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Assessing the Utility of Outlet Filters in 
the Ventilators of ICU Patients

INTRODUCTION
Intensive care units (ICUs) are designated areas in a hospital facility 
for the management of critically ill patients. Due to the severe 
nature of illnesses, patients in the ICU are at an increased risk of 
nosocomial infections [1]. These rates are usually greater than non-
ICU wards due to the use of invasive medical devices and patients 
presenting with a range of severe comorbidities [2,3]. Studies have 
also shown that the rates of nosocomial infections in developing 
countries pose a greater threat than those of industrialised 
countries [4,5]. Ventilator-associated pneumonia (VAP) is defined 
as “pneumonia that occurs 48-72 hours or thereafter following 
endotracheal intubation, characterised by the presence of a new or 
progressive infiltrate, signs of systemic infection (fever, altered white 
blood cell count), changes in sputum characteristics, and detection 
of a causative agent” [6]. VAP contributes to approximately half of all 
cases of hospital-acquired pneumonia and it is estimated to occur 
in 9%-27% of all mechanically ventilated patients, with the highest 
risk being early in the course of hospitalisation [1,6-8]. High rates of 
nosocomial infections can be implicated in poor Indoor Air Quality 
(IAQ) which may result in detrimental effects on both patients and 
healthcare workers.

Mechanically ventilated patients may present a higher risk due to 
the generation of aerosols which may contribute to the spread of 
nosocomial infections. HME filter devices are commonly used in the 
ventilator circuit to humidify and warm the air and filter particles. 
These properties of the upper respiratory tract are lost during the 
process of mechanical ventilation. Thus the present study aimed to 
assess the utility of an HME filter at the outlet of a ventilator while 
correlating TVC in the ICU environment.

MATERIALS AND METHODS
A descriptive cross-sectional study was started in September 2017 
and was performed in two phases lasting six-months each. The 
study was done to evaluate a medical ICU in a Tertiary Care Hospital 
with approval from the Ethical Committee of Bharati Vidyapeeth 
Deemed University Medical College, Pune, Maharashtra, India (Letter 

no. BVDUMC/IEC/8A). In addition, approval was also granted from 
the Hospital’s Medical Director and the Head of Department of 
the ICU. The air from the ICU was sampled with both active and 
passive sampling methods simultaneously. Samples were collected 
twice daily consistently at low traffic hours (0700 hours and 1900 
hours). In addition, the number of personnel present was restricted 
to the skeletal staff in order to limit variability in samples. A total of 
120 microbiological air samples were surveyed utilising the active and 
passive sampling techniques for both ventilators and the ICU 
environment.

The study was conducted in two phases. In Phase I, an active and 
passive sampling of the ICU environment and the ventilators were 
conducted without the use of a filter. This consisted of taking 30 active 
samples (15 samples were collected from the ICU environment and 15 
samples were collected from the ventilator) and 30 passive samples 
(15 samples were taken from the ICU environment and 15 samples 
were taken from the ventilators). Phase II was subsequently conducted 
after placing filters in the outlet of the ventilators while sampling 
methods and locations remained the same. The filters used in Phase 
II of the study were the “Thermoshield bacterial and viral breathing 
system filter+HME” manufactured by Flexicare. These filters were 
placed in the outlet port of the ventilator of each new admission who 
required mechanical ventilation in the ICU. The ventilators being used 
in the ICU are the Fusion T-Bird series of ventilators, manufactured by 
VELA Care [9]. As shown in [Table/Fig-1], the exhaust port does not 
indicate the presence of an outlet filter.

Passive monitoring was performed by the Sedimentation method 
to determine the Index of Microbial Air Contamination (IMA). This 
index corresponds to the number of CFU counted on a Petridish 
containing Tryptic Soy Agar (TSA) agar with a diameter of 9 cm. The 
plates were placed according to the 1/1/1 scheme: 1 metre above 
the floor, about 1 metre away from the walls or any major obstacles 
for one hour [10]. Settle plates were exposed to the air for a given 
time in order to collect biological particles which “sediment” out. 
Results were calculated using Omeliansky’s formula:
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ABSTRACT
Introduction: Intensive Care Units (ICU) host a large percentage 
of all nosocomial infections in any hospital. The air quality in 
such an environment plays a pivotal role in the dissemination 
of such infections. Ventilated patients expel aerosols containing 
nosocomial infectious agents from the ventilator.

Aim: To assess the value of placing a Heat and Moisture 
Exchanger (HME) filter at the outlet of ventilators to reduce the 
Total Viable Count (TVC) in the air and improve air quality.

Materials and Methods: The study was conducted in two 
phases, of which Phase I was conducted without a filter and 
Phase II was conducted after placing HME filters in the outlet of 
the ventilators; while sampling locations remained the same. In 
both phases, active and passive sampling was done on a total of 

120 samples which included 60 samples from each phase. The 
index of microbiological air contamination (passive sampling) 
and surface air sample TVC (active sampling) were calculated to 
assess the level of microbiological contamination.

Results: The mean results of passive sampling were 
1547.41 CFU/dm2/hour in phase I and 761.49 CFU/dm2/hour in 
phase II. In active sampling, the mean results were 88.48 CFU/m3 
in Phase I and 51.71 CFU/m3 in Phase II.

Conclusion: The placement of HME filters at the outlet of 
ventilators has significantly reduced TVC counts in both active 
and passive sampling in Phase II using the filters as compared 
to Phase I. Other measures should be undertaken to further 
reduce TVC counts to accepted safety standards.
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metre away from the ground [12] and the sampling locations remained 
constant during both phases. When SAS samples were collected from 
the ventilator, the air sampler was kept at a height of 150 cm with the 
sieve impactor of the air sampler facing the outlet of the ventilator. This 
position was kept consistent during both phases of the study. The inlet of 
the air sampler was cleaned with 70% spirit before the start of sampling. 
SAS samples were used to calculate the TVC by using the formula;

b=1000n/rt

where N is the number of colonies counted on the sample plate, “T” 
is the duration of the test in minutes, “R” is the air sampling rate in 
Litres/minute. The results will be expressed as CFU/m3 [13]. Passive 
and active culture plates were placed in an incubator inversely at 30-
35°C for 48 hours. The colonies were counted using the APD Colony 
Counter Mobile Application [14] and the CFU/m3 were calculated. 
The colonies were segregated based on colony phenotype and were 
inoculated onto sterile nutrient agar plates after being gram stained. A 
new set of slides were made from the culture samples of the nutrient 
agar plates and are matched with the original gram stained slides to 
confirm bacterial morphology. The samples were then subsequently 
processed by the VITEK® 2 microbial ID/AST testing system in order 
to determine species identification.

STATISTICAL ANALYSIS
Statistical analysis was done using SPSS version 20.0. A two-
sample t-test assuming equal variance was performed to compare 
Phase I vs. Phase II for active and passive samples respectively. 
This data was used to analyse the bacterial contamination in the 
air with and without the presence of an outlet filter [15]. From the 
results of the t-test, a p-value <0.001 was regarded as significant in 
the statistical analysis [13,16].

RESULTS
During a one year period, 120 air samples were collected in the 
ICU. Detailed findings of quantitative microbial air contamination are 
shown in [Table/Fig-2,3]. These findings are divided into the two 
phases of the study, with the active and passive samples collected 
from the ventilator of the patient as well as from the ICU environment 
in Phase I. The two locations and methods of sampling were 
consistent in Phase II of the study once installing the Thermoshield 
HME filters at the outlet of the ventilators.

In active monitoring, Surface Air Sampling (SAS) was carried out by 
the HiMedia Hi Airflow Model LA881 air sampler using TSA plates. The 
microbiological air sampler differs from passive sampling by physically 
drawing a known volume of air through or over a particle collection 
device, which can be a liquid or a solid culture media or a nitrocellulose 
membrane. The quantity of microorganisms present was measured 
in CFU/m3 of air. This system is applicable when the concentration 
of microorganisms is not very high, such as in an operating theatre 
and other controlled environments in the hospital. The sampling was 
conducted at a flow rate of 180 Litres/minute and for a total period of 
one hour. Five separate air draws of 100 Litres each, for a total volume 
of 500 Litres, at 12-minute intervals between draws. When sampling 
the ICU environment, the air sampler was kept at a distance of 1 

[Table/Fig-1]: A schematic outlining the Pneumatic system of the VELA ventilators 
[9].

n*

total Viable Count tVC (CFU/dm2/hr)

Mean (Sd) Min Max

Passive Ventilator-Phase I 107.7 1547.41 (331.614) 1077.58 2097.70

Passive Ventilator-Phase II 53.00 761.49 (270.908) 229.89 1192.53

Passive ICU Environment-
Phase I

106.50 1530.18 (556.853) 689.66 2500.00

Passive ICU Environment-
Phase II

16.43 236.11 (104.680) 86.21 431.03

[Table/Fig-2]: Total Viable Count TVC (CFU/dm2/hr) determined by Passive sampling 
(IMA).
*Number of colonies counted on the sample plate

n*

total Viable Count tVC (CFU/m3)

Mean (Sd) Min Max

Active Ventilator-Phase I 530.90 88.48 (15.438) 62.00 114.66

Active Ventilator-Phase II 291.13 51.71 (13.479) 25.00 68.67

Active ICU Environment-
Phase I

400.13 66.69 (9.048) 50.67 82.50

Active ICU Environment-
Phase II

161.47 26.91 (5.348) 16.83 34.50

[Table/Fig-3]: Total Viable Count TVC (CFU/m3) determined by Active sampling (SAS).
*Number of colonies counted on the sample plate

n=5a*104 (bt)−1

where N is microbial Colony Forming Units (CFU)/m3 of indoor air, 
“a” is a number of colonies per Petri dish, “b” is dish surface in cm2, 
“t” is exposure time in minutes. The results will be expressed in 
CFU/plate/time (CFU/dm2/hour) [11].

There was a statistically significant decrease in the mean values 
for TVC in both passive and active sampling techniques when 
comparing Phase II with Phase I [Table/Fig-4-7]. Similarly, a significant 
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Passive Sampling: t-test -two-Sample Assuming equal Variances

Variances Without filter With filter

Mean 107.7 53

Variance 532.7 355.52

Observations 30 30

Pooled Variance 444.11

df 58

t Stat 10.05

P (T<=t) one-tail 1.27627E-14

t Critical one-tail 1.671552762

[Table/Fig-4]: Passive sampling: Two-sample t-test assuming equal variance to 
compare the ventilator samples of Phase I against Phase II.

Active Sampling: t-test-two-Sample Assuming equal Variances

Variances Without filter With filter

Mean 530.9 291.13

Variance 8579.06 6540.33

Observations 30 30

Pooled Variance 7559.69

df 58

t Stat 10.68

P(T<=t) one-tail 1.2796E-15

t Critical one-tail 1.671552762

[Table/Fig-5]: Active sampling: Two-sample t-test assuming equal variance to 
compare the ventilator samples of Phase I against Phase II.

[Table/Fig-6]: Comparison of Mean Index of Microbial Air Contamination Values of 
Ventilators between the two phases.

[Table/Fig-7]: Comparison of Mean Surface Air Sampling Values of Ventilators 
between the two phases.

[Table/Fig-8]: IMA values of the ICU Environment Phase I against Phase II (CFU/Day).

[Table/Fig-9]: SAS values of the ICU Environment Phase I against Phase II (CFU/Day).

[Table/Fig-10]: Possible placements of HME filters in the ventilator circuit 1at patient 
connection port; 2on the air inlet port; 3on the inspiratory port; 4on the expiratory port; 
5on the exhaust port

decrease of the bacteria containing particles was also seen in the 
environmental samples. The mean TVC of the ICU environment in 

this study after the addition of outlet filters of the ICU ventilators was 
236.11 CFU/dm2/hour as demonstrated by [Table/Fig-2].

A correlation was found between Phases I and II sets of IMA 
and SAS values of the ventilator and the ICU environment. Phase II 
IMA environment samples were found to be significantly lower than 
phase I samples as shown in [Table/Fig-8,9]. It also shows the 
pattern of air contamination collected through the course of the 
study. Hence, the use of an outlet filter can provide substantial 
diminution of TVC as demonstrated by these results.

DISCUSSION
The possible filter locations are outlined according to a study by 
Wilkes A et al., in [Table/Fig-10]. Similar studies have concluded that 
the additional HME filters in locations 4 and 5 indicate the reduction 
of patient infection rates [17]. This was in addition to the default filter 
at Position 1 as per hospital policy.

The present study aimed to correlate the use of an HME filter for 
the outlet of the ventilator at Position 5 [17] and the resulting air 
quality of the ICU environment by assessing the TVC. The previous 
studies stated that the small pleated membrane similar to the one 
found in HME filters are highly effective in reducing liquid-borne 
contamination and low air resistance in wet conditions [18-20]. The 
importance of ventilator filters was highlighted in a study by Heuer 
JF et al., which tested the use of filters to prevent the spread of the 
H1N1 virus into the breathing circuit and the ambient air. During the 
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in the ICU. It is responsible for diffuse pneumonia, septic shock, 
skin and soft tissue infections [25] as well as VAP, which have been 
isolated as the cause in multiple studies [26].

Additionally, studies have implicated Acinetobacter baumannii for 
high rates of antibiotic-resistant nosocomial infections which have 
an extremely high mortality rate. European ICUs have documented 
19.1% of all cases of VAP to be caused by Acinetobacter 
baumannii [27]. A. baumannii has also been known to persist for 
long periods of time on artificial surfaces such as catheters and 
bed surfaces [28-30].

Moraxella group has been implicated in the exacerbation of COPD in 
adults and is a common cause of otitis media in children and infants. 
It is commonly overlooked in hospital samples due to its similarity to 
Neisseria spp. which is a common commensal in humans [31].

Staphylococcus hominis, although a very common commensal, 
has been implicated in multidrug resistance and infection in 
immunocompromised individuals [32-34]. Staphylococcus cohnii 
has traditionally been classified as a human commensal and 
resulted in many complications including high levels of multi-drug 
resistance as well as infection in catheters and prosthetic devices 

[Table/Fig-13]: Passive sampling culture plate of environment during phase I.

[Table/Fig-12]: Active sampling culture plate of ventilator 12.

[Table/Fig-14]: Active sampling culture plate of environment during Phase II.

[Table/Fig-15]: Passive sampling of the environment during phase II.

Gram-positive cocci

Staphylococcus haemolyticus

Micrococcus luteus

Staphylococcus lentus

Granulicatella adiacens

Staphylococcus gallinarum

Staphylococcus hominis spp.

Staphylococcus cohnii spp.

Gram-negative bacilli

Acinetobacter baumannii

Pseudomonas stutzeri

Serratia plymuthica

Sphingomonas pacimobilis

Moraxella group

Gram-positive bacilli

Alicyclobacillus acidoterrestris

Alicyclobacillus acidocaldarius

Bacillus subtilis

Bacillus amyloliquefaciens

Bacillus atrophaeus

Brevibacillus laterosporus

Bacillus pumilus

[Table/Fig-11]: Morphological classification of isolated organisms.

course of the study, it was concluded that outlet filters significantly 
reduced the viral load in the breathing system air and in the ambient 
air [21].

Similarly, Ari A et al., concluded that the presence of drugs in exhaled 
aerosols during mechanical ventilation resulted in an increased risk 
of exposure to ICU personnel. It was reported that the use of filters 
significantly reduces the amount of aerosol exposure from the outlet 
of ventilators to ICU personnel [22]. Additionally, the cost of dealing 
with VAP is not only tremendous for the patients but also results 
in the development of resistance and degrades the efficacy of 
treatment [23,24].

Throughout the course of the study, the indoor contamination 
was assessed both quantitatively and qualitatively. The latter was 
carried out by the isolation and identification of 19 different bacterial 
pathogens, characterised below as per their morphological 
characteristics. When the samples were identified during the course 
of the study, isolates such as Pseudomonas stutzeri, Moraxella 
group, Acinetobacter baumannii have been implicated in severe 
nosocomial infections [Table/Fig-11-15].

Pseudomonas stutzeri has an extremely high mortality rate in 
immune compromised patients; a similar patient population is found 
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[35]. Similarly, Staphylococcus haemolyticus infections are found 
due to the colonisation of prosthetic devices and catheters and 
are extremely difficult to treat due to multi-drug resistance and 
biofilm formation [36]. Unusual pathogens such as Staphylococcus 
gallinarum have been implicated in blood and wound infections in 
immunocompromised patients [37].

Micrococcus luteus has also been implicated in infections in 
immunocompromised individuals [38-40]. Other isolates such 
as Bacillus subtilis, B. pumilus, B. atrophaeus, and Brevibacilus 
laterosporus are non-pathogenic to humans [41-43].

It is important to note that the IMA value calculated at the end of Phase 
I was in the unacceptable range (>91 CFU/dm2/hour) for aseptic 
rooms indicated by the safe limits of the 1/1/1 scheme presented by 
Fisher G et al., in [Table/Fig-16]. However, unlike the present study 
which uses TSA agars as the medium for air sampling, Fisher G et 
al., used blood agar plates. Blood agar is extremely useful in growing 
fastidious organisms such as Streptococci spp. However, inhibitory 
to Haemophilus spp. and Neisseria spp. The bioload limits outlined 
by Fisher G et al., can be used as a rough criterion for the different 
hospital environments and the varying range of bio-risk [44].

between the isolation cubicle and the main ICU [48]. Other sources 
of increased TVC could be implicated in the ICU personnel and the 
lack of use of single-use masks and sterile scrubs when entering 
the ICU. As concluded in the study by Bischoff WE et al., the use 
of surgical gowns and masks decrease the airborne spread of 
organisms such as Staphylococcus aureus [49]. Other factors such 
as traffic in the ICU contribute immensely to nosocomial infections. 
A patient in the ICU has been found to be visited at least by 3 to 5 
different people per hour [50] and with these staggering rates for 
each patient, the amount of traffic into the ICU can carry severe 
implications to the introduction of air contaminants.

LIMITATION
The limitation of the study is that viruses and fungal species 
were not taken into account. This study focused on the bacterial 
microorganisms that were present in the ICU environment from 
the outlet valves of ventilator patients. However, it is important to 
note that key virus and fungal species also play a large role in the 
nosocomial infection rates, and must be taken into consideration 
for further studies.

CONCLUSION
The significant reduction in Total Viable Count (TVC) following the 
placement of Heat and Moisture Exchanger (HME) outlet filters 
in the present study may be an implication of favourable patient 
outcomes. However, certain associations are yet to be investigated 
such as the ICU traffic, patient load and housekeeping protocols 
which may contribute to improving air quality. This will enable a 
reduction in the TVC to meet standards set internationally and lower 
mortality rates in the ICU.

Author contributions
AL and ALV equally contributed as the primary authors in the 
conception, methodology, formal analysis, investigation and 
preparation of the initial and final manuscript. AM contributed to the 
conception, formal analysis and supervision. KKL contributed to the 
formal analysis, review of the manuscript, provided resources, fund 
acquisition and project management.

Funding: The present study was funded by the Medical Director of 
Bharati Hospital and Research Centre, Pune, Maharashtra, India.

ACKNOWLEDGEMENTS
This study was made possible under the guidance and cooperation 
of the Department of Microbiology and the Department of Infection 
Control, Bharati Hospital and Research Centre, Pune, Maharastra, 
India.

REFERENCES
 [1] Vincent J, Bihari D, Suter P, Bruining H, White J, Nicolas-Chanoin M, et al. The 

prevalence of nosocomial infection in intensive care units in Europe. Results 
of the European Prevalence of Infection in Intensive Care (EPIC) Study. EPIC 
International Advisory Committee. JAMA. 1995;274(8):639-40.

 Marra AR, Camargo LFA, Pignatari ACC, Sukiennik T, Behar PRP, Medeiros [2]
EAS, et al. Nosocomial bloodstream infections in Brazilian hospitals: analysis of 
2,563 cases from a prospective nationwide surveillance study. J. Clin. Microbiol. 
2011;49(5):1866-71.

 Ding JG, Sun QF, Li KC, Zheng MH, Miao XH, Ni W, et al. Retrospective analysis [3]
of nosocomial infections in the intensive care unit of a tertiary hospital in China 
during 2003 and 2007. BMC Infectious Diseases. 2009;115(9).

 Rosenthal VD, Maki DG, Salomao R, Moreno CÁ, Mehta Y, Higuera F, et al. [4]
Device-associated nosocomial infections in 55 intensive care units of 8 developing 
countries. Ann Intern Med. 2006;145(8):582-91.

 Allegranzi B, Nejad SB, Combescure C, Graafmans W, Attar H, Donaldson L, et [5]
al. Burden of endemic health-care-associated infection in developing countries: 
systematic review and meta-analysis. Lancet. 2011;377(9761):228-41.

 American Thoracic Society, Infectious Diseases Society of America. Guidelines for the [6]
management of adults with hospital-acquired, ventilator-associated, and healthcare-
associated pneumonia. Am J Respir Crit Care Med. 2005;171(4):388-416.

 Kalanuria AA, Zai W, Mirski M. Ventilator-associated pneumonia in the ICU. Crit [7]
Care. 2014;18(2):208.

 Chastre J, Fagon J. State of the Art: Ventilator-associated pneumonia. Am J [8]
Respir Crit Care Med. 2002;165(7):867-903.

Location
Optimal 

(CFU/dm2/hr)
Acceptable

Unacceptable 
(CFU/dm2/hr)

Medical wards 0-450 451-750 >751

Surgical wards 0-250 251-450 >451

Pharmacy 0-100 101-180 >181

Aseptic rooms 0-50 51-90 >91

Operating theatre (at rest) 0-4 5-8 >9

Operating theatre (in activity) 0-60 61-90 >91

[Table/Fig-16]: Safe limits for Index of Microbial Air Contamination (CFU/dm2/hr) (44).

Grades SAS (CFU/m3)

A <1

B 10

C 100

D 200

[Table/Fig-17]: Safe limits for Surface Air Sampling (CFU/m3) (45).

Safe limits for the SAS values are referenced in [Table/Fig-17] from 
the World Health Organisation (WHO) report for Environmental 
Monitoring of Clean Rooms in Vaccine Manufacturing Facilities 
2012 [45]. These values were instituted for aseptic rooms and clean 
rooms for the production of vaccines. A study by Dharan S and 
Pittet D, concluded that until recently, there are no standardised 
methods for active air sampling, hence clean room standards 
could be applied to SAS values to validate and compare TVC 
values [46].

These values can be used as a crude, albeit relatively accurate 
reference point for areas in the hospital which have similar aseptic 
protocols such as the ICU and joint replacement operating rooms.

The mean environmental TVC value found in this study after the 
addition of outlet filters of the ICU ventilators was 26.91 CFU/m3. 
This value lies between Grades B and C in the safe limits for SAS.

Although the Phase II TVC counts have decreased significantly as 
compared to Phase I TVC values, it still lies over the IMA safety 
standards set by Fisher et al., [44]. Similarly, the Phase II SAS values 
are above the clean room standards set by the WHO [45].

Hence other sources can be hypothesised to increase the TVC rates 
in the ICU. One such source can be contributed to the ventilation 
system of the ICU as concluded in the study by Kumari DN et al. 
This study detected the spread of MRSA through the ventilation 
grills [47]. The Ideal ICU should have at least 15 air changes per 
hour (10 recirculation+5 fresh) as per minimum ASHRAE standards 
and a positive pressure gradient of at least 15 Pa should be available 



www.jcdr.net Akshita Lalendran et al., Utility of Outlet Filters in the Ventilators of ICU Patients

Journal of Clinical and Diagnostic Research. 2019 Feb, Vol-13(2): OC16-OC21 2121

 Becton, Dickinson and Company. Service Manual Vela Ventilator System-L1534 [9]
Revision B [Internet]. frankshospitalworkshop. 2018. Available from: http://
www.frankshospitalworkshop.com/equipment/documents/ventilators/service_
manuals/Viasys_Vela_-_Service_manual.pdf

 Pasquarella C, Pitzurra O, Savino A. The index of microbial air contamination. J [10]
Hosp Infect. 2000;46(4):241-56.

 Fekadu S, Getachewu B. Microbiological assessment of indoor air of teaching [11]
hospital wards: a case of Jimma university specialized hospital. Ethiop J Health 
Sci. 2015; 25(2):117-22.

 Chang CY. Microbial air contamination in an intensive care unit. International [12]
Journal of Public Health Science. 2015;4(3):145-51.

 Chakrabarty PS, Maiti PK, Dey R, Barik G, Mukherjee T, Suranganar S, et al. The [13]
study of bacterial population in air samples of a tertiary care hospital. Journal of 
Evolution of Medical and Dental Sciences. 2014;3(25):7044-52.

 Wong CF, Yeo JY, Gan SKE. APD colony counter app: using watershed algorithm [14]
for improved colony counting. Nature Methods. 2016.

 IBM SPSS: Statistical package for social sciences. IBM;2015.[15]
 Napoli C, Marcotrigiano V, Montagna MT. Air sampling procedures to evaluate [16]

microbial contamination: a comparison between active and passive methods in 
operating theatres. BMC Public Health. 2012;12:594.

 Wilkes A, Benbough J, Speight S, Harmer M. The bacterial and viral filtration [17]
performance of breathing system filters. Anaesthesia. 2000;55(5):458-65.

 Hedley R, Allt-Graham J. A comparison of the filtration properties of heat and [18]
moisture exchangers. Anaesthesia. 1992;47(5):414-20.

 Holton J, Webb AR. An evaluation of the microbial retention performance of three [19]
ventilator-circuit filters. Intensive Care Med. 1994;20(3):233-37.

 Vanderbroucke-Grauls C, Teeuw K, Ballemans K, Lavooij C, Cornelisse P, Verhoef [20]
J. Bacterial and viral removal efficiency, heat and moisture exchange properties 
of four filtration devices. J Hosp Infect. 1995;29(1):45-56.

 Heuer JF, Crozier TA, Howard G, Quintel M. Can breathing circuit filters help [21]
prevent the spread of influenza A (H1N1) virus from intubated patients? GMS 
Hyg Infect Control. 2013;8(1):Doc09.

 Ari A, Fink JB, Pilbeam SP. Secondhand aerosol exposure during mechanical [22]
ventilation with and without expiratory filters: an in-vitro study. Indian Journal of 
Respiratory Care. 2016;5(1):677-83.

 Cocanour CS, Ostrosky-Zeichner L, Peninger M, Garbade D, Tidemann T, [23]
Domonoske BD, et al. Cost of a ventilator-associated pneumonia in a shock 
trauma intensive care unit. Surg Infect (Larchmt). 2005;6(1):65-72.

 Sehulster L, Chinn R. Guidelines for environmental infection control in health-care [24]
facilities. Recommendations of CDC and the Healthcare Infection Control Practices 
Advisory Committee (HICPAC). MMWR Recomm Rep. 2003; 52(RR-10):1-42.

 Todar K. Pseudomonas aeruginosa [Internet]. Todar’s Online Textbook of Bacteriology. [25]
2018. Available from: http://textbookofbacteriology.net/pseudomonas.html.

 Diekema DJ, Pfaller MA, Jones RN, Doern GV, Winokur PL, Gales AC, et al. [26]
Survey of bloodstream infections due to gram-negative bacilli: frequency of 
occurrence and antimicrobial susceptibility of isolates collected in the United 
States, Canada, and Latin America for the SENTRY antimicrobial surveillance 
program, 1997. Clin Infect Dis. 1999;29(3):595-607.

 Koulenti D, Lisboa T, Brun-Buisson C, Krueger W, Macor A, Sole-Violan J, et [27]
al. Spectrum of practice in the diagnosis of nosocomial pneumonia in patients 
requiring mechanical ventilation in European intensive care units. Crit Care Med. 
2009;37(8):2360-68.

 O’Shea M. Acinetobacter in modern warfare. Int J Antimicrob Agents. [28]
2012;39(5):363-75.

 Meghoo C, Dennis J, Tuman C, Fang R. Diagnosis and management of evacuated [29]
casualties with cervical vascular injuries resulting from combat-related explosive 
blasts. J Vasc Surg. 2012;55(5):1329-36.

 Murray C. Epidemiology of infections associated with combat-related injuries in [30]
Iraq and Afghanistan. J Trauma. 2008;64(3 Suppl):232-8.

 Murphy T, Parameswaran G. Moraxella catarrhalis, a human respiratory tract [31]
pathogen. Clin Infect Dis. 2009;49(1):124-31.

 Kloos WE, George CG, Olgiate JS, Pelt LV, McKinnon ML, Zimmer BL, et al. [32]
Staphylococcus hominis subsp. Novobiosepticus subsp. Nov., a novel trehalose- 
and n-acetyl-d-glucosaminie-negative, novobiocin- and multiple-antibiotic-
resistant subspecies isolated from human blood cultures. Int J Syst Bacteriol. 
1998;48(3):799-812.

 Fitzgibbon JE, Nahvi MD, Dubin DT, John JFJ. A sequence variant of [33]
Staphylococcus hominis with a high prevalence of oxacillin and fluroquinolone 
resistance. Res Microbiol. 2001;152(9):805-10.

 Palazzo IC, d’Azevedo PA, Secchi C, Pignatari AC, Darini AL. Staphylococcus [34]
Hominis Subsp. Novobiosepticus strains causing nosomical bloodstream 
infection in Brazil. J Antimicrob Chemother. 2008;62(6):1222-26.

 Fernandes AP, Perl TM, Herwaldt LA. Staphylococcus cohnii: a case report on an [35]
unusual pathogen. Clin Perform Qual Health Care. 1996;4(2):107-09.

 de Allori MC, Jure MA, Romero C, de Castillo ME. Antimicrobial resistance and [36]
production of biofilms in clinical isolates of coagulase-negative staphylococcus 
strains. Biol Pharm Bull. 2006;29(8):1592-96.

 Yu D, Chen Y, Pan Y, Li H, McCormac MA, Tang YW. Staphylococcus gallinarum [37]
bacteremia in a patient with chronic Hepatitis B virus infection. Ann Clin Lab Sci. 
2008;38(4):401-04.

 Fosse T, Peloux Y, Granthil C, Toga B, Bertrando J, Sethian M. Meningitis due to [38]
micrococcus luteus. Infection. 1985;13(6):280-81.

 Seifert H, Kaltheuner M, Perdreau-Remington F. Micrococcus luteus endocarditis: [39]
case report and review of the literature. Zentralbl Bakteriol. 1995;282(4):431-35.

 Peces R, Gago E, Tejada F, Laures AS, Alvarez-Grande J. Relapsing bacteraemia [40]
due to micrococcus luteus in a haemodialysis. Nephrol Dial Transplant. 
1997;12(11):2428-2429.

 Danyluk MD, Friedrich LM, Jouquand C, Goodrich-Schneider R, Parish ME, [41]
Rouseff R. Prevalence, concentration, spoilage, and mitigation of alicyclobacillus 
spp. in tropical and subtropical fruit juice concentrates. Food Microbiol. 
2011;28(3):472-77.

 Hazards EPoB. Scientific opinion on the maintenance of the list of QPS microorganisms [42]
intentionally added to food and feed. EFSA Journal. 2013;11(11):3449.

 Ruiu L. Brevibacillus laterosporus, a pathogen of invertebrates and a broad-[43]
spectrum antimicrobial species. Insects. 2013;4(3):476-92.

 Fisher G, Fodré S, Das NM. Ergebnis derUntersuchungen zur Feststellungs von [44]
Gesamtkeimzahl-Grenzwerten in der Luft von Operationsraumen. Z Ges Hyg. 
1972;18:729-33.

 Lambert S. Environmental Monitoring of Clean Rooms in Vaccine Manufacturing [45]
Facilities [Internet]. Geneva: WHO; 2012. Available from: http://www.who.int/
immunization_standards/vaccine_quality/env_monitoring_cleanrooms_final.pdf.

 Dharan S, Pittet D. Environmental controls in operating theatres. J Hosp Infec. [46]
2002;51(2):79-84.

 Kumari DN, Haji TC, Keer V, Hawkey PM, Duncanson V, Flower E. Ventilation [47]
grilles as a potential source of methicillin-resistant staphylococcus aureus 
causing an outbreak in an orthopaedic ward at a district general hospital. J Hosp 
Infect. 1998;39(2):127-33.

 Rao SKM. Designing hospital for better infection control: an experience. Med J [48]
Armed Forces India. 2004;60(1):63-66.

 Bischoff WE, Tucker BK, Wallis ML, Reboussin BA, Pfaller MA, Hayden FG, et [49]
al. Preventing the airborne spread of staphylococcus aureus by persons with the 
common cold: effect of surgical scrubs, gowns, and masks. Infect Control Hosp 
Epidemiol. 2007;28(10):1148-54.

 Cohen B, Hyman S, Rosenberg L, Larson E. Frequency of patient contact with [50]
health care personnel and visitors: implications for infection prevention. Jt Comm 
J Qual Patient Saf. 2012;38(12):560-65.

PArtICULArS OF COntrIbUtOrS:
1. Intern, Bharati Hospital and Research Centre, Bharati Vidyapeeth Medical College, Pune, Maharastra, India.
2. Intern, Bharati Vidyapeeth Medical College, Bharati Hospital and Research Centre, Pune, Maharastra, India.
3. Assistant Professor, Department of Microbiology, Bharati Hospital and Research Centre, Pune, Maharashtra, India.
4. Professor and Head, Department of Microbiology, Bharati Hospital and Research Centre, Pune, Maharashtra, India.

nAMe, e-MAIL Id OF the COrreSPOndInG AUthOr:
Dr. Aditya Lal Vallath,
Intern, Bharati Vidyapeeth Medical College, Bharati Hospital and Research Centre, Pune-411043, Maharastra, India.
E-mail: aditya.lal@hotmail.com

FInAnCIAL Or Other COMPetInG IntereStS: As mentioned earlier.

Date of Submission: Oct 19, 2018
Date of Peer Review: nov 01, 2018
Date of Acceptance: dec 11, 2018

Date of Publishing: Feb 01, 2019


