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ABSTRACT 

Objective: To measure the frequency of bacterial growth on cultures from the operating theatre before and after the 
application of infection control practices related to footwear. 
Study Design: Quasi-experimental study 
Place and Duration of Study: Anesthesiology Department, Combined Military Hospital, Quetta, Pakistan, from Jan 22 to Jan 
23.  
Methodology: The sample size of 198 was computed with the help of the WHO sample size calculator. The data of 99 samples 
was collected retrospectively (before improving practices) for five months and prospectively (after improving practices) for 
seven months. Randomization was done in two groups (B&A). The frequency of positive cultures was calculated before and 
after improvement of footwear practices and was analyzed through a chi-square test.   
Results: A Total of 198 samples were taken from six operating theatres throughout the year. 34(17.7%) cultures came positive 
with different pathogens, which were included in the statistics. The frequency of pathogens was higher, 27(13.36%), before the 
improvement of practices and was lower, 7(3.5%) afterwards, with a p-value of 0.001.  
Conclusion: This study highlights the significance of footwear practices in minimizing bacterial contamination within 
operating theatres. The intervention demonstrated that simple, cost-effective measures can enhance infection control.  
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INTRODUCTION 

Nosocomial infections contribute to compli-
cations in operative procedures and increase the 
burden on healthcare resources. They exacerbate 
morbidity and mortality among hospitalized patients.1 
Urinary tract infections are the leading cause of 
nosocomial infections, followed closely by surgical site 
infections.2 Post-operative patients are particularly 
vulnerable to these infections because operating rooms 
are exposed to various infectious agents and can 
harbor resistant bacteria. The operating room 
environment is complex and contains multiple 
potential sources of microbes that can contaminate the 
surgical site. These sources include operating room air, 
surfaces, antimicrobial agents, footwear, patient 
clothing, gowns, hands, anesthesia equipment, 
trolleys, monitoring devices, and stretchers used for 

patient transport.3 Beyond tangible items, practices 
within the operating theatre also influence surgical site 
infection rates. The techniques employed by surgeons 
are especially important.4 Despite improvements in 
sterilization and disinfection practices, there are still 
“gaps in the translation of best evidence into actual 
practice".5 

The maintenance of operating room sterilization 
falls under the jurisdiction of anesthesiologists at the 
combined military hospital in Quetta. The operating 
theater in our setting is considered a clean area, and 
staff cannot enter its premises without changing into 
theater attire. Every effort is made to prevent patient 
transport routes, entry points for patients, attendants, 
and staff from becoming thoroughfares. Patients 
change into gowns before entering the theaters. 
Decontamination of equipment, cleaning of surfaces, 
and fumigation of operating theaters are performed 
weekly. Samples are collected from surfaces of all six 
elective surgery theaters each month and sent to the 
pathology department for cultures.  

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by-nc/4.0/), which permits 

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Original Article  Open Access 

Correspondence: Dr Muhammad Farooq, Department of Anesthesia, 
QIMS Combined Military Hospital, Quetta Pakistan  
Received: 14 Sep 2023; revision received: 20 Jun 2024; accepted: 02 Jul 2024  
mzahid689@gmail.com 
 

https://doi.org/10.51253/pafmj.v75i
mailto:farooqkibzai81@gmail.com


 
 

Pak Armed Forces Med J 2025; 75(5):892 

The Combined Military Hospital Quetta is 
affiliated with Quetta Institute of Medical Sciences. 
Medical students from all five years regularly visit the 
operating theater for their clinical rotations and 
lectures. More than a hundred house officers also visit 
the operating theater for learning and practical 
experience. It was observed that standing operating 
procedures for footwear were not properly followed 
by recently graduated junior doctors and house 
officers. The observation was communicated to them, 
and practices were improved starting from June 2022. 
There is conflicting evidence regarding the use of 
protective footwear in the operating room. According 
to a study by Gupta et al., there was no significant 
difference in outcomes when over-shoes were worn in 
operating theaters, and bacterial counts were similar 
whether or not over-shoes were used.6 However, the 
study by Amirfeyz et al., recommends that dedicated 
shoes for the operating theater should be used to 
prevent bacterial contamination.7 

The rationale of our study is to investigate the 
sterilization of the operating theatre before and after 
implementing a simple measure to improve practices 
related to footwear. We will examine the prevalence of 
different microbes identified through positive cultures 
before and after the modification of our procedures. 
Our study will assist in monitoring the sterilization 
process of the operating theatre and guide us in taking 
steps to prevent nosocomial infections.   

METHODOLOGY 

 The Quasi-experimental study was conducted in 
Operation Theatre of Combined Military Hospital, 
Quetta, Pakistan, from Jan 22 to Jan 23. Ethical 
approval was obtained (ERC#CMH QTA-
IERB/11/2023). Data was collected both 
retrospectively (before improving practices) and 
prospectively (after improving practices). The WHO 
sample size calculator was used to determine the 
sample size, with a significance level of 5%, a power of 
80%, an anticipated contamination rate of 6.6% before 
changing footwear practices, and 2.69% after9. The 
calculated sample size was 180. 

Inclusion Criteria: Samples for cultures taken from 
the floors of six elective specialty theaters that are 
Gynecology & Obstetrics, Orthopedic /Neurosurgery, 
Thoracic &  Laparoscopic Surgery, Urology & ENT 
Theater, Pediatric Surgery & Dental Surgery, General 
Surgery & Vascular Surgery.   

Exclusion Criteria: Samples for cultures taken from 
sites other than floor such as, operating theatre 
instruments, operating table and anesthesia machines.  

A total of 198 samples in our study were collected 
over a duration of one year. 99 cultures were taken 
before the improvement of footwear practices (Group-
B) and 99 cultures were taken after the improvement 
of practices (Group-A). The distribution of operating 
theatres is presented in Table-I. The samples were 
taken from floor of all elective surgery operation 
theatres after cleaning thoroughly with washing 
powder and water. The operating theatre was 
fumigated with Nocolyse (Surface Cleaner, 
OXY.Pharma) and closed over a time period of twelve 
hours. The sampling was done early in the morning 
before start of elective cases. Doctors were instructed 
to use dedicated shoes, and 30 pairs of new shoes were 
purchased by the hospital and were kept in operating 
theater for use by the duty doctors. 
 

 

Figure: Consort Flow Diagram  
 

A representative from the pathology department 
came, and he collected a sample after wearing a sterile 
gown, gloves, shoe covers, and a mask. Sampling was 
done from the floor. The samples from all operating 
theaters were sent to the laboratory for cultures every 
month. The medium for culture was blood agar and 
MacConkey agar. The swabs were inoculated in agar 
and incubated over a period of twenty-four hours at 
thirty-seven degrees Celsius. An aerobic environment 
was provided for bacteria to cultivate and form 
colonies. The count of colonies was kept, and isolates 
were recognized. The culture report was generated by 
pathology department of the hospital and collected by 
a representative of anesthesia department. The 
positive blood culture was marked, and the nature of 
pathogen was also noted.  
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The data was analyzed using frequency of 
positive culture, which was computed before and after 
the improvement of footwear practices. The chi-square 
analysis was utilized to calculate the p-value, and a p-
value<0.05 was considered to be statistically 
significant. 
 

Table-I: Distribution of Operation Theatres 

Operation Theaters (OT) Specialty 

OT-1 Gynecology & Obstetrics 

OT-2 Orthopedic /Neurosurgery 

OT-3 Thoracic &  Laparoscopic Surgery 

OT-4 Urology & ENT Theater 

OT-5 Pediatric Surgery & Dental Surgery 

OT-6 
General Surgery & Vascular 

Surgery 
 

RESULTS 

A total of 198 samples were taken from six 
operating theatres throughout the year. 34(17.7%) 
cultures came positive. The frequency of positive 
cultures was higher, 27(13.36%), before improvement 
of practices and was lower, 7(3.5%) afterwards, with a 
p-value <0.05.  

Among the positive cultures with n=34, the most 
frequent causative organisms were Enterococci and 
Klebsiella pneumoniae. Enterococci were found in 
9(33.3%) positive cultures before application of 
footwear practices, and Klebsiella pneumoniae was 
found to be present in 9 (33.%3) positive cultures 
before improvement in practices. MRCoNS was found 
positive in 2(7.4%) cultures, and Streptococcus was 
positive in 7(25.1%) cultures before improvement of 
footwear practices. The statistics after adherence 
strictly to the standing operating procedures of 
operating theatre footwear were significantly reduced, 
with frequency of Enterococcus being 3(42.85%), 
Klebsiella Pneumoniae being 2(28.57%), and MRCoNS 
being 1(14.28%). The Streptococcus Pneumoniae was 
found positive in 1(14.28%) culture reports as 
presented in Table-I and p-value of <0.05. 

The positive cultures of different operation 
theatres are presented in Table-II. The gynecology and 

obstetrics theatre (OT-1) had positive culture 
3(11.11%) times in months of January 1(3.7%) times in 
month of April and 1(3.7%) times in month of May. 
The orthopedic /neurosurgery operation theatre (OT-
2) was found to have positive culture in two 
consecutive months of February and March. There 
were 6 positive culture reports of  Thoracic/ 
Laparoscopic Surgery theatre (OT-3). There were 9 
positive cultures of Urology/ENT Theater(OT-4) in 
five months, one positive culture of pediatric& dental 
OT (OT-5) and 4 positive cultures of general surgery/ 
vascular surgery operation theatre (OT-6) before 
improvement of practices. After the strict compliance 
of operation theatre footwear, the frequency of 
positive cultures reduced to seven. There was no 
positive culture of Gynecology And Obstetrics theater 
(OT-1), Orthopedic and Neurosurgery operation 
theatre (OT-2), Pediatric& Dental OT (OT-5) and 
General surgery/Vascular surgery operation(, OT-6). 
There was one positive culture of Thoracic & 
Laparoscopic surgery theatre (OT-3), one positive 
culture for Urology/ENT Theater (OT-4) as displayed 
in Table-III. 
 

Table-II: Frequency & Type of Different Pathogens found in 
Blood Cultures Before (Group-B) & after (Group-A) Improvement 
Of Footwear Practices (n=34) 

Type of Pathogens 
Group-B 

Frequency 
(%) n=27 

Group-A 
Frequency 

(%) n=7 

p-
value 

Enterococcus 9(33.3) 3(42.9) 

0.003 
Klebsiella Pneumoniae 9(33.3) 2(28.6) 

MRCoNS 2(7.4) 1(14.3) 

Streptococcus Pneumoniea 7(25.1) 1(14.3) 
 

Table-III: The Frequency of Positive Cultures Before 
Improvement of Footwear Practices in Different Months & 
Operating Theatres (Group-B) (n=27) 

Frequency (%) 

 January February March April May 

OT-1 3(42.9) 0(0) 1(3.7) 0(0) 1(3.7) 

OT-2 1(14.3) 1(3.7) 1(3.7) 0(0) 0(0) 

OT-3 2(28.6) 0(0) 0(0) 2(7.4) 2(7.4) 

OT-4 2(7.4) 3(11.11) 0(0) 2(7.4) 2(7.4) 

OT-5 0(0) 0(0) 1(3.7) 0(0) 0(0) 

OT-6 2(7.4) 1(3.7) 0(0) 1(3.7) 0(0) 

Total 10(33.33) 5(18.51) 3(11.11) 5(18.51) 5(18.51) 

Table-IV: The Frequency of Positive Cultures after Improvement of Footwear Practices in Different Months and Operation Theatres 
(Group-A) (n=7) 

Frequency (%) 

 June  July August September October November December 

OT-1 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 

OT-2 0(0) 0(0) 0(0) 0(0) 1(20) 0(0) 0(0) 

OT-3 0(0) 0(0) 1(20) 0(0) 1(2(0) 0(0) 0(0) 

OT-4 1(20) 0(0) 1(20) 0(0) 0(0) 0(0) 0(0) 

OT-5 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 

OT-6 0(0)  2(28.57) 0(0) 0(0) 0(0) 0(0) 0(0) 

Total  1(14.2) 2(28.57) 2(28.57) 0(0) 2(28.57) 0(0) 0(0) 
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DISCUSSION 

The study revealed a statistically significant 
reduction in bacterial contamination of operating 
theatre floors following the implementation of 
improved footwear practices. Sustained compliance 
with footwear guidelines was found to be essential in 
maintaining sterilization standards. These results 
underscore that wider adoption of such practices can 
play a pivotal role in enhancing patient safety and 
optimizing surgical outcomes. Improvement of a 
single practice showed a lot of improvement with an 
18% percent reduction in frequency of positive 
cultures. The contamination of the operating theatre is 
the greatest risk factor for superficial surgical site 
infection. 

Frederick et al., highlighted the importance of 
contaminated footwear in breaching the sterility of 
operating theatre.8 They compared the bacterial 
contamination between the restricted shoes used in the 
confines of the theatre and the street shoes. They 
studied the bacterial growth from samples taken 
before the arrival of staff in the operating room in the 
morning to mid-morning. The results of this study 
also emphasized that the use of clean footwear 
reduced bacterial contamination of the operating room 
floor. Another study by Ansari et al., studied risk 
factors influencing the sterility of surgical theaters. 
They understated the role of over-shoes in reducing 
the bacterial counts of the operating theater.9 
However, this study observed that the new doctors 
deviated from standard operating procedures and 
showed significant resistance to following the 
guidelines when they were asked to change their 
shoes. The administration was advised to maintain a 
stock of designated footwear within the operating 
theatre for physicians who did not provide their own. 
Despite this provision, medical students and house 
officers continued to demonstrate poor adherence to 
the established standard operating procedures. 

Zheng et al., also highlighted their observations 
that over-shoes didn’t contribute to reducing bacterial 
contamination in the operating theatre. They studied a 
day care operating theatre that was traversed by 
patients and their attendants. They also allowed a 
small number of parents to enter with the pediatric 
patients. The rest of the staff in their study used 
dedicated footwear and did not cross the barrier at the 
entrance of the operating theatre in street shoes. So, it 
is quite possible that because of the small number of 
people allowed to wear street shoes, the results did 

not show much difference, leading them to consider 
overshoes unnecessary.10 

Ali et al., studied the sterilization of Intensive 
Care Units (ICUs) that experience higher infection 
rates due to the severity of illness and frequent use of 
invasive devices. Use of personal protective 
equipment reduces the risk of acquiring an infection. 
This study has been conducted to determine the role of 
using shoe covers by medical staff and visitors on 
infection rates, mortality, and length of stay in ICU. 
But the authors also determined that the use of shoe 
covers in critical care area does not help prevent 
infections of common ICU pathogens and length of 
stay in ICU patients; nor has it decreased the 
mortality.11 

Rashid et at.12 presented the results of their 
systematic review on evidence regarding the 
contribution of footwear in the dynamics of 
nosocomial infections. They studied evidence of 
pathogens on shoe soles and their link to bacterial 
contamination. They presented that thirteen studies 
supported the fact that shoes were contaminated with 
pathogens. There was a 15% increase in contamination 
of shoes after the ward rounds. Almost eighty-eight 
percent of street shoes were found to be contaminated 
with at least two microbes. Surgical shoes were also 
found harboring dangerous bacterial species. The list 
of organisms included Staphylococcus (MRCoNS). 
Listeria monocytogenes, Enterococcus, Clostridium 
difficile, E. coli, Campylobacter jejuni, and Salmonella. 
All of these were observational studies, but our study 
design was quasi-experimental. Based on their study, 
a study by Nwankwo et al., also suggested that 
decontamination of shoe soles for the prevention of 
cross-contamination. However, effective decontami-
nation of street shoes is not feasible; therefore, 
dedicated footwear for exclusive use within the 
operating theatre was provided, and all operating 
theatre personnel were required to wear them. The use 
of shoe covers was not permitted, as the donning 
process was anticipated to increase the risk of hand 
contamination, potentially leading to the spread of 
pathogens to other surfaces. 

Blood from surgical procedures and patient 
secretions may also serve as potential sources of 
bacterial contamination. To address this possible 
source of bias, two precautionary measures were 
implemented as studied by Burnett et al. Firstly, 
visibly soiled footwear was decontaminated by 
manual brushing and rinsing with tap water, followed 
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by drying with a paper towel and disinfection using a 
sanitizer containing 70% alcohol, after which the 
footwear was dried again. Second, in cases where 
footwear was not visibly soiled, such as for 
anesthetists and anesthesia assistants, 
decontamination and disinfection were performed 
every third day.14 

The study of Tateiwa et al., studied the influence 
of surgical scrubs and footwear on the contamination 
of the operating theatre. They used a particle counter 
and studied the air quality using a detector utilizing a 
photodiode.15 They counted particles as small as size 
of an epithelial cell. With the use of this sophisticated 
gadgetry, they concluded that unsterilized clothing 
and shoes cause surgical site infection by airborne 
contamination. Based on their research, they 
recommended using a sterilized scrub and one 
footwear system. Unlike their study, the focus of this 
study was on footwear practice. The use of sterilized 
scrubs is not possible in resource-limited setups. Also, 
Bonnet et al., explained that the method of sterilization 
also affects the contamination level. Keeping in view, 
the author of the study used the conventional method 
of sampling and culture used in our setup for the 
detection of bacterial contamination, which is 
reasonably reliable and cost-effective as compared to 
the particle detector.16 Moreover, these biosensors 
have limitations of misrecognition and non-target 
analytes.17 

The operating room table represents the most 
critical site of contamination within the operating 
theatre, posing a heightened risk for surgical site 
infections, and has been reported as the surface 
harboring the highest concentration of pathogens.18 A 
potential mechanism for the transfer of bacteria from 
footwear to the operating room table is the donning of 
shoe covers. Strict adherence to hand hygiene 
practices is equally essential to limit further 
dissemination of contamination. Reported compliance 
with hand hygiene exceeds 80% among operating 
theatre and intensive care unit personnel.19 

Regular surveillance of operating theatres for 
bacterial contamination is essential. Implementation of 
a dedicated footwear system within the operating 
theatre is recommended to minimize environmental 
contamination and reduce the risk of surgical site 
infections. 

LIMITATIONS OF STUDY 

In this study, the authors restricted their focus to 
assessing bacterial contamination of the operating theatre 

floor attributable to footwear. Nevertheless, it must be 
acknowledged that several other sources, such as airborne 
particles, surgical instruments, surgical staff movement, and 
inadequate cleaning protocols, can also contribute to floor 
contamination. A comprehensive evaluation of these 
additional factors would provide a more holistic 
understanding of contamination dynamics within the 
operative environment. 

CONCLUSION 

The improvement of footwear practices resulted in a 
substantial decrease in bacterial contamination of operating 
theatre floors. Strengthening compliance with footwear 
guidelines can further sustain these improvements. Broader 
implementation of such practices is recommended to 
improve patient safety and surgical outcomes. 

ACKNOWLEDGEMENT 

The Authors are grateful to the anesthesiology 
department of Combined Military Hospital, the hospital 
administration, and the pathology department for their help 
and support in materializing this research. 

Conflict of Interest: None.  

Funding Source: None.  

Authors’ Contribution 

Following authors have made substantial contributions to 
the manuscript as under: 

MF & MTAQ: Study design, drafting the manuscript, data 
interpretation, critical review, approval of the final version 
to be published. 

CAA & KSA: Data acquisition, data analysis, approval of the 
final version to be published. 

KM & HI: Critical review, concept, drafting the manuscript, 
approval of the final version to be published. 

Authors agree to be accountable for all aspects of the work 
in ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and 
resolved. 

REFERENCES 

1. Tolera M, Abate D, Dheresa M, Marami D. Bacterial Nosocomial 
Infections and Antimicrobial Susceptibility Pattern among 
Patients Admitted at Hiwot Fana Specialized University 
Hospital, Eastern Ethiopia. Adv Med 2018; 2018: 2127814. 
https://doi:10.1155/2018/2127814 

2. Najotra DK, Malhotra AS, Slathia P, Raina S, Dhar A. 
Microbiological Surveillance of Operation Theatres: Five Year 
Retrospective Analysis from a Tertiary Care Hospital in North 
India. Int J Appl Basic Med Res 2017; 7(3): 165-168. 
https://doi:10.4103/ijabmr.IJABMR_281_16 

3. Gebremariam TT, María AF. Operating theaters as a source of 
nosocomial infection: A systematic review. Saudi J Health Sci 
2014; 3: 5-8.  
https://doi:10.4103/2278-0521.130196  

4. Pishori T, Siddiqui AR, Ahmed M. Surgical wound infection 
surveillance in general surgery procedures at a teaching hospital 
in Pakistan. Am J Infect Control 2003; 31(5): 296-301. 
https://doi:10.1067/mic.2003.7 

https://doi:10.1155/2018/2127814.
https://doi:10.4103/ijabmr.IJABMR_281_16.
https://doi:10.4103/2278-0521.130196.
https://doi:10.1067/mic.2003.7.


 
 

Pak Armed Forces Med J 2025; 75(5):896 

5. Badia JM, Rubio-Pérez I, López-Menéndez J, Diez C, Al-Raies 
BB, et al. Spanish Observatory of Surgical Infection. The 
persistent breach between evidence and practice in the 
prevention of surgical site infection. Qualitative study. Int J Surg 
2020; 82: 231-239. https://doi:10.1016/j.ijsu.2020.08.027  

6. Gupta A, Anand AC, Chumber SK, Sashindran VK, Patrikar SR. 
Impact of Protective Footwear on Floor and Air Contamination 
of Intensive Care Units. Med J Armed Forces India 2007; 63(4): 
334-336. https://doi:10.1016/S0377-1237(07)80009-8  

7. Amirfeyz R, Tasker A, Ali S, Bowker K, Blom A. Theatre shoes - 
a link in the common pathway of postoperative wound 
infection? Ann R Coll Surg Engl 2007; 89(6): 605-608. 
https://doi:10.1308/003588407X205440  

8. Frederick, David J. "Hospital Footwear as a Vector for Organism 
Transmission" (2020). Honors Undergraduate Theses 706. 
[Internet]. Available from: 
https://stars.library.ucf.edu/honorstheses/706 

9. Ansari S, Hassan M, Barry HD, Bhatti TA, Hussain SZM, Jabeen 
S, et al. Risk Factors Associated with Surgical Site Infections: A 
Retrospective Report from a Developing Country. Cureus 2019; 
11(6): e4801. https://doi:10.7759/cureus.4801  

10. Zheng ZQ, Liu YY, Luo WW, Zhang HW, Wang YY, Wang H, et 
al. [Investigation and factor analysis of postoperative surgical 
site infections in emergency abdominal surgery in China from 
2018 to 2021 based on Chinese SSI Surveillance]. Zhonghua Wei 
Chang Wai Ke Za Zhi 2023; 26(9): 827-836. 
https://doi:10.3760/cma.j.cn441530-20230619-00216  

11. Ali Z, Qadeer A, Akhtar A. To determine the effect of wearing 
shoe covers by medical staff and visitors on infection rates, 
mortality and length of stay in Intensive Care Unit. Pak J Med 
Sci 2014; 30(2): 272-275. 

12. Rashid T, VonVille HM, Hasan I, Garey KW. Shoe soles as a 
potential vector for pathogen transmission: a systematic review. 
J Appl Microbiol 2016; 121(5): 1223-1231. 
https://doi:10.1111/jam.13250 

13. Nwankwo EO, Akande AO. Contaminated operating theatre 
footwear: a potential source of healthcare-associated infections 
in a northern Nigerian hospital. Int. J Infect Control 2015; 11(1). 
https://doi.org/10.3396/ijic.v11i1.13409 

14. Burnett SL, Egland SJ, McKelvey PJ, Cook FK. Chemical 
decontamination of footwear soles to limit microbial transfer in 
a dry environment. Food Protection Trends 2013; 33: 74-81.  

15. Tateiwa T, Masaoka T, Ishida T, Shishido T, Takahashi Y, 
Yamamoto K. Impact of surgical clothing and footwear on 
operating room contamination during standstill and 
intraoperative stepping motion. J Orthop Surg 2020; 28(3): 
2309499020976232. https://doi:10.1177/2309499020976232 

16. Bonnet M, Lagier JC, Raoult D, Khelaifia S. Bacterial culture 
through selective and non-selective conditions: the evolution of 
culture media in clinical microbiology. New Microbes New 
Infect 2019; 34: 100622. https://doi:10.1016/j.nmni.2019.100622 

17. Nnachi RC, Sui N, Ke B, Luo Z, Bhalla N, He D, et al. Recent 
progress on biosensors for rapid detection of bacterial pathogens 
in water, food and environment. Environ Int 2022: 107357. 
https://doi.org/10.1016/j.envint.2022.107357 

18. Shukla A, Srivastava S, Srivastava A, Srivastava T. Surveillance 
of Microbiological Environment of Operation Theaters. Cureus 
2021; 13(12): e20525. https://doi:10.7759/cureus.20525  

19.  Lambe KA, Lydon S, Madden C, Vellinga A, Hehir A, Walsh M, 
et al. Hand Hygiene Compliance in the ICU: A Systematic 
Review. Crit Care Med 2019; 47(9): 1251-1257. 
https://doi:10.1097/CCM.0000000000003868 

 
 
 
 

https://doi:10.1016/j.ijsu.2020.08.027.
https://doi:10.1016/S0377-1237(07)80009-8.
https://doi:10.1308/003588407X205440.
https://stars.library.ucf.edu/honorstheses/706.
https://doi:10.7759/cureus.4801.
https://doi:10.3760/cma.j.cn441530-20230619-00216.
https://doi:10.1111/jam.13250
https://doi:10.1177/2309499020976232
https://doi:10.1016/j.nmni.2019.100622.
https://doi.org/10.1016/j.envint.2022.107357
https://doi:10.7759/cureus.20525%20%0d
https://doi:10.7759/cureus.20525%20%0d
https://doi:10.1097/CCM.0000000000003868.

