health survey conducted by 
researchers at the study sites.

and fungal counts across SEZs and seasonal variation. 
Paired t-test was conducted to compare the indoor and 
outdoor count of aerosolised bacteria and fungi across 
seasons in three SEZs. Pearson correlation coefficients 
were calculated to analyse the association between 
meteorological variables and indoor bacterial and 
fungal counts. Separate all-variable mixed models were 
generated for both indoor bacterial and fungal counts. 
Since the objective of the study was to compare the 
counts of microbes in the indoor air of different SEZs 
and across different seasons, both SEZ and season 
were entered as fixed effects. Season-site interaction 
was included as a random effect to adjust for possible 
different effects of the season on other factors at 
different SEZs. Temperature and RH were added as 
fixed effects in the all variable mixed model to test 
whether the effect of season on the indoor bioaerosols 
counts was mediated exclusively by temperature or RH. 
Similarly, the effect of outdoor microbial counts on 
indoor microbial counts was tested by adding count of 
outdoor microbes as a fixed effect. 

Results

The indoor bacterial and fungal count measured over 
two five-season-cycles (November 2013- October 2015) 
in three SEZs are presented in Table 1. The number of 
the microorganisms in the indoor residential air of three 
SEZs varied depending on SEZ and season of sampling. 

Variation in Indoor Bioaerosol Counts 
across Socio-Economic Zones 

The highest mean bacterial and fungal counts were 
found in the indoor air of the low SEZ. The fungal 
counts were comparable in the mid and high SEZs. 
However, during pre-monsoon season, the indoor fungal 
count was highest in the high SEZ. Variation across 
economic zones was significant for both indoor bacterial 
and fungal counts (p<0.01) when entered alone in a 
covariance-based mixed model (Table 1).

Seasonal Variation in Indoor 
Bioaerosol Counts

Throughout the seasonal cycle, bacterial count 
well exceeded fungal count indoors. Both bacterial 
and fungal counts, indoor as well as outdoor, followed 
a similar seasonal pattern (Fig. 1): lowest in pre-
monsoon season, and increasing from pre-monsoon to 
post-monsoon season, when the highest counts were 
recorded. Overall, bioaerosol counts varied throughout 
the season cycle in all three SEZs. Seasonal variation, 
when entered alone in a covariance-based mixed model, 
was significant for both bacterial and fungal counts.
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Relationship between Indoor and Outdoor 
Microbial Concentrations

Although bacterial count followed a similar 
seasonal trend in both indoor and outdoor environments  
(Fig. 1), the aerosolised bacterial count was higher in 
the indoor environment across all seasons and all socio-
economic zones, except the post-monsoon season in 
the high SEZ (Table 2). The difference between indoor 
and outdoor aerosolised bacterial counts was significant 
during monsoon season for all SEZs and during the 
winter season in the low and mid SEZs; it was also 
significant at a 90% confidence level during the winter 
in the high SEZ. For fungi, the mean outdoor counts 
were higher than the indoor counts in all cases except 

during monsoon season in the mid and high SEZs. 
The difference between indoor and outdoor fungal 
concentration was significant during winter, spring, and 
pre-monsoon season in all SEZs, as well as during post-
monsoon season in the low SEZ (p<0.05).

Effect of Temperature and Relative Humidity 
on Indoor Bacterial and Fungal Counts

The outdoor and indoor temperature and relative 
humidity had a significant effect (p<0.01) on indoor 
bacterial and fungal count when tested alone in the 
statistical model. A matrix correlating temperature 
and relative humidity with indoor bacterial and fungal 
counts is given in Table 3. The outdoor and indoor 

Table1. Seasonal variations in indoor bacterial and fungal counts (CFU/plate) in three socio-economic zones.

Winter
(n = 22)

Spring
(n = 16)

Pre monsoon
(n = 22)

Monsoon
(n = 22)

Post monsoon
(n = 22)

p-value
Season

p-value
SEZ

Indoor bacterial count

Low SEZ 310.07±37.11* 222.31±24.18 127.23±28.19 190.11±57.60 377.23±46.92 <0.01

<0.01Mid SEZ 267.64±41.45 173.43±21.22 120.09±26.05 161.32±44.91 311.46±58.61 <0.01

High  SEZ 253.14±36.24 162.49±21.33 125.11±30.68 184.62±60.34 322.94±64.35 <0.01

Indoor fungal count

Low SEZ 144.49±13.59 149.64±22.48 53.60±14.71 128.88±43.35 199.47±49.66 <0.01

<0.01Mid SEZ 119.15±21.60 116.95±20.11 49.36± 9.94 109.49±34.72 156.09±39.09 <0.01

High SEZ 114.46±16.95 123.28±24.28 69.71±13.09 105.60± 25.11 136.32±17.23 <0.01

*Mean value±standard error

 
Fig. 1. Seasonal trend of indoor (1a and 2a) and outdoor (1b and 2b) microbial concentrations across three socio-economic zones.
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temperature correlated negatively with both bacterial 
and fungal count, whereas both outdoor and indoor 
humidity correlated positively with bacterial and fungal 
counts.

Combined Effect of all Variables 
on Indoor Bioaerosols Counts

A model incorporating all variables was built to 
predict their effects on both indoor bacteria and fungi 
by entering SEZ, season, respective outdoor aerosolised 
microbial count, outdoor and indoor temperature, 
and relative humidity into the mixed model (Tables 4 
and 5). The variable that could retain significant effects 
were outdoor fungal count (p<0.01) and indoor relative 
humidity (p<0.05) on indoor fungal count (Table 4), and 
SEZ (p<0.01), season (p = 0.02) and outdoor bacterial 

concentration (p<0.01) on indoor bacterial count 
(Table 5).

The pairwise comparison of indoor bacterial 
concentration in different SEZs is presented in Table 6. 
The indoor bacteria count was significantly higher in the 
low (p<0.01) and mid (p<0.05) SEZs compared to the 
high SEZ.

Discussion

Variation in Indoor Bioaerosol Counts 
across Socio-Economic Zones 

The mean indoor bacterial and fungal counts were 
higher in the low SEZ than in the mid and high SEZs, 
though this difference was statistically significant only 

Table 2. Comparison of indoor and outdoor counts of airborne microbes, analyzed by paired t-tests.

Table 3. Correlation matrix showing Pearson coefficients of temperature and relative humidity with indoor microbial counts.

Indoor bacterial count
Low SEZ Mid SEZ High SEZ

Mean difference* p-value Mean difference p-value Mean difference p-value

Winter 35.29 0.05 36.80 <0.01 6.03 0.09

Spring 7.99 0.32 3.68 0.48 2.54 0.71

Pre monsoon 6.24 0.24 9.73 0.17 13.76 <0.01

Monsoon 41.82 <0.01 35.62 <0.01 14.04 0.02

Post monsoon 7.66 0.43 4.41 0.67 -4.90 0.29

Indoor fungal count

Winter -17.36 0.01 -21.80 <0.01 -8.93 <0.01

Spring -5.18 0.03 -29.05 0.02 -11.52 0.01

Pre monsoon -12.63 <0.01 -9.06 <0.01 -7.44 0.04

Monsoon -11.54 0.16 3.20 0.56 0.892 0.76

Post monsoon -9.45 0.04 -5.80 0.35 -5.28 0.12

Mean difference* = indoor bioaerosol count – outdoor bioaerosol count

Indoor bacterial count
Low SEZ Mid SEZ High SEZ

r-value p-value r-value p-value r-value p-value

Outdoor temperature -0.54 <0.01 -0.50 <0.01 -0.42 <0.01

Indoor temperature -0.49 <0.01 -0.39 <0.01 -0.23 0.02

Outdoor relative humidity 0.52 <0.01 0.49 <0.01 0.38 <0.01

Indoor relative humidity 0.39 <0.01 0.31 0.001 0.34 0.001

Indoor fungal count

Outdoor temperature -0.47 <0.01 -0.62 <0.01 -0.53 <0.01

Indoor temperature -0.42 <0.01 -0.34 0.001 -0.12 0.23

Outdoor relative humidity 0.59 <0.01 0.68 <0.01 0.56 <0.01

Indoor relative humidity 0.54 <0.01 0.41 <0.01 0.62 <0.01
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in the case of bacteria (Tables 1, 4-6). The waste and 
stagnant water from uncovered sanitary drains having 
sewage sludge, narrow alleys, multiple dumping heaps, 
and high human occupancy in small residential dwellings 
across the low SEZ provide a favourable environment 
for the generation and growth of microbes. Similar to 
the present study, a study conducted by Nasir et al. [8] in 
Pakistan also noted a higher microbial concentration at 
a study site, which had characteristics similar to the low 
SEZ in the present study. Studies conducted by Boruta 
et al. [4] and Michałkiewicz et al. [42] reported sewage 
sludge and dumping heap of solid waste as a good source 
of bioaerosols. Sewage sludge and heaped dumping pile 
provide suitable conditions for growth or survival to 
the microorganisms, prolonging their survival time in 
the environment. Also, a study conducted by Yassin et 
al. [43] observed a rise in counts of indoor bioaerosols 

with a fall in the level of environmental and indoor 
hygiene and housing standards across residences in 
Kuwait. Furthermore, a study conducted by Fang et al. 
[44] in China reported a rise in indoor microbial counts 
in residential environments with an increase in human 
occupancy.

Two large-scale cross-sectional surveys conducted  
by the Central Pollution Control Board (CPCB) of 
India [45, 46] observed a high prevalence of respiratory 
morbidity in people residing in a low socio-economic 
zone in the area of current study. It suggests that 
high bioaerosol exposure could be one of the causal 
factors for the high prevalence of respiratory morbidity 
observed in the low socio-economic zone [45, 46].

However, during pre-monsoon season, the indoor 
fungal counts were observed in the high SEZ, which 
had temperature and relative humidity maintained by 

SEZ A SEZ B Mean Difference
(A-B) p-value

95% Confidence Interval for Difference
Lower Bound Upper Bound

Low SEZ
Mid SEZ 9.26 0.50 -11.86 30.38
High SEZ 31.71* 0.01 9.65 53.77

Mid SEZ High SEZ 22.45* 0.04 0.43 44.46

Table 4. Effects of season, economic status, temperature, relative humidity and outdoor fungal count on indoor fungal count.

Table 5. Effect of season, economic status, temperature, relative humidity and outdoor bacterial count on indoor bacterial count.

Table 6. Site-wise comparison of indoor bacterial counts.

Parameter Estimate p-value 95% Confidence Interval

Lower Bound Upper Bound

Season 0.25

Socio-economic zone 0.19

Outdoor temperature -0.52 0.33 -1.56 0.52

Indoor temperature -1.15 0.06 -2.36 0.05

Outdoor relative humidity 0.42 0.29 -0.36 1.20

Indoor relative humidity 0.36 0.04 0.05 2.36

Outdoor fungal count 0.85 <0.01 0.73 0.97

Parameter Estimate p-value 95% Confidence Interval

Lower Bound Upper Bound

Season 0.02

Socio-economic zone 0.01

Outdoor temperature 0.31 0.67 -1.141 1.769

Indoor temperature -1.54 0.06 -3.182 0.076

Outdoor relative humidity -0.75 0.20 -1.888 0.395

Indoor relative humidity 1.21 0.06 -0.078 2.346

Outdoor fungal count 0.82 <0.01 0.729 0.916
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closed mechanical ventilation that favoured fungal 
growth in the indoor environment. A similar finding 
was also observed in a study conducted in the UK 
across different residential settings [47]. 

Seasonal Variation in Indoor 
Bioaerosol Counts

Significant seasonal variation was observed in  
both indoor bacterial (p<0.01) and fungal counts 
(p<0.01) in all three socio-economic zones. A clear 
and significant seasonal pattern for indoor microbial 
flora was observed, with a declining trend from winter 
and spring to pre-monsoon, changing to a rising  
trend during monsoon and post-monsoon (Table 1 and 
Fig. 1).

A similar seasonal pattern in microbial counts was 
also reported by Premila in residential dwellings in 
India [48], by Caballero et al. in Mexico [49], Huang 
et al. in Taiwan [50] and Awadh et al. in Egypt [51]. In 
contrast to seasonal patterns observed in the present 
study, a study by Leppanen et al. [52] in Finland, Haas 
et al. [53] in Austria and Sitkowska et al. [54] in Poland 
observed a rising count of microbes in the air from 
winter to spring and summer. The differences between 
observed patterns may be due to different geographic 
locations and climatic variability.

The outdoor microbial counts also showed a similar 
seasonal trend (Fig.1); moreover, the results of mixed 
models incorporating all studied variables showed that 
the outdoor microbial counts had a significant effect 
(p<0.01) and high estimate values (0.85 for fungi and 
0.82 for bacteria) for indoor microbial counts (Tables 
4 and 5). A possible interpretation of these results is 
that the indoor microbial counts replicate the seasonal 
variability pattern of the outdoor environment, 
irrespective of the different housing parameters across 
the SEZs. This relationship has been observed in studies 
across the globe, including Lee et al. [55] in the USA, 
Vette et al. [56] in Fransco, Talbot et al. [57] in Prague 
and Hussain et al. [58] in Helinski. Similar high winter 
and low summer outdoor microbial concentrations were 
reported by Aggarwal et al. [59] in Delhi, Huang et al. 
[50] in Taiwan and Dong et al. [60] in China.

High microbial counts were noted during the 
winter months. This may be due to the stability of air 
stratification [61] during winter, which makes dispersion 
and diffusion of bioaerosols difficult and raises their 
count in the lower atmosphere [59]. The relatively 
lower count observed in pre-monsoon could be due  
to environmental microbial stress due to high 
temperature ~40ºC with low humidity and high 
dispersion rate [59].

Exposure to high counts of bioaerosols is associated 
with various health issues, mainly pulmonary symptoms. 
Two large-scale cross-sectional surveys conducted 
by the central pollution control board, India, [45, 46] 
observed a high prevalence of respiratory morbidity 
during winter season in the areas of the current study. 

The high exposure to bioaerosols during winter along 
with compromised pulmonary mechanics and decreased 
protection against increased air pollutants due to 
bronchoconstriction, airway congestion, secretions, 
and decrease in mucociliary clearance [59, 62] could 
be one of the putative factors responsible for the high 
prevalence of respiratory symptoms.

Comparison of Indoor and Outdoor 
Bioaerosol Counts

During winter and monsoon season, the difference 
between indoor and outdoor bacterial counts was  
at its maximum and was statistically significant  
(Table 2). The thermal inversion that occurs during 
winter months causes a layer of stagnant air to develop 
near the ground, and a lack of ventilation is maintained  
at most of the houses during this season in order to 
prevent exposure from the chilly wind blowing outside, 
which might have prevented free dispersion and 
ingression of bacteria between the indoor and outdoor 
environments. The low and mid SEZ houses had higher 
human occupancy and activities compared to the larger  
houses, occupied by fewer persons, in the high SEZ. 
This explains why the difference between indoor 
and outdoor counts was statistically significant in 
the low and mid SEZs, but not significant in the high 
SEZ (Table 2). The result of this work is consistent 
with those of Nasir et al. [47] who reported higher  
bioaerosol counts in the indoor environment of dwelling 
inhabited by more occupants compared to those by few 
occupants.  Additionally, the washout of bioaerosols 
during the monsoon season decreased the counts of 
outdoor bioaerosols and accentuated the difference 
between the indoor and outdoor counts. Similar 
results were also reported by Manteese et al. [63] at 
various indoor environments in Italy and Lal et al. [64]  
in Delhi.

Effect of Outdoor Bioaerosol Counts 
and Meteorological Parameters 
on Indoor Bioaerosol Counts

Fungi 

The indoor fungal counts were lower than the 
outdoor counts at all points in the seasonal cycle in all 
SEZs, other than during monsoon season in the mid and 
high SEZs. The finding in the present study is consistent 
with the findings of Gotes et al. [65], Jara et al. [66], and 
Shelton et al. [67] in the USA, and Adams et al. [68] 
in California, who reported lower indoor fungal counts 
than outer fungal counts. 

The higher indoor fungal counts compared to the 
outdoor fungal counts during monsoon season in the 
mid and high SEZs might have occurred due to monsoon 
rain washout having reduced outdoor fungal counts so 
that the indoor and outdoor aerosolised fungal counts 
were comparable (Table 2). 



4094 Balyan P., et al.

Indoor fungal counts had a statistically significant 
negative correlation with outdoor and indoor 
temperature, but correlated positively with outdoor and 
indoor RH (Table 3), just as in homes in Mexico by 
Ponce-Caballero et al. [69] and in the USA by Green 
et al. [70]. When further tested in the mixed model, the 
only parameters with a significant independent effect 
were outdoor fungal count (p<0.01) and indoor relative 
humidity (p<0.05) (Table 4). Thus, the aerosolised 
fungi inside the home was primarily contributed by 
the outdoor environment (Tables 2 and 4); moreover, 
the effect of outdoor meteorological variables (outdoor 
temperature and relative humidity) on indoor fungal 
counts (Table 3) was mainly mediated through the 
variation that they caused in outdoor fungal counts 
(Table 4). Inside the home, the presence of moisture 
(indoor relative humidity) directly affected the growth 
and propagation of fungi. Similar findings were reported 
in a study by Jara et al. [66], Adams et al. [68], and Li 
et al. [71], who found indoor fungi to be mainly derived 
from outdoor and indoor counts to be affected by 
variation in outdoor fungal counts.

Bacteria

A higher indoor than outdoor count of bacteria 
signifies the presence of probable sources of bacteria 
in the indoor environment (Table 2). Similar findings 
were also reported by Frankel et al. [42] in the USA and 
Mentese et al. [63] in Turkey. 

Indoor bacterial counts had a statistically 
significant negative correlation with outdoor and indoor 
temperature but correlated positively with outdoor and 
indoor RH (Table 3). This was consistent with results 
reported by Bragoszewska et al. [72] in Gliwice, Li et 
al. [73] in China, and Frankel et al. [42] in the USA. 
However, Raisi et al. [74] in Greece and Mirhoseini et 
al. [75] in Iran reported contradictory and insignificant 
results. When further tested in the mixed model, 
the effect of the meteorological variables was not 
significant, independent of SEZ, season and outdoor 
bacterial count, on the indoor bacterial count. The SEZ 
and season retained their significance in the mixed 
model, which indicates the potential influence of factors 
dependent on socio-economic status or season on indoor 
bacterial counts other than outdoor bacterial counts and 
meteorological parameters. The finding of the present 
study is in agreement with Frankel et al. [42], who 
reported the effect of seasonal dependent factors other 
than meteorological parameters on indoor bacterial 
counts.

Despite the presence of indoor sources and higher 
counts of indoor bacteria, the outdoor bacterial counts 
(p<0.01) were found to significantly affect the indoor 
bacterial counts (Table 5). Thus, variation in outdoor 
bacterial counts influenced indoor bacterial counts 
(Fig. 1 and Table 5) and indoor bacterial counts were 
contributed to by bacterial aerosols generated both 
indoor and outdoor. 

Limitation

The current study has measured total number of 
bacteria and fungi instead of specific pathological 
microbes. A specific bacterial and fungal count may 
vary rapidly than total microbial counts owing to 
differential susceptibility of different microbes to the 
environment. Furthermore, this study investigated only 
culturable bacteria and fungi.

The influence of various socio-economic factors  
on microbial exposure demands further study, in  
order to inform public policy such that it could be 
redesigned while taking into consideration the goal of 
improving living conditions and the environment in 
low SEZs. The findings of this study are of specific 
importance to developing and third-world countries, 
where residential areas with poor living condition are 
increasing in size. 

Conclusion

–– Microbial count in indoor residential air rises with 
the fall in level of hygiene and housing conditions 
across socio-economic zones.

–– Microbial counts in the indoor air showed a similar 
seasonal pattern in all SEZs, despite different 
housing conditions; the lowest were in the pre-
monsoon season and highest in post-monsoon and 
winter seasons.

–– Indoor microbial count was affected by outdoor 
microbial counts across all SEZs, despite the use of 
different ventilation systems. 

–– Temperature and relative humidity were significantly 
associated with indoor microbial count, but could not 
fully explain the observed variations in the mixed 
effect model.
This study highlights the strong possibility that 

residents of the low socio-economic zone are exposed 
to higher counts of bioaerosols than residents of other 
areas, especially during the winter season. This may 
be one of the major factors responsible for the high 
prevalence of respiratory symptoms among inhabitants 
of the low SEZ in the winter season. 
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