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Abstract

Objectives: Study was conducted to assess whether temporal variation exists in aitborne microbial concentrations of a
hospital ward (west-Chennai, India) using active and passive methods, and characterise the microorganisms.

Methods: Air samples (duplicates) were collected simultaneously using exposed-plate, impingement (BioSampler) and
filtration (personal sampling filter cassette loaded with gelatin filter) methods over different periods of the year. Bacterial
plates were incubated at 37°C and observed for growth after 48h; fungal plates were incubated at 25°C and 37°C and
observed upto 7 days. Microorganisms were identified using standard microbiological procedures.

Results: Microbial loads were found to vary with the sampling method. Concentrations of bacteria were higher (exposed-
plate: 45-150 CFU/plate; impingement: 1.12E+03-1.6856E+05 CFU/m’; filtration: 3.788E+03-1.91111E+05 CFU/
m’) than fungi (exposed-plate: 0-13 CFU /plate; impingement: 0-3.547E+03 CFU/m?; filtration: 0-1.515E+04 CFU/
m?). Coagulase-negative Staphylococci and Micrococci were the predominant Gram-positive cocci in active and passive samples.
Enterobacter and Pseudomonas were the predominant Gram-negative bacilli. Among fungi, Aspergilius niger was isolated
throughout the year. There was no significant temporal variation in airborne microbial loads irrespective of methods.
Conclusions: Exposed-plate method was found to capture microorganisms efficiently with little variation in duplicate
samples, suggesting its use in hospitals for preliminary assessment of indoor air quality and determine pathogenic
microorganisms due to particle fall-out.
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Introduction

Indoor air quality in hospitals is a concern due to
presence of airborne microorganisms that may cause
nosocomial infections'. Few published reports have
studied the seasonal fluctuations in microbial loads
over time in hospital environment™. While studies
in developing countries have documented presence
of nosocomially significant bacteria and fungi in
456 these studies
were not performed over extended time periods to
ascertain the influence of seasonal changes on airborne
microbial loads.

indoor air of healthcare facilities
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Healthcare facilities are complex settings,
especially in developing countries, where factors such
as overcrowding, improper design and ventilation
can impact the growth and / or sutrvival of
microorganisms. Climatic conditions such as excessive
humidity and moisture of walls and ceilings may
facilitate fungal colonisation. Physical parameters such
as temperature and humidity are known to influence
the ability of microorganisms to survive and be
airborne’. In a tropical setting where hot and humid
climatic conditions prevail, it is necessary to monitor
airborne microbial concentrations and determine if
there are variations in the microbial concentrations
and their types with changing climatic conditions.
This study was undertaken 1) to determine whether
variation exists in microbial (aecrobic bacterial and
fungal) concentrations in indoor air of a hospital
ward over a period of time, using active and passive
methods and 2) to characterise the microorganisms
present in indoor air.
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Methods

Study design

A prospective study was conducted to determine
whether temporal variation exists in airborne
microflora of a hospital ward. The study was carried
out in a tertiary healthcare facility situated in West
Chennai, India, for a period of one year from
February 2008 to January 2009. Chennai is a city with
tropical climate comprising of the following seasons,
namely winter (January and February), pre-monsoon
(March to May), south-west monsoon (June to
September) and north-east monsoon (October to
December) &

Sampling months were randomly chosen
and samples were collected between 15" and 20™
days of the month. Following a detailed walk-
through, sampling location was identified as an
orthopaedic ward provided with large windows for
ventilation. Indoor and outdoor (control) air samples
were collected in duplicates over different periods
of the year by active and passive methods of
sampling. Samples were analysed for type of
microorganisms and their loads.

Study area

Based on the literature search and subsequent walk-
through, orthopaedic ward was chosen for the study,
because orthopaedic patients are at greater risk for
acquisition of nosocomial infections’. The ward
under study was of the area 72 m*with a capacity to
accommodate upto seven patients. The ward was
situated in the fourth floor of the building,
surrounded by green vegetation. The room was
provided with natural ventilation with windows
supplemented by mechanical fans.

Sample collection
Walk-through was conducted prior to every
sampling to gather details on the existing local
environmental conditions and the extent of activity.
Depending on the nature of the activity, the extent
of activity was graded as minimum (talking),
moderate (talking, movement of patients and
delivering healthcare to patients) and maximum
(talking, movement of patients, delivering healthcare
to patients, and cleaning which includes change of
bed linens and mopping of floors).

Air samples were collected simultaneously
(in duplicates) by passive and active sampling
methods. Outdoor samples were collected, in
addition to indoor samples, as control for
comparison of indoor microbial loads. Passive
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sampling was done using exposed-plate gravitational
method'’, by exposing media-containing plates for
30 minutes'". Petri plates were put at a height of 60
- 70 cm above the ground level during sampling.
Filter and impinger methods were the active
sampling methods used in the study. Pumps were
calibrated prior to sampling for accuracy in the rate
of air sampling, Filter method was performed using
personal sampler using filter cassettes loaded with
gelatin filters (SKC Inc., USA) @ 3.5 L/min for 15
min'"'?) while impinger method involved use of
biosampler (SKC Inc., USA) containing sterile
phosphate buffered saline (PBS) @ 12.5 L/min for
20min'""%. Ambient physical parameters, temperature
and relative humidity were recorded. Media used
for sampling were blood agar and MacConkey agar
for aerobic bacteria, and Sabouraud’s Dextrose agar
for fungi (Hi Media Company Limited, India).

Microbiological analysis of the air samples
Gelatin filter (after air sampling) was allowed to
digest in 10 mL of sterile PBS. The PBS from
impinger and filter methods were subjected to
further processing by concentration method for
indoor samples and dilution method for outdoor
samples. The samples were plated on 5 % sheep-
Blood agar, MacConkey agar and Sabouraud’s
Dextrose agar. Both exposed plates and plates
containing active samples were incubated aerobically
at 37 °C for 24-48 h for bacteria and at 25 °C and
37 °Cupto 7 days for yeasts and moulds (since yeasts
and yeast-like fungi grow best at 37 °C, and
filamentous fungi grow at 25 °C, both temperatures
were included in the study). Suitable tests were done
for identification of microorganisms as per standard
microbiological procedures. Bacterial isolates were
observed for colony morphology and identified by
Gram’s staining and appropriate biochemical tests'>!*.
Filamentous fungi were identified by Lactophenol
cottonblue staining and confirmed through Riddel’s
slide culture; yeast-like colonies were characterized
by germ-tube test”. Candida was further speciated
using tetrazolium reduction medium.

Statistical analysis

SPSS for Windows v. 11.5 package (SPSS Inc., USA)
was used. Dependent variables were those of the
different bioaerosol concentrations, while
independent variables were the seasons, relative
humidity and temperature. Pearsons’ correlation
coefficient was used to assess the correlation between
samples collected in duplicates by the same method.
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A repeated-measure analysis of variance test (RM-
ANOVA) was performed to determine the
bioaerosols’ distribution across seasons.

Results

A total of six sets of air samples were collected in
different months over a period of one year, by active
and passive methods from the same orthopaedic
ward. Local climatic conditions were generally sunny
irrespective of the sampling month. When the
sampling months that were chosen for the study over
different times of the year were analysed for the
climatic conditions, they were found to be
representative of the local prevailing seasons, namely

winter (January and February), pre-monsoon (March
to May), south-west monsoon (June to September)
and north-east monsoon (October to December).
The details of the seasons were obtained from the
Regional Meteorological Centre, Chennai, India®.
Walk-through of the sampling location revealed
no evidences of dampness or visible microbial
growth in the walls. Activity in the ward was
moderate to maximum during sampling, and
included mopping of floor, movement of the
patients, and talking. Ambient physical parameters
such as temperature and relative humidity were
recorded at the time of sampling (table 1).

Table 1: Ambient physical parameters at the sampling location

S. NO. Sampling month Sampling Temperature Relative Number
session (°c) humidity (%) beds patients occupants

1 March 2008 Forenoon  27.2 69 7 7 18

2 April 2008 Forenoon  31.2 73 7 6 13

3 July 2008 Forenoon  31.8 71 7 5 11

4 September 2008  Afternoon  32.5 51 7 4 10

5 December 2008  Forenoon — 26.3 72 7 7 15

6 January 2009 Forenoon  29.1 57 7 4 10

Temperature was found to range between 26.3 °C
and 32.5 °C, with maximum and minimum being
recorded in the months of September and
December respectively. Relative humidity was found
to vary between 51 % and 73 % where maximum
and minimum were documented in the months of
April and September respectively. Number of
patients ranged from four (September and January)
to seven (March and December). Number of
occupants (other than patients) was found to range
from 10 to 18. When the data on microbial loads in
indoor air were compared with that of the control
outdoor samples, it was found that microbial loads
in indoor air were less than that of the outdoor air
irrespective of the sampling month (data not shown).
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Airborne microbial loads obtained from exposed
plate method

Airborne microbial loads

The airborne loads of total culturable bioaerosols
ranged from 59 — 156 CFU/plate (table 2), with
peak values in December and lowest values in April.
Airborne culturable bacteria ranged from 45 — 150
CFU/plate. Their loads remained higher from
December to March, with peak values being recorded
in December. A sudden drop was observed in their
loads in April, recording the least value, and remained
low till September. Fungal loads ranged from 0 —
13 CFU/plate, the maximum being observed in
April and minimum in March.
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Table 2 : Concentrations of aerobic bacteria and fungi in indoor air of a hospital ward

S. NO. Sampling Media  Passive method Active method
month used
Exposed plate method Filter method Impinger method
(CFU /plate) (CFU/m’) (CFU/m’)
Sample 1  Sample 2 Sample 1 Sample 2 Sample 1 Sample 2

1 March 2008 BA 120 105 1.911E+05 1.911E+05 5.619E+04 5.619E+04
MCA 2 1 0 0 0 0
SDA 1 0 6.313E+02 0 0 0

2 April 2008 BA 50 45 7.576E+04 2.841E+04 7.84E+04 1.307E+04
MCA 2 1 0 0 0 0
SDA 13 13 4.419E+03  1.894E+03 2.8E+03 3.547E+03

3 July 2008 BA 70 68 9.634E+04  1.541E+04 7.28E+04 2.128E+04
MCA 2 3 0 0 0 0
SDA 10 8 7.707E+03 1.927E+03 2.24E+03 1.68E+03

4 Sept 2008 BA 90 92 1.231E+05 3.788E+03  6.72E+04 1.12E+03
MCA 2 5 0 0 0 0
SDA 8 1 1.515E+04 3.788E+03 0 0

5 Dec 2008 BA 150 120 8.285E+04 2.505E+04 1.686E+05 1.96E+04
MCA 4 0 0 0 0 0
SDA 2 4 6.707E+03  8.707E+03 0 1.12E+03

6 January 2009  BA 100 110 6.898E+04 8.898E+04 4.16E+03 5.72E+03
MCA 0 0 1.881E+03 3.762E+03 2.08E+03 5.2E+02
SDA 5 6 0 0 1.04E+03 1.04E+03

BA — Blood agar MCA — MacConkey agar

Statistical significance

Airborne microbial loads obtained by passive method
with an exposure for 30 minutes were found to vary
with sampling months (Figure 1a), but was found
to be statistically insignificant. There was little
variation within the samples collected in duplicates,
with strong correlation (89.7% with a statistical
significance of p=0.01).

Figure 1la: Pattern of variation in indoor
microbial loads obtained using exposed plate
method
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SDA — Sabouraud Dextrose agar

Microorganisms isolated

Microorganisms were isolated throughout the year;
their loads however varied with different months
(table 3). Loads of Gram-positive cocci (GPC) were
higher than Gram-negative bacilli (GNB). Coagulase-
negative Staphylococci (CNS) and Micrococci were
predominantly isolated throughout the sampling
period. Eunterobacter and Psendomonas were the
frequently recovered GNB. Aspergillus sp. was the
predominantly isolated fungi, of which Aspergillus
nigerwas recovered throughout the study. In addition,
Aspergillus fumigatus, Aspergillus flavus, and Absidia sp.
were also isolated from indoor air.

Airborne microbial loads obtained from
impinger method

Airborne microbial loads

The concentrations of total culturable bioaerosols
obtained by impinger method ranged from
1.12E+03 — 1.6856E+05 CFU/m?’ (table 2), with
peak values in December and lowest values in
September. Concentrations of airborne culturable
bacteria also ranged from 1.12E+03 — 1.6856E+05
CFU/m’since fungi were not recovered in these
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instances, the highest being in December and the
lowest in September. Fungal concentrations ranged
from 0 — 3.547E+03 CFU/m’, the maximum being
observed in April and minimum in March and
September.

Statistical significance

Though the concentrations of microorganisms
between samples were found to vary with sampling
months (figure 1b); it was found to be statistically
insignificant, and the correlation between the two
samples (collected in duplicates) was found to be
not satisfactory (7.3%).

Figure 1b : Pattern of variation in indoor
microbial concentrations obtained using
impinger method
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Microorganisms isolated

Microorganisms were recovered throughout the
sampling period. GPC were isolated in higher
concentrations, of which CNS and Micrococci were
predominant (Table 3). Among GNB, Eunterobacter
sp. was the only isolate obtained in the month of
January. Fungi were isolated in the months of April,
July, December and January; Aspergillus niger,
Aspergillus fumigatus and Aspergillus terrens were the
commonly recovered species.

Airborne microbial loads obtained from filter
method

Airborne microbial loads

Isolation of total culturable bioaerosols by filter
method ranged from 7.576E+03 — 1.91724E+05
CFU/m’ (table 2), with peak values in Matrch and
lowest in September. Airborne concentrations of
culturable bacteria ranged from 3.788E+03 —
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1.91111E+05 CFU/m’, maximum being recovered
in March, and minimum in September. Concentration
of airborne fungi ranged from 0 — 1.515E+04
CFU/m’, with peak values in September and lowest
values in January.

Statistical significance

There were fluctuations in recovery of
microorganisms (Figure 1c), and the temporal
variation in microbial concentrations was found to
be statistically insignificant. Though there was a
correlation (60.5%) between the samples collected
in duplicates, it was found to be statistically

insignificant.

Figure 1c: Pattern of variation in indoor
microbial concentrations obtained using filter
method
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Microorganisms isolated

Recovery of microorganisms was documented
throughout the study. High concentrations of GPC
were recovered from air, of which CNS and
Micrococci were frequently isolated (table 3). GNB was
isolated only in the month of January, the isolate
being Enterobacter sp. Fungi were isolated throughout
the study except the month of January; Aspergillus
niger and Aspergillus fumigatus were frequently
recovered.
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Table 3: Aerobic bacteria and fungi isolated from indoor air of a hospital ward during different

months of a year

s. no. Sampling Media Exposed plate
month used method

Impinger method Filter method

1 March2008  BA

Micrococc, Diphtheroids, CNS

Micrococci, Diphtheroids, Micrococei,

Diphtheroids,
MCA  Morganella sp., Enterobacter sp. NG NG
SDA  A.niger NG A.niger
2 April 2008 BA Micrococci, Diphtheroids Micrococc, Diphtheroids, Micrococer, CNS
CNS
MCA  Pseudomonas sp. NG NG
SDA  C.krusei, A.niger C.krusei C. krusei, A.fumivatus

3 July2008  BA

Micrococci, Diphtheroids, CNS

Mierococe, Diphtheroids, Micrococer, CNS

CNS
MCA  Enterobacter sp., Pseudomonas sp. NG NG
SDA  A. fumigatus, A. flavus, A. niger, ~ A. niger, A. fumigatus A. niger, A. fumigatus
Absidia sp.
4 Sept 2008 BA Micrococci, CNS CNS CNS
MCA  Enterobacter sp., Pseudomonas sp. NG NG

SDA A fumigatus, A. flavus, A. niger, NG

Absidia sp.

A. niger, A. terreus,
A flavus.

5 Dec 2008 BA Micrococcr, CNS
MCA  Pseudomonas sp.

SDA  A. fumigatus, A. niger, Absidia sp. A. niger

Micrococcr, CNS Micrococci, CNS
NG NG
A. niger, A. fumigatus

6 January 2009 BA Micrococci, CNS
MCA NG

SDA  A. niger, A. fumigatus, A. flavus

Micrococcr, CNS Micrococci, CNS
Enterobacter sp. Enterobacter sp.
A. terreus A. fumigatus NG

BA — Blood agar

Discussion
Reports have previously documented the existence
of microorganisms in hospital environments,
including air and the possibility of air as a source for
nosocomial infections"**¢. A study conducted in a
hospital ward of a pneumonological department in
Poland found seasonal variations in total microbial
loads, with greater variation among fungi than
bacteria; the study further documented that
eventhough microbial loads were less in indoor air
of hospital, there is possibility of asthma
exacerbations in some patients because of the
presence of Aspergillus fumigatus and other potentially
pathogenic species®. Another study carried out in two
haematological units of a French hospital
documented seasonal variations in fungal loads, with
fungal concentrations significantly lower in winter
(2.7-3.1 cfu/m?) than in summer (4.2-5.0 cfu/m’) in
both haematology units’.

There is however paucity in data on
fluctuations in airborne microbial loads with changing
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CNS — Coagulase negative Staphylococci MCA — MacConkey agar
NG — No growth  SDA — Sabouraud Dextrose agar

seasons, especially in the context of a developing
country with tropical climate where hot-humid
conditions prevail. Additionally, hospital design also
plays a major role, where improper / faulty design
may lead to poor indoor air quality and microbial
contamination. Environmental factors such as
condensation during excessive rainfall might also
contribute to increased concentrations of airborne
microorganisms. Increasing adoption of air-
conditioning in the existing healthcare facilities
without adherence to proper engineering controls
to maintain temperature and relative humidity at
desired levels may facilitate microbial growth. It is
therefore essential to carry out location specific
studies to develop infection prevention measures.
So far, to our knowledge, no long-term
studies have been carried out in the context of a
developing country with resource limitations.
Although different active and passive methods of
air sampling are available, no single method is
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considered efficient for recovery of microorganisms,
ot is ideal in every sampling situation'’. The authors,
therefore, decided to perform sampling using active
(impinger and filter methods) and passive (exposed-
plate method) sampling methods for improved
recovery of microorganisms.

GPC are usually recovered by active
methods of sampling. GNB, however, may get
destroyed due to forceful impingement of air
samples or desiccation at the time of filtration of
air samples. Although exposed-plate method is a
passive method, previous studies have documented
isolation of GNB using this method*’, thereby,
making it essential to include exposed-plate method
for better recovery. Moreover, exposed plate method
may be used especially for settings like healthcare
facilities with less airborne microbial loads when
compared to outdoor settings like agriculture and
poultry farming, where airborne microbial loads are
high and require active methods of air sampling,
Choice of the media used in the study was made
based on the availability of the resources. In the
context of a healthcare facility, media such as blood
agar, MacConkey agar and Sabouraud’s Dextrose
agar are readily available in the laboratory facilitating
easier sampling at times of an investigation without
delay.

Temporal variation in airborne microbial loads
A repeated measure sampling was done as it allows
for an analysis that takes into account the unique
microbial and meteorological conditions within the
sampling location, which in turn allows for seasonal
comparisons that are not influenced by how high or
low the baseline is for the location'’. A temporal
variation in the airborne microbial loads was
documented; however, there was no statistical
significance in the variation captured by active and
passive sampling methods. The lack of appreciable
variation in the airborne microbial loads may be
attributed to the inherent deficiencies in the method
used for sampling. It was evident that though exposed
plate method was a passive method of sampling,
the variation within duplicate samples was very less
and had a strong correlation of 89.7 % with a
statistical significance of p=0.01; active methods, on
the other hand, had huge variations within the
duplicate samples with no statistical significance.
This study indicates that exposed plate is
more suitable and appropriate for areas like
healthcare facilities as compared to outdoor settings
like agriculture and poultry farming, where microbial
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loads are comparatively high and require active
sampling to determine the loads. Though exposed
plate method is a passive method, where the volume
of air being sampled is unknown, it can be preferred
over other active methods of sampling because of
its reproducibility and reliability. Moreover, this
method is cost-effective, easy to carry out and does
not require expertise. This method particularly finds
its application in healthcare facilities as this enables
to determine airborne pathogenic microorganisms,
which can cause nosocomial infections such as
wound infections due to particle fall-out. Volumetric
samplers often measure the total number of
microorganisms in the air, and therefore is an indirect
measurement of the likely microbial contamination
of a surface at risk through fallout'’.

Given the advantages, use of exposed plate method
has certain limitations. This method may not be
appropriate to determine the relationship with
inhalable microbial exposure levels. Moreover, since
only a small fraction of microbial load is collected
due to gravitational pull, many species could be
missing and remain unidentified.

Sampling by active methods (filter and
impinger) showed that the recovery of the
microorganisms was not appreciable, and variation
was found to be statistically not significant. The
variation within the samples collected in duplicates
was found to be huge and inconsistent, irrespective
of the sampling method used. The fluctuation in the
recovery of microorganisms may be attributed to
the inherent deficiencies of these methods such as
forceful impingement / desiccation, which may cause
microbial cell damage thereby affecting the recovery
of the Gram-positive / Gram-negative organisms.

Comparison of indoor and outdoor microbial
loads

Microbial loads in indoor air were less than that of
the outdoor air irrespective of the method used for
isolation of the culturable bioaerosols. Pattern of
indoor and outdoor isolates was similar. Whenever
outdoor microbial loads increased, there was a
corresponding increase in microbial loads of indoor
air. This indicates that indoor microflora is influenced
by outdoor environmental conditions. Isolation
pattern of microbial loads from indoor and outdoor
air was similar in both active and passive methods
thereby validating the methodology used.

Microbiological profile of the indoor air
Microorganisms were isolated throughout the year
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with fluctuations in their loads with the sampling
months or the changing seasons. Concentrations of
GPC were very high than GNB. CNS and Mzerococe:
were predominant in all seasons irrespective of the
sampling method. Enferobacter and Pseudomonas were
the predominant GNB. Exposed method was
efficient in isolation of GNB; impinger and filter
methods did not facilitate recovery of GNB during
the study period except in the month of January. It
was further observed that Pseudomonas sp. was isolated
in summer and monsoon months, while Enferobacter
was common in wintet. Aspergillus niger fungi was
isolated throughout the year irrespective of the
method. Candida krusei was the only yeast isolated at
the onset of summer (April).

High concentrations of GPC may be
attributed to lower susceptibility of these organisms
to environmental stress'®. Other factors that may
contribute are improper ventilation and presence of
increased number of occupants beyond room
capacities'’, as GPC are constantly shed from skin,
clothing and hair. Though CNS were the
predominant isolates, increasing incidences of
nosocomial infections by CNS make it a cause for
concern®.

Isolation of GNB was occasional and in
lower concentrations. One of the reasons may
probably be their susceptibility to environmental
stress'®. Pseudomonas sp. and Enterobacter sp. were the
commonly isolated GNB. These organisms are often
found to grow on moist surfaces. Their presence
may be attributed to the presence of wash-room in
the vicinity of the sampling area, which may provide
moisture required for survival and growth?'*. Since
both Pseudomonas sp. and Enterobacter sp. are known
nosocomial agents, understanding of the hospital
milieu is essential to identify the environmental
conditions that favour the growth of these
microorganisms. This will provide insights into
aspects for proper designing and construction of
hospitals and help to target preventive measures.

Though fungi were seen in few
numbers, their mere existence in the hospital air is
of concern. Species of Aspergilius have seen
associated with incidences of nosocomial infections
in immuno-compromised patients and children either
as primary or secondary infections; apart from these
infections, allergic reactions have also been reported
following inhalation of fungal spores, making it
essential to pay attention to their presence in hospital
ﬂ.ir23’24.

This is the first study in a developing country

with tropical climate, to our knowledge,
224

documenting variations in microbial loads in hospital
indoor air through simultaneous air sampling using
active and passive sampling methods. From this study,
it is evident that in the context of a tropical setting,
where hot and humid conditions prevail throughout
the year irrespective of the prevailing seasons,
changing climatic conditions may not have an impact
on the airborne microbial concentrations.

The study was carried out with small number
of samples due to resource limitations. Further long-
term studies can be carried out to strengthen the
study findings. This preliminary report is suggestive
of the need for future studies comparing active and
passive methods across different geographical
regions in the context of developing countries.
Given the cost constraints, exposed plates can
therefore be used in hospitals with fewer technical
facilities for preliminary assessment of indoor air
quality. Furthermore, exposed plate method can also
be used to determine airborne pathogenic
microorganisms, which can cause nosocomial
infections such as wound infections due to particle
fall-out.

Conclusion

Though there was temporal variation in the airborne
microbial loads, the variation was found to be
statistically insignificant irrespective of the sampling
method used in the study. Exposed-plate method
was found to capture microorganisms efficiently
with little variation in duplicate samples, thereby
suggesting its use in hospitals for preliminary
assessment of indoor air quality and determine
pathogenic microorganisms due to particle fall-out.
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