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Abstract

Common microbial contamination inside hospital air occurs due to the presence of different kinds of
microorganisms like fungi, bacteria, virus. Those pathogenic microbial organisms needs to be identified and
screened properly, can be isolated from the air of different hospitals areas by following proper procedure of isolation
and characterization. By proper identification of those pathogenic microbes and routine infection control can lead to
the protection of the patients, hospital staff as well as surrounding areas and people associated with hospital are
protected. This effort will strengthen the hospital and healthcare facility.
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Introduction
There are more than 10,000 airborne microorganisms found inside

the hospital environment [1] which include fungal spores, yeast, molds,
bacteria and viruses. They are transmitted through indoor biological
aerosols [2,3] and under some kind of special clinical circumstances
like skin lesions may also be a source of airborne particles [4]. One of
the common mechanism contributing airborne microbial pathogens is
the production of aerosol droplets by sneezing or coughing.
Subsequent water loss helps the droplets to float in the air where they
can survive for a long time and can spread to a considerable distance.
There are many biological aerosols that contain viruses, bacteria,
fungal spores, yeasts and molds [2,3].

Quantification of airborne microbial pathogens causing infections is
a difficult matter and the hospital air quality assurances have no
particular widely accepted standard. As many critical patients are
treated in hospital, they may emit various microbes from their disease
prospects like flu, tuberculosis, sepsis, burn injury, sample collecting
areas and inward patient diagnosis department [5,6]. Pathological
microbes can transmit themselves from an infected patient to
susceptible person via air and can initiate infection [7]. Common air
contaminants can affect hospitalized patients, with conditions like
chemotherapy and transplantation recipient [8]. Routine air quality
assurance in hospital based environment is required for providing a
healthy environment to clinicians, patient’s relatives, the hospital staffs
and daily wage workers; otherwise all the non-infected people have a
chance to carry airborne microbial infection.

Earlier studies have reported investigations of many kind of
airborne microorganisms and hospital based microbes [5,6,9]. Hospital
based investigation reports provide the idea about some specific
microbial pathogens like Clostridia, Staphylococci and Streptococci
[10-12]. One of the report suggested that from hospital based isolates,
42.6% were gram-positive cocci, 19.2% were gram-positive bacilli,
14.0% were gram-negative bacilli, 17.1%were molds, 2.2% were
actinomycetes, 1.2% were yeasts and others were coccobacilli and
diphtheroids. Among all, gram-positive cocci, around 34.9% were
hemolytic and 16.4% were penicillin-resistant. It was found that

different area of hospital have different types of penicillin-resistant
types ranging from 21.4 in area of surgery to 4.3% in incinerator rooms
[1].

Common Sources of Air Contamination
The main cause of nosocomial infection is, presence of pathogenic

microbe in the hospital environments containing several kind of
pathogen as well as aerosol in hospital air i.e. basic cause of airborne
microbial disease transmission. Previously it was reported that the
main entrance of the hospital act as one of the major link of air
exchange between indoor hospital and the external environment.
Again by means of the homogenization of indoor air of buildings, open
door and window of the hospitals are the major source of microbial air
contamination. During the whole day period microbial contamination
is high during the visiting hours as well as the afternoon period which
is the main active time of the day and when there is incoming and
outgoing of large numbers of patients, visitors and the other people or
regular visitors of hospitals [13,14]. It was reported that the grills of the
ventilation are one of the major sources of airborne bacteria and fungi
[15]. In the same way the air-conditioning systems act as one of the
major source of pathogenic microbial contamination in hospital air
[16]. The intensive care units (ICU's) are high-risk areas for infections
caused by antibiotic-resistant bacteria that may spread to other clinical
areas of the hospital [16-18].

Hospitals Reported with Acquired Microbial Pathogens
in Air

It was previously reported that Birmingham medical institution had
infection of Clostridium welchi most of the time which was isolated
from the indoor hospital air most times, and it had a tendency to carry
those pathogenic micro-organisms to the outpatient diagnosis ward
and to the clinic by means of air [19].

It was reported from the University of Benin City teaching Hospital
in Nigeria that the common microbial pathogens present in hospital
air, mainly belong to six bacterial genera such as Staphylococcus
aureus, Staphylococcus epidermis, Escherichia coli, Proteus mirabilis
and Bacillus sp. The major fungal isolates included Penicillium spp.,
Aspergillus spp., Mucor spp., Verticillium spp. and Candida spp. [20].
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It was reported from selected hospitals of Zarqa city, Jordan that,
commonly Micrococcus luteus, Staphylococcus aureus, coagulase
negative Staphylococcus were predominantly isolated bacterial
pathogens from indoor hospital air whereas the common fungal
pathogens isolated are Penicillium spp., Aspergillus spp., Alternaria
spp. and Rhizopus spp. These organisms are predominantly found in
the hospital air indoor patient ward of the hospital [14].

The poor air quality can lead to several diseases like sick building
syndrome which comprises of several kinds nonspecific symptoms that
commonly observed in residents of a building. The bacterial or fungal
contaminations are one of the major causes of sick building syndrome.
Legionnaire’s disease or Monday fever is also a part of these building
related illnesses which includes fever (humidifier fever). This fever
mainly caused by bacteria containing droplets present inside the
humidifiers. The exposure of this contaminated air can leads to
extrinsic allergic alveolitis.

Legionnaire’s Disease
Legionnaire’s disease or Legionellosis is caused by a gram negative

bacterium named Legionella pneumonia. In this disease the patient
develops flu like symptoms and later on severe interstitial pneumonia
is observed. This organism generally present in air conditioners, water
of cooling towers, and the bacteria are generally disseminated in the
form of aerosols, which are small droplet [21]. This disease is now a
major reason to spread both nosocomial and community acquired
pneumonia in developed countries like Germany and USA. The
diagnosis of this disease is difficult both in clinical method and
laboratory method [22].

Pulmonary Tuberculosis
One of the major disease pulmonary tuberculosis caused by

Mycobacterium tuberculosis and transmitted by small aerosols around
1-5 μm diameter. When the infected tuberculosis patient especially
infected with pulmonary or laryngeal tuberculosis spreads the infected
droplets by means of sneeze, cough, shout or song and the
transmission of the pathogen occurs when occurs when a susceptible
individual inhales those Mycobacterium tuberculosis infected droplet
nuclei containing droplet nuclei (CDC, TB).

Common Microbes Found Inside Operation Theatre

Common fungal isolates
Previous studies reported about major fungal pathogens in hospital

air (not only hospital air but also normal air) were sporulated fungus
such as Aspergillus fumigates. The low concentration of Aspergillus
spp. is not a big problem but its increasing count or high index is
always a cause of clinical problem which require quick treatment
before any kind of serious issues or septic condition [1,8]. Other fungal
contaminants such as Penicillium spp., Alternaria spp. and Rhizopus
spp. were found in hospital air Other than Aspergillus spp, reported in
previous studies [14].

Common bacterial isolates
Previous studies reported about major bacterial pathogens in

hospital air, were Staphylococcus aureus, Clostridium perfringens.
Staphylococcus aureus majorly found in septicemia and wound
infection cases. As per previous reports these bacterial pathogens

should be avoided in hospital air during surgery and the bacterial
count in total air should be <180 cfu/m3 in a period of 5-min and
inside operation theatre, it should be <35 cfu/m3 with less than one
colony of Clostridium perfringens but it was not validated scientifically
[8]. Another study revealed Coagulase-negative Staphylococcus (13%),
Coagulase-negative Staphylococcus (17.2%), S. aureus (16.8%) and M.
luteus (10.7%) as the most common bacteria in a private hospital
whereas in governmental hospital Staphylococcus aureus (16.2%),
Micrococcus luteus (13.3%) were found as the most common microbe.
Other than above bacteria B. subtilis, Bacillus cereus, Klebsiella spp.,
Escherichia coli, Enterobacter spp. was also reported to be present in
hospital air [14]. As per some of the previous reports, some gram-
positive bacteria such as Streptococcus pneumoniae and
Staphylococcus aureus, can survive in dust particles for several months
[7,23,24]. It was also reported in a previous study that Closteridium
tetani, Pseudomonas aeruginosa, S. epiderrnidis, Micrococcus lutes
etc. were found in hospital air.

Common viral isolates
There are many kinds of pathogenic viruses like Ebola virus and

Measles virus that multiply inside the host and spread by means of air
way specifically in hospital based air by the formation aerosol, which
can help them to survive for a long time period. These viruses can
spread infection from one susceptible individual to another, as in case
of Ebola virus it needs a large number of droplet nuclei for
transmission through air (CDC, Ebola).

Depending upon the number of individual present inside the
operation theatre, microbial count in air samples can fluctuate. Again,
the whole operation theatre along with the design and types of various
kind of clothing worn by clinicians, nursing and surgical staff are
important to contaminant through air contamination. To provide a
proper healthy hospital care facility, the hospital should be properly
designed and built by identification and proper elimination of
engineering faults and difficulties during the construction of hospital
especially critical care units, Intensive care unit and operation theatre
as proper ventilation is needed for a good healthy hospital
environment. As a faulty designed hospital can carry more amount of
microbial contaminated air which is also a major factor to increase
infection in post-operative cases as well as any other hospital based air
borne infections. These situation can cause severity in critical cases
such as elderly patient suffering from critical diseases, patient with
cytotoxic therapy, burn injury or severe accidental injured patients
which are undergoing a prolong duration of stay in hospital during
patient with chemotherapy [1,14]. So the proper and timely and
routine examination of hospital air or air quality assurance of hospital
based air should be done for the hospital welfare and betterment of
health care facility which can strengthen the healthcare system.

Air Sampling Can be Done by Proper Sampling of Air
by Selective Methods
There are many kinds methods for sampling of air previously

reported; briefly they are described as following manner:

Slit samplers and SAS samplers
Slit samplers are manufactured by Casella Ltd, Bedford and SAS

samplers are manufactured by Chenvall Labs, Bicester are very user
friendly, easy to handle reported in many previous reported
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investigations and acceptable for most of the previous studies
regarding bacterial and fungal counts in air quality assurance [8].

The RCS centrifugal air sampler
In this method the air sampling is done by the RCS centrifugal air

sampler manufactured by Biotest Folex, Birmingham, this method is
very easy to handle but the limitation of this method are it is unable to
detect large number Aspergillus, it always detect a very low number of
Aspergillus [8].

Agar settle plates methods
Collection on agar settle plates by taking proper volume of air, it is

inexpensive, easy to handle and convenient. But the limitation of this
method is unreliable as it can take up larger air particles [8].

Air sampling is followed by quantitative study of the air samples,
and then the characterization microbes are done properly to identify
the microbial pathogen. The sampling should be proper and the result
are carefully analyzed and cross checked for better result and better
health care facility [14].

Impactor air samplers
It was the most widely used method for the quantification of air

contamination is impact or air samplers [25,26]. This method is one of
the best methods as agar plates directly incubated without further
treatment, which indicates that from collected viable airborne particles
the microbial colonies; grow directly [26-28].

Various methods are used for the counting of air borne microbes
majorly four types:

• Counts of colony forming units per cubic meter of air (CFU/m3);
• Counts of CFU on settle plates;
• Counts under a microscope;
• Measurement of a chemical component of the microbial cells per

cubic meter of air [29].

For sampling airborne microbial pathogens no single method is
there to follow [30,31].

Microbial air sampler (PBI International, Milano, Italy)
A microbial air sampler (PBI International, Milano, Italy) are

reported to be used for air sampling of airborne fungi and bacteria. In
This method microbial air sampler was operated at 100 L/min air flow-
rate with 5 min of sampling time, here drying of the agar surface is to
be strictly avoided by overloading of the collection plate.

Some older methods are also used in traditional practices and still
exist for microbial sampling from air by aero scope which was mainly
used for the collection of bacteria in a fluid medium by bubbling or on
porous solid filters [31].

Viral air sampling
Viral load in the air for airborne viruses can be done by using

methodologies like filters, liquid impactors and solid impactors to
collect ambient air. After collection of air, the sample is subjected to
molecular tests like PCR and tissue culture for viral detection.

Calculation and Estimation of Bacterial and Fungal
Load Present in the Air

Formula for measuring microbial load In case of bacteria and fungi,
is given below

B=1000 N/RT bcp (bacteria containing particles)/m3

B=Bioload

N=Number of colonies appear on the plate

R=Rate of sampling

T=Time period for sampling (Collee et al.).

Control
Some kind of environmental conditions can help in the prevention

and elimination by inhibiting growth and reproduction of pathogenic
microorganisms like, ultraviolet radiation for microbicidal effect can
reduce aerosolized microbe, dryness and variation in temperature
unless and until those airborne microbes adapt a new host [7,23,24].

Bacterial population growth rate is more sensitive than fungal
population rates in the hospital. The age of the hospital buildings,
disinfection strategies and number of beds inside the hospital also play
a great role in the population of air microorganisms. So well-
constructed with air-conditioning systems and proper ventilation
systems are needed which can help decrease the pathogenic microbial
population. There should be a time limit for visit otherwise as the
number of people visit increases it leads to increase the number of
airborne microbial pathogen [14]. Changing of air is strictly required
with proper air ventilation with filtration i.e. minimum of 20 changes
per hour for proper clean ventilation inside hospital indoor patient
wards and operation theatres, as is air filter [31].

Moisture is the main cause of growth of fungal population in the
indoor air, so presence of moisture should be avoided in hospital
building.

One of the previous research finding from India strongly
recommends both the methods like fumigation and proper use of
updated new cleaners such as Vikron and Bacillocidrasant should be
used for significant cleanliness as well as the absolute removal of the
infectious and pathogenic microorganisms present in indoor hospital
environment as well as operation theatres [32].

Inside operation theatre during surgeries where body parts were
incised as per their concerning disease severity and condition of the
patient such as eye operation, joint replacement operation in knee,
cardiac operation, treatment of accidental injuries, and the indoor
operation theatre environment should be clean and properly ventilated
with clean air. But during the operation procedure automatic
contamination occurred which hamper the health condition of the
indoor patients. So to limit the pathogenic microbial contamination in
air some steps should be taken regarding the assurance of indoor air
quality by determining the sterility of total internal indoor
environment of the operation theatre. Hospital administration has to
take strong and vigilant step in this concern by means of proper
infection control strategies and policies. Especially hospital directors,
clinical staff, doctors, nurses, administrative staff with other clinical
and nonclinical staff availing Operation Theater should be strictly
following the infection controlling guidelines. Control of airborne
microbial pathogens in healthcare facilities is not only important for
the safety of the patient, but it is also important for hospital personnel
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so proper and timely implementation of several kinds of infection
control/contamination control programs can reduce and prohibit the
growth of some kinds of microbial pathogens [33-37]. Total
elimination of microbial pathogens may not be possible but these
infection control programme and policies can reduce their incidence
not possible to eliminate all kinds of pathogenic microbial infection
and their transmission [38,39].

Conclusion
Detail study of type specific air contaminants with their mode of

multiplication can help to find a solution to eradicate recurrent and
specific infection persisting in hospital environment, which needs to
carry routine microbial investigation of hospital air specifically CCU,
ICU, surgery, neonatal wards because those patients are prone to
infection. Again after the identification of particular pathogenic
microbe needs to be clean from that environment by following proper
eradication methods including infection control strategies with other
efforts to clean and remedies to eliminate the contamination by proper
disposing of contaminated body fluids, contaminated bandage, plasters
(can cause dissemination of microbial types which will persists during
ventilation and lead to contaminate the background area). To
strengthen basic hospital facility proper air hygiene is to be maintained
which can be done by routine air quality assurance and routine
infection control management with proper sanitation measures. A
healthy hospital environment needs to breathe a clean pathogen free
hygienic air which will strengthen the health care facility to the entire
population inside the hospital as well as nearby it. Proper sanitation,
cleanliness and maintenance of basic infection control strategies can
help to clean the hospital based air.
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