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Abstract 


Background: Indoor air is the greatest propagating source of pathogenic microbes which causes significant 
contamination in the indoor hospital
environment, principally in terms of nosocomial infections. Hence, microbiological testing is necessary to assess air 
contamination in indoor air of
hospital.


Objective: The present study was undertaken to assess air contamination in different wards of the hospital 
to obtain a causative relationship
between air contamination and risk of developing infections through microbiological testing. 



Method: Microbiological sampling was performed in indoor environment of different wards namely pediatric ward, 
maternity ward, labor room,pediatric intensive care unit (PICU) and neonatal intensive care unit (NICU) of Bharati Hospital, Pune. Settle plate 
method was selected wherein
McConkey's Agar plates were used for isolation of Gram-negative bacteria, one of the pathogenic groups. The petri plates were then
 exposed for an hour
in different wards and incubated at 37°C for 24 hours. After incubation, the total colony forming units (CFU) were counted.


Results: It was found that highest CFU was present in the labor room. As compared to other petri dishes, 
18±3Gram-negative bacteria colonies were seen in the labor room petri dishes. Presence of such contamination in labor room may occur due to improper ventilation and improper sanitization.
During each labor, large amount of blood as well as amniotic fluid along with other body fluids are being spilled in the room which plays a
 significant
role in promoting the growth of microorganisms irrespective of whether the mother had any infection during the labor.


Conclusion: Microbiological air contamination testing depicted that the labor room was the most contaminated ward. 
Proper ventilation and
sanitization in the hospital wards with regular quality control would overcome the probability of hospital nosocomial infections thereby promoting
safety of mother and infant health. 
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Abbreviations:  PICU: Pediatric Intensive Care Unit; NICU: Neonatal Intensive Care Unit; CFU: 
Colony Forming Units; HAIs: Hospital Acquired Infections;
MDR: Multi-Drug Resistant; UTI: Urinary Tract Infection 





Introduction




Good air quality is very important especially in health care
setting that involves a large number of people. Such settings that
are of great concern include hospitals, pathological laboratories,
microbial testing units, and cGMP manufacturing units [1].
Maintenance of indoor air quality in hospitals and medical centers
has become a critical part of hospital management protocols. Air
is the greatest dissemination agency of pathogenic microbes which
cause significant problem in the indoor hospital environment,
particularly in terms of nosocomial infections or hospital acquired
infections (HAIs) [2]. Nosocomial infections are HAIs which are
non-existing in the patient at the time of hospital admission. The
prevalence rate of HAIs in developed countries such as United States
and Swiss hospitals is 6-10% and 5-10% respectively [1,3]. As it is,
5% of all patients who go to hospitals for treatment will develop an
infection during their hospital stay. This is because the density of
pathogens is greater in hospitals than in most other environments.
Indeed it has been estimated that the airborne route of transmission
accounts for between 10 and 20% of endemic nosocomial infections
[4]. Air borne transmission is known to be the route of infections
for diseases and as reported, there is presence of 42.6% of Grampositivecocci
and 14%	 Gram-negative rods in hospital air [5,6].
Approximately 10% of the nosocomial infections in both immunecompromised
and healthy people are caused by airborne bacteria 
[7]. Although the cause-and-effect relationship between airborne
pathogen levels and nosocomial infections is yet not established, it
could be hypothesized that lowering the level of these pathogens
in the air would result in providing an environment that would
help decrease the risk of nosocomial infections in hospital.
Insufficient ventilation, high dusting, overcrowd, aerosols spread
through sneezing and coughing, high movement of personnel and
improper validation of hospital units as well as equipments are
the main sources of indoor air contamination [8]. Indoor hospital
air contains diverse microbial population which is responsible for
nosocomial infections. 


Nosocomial infections can cause urinary tract infections (UTIs),
severe pneumonia and infections of other parts of the body. This
risk of nosocomial infections is further escalated by the increasing
prevalence of antibiotic-resistant pathogens such as Methicillinresistant
Staphylococcus aureus (MRSA) and Vancomycin-resistant
Enterococci (VRE) among Gram-positive organisms and multi-drug
resistant (MDR) Pseudomonas aeroginosa and Acinetobacter among
Gram-negative organisms [9,10]. In the tropics, researchers have
identified that Gram-negative are the most commonly isolated
pathogenic microorganisms from hospital environment [9,10]. HAIs
produce high morbidity, mortality, economic snags and increased
hospital stay. Airborne microorganisms and other sources of
contamination in hospitals must be reduced to minimum as many
of the people passing through hospital lobbies as well as health care
workers could be sensitive to these pathogens. Thus, to maintain
the lowest possible airborne microbial levels in hospital lobbies, it
is crucial to identify the factors influencing these levels [11].


Evaluation of the quality of air in internal hospital environment
can be performed routinely via microbiological sampling
techniques. Air sampling of microorganisms is a popular method of
conducting microbial examinations as it allows direct evaluation of
microbial presence [12]. 


In the present study, air and surface contamination was
measured in different wards of the hospital namely, pediatric
ward, maternity ward, labor room, pediatric intensive care unit
(PICU) and neonatal intensive care unit (NICU). These wards were
targeted as risk of developing infections is higher in these wards.
The maternity and pediatric wards were selected as there is
movement of large number of personnel and patients with active
infections in the wards. Labor room was considered as during each
labor, a large amount of blood, amniotic fluid and other body fluids
are spilled in the room which plays a significant role in promoting
the growth of pathogenic microorganisms irrespective of whether 
the mother had any infection during the labor [13]. Intensive care
units were taken into consideration to assess aseptic conditions in
these wards. 


Materials and Methods


Location


Microbiological sampling was performed in indoor environment
of different wards of namely pediatric ward, maternity ward, labor
room, PICU and NICU of Bharati Hospital, a tertiary care teaching
hospital, Pune. 


Sampling


Sampling was carried out at a busy day time using settle plate
method. Agar plates were prepared by suspending 50 grams of
McConkey's Agar powder in 1 liter of purified water and mixed
thoroughly. The mixture was boiled for 2 minutes to dissolve the
powder completely with subsequent autoclaving at 121°C and 15
psi pressure for 15 minutes. Autoclaved agar suspension was cooled
down at 40-45°C and stirred well before pouring into the sterile
petri dishes. Petri plates containing autoclaved McConkey's Agar
were exposed to air for one hour without informing the hospital
cleaning team and the plates were incubated at 37 °C for 24 hours.


Counting


The total colony forming units (CFU) were counted using
magnifying colony counter.


Result and Discussion



The study of airborne microorganisms in indoor hospital
environments is important to understand the dissemination
of airborne microbes particularly the pathogenic ones. It is
assumed that the environment where patients are treated has an
important impact on their recovery wherein acquired infections
may complicate their existing medical conditions [13,14]. Patients
are exposed to a greater risk in indoor air environment because
confined areas contained aerosols and allow them to breed to an
infectious level. Therefore, it is of utmost importance to evaluate
the quality of indoor air in the hospital environment. Various wards
and areas in the gynecology ward are easily prone to microbial
contamination owing to the considerable presence of amniotic
fluid, blood samples, stem cells, tissues and such other biological
fluids which serve to be rich source for microbial breeding. If
timely measures and routine microbial control is not maintained,
the amplified microbial pathogens may pose a serious threat
to the health of mother as well as infant with life-threatening
consequences.
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Table 1: Commonly observed microorganisms in hospital wards.




+ Presence of microbial contamination; - Absence of microbial contamination.


Microbial profiles of simultaneous cultures obtained from
hospitalized patients of the targeted wards (maternity ward,
pediatric ward, labor room, PICU and NICU) were as presented in
Table 1.


Observations revealed the influential presence of Gramnegative
pathogens (Escherichia coli and Pseudomonas aeroginosa)
to be more dominant as compared to Gram-positive pathogens
(Bacillus subtilis and Staphylococcus aureus) in different wards of
Gynecology and Obstetrics department. As seen in Table 1, these
Gram-negative pathogens illustrated significant existence in labor
room, PICU and pediatric wards. 


Patients admitted in these wards are prone to infections such
as pneumonia, sepsis, urinary tract infection (UTI) and meningitis
owing to catheterization. Catheterization serves as a greatest
source for microbial contamination further leading to nosocomial
infections. Culture tests conducted during catheterization revealed
positive results for Gram-negative microorganisms. Additionally,
health care workers and paramedics in hospital wards like the
cleaning staff, nursing staff, patient attendants and even the
physicians may be the cause of Gram-negative infections [15]. The
air handling and ventilation system in a hospital set up goes a long
way to determine the microbial load per ward of a given hospital.
Probing the airborne microorganisms in the hospital wards is
important to understand the distribution of microorganisms
and the level of cleanliness in that particular area [16]. Thus, the
environment where patients are treated has a vital influence on the
recovery of the patients and the spread of HAIs [15,16] (Figure 1).
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Figure 1: Representative presentation for source of microbial pathogens responsible for HAIs.




The total number of Gram-negative bacterial colonies
investigated showed moderately high contamination level present
in labor room (Total 18±3 CFU) as shown in Figure 2.
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Figure 2: Gram-negative bacterial colonies isolated from
labor room.





As during active labor, large amount of biologic fluids (blood,
amniotic fluid) is spilled in the room, it serves as a growing medium
for microorganisms and hence escalates the risk for nosocomial
infections. In the course of labor room visit, it was observed that the
labor room was used as a passageway for the health care personnel
to enter and exit the room while the procedure was going on which
could be another reason correlative of high number of colonies
isolated from the labor room [1,16].


Various other contributing factors liable for this level of
contamination might be building design, improper ventilation,
unrestrained movement of the individuals, high dusting, poor
level of public awareness, inadequate health training and limited
use of disinfectants [17]. However, these effects are nullified in
tertiary care units where the hospital management has to maintain
stringent quality standards as per the norms of Medical Council of
India (MCI). 


Hospital plays a significant role in limiting the spread of
common nosocomial infections, the magnitude of which depends
on the level of biological fluids, personnel and public movement
in the hospital environment [18]. Thus, it is advisable that more
frequent quality audits and strict measures should be put in place
to check the increasing microbial load in the hospital environment
[18,19]. This will definitely contribute to rapid recovery of patient 
health and overcome the risk of probable side effects and cross
infections [20,21]. 



Conclusion



Microbiological air contamination testing confirmed that
along with the labor room, PICU and pediatric wards are the most
contaminated wards. The indoor unhygienic factor owing to excess
biological fluids discharge and unrestricted personnel movement
could be responsible for acquiring cross infections to all patients,
hospital care personnel and other associated staff. Mostly Gramnegative
microorganisms are the major cause of nosocomial
infections as depicted in our study. Nosocomial infections produce
high morbidity as well as mortality thereby, escalating the cost and
length of hospital stay. It is thus, essential to monitor bacteriological
load in the indoor air of hospitals and to improve the quality of
hospital environment so as to reduce the microbial load. Hospitals
should enhance the frequency of good sanitation protocols and
infection control measures. Routine auditing of hospital air bioburden
is substantially recommended. Thorough hand washing and
use of alcohol rubs by medical personnel and public visitors before
and after each patient contact would effectively combat nosocomial
infections by nullifying the microbial dispersals within the hospital.
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