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INTRODUCTION

Introduction: Microbiological contamination of various operation theatres of tertiary
care hospitals by potential pathogens has led to the rise in incidence of health care
associated infections. The aim of the present study is to assess, compare and correlate
microbial contamination levels in operation theatres using both an active and passive
sampling methods.

Material &Methods: A prospective study conducted in the Department of
Microbiology, Modern Government Maternity Hospital, Hyderabad, Telangana, for a
period of 1 month from July 1% to August 1%, 2023. Sampling was performed in 7
Operation theatres both at rest (before beginning the surgical activity) and during
surgery. Air from one operating room per day was sampled by both Active and Passive
methods at the same time, at rest and during surgery for one month. In Active sampling
method, microbiological air sampler is used which physically draws a known volume
of air over a particle collection device media i.e., Sheep blood agar and the number of
colonies grown on the media is measured in CFU/mSof air. In passive sampling
method, Sheep blood agar plates were placed in OTSs, according to 1/1/1 rule and
results are expressed in CFU/m?/hour.

Results: The mean number of colonies is 17.4 CFU/ m®and 63.1 CFU/m?/hour at rest;
42.4 CFU/ m® and 186.69 CFU/m?hour during surgery for active and passive air
sampling methods respectively. Statistical analysis (spearmen’s rank correlation
coefficient) confirmed that the two methods are correlated with each other in a
comparable way with the quality of air.

Conclusion: The microbiological quality of the air in operating theatres is a significant
parameter to control healthcare associated infections, and regular microbial monitoring
can represent a useful tool to assess environmental quality and to identify critical
situations which require corrective intervention. Hence, it is possible to conclude that
both the methods are correlated with each other, but passive method can be used for
general monitoring of air contamination, such as routine surveillance programs.

Keywords: Air sampling, Active method, Passive method, Health care associated
infections.

Microorganisms that cause infections in healthcare facilities include bacteria, fungi and viruses and are not only found in
the patient’s own endogenous flora, but can also originate from health care personnel and from environmental sources
[1]. Environmental contamination plays an important role in transmission of multi drug resistant organisms [2]. In
particular air contamination in high-risk health care departments like Operation theatres pose a threat to patients’
condition and might increase the nosocomial infection [3]. In the past couple of decades there has been increasing
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evidence of environment contamination to the acquisition of nosocomial pathogens leading to health care associated
infections [4].Approximately 10% of all infections show serious consequences like increased duration of hospital stay
and costs, patient mortality, morbidity among post-operative patients with multidrug-resistant strains [5]. This is
particularly true in high-risk healthcare departments where patients are more susceptible because of their health
conditions, or in operating theatres because of tissue exposure to air [3]. For this reason, hospital environmental
monitoring and control procedures can be an effective support in reducing nosocomial infections [3].Therefore, there is
importance of microbial surveillance of environmental matrices. Through air sampling it is possible to evaluate microbial
contamination in environment at areas of high risk of infection [3]. Microbiologic air sampling is used to determine the
numbers and types of microorganisms, or particulates, in indoor air [6]. Moreover, these controls can be used to check
the efficiency of both the Conditioned and Controlled Ventilation System (CCVS) and the team’s hygiene procedures.
However, although there is much published research, procedures have not been firmly established and there is still debate
on the sampling techniques to be used, their frequency of application and even on the usefulness of such checks and
controls [7]. International guide lines offer different methods and different types of sampling instruments, leaving the
method of choice to us depending on the workload of OTs and facilities like manpower availability.

The present study aims to assess, compare and correlate the microbial air contamination levels in operation theatres by
Active and Passive methods of air sampling.

In Active monitoring a microbiological air sampler physically draws a known volume of air over a particle collection
device which can be a solid culture media or a nitrocellulose membrane and the number of colonies grown are measured
in CFU (colony forming units)/m3 of air. This system is applicable when the concentration of microorganisms is not very
high, such as in an operating theatre and other hospital-controlled environments [8].

Passive monitoring uses “settle plates”, which are standard Petri dishes containing culture media, which are exposed to
the air for a given time in order to collect biological particles which “sediment” out and are then incubated. Results are
expressed in CFU/plate/time or in CFU/m2/hour [9]

MATERIALS AND METHODS

This is a prospective study conducted from July 1%, 2023, to August 1%, 2023 in 7 Operation theatres at Modern
Government Maternity Hospital, Hyderabad, Telangana after taking ethical clearance from our institution. Following the
study protocol, air from one operating room per day was sampled by both Active and Passive methods simultaneously. In
each room sampling was performed at rest (in the early morning before the beginning of surgical activity) and in
operational (during surgery).Both active and passive methods collected 33 air samples each, at rest and during surgery. In
both the methods, Sheep Blood agar media is labelled with sample number, time and date of the collection. These sterile
culture media plates were transported to OT in a sterile sealed plastic container.

Passive method:

Passive air sampling (settle plate’s methods) was done by the 1/1/1 scheme. In this, the Petri dish plates of a diameter 9
cm containing culture media were placed for 1 hour, 1 meter above the floor, about 1 meter away from the walls in OT’s.
After the procedure is completed, these exposed plates were transported to Microbiology lab in a sterile container and
were incubated at 37°C for 24 hours for bacterial growth and 7 days for fungal growth. Results were expressed in
CFU/m2/hour using Index of Microbial air contamination (IMA) as per Swiss Hospital association standards. Maximum
acceptable levels of IMA in OTs, at rest is <786.4 CFU/m2/h (<5 CFU/9 cm diameter plate/h) and during surgery is
3932.1 CFU/m2/h (<25 CFU/9 cm diameter plate/h).

Active method:

In this method, the Air Petri sampling system (Himedia-LA637) was used for air samplings. This system sucks air
through a perforated plate. The air containing particles were impacted onto the culture media surface (sheep blood agar)
on to a standard Petri dish plate. The sampling equipment determines the volume of around 1600 L of air. After collecting
the air samples, the culture media plates were transported to the Microbiology lab and were incubated at 37°C for 24
hours for bacterial growth and 7 days for fungal growth. The colonies were counted and expressed as colony-forming
units. The number of CFUs was read using the positive hole conversion table provided by the manufacturer, and the
value was expressed in CFU/m3. Maximum acceptable levels were taken as the standards determined by International
Standard Organization (ISO 14698), for air microbial contamination in operating theatres with turbulent air flow: at rest
<35 CFU/m3 and < 180 CFU/m3 in operational.

The number of CFUs that are within the acceptable limits are termed as satisfactory and exceeding the maximum
acceptable limit are termed as Unsatisfactory.

Statistical analyses of data were done using Mean +SD, percentages, and scatter plot graphs. Data analysis was
performed using SPSS version 25 software. The Spearmen rank correlation coefficient was used to assess the correlation
between the results of these two methods.

RESULTS
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A total of 132 air samples were collected in 7 operation theatres. Each of the 33 air samples was collected at rest and
during surgery by active and passive methods. Of which 48.4% and 63.6% showed unsatisfactory results with passive
method compared to active method at rest and during surgery respectively.

TABLE 1: Comparison between the results of Active and Passive methods:

At rest During surgery
Active method | Passive method | Active method | Passive method
(33 samples) (33 samples) (33 samples) (33 samples)
Unsatisfactory | 6% (2) 48.4% (16) 42.4% (14) 63.6% (21)
Satisfactory 93% (31) 51.1% (17) 57.5% (19) 36.3% (12)
TABLE 2: Comparison of mean and standard deviation of active and passive methods at rest and during surgery:
Active air sampling Passive air sampling
Mean Standard deviation Mean Standard deviation
OTs at rest|17.4 14.4 63.1 28.8
(33)
OTs  during | 42.4 22.1 186.6 84.3
surgery (33)

The Spearmen’s correlation test between Active and passive moments during operation, at rest in operation theatres
shows correlation with Rs at rest= 0.7; during operation = 0.4. The correlation between methods at rest (R?>=0.634;
p <0.05) and during operation (R?=0.2; p <0.05), was also demonstrated by the linear regression model.

FIGURE 1: Correlation between CFUs of operation theatres at rest
detected by Active air sampling and passive air sampling , R? = 0.634
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FIGURE 2: Correlation between CFUs of operation theatres during
operation detected by Active air sampling and Passive air sampling,
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In operational sampling period, showed higher values of colonies than at rest with both active and passive methods as
would be expected due to the inevitable microbial dispersion from people.

DISCUSSION

Microbial contamination in operation theatres is becoming a leading cause of Nosocomial infections. The most important
goal for any OTs should be reducing microbial contamination of air, surfaces, and equipment. This can be achieved by
regular monitoring and surveillance of air sampling. The active air sampling procedure method is applicable at areas
where the microbial load is less. The passive air sampling method provides us a valid risk in assessing the
microorganisms as it analyses the harmful airborne microorganisms falling onto a surgical site (3). For these reasons, it is
important to know the method used to assess the microbiological quality of air in the hospital environment. Thus, we
have compared two air sampling methods, active and passive, to assess the microbial quality of air.

In the present study, out of 33 air samples collected at rest, 2 samples by active method and 16 samples by passive
method were reported a greater number of CFUs than the maximum acceptable levels. Among 33 air samples collected
during surgery 12 and 21 number of samples has exceeded the maximum acceptable levels of CFUs by Active and
Passive methods respectively. It has shown that passive method reported more appropriate results than active method.
Karigoudar et al had the similar findings as in this study and proved that passive method is better than the active method
in assessing the microbial contamination of air (4). Kaur et al. reported that the settle plate method was a crude method to
analyse airborne contamination. However, it provides a simple and cost-effective means of assessing microbial
contamination (10). Pasquerella et al conducted a study on microbial samplings in OTs by active and passive methods has
demonstrated that both methods can be used to evaluate microbial air quality.however, in particular during the activity,
passive sampling can be suggested for routine microbial monitoring (11).

The study conducted by Rumpa et al., at Delhi tertiary care hospital demonstrated that both methods correlate when the
procedure is stringently followed (12). The present study also has shown the notable correlation between two methods,
significant p value with passive method and suggests that passive method is helpful in assessing viable air borne
contamination. Napoli et al. documented in his study that the active method is reliable, even though many others do not
recommend an active method for assessing airborne contamination in the hospital, but both the methods have advantages
and disadvantages. The active method needs a device for air sampling, thereby makes it costly than the passive method
but allows the analyses of larger volumes of air in a lesser time.The disadvantages are that it produces noise during
sampling and thus disturbs the operating team. The main advantage of the active method (sieve impactor air sampler) is
that all the suspended particles in the air were collected. Advantages of passive sampling are simple and cheap but do not
interrupt the microorganisms’ movement in the air during the air sampling procedure. The passive method reproduces
contamination by dust particles settling onto the wound site better than the active method. However, its disadvantages
are, even the large particles are pulled by gravity and collected onto the collecting surface media (12). The discrepancies
in the values of CFU obtained by these two methods can be clarified by the fact that sampling of air by passive method
helps in collecting even the larger particles which settled by gravity. The sieve impactor air sampler in the active method
draws a fixed volume of air containing particles of variable sizes (13).

CONCLUSION
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Regular monitoring of microbial contamination is essential to identify critical situations in Hospital. The microbiological
quality of air is one of the tools and can be monitored by two methods, active and passive. It is an important parameter to
control health care associated infections. In the present study passive method has shown more accurate results than active
method as the former method allows a direct measure of the number of microorganisms settling on the media surface and
latter method obtains information on the concentration of all inhalable particles. Thus, the study concludes that when
strict protocol is followed, both the methods correlate in a comparable way with quality of air but passive method is
recommended in regular microbial monitoring such as in routine surveillance programs due to its cost effectiveness, lack
of special equipment requirements and its ability to estimate the risk of air borne microorganisms to surgical wounds
during surgery, making it more relevant.
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