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Microbial Assessment of Air Quality, Exposed Surfaces, and Medical Devices in Critical Care and Surgical Units of a Tertiary Hospital in Benin City, Nigeria

ABSTRACT


Background/Aim: Microbial contamination in critical care and surgical units is a significant concern due to the potential for healthcare-associated infections (HAIs), which pose a serious threat to patient safety, especially in environments with immunocompromised individuals. This study was carried out to microbiologically assess indoor air, inanimate surfaces and hospital devices in critical units/theaters and determine their resistance markers via phenotypic methods in a tertiary hospital in Benin city, Nigeria.
Methods: A cross-sectional study was conducted utilizing passive settle plate methods for air sampling and sterile swabs for inanimate surfaces and medical devices at critical care and surgical units. These samples were processed via appropriate media following standard microbiological techniques. Emergent bacterial and fungal colonies were identified, methicillin resistance was determined in staphylococci, extended-spectrum beta-lactamase (ESBL) and carbapenemase production by gram-negative bacteria (GNB) were also determined following standard techniques.

Results: Among the exposed plates, the lowest count was from an empty operating theater (79 cfu/m3), whereas the highest count was from renal unit (770 cfu/m3). Among high-touch surfaces, nursing stations and door handles had high yields of staphylococci, with 50% and 46.7%, respectively, with the majority being methicillin resistant, whereas tap heads had the lowest yield (13.3%). No equipment sampled was culture positive for GNB; however, GNB were mostly isolated from tap heads, sink drains and door handles. Fungi were also recovered from high-touch surfaces, namely, Aspergillus flavus and Candida spp. Among the GNB recovered, although 62.5% were ESBL-producing, Klebsiella pneumoniae had the highest number of ESBL phenotypes (88.9%), while 18.8% of GNB were carbapenemase-producing, as one each of E. cloacae, K. pneumoniae and P. aeruginosa was positive.

Conclusion: Substantial microbial contamination and the presence of resistant pathogens in critical care and surgical units were observed. These findings underscore the need for enhanced IPC measures, regular environmental surveillance, and comprehensive training for healthcare workers to mitigate the risk of HAIs and curb the spread of antimicrobial resistance.
Keywords: Infection prevention and control, contamination, methicillin resistance, carbapenemase, hospital-associated infection.
INTRODUCTION
Microorganisms are ubiquitous and are known to inhabit fomites and surfaces in homes, schools, industries and hospitals [1]. Their adaptability and versatility allow them to thrive in extreme environments, from boiling and freezing pools to acidic and alkaline rivers, even in the presence of seemingly toxic waste to other life forms [1]. Although these microorganisms confer benefits in certain niches, they can be potentially harmful to their hosts in other environments, particularly in healthcare settings [2].
Hospitals, by their very nature, are environments where individuals with a variety of diseases and conditions converge. This makes them potential hotspots for various microorganisms, including bacteria, viruses, and fungi. Microbes residing in hospital settings rarely benefit humans [3]. They can be aerosolized as bioaerosols, in wastewaters, on inanimate surfaces and medical devices and are a constant threat to patients on admission [3, 4], several of whom have a debilitating ailment, an invasive medical device, or may be under intensive care. Patients may therefore become infected with microbes with pathogenic potential during hospital care. Hospital-associated infection (HAI) refers to an infection occurring in a patient during the care process in a hospital or other healthcare facility that was not manifest or incubating at the time of admission [5]. While hands are known vectors for microbial infections and HAIs, efforts are increasingly being made to determine the role of air, hospital surfaces and medical devices in the transmission of HAIs [6, 7].
Recently, noninvasive medical devices such as stethoscopes, sphygmomanometers, thermometers, and surfaces such as bed rails and sinks have been shown to be colonized with worrisome pathogens like Staphylococcus aureus, Enterococcus, Acinetobacter, Escherichia coli, Klebsiella pneumoniae, and Pseudomonas spp. [4]. Using molecular typification techniques such as whole-genome sequencing, multilocus sequence analysis, random amplified polymorphic DNA analysis and accompanying phylogenetic tree analysis, similarities among isolated strains of colonized or infected patients and strains recovered from the hospital environment have been demonstrated, revealing that the ecological niches of most HAI pathogens may be within the hospital setting [6, 8, 9]; thus, periodic environmental surveillance and necessary infection prevention and control (IPC) measures are needed.

Few studies have been conducted in our region and institution to assess the microbial load of the air, equipment and inanimate surfaces of hospitals. The need to fill this knowledge gap and update health professionals and managers in our region prompted this study. Therefore, this study was carried out to determine the microbial load of indoor air, identify microbes inhabiting inanimate surfaces and hospital devices in critical care units of a tertiary hospital in Benin city, Nigeria, and determine their resistance markers via phenotypic methods.
MATERIALS AND METHODS

Study Area

Benin city is an urban area and is the capital city of Edo State, southern Nigeria. It is located at latitude 6.339185 and longitude 5.617447 [10]. The city is approximately 25 miles north of the Benin River and is situated 200 miles east of Lagos. It is home to approximately 1,147188 million individuals who are predominantly ‘Edo’s’, with a smaller population of other tribal groups from neighboring states. The inhabitants are largely farmers and traders [10].
This study was conducted at the University of Benin Teaching Hospital (UBTH) in Benin city, Nigeria. UBTH is a major tertiary healthcare institution with a 900-bed capacity, offering comprehensive medical services, including critical care and specialized surgical interventions. The hospital serves as a referral center for various medical specialties, making it an ideal setting to assess microbial contamination and resistance markers in critical care units and surgical environments.

Study Design

A cross-sectional study design was employed for this study. The study was conducted to capture data under different operational activities within the hospital units.

Selection criteria
The sites for sample collection were purposively selected on the basis of high patient turnover, invasive procedures, and units housing patients with weak immune systems. Thus, samples were collected from the intensive care unit (ICU), main theatre, obstetrics and gynecology (O & G) theatre, recovery room, special care baby unit (SCBU), neonatal intensive care unit (NICU) and renal unit.

Sample collection and analysis
Air Sampling Procedure
Microbial assessment of air quality was carried out via the passive air sampling technique via the settle plate method. Petri-dishes 9 cm in diameter containing chocolate agar, nutrient agar and Sabouraud dextrose agar (SDA) were exposed at strategic sites in theaters, wards or units 1 m from the floor and 1 m from any other adjacent surface or equipment. The exposed plates were left for 60 minutes between 11 am and 12 pm during the study period. The plates were thereafter taken to the Medical Microbiology Laboratory and incubated for 24–48 hrs at 37°C for chocolate and nutrient agar and for 2–5 days at 28°C for SDA. Emergent colonies were counted via a colony counter and identified. For filamentous fungi, the SDA plates were reincubated at room temperature, and growth was identified within 7 days. Colony forming units (CFUs) and CFU/m3 were determined via the formula N=5a X 104 (bt)−1 [11], where N=microbial CFU/m3 of indoor air; a = number of colonies per Petri dish; b = dish surface area (cm2); and t = exposure time (minutes).
Although an array of studies revealed an absence of consensus or a lack of international standards in cut-offs for air quality in hospital settings, this study adopted the cut-offs described earlier [12, 13, 14].
Sampling of inanimate surfaces and medical devices
Sterile swabs moistened with normal saline were used to obtain samples from inanimate surfaces and medical devices. These included bed rails, nurse stations, Resuscitaire machines, anesthesia machine buttons, tap heads, sinks, door handles, drip stands, and incubators. The samples were immediately transported to the laboratory for microbiological processing. These samples were cultured on blood, MacConkey and SDA agar and incubated aerobically at 37°C as previously described [7]. All emergent colonies were enumerated and identified.
Identification of bacteria
Gram staining was carried out for all emergent bacterial colonies. The isolates were cultured for 18–24 h on nutrient and MacConkey agar for identification. The corresponding conventional biochemical tests were subsequently carried out following the guidelines in the Medical Microbiology Laboratory Manual [15]. Isolates that were gram-positive cocci in clusters and biochemical tests that were positive for catalase and coagulase (slides and/or tubes) were identified as Staphylococcus aureus. However, the isolates identified as coagulase-negative staphylococci (CoNS) were gram-positive cocci in clusters and were catalase positive but were negative in both the slide and tube coagulase tests.
Gram-negative bacilli were identified via API20E bacterial identification kits (bioMérieux SA, Craponne, France) following the manufacturer’s instructions.
Identification of filamentous fungi and yeasts
The genera and species of the filamentous fungi were identified on the basis of the macroscopic and microscopic morphological characteristics of their vegetative mycelia and reproductive structures. The macroscopic examination was based on visual observation of the morphological characteristics and color of the aerial mycelium and matching its appearance with the fungal atlas, whereas the microscopic analysis was performed via the preparation of lactophenol cotton blue-stained slides to determine the presence of septate or nonseptate hyphae and fruiting structures [16]. The slides were prepared with tape that adhered to aerial mycelium and placed on lactophenol cotton blue-stained slides. All manipulations were performed inside a class II biosafety cabinet.

Presumptive identification of C. albicans was performed by observing its colonial appearance (pasty, cream-colored colonies on SDA), Gram reaction (gram-positive budding yeast cells) and appearance on CHROMagar Candida (light to medium green color after 48 hrs. incubation).

Detection of methicillin resistance

All staphylococci recovered were screened for methicillin resistance by seeding the organisms on Mueller‒Hinton agar (MHA) plates following CLSI guidelines and placing 30 μg of cefoxitin disc at the center of the plate (Oxoid, U.K.) [17]. The MHA was read after incubation at 35°C for 18 hrs. The zone of inhibition around the cefoxitin disc was observed. A zone diameter ≤ 21 mm for S. aureus and ≤ 24 mm for CoNS was deemed resistant.

Determination of extended-spectrum β-lactamase (ESBL)-producing bacteria

All the isolates that were gram-negative bacilli were screened for ESBLs via the double disc synergy technique as previously described [18]. The discs, namely, ceftazidime (30 µg), cefotaxime (30 µg) and amoxicillin-clavulanate (30 µg) (Oxoid, U.K.), were used on the test organism and incubated at 37°C overnight. Any isolate showing expansion toward either cephalosporin placed adjacent to amoxicillin-clavulanate was deemed ESBL-producing compared with the negative control strain (Escherichia coli ATCC 25922), which did not show any synergism.
Detection of carbapenemase-producing organisms (simplified carbapenemase inactivation method)

All gram-negative bacterial isolates were screened for carbapenemase activity. A modification of the simplified carbapenemase inactivation method (sCIM) described by Jing et al. (2018) [19] was used. Briefly, a 0.5 McFarland standard suspension of the indicator strain (E. coli ATCC 25922) was swabbed in three directions on Mueller Hinton agar (MHA) plates and allowed to dry for 3‒10 mins. One to three colonies of the test bacillus that had grown on blood agar were subsequently smeared on one side of 10 µg imipenem discs (Oxoid, UK). The side of the antibiotic discs smeared with the test organism was immediately placed on the already seeded Mueller Hinton plate and incubated at 35°C for 16–18 hrs. Another imipenem disk (not smeared with organisms) was placed on the MHA plate to serve as a control. For the interpretation of the test results, discs with a zone diameter ≤ 22 mm inferred that the isolate was carbapenemase-producing (positive); a zone of inhibition ≥ 26 mm inferred the absence of carbapenemase activity (negative); and a zone of inhibition of 23–25 mm inferred a carbapenemase indeterminate isolate [19].
Data analysis
Quantitative data on microbial colony counts and resistance phenotypes were analyzed descriptively. The results are presented in tables to illustrate the distribution of microbial loads, the prevalence of resistant organisms, and the associated resistance mechanisms.

Ethical clearance
Ethical approval for this study was obtained from the UBTH Ethics and Research Committee. Given that the study focused on environmental sampling and did not directly involve human participants, informed consent was not needed. The assigned protocol number was ADM/E 22/A/VOL. VII/1483074.
RESULTS

Several organisms were recovered from plates exposed in various wards during the study period. The bacteria recovered included Staphylococcus aureus (methicillin-resistant and methicillin-sensitive) and coagulase-negative staphylococci (methicillin-resistant and methicillin-sensitive). The bacterial count varied from ward to ward; the lowest was from the intensive care unit (157 cfu/m3), whereas the highest was from the renal unit (770 cfu/m3). Aspergillus niger was recovered from the air in the neonatal intensive care unit (NICU) (Table 1).

Staphylococci were recovered from various high-touch surfaces and equipment. The Resuscitaire machine had the highest yield among the equipment samples (50%), whereas the samples from the radiant warmer were culture negative. Among high-touch surfaces, nursing workstations had a high yield of staphylococci (50%), the majority of which were methicillin resistant, whereas tap heads had the lowest yield of staphylococci (13.3%) (Table 2).

None of the equipment sampled was culture positive for gram-negative bacteria. However, all surfaces were culture positive for gram-negative bacteria (19.1%), with all samples from sink drains being culture positive. Klebsiella pneumoniae had the highest recovery rate from the surfaces sampled (10.1%). An oxidase-positive organism, Pseudomonas aeruginosa, was also recovered from the tap head and sink drain. Fungi were also recovered from surfaces, namely, Aspergillus flavus and Candida spp. (Table 3).

Among the gram-negative bacilli recovered, K. pneumoniae had the highest number of ESBL-producing bacteria (88.9%), while 62.5% of the isolates were ESBL-producing. Similarly, fewer strains of organisms screened for carbapenemase activity were positive (18.5%), as one each of E. cloacae, K. pneumoniae and P. aeruginosa was positive (Table 4).
TABLE 1: Colony counts of microorganisms recovered from exposed plates in critical care units/theaters.

	SITE
	Colony count (cfu/m3)
	Priority Microorganism isolated
	Acceptable range

	Intensive care unit (ICU)
	157
	MRCoNS
	< 180/m3

	Main Theater (Empty)
	118
	MRSA
	< 35/m3

	Main Theater (During operation)
	766
	MRCoNS
	< 180/m3

	O & G theater 1 (Empty)
	79
	MRCoNS
	< 35/m3

	O & G theater 2 (During operation)
	688
	MRSA
	< 180/m3

	Renal Unit Recovery room
	688
	MSCoNS
	< 180/m3

	Special Care Baby Unit (SCBU)
	530
	MSSA
	< 180/m3

	Neonatal intensive care unit
	157
	Aspergillus niger
	< 180/m3

	Renal Unit
	770
	MRSA + MRCoNS
	< 180/m3


MSSA-Methicillin-sensitive Staphylococcus aureus, MRSA-methicillin-resistant Staphylococcus aureus, MSCoNS-methicillin-sensitive coagulase-negative Staphylococcus, MRCoNS-methicillin-resistant coagulase-negative Staphylococcus, O & G- Obstetrics and gynecology.
	Site/Area
	No of samples
	Culture positive
	MSCoNS
	MRCoNS
	MSSA
	MRSA

	Bed rail
	12
	5 (41.6)
	1 (8.3)
	1 (8.3)
	2 (16.7)
	1 (8.3)

	Door handle
	15
	7 (46.7)
	1 (6.7)
	2 (13.3)
	1 (6.7)
	3 (20)

	Tap head
	15
	2 (13.3)
	1 (6.7)
	-
	-
	1 (6.7)

	Sink drain
	7
	1 (14.3)
	-
	1 (14.3)
	-
	

	Nursing station
	6
	3 (50)
	1 (16.7)
	-
	1 (16.7)
	1 (16.7)

	Anesthesia machine buttons
	5
	2 (40)
	1 (20)
	-
	1 (20)
	-

	Drug tray table
	6
	2 (33.3)
	-
	1 (16.7)
	-
	1 (16.7)

	Drip stand
	6
	2 (33.3)
	1 (16.7)
	-
	-
	1 (16.7)

	Resuscitaire machine
	4
	2 (50)
	1 (25)
	-
	1 (25)
	-

	Incubator
	8
	3 (37.5)
	1 (12.5)
	1 (12.5)
	1 (12.5)
	-

	Dialysis Machine buttons
	3
	1 (33.3)
	-
	1 (33.3)
	-
	-

	Radiant warmer
	2
	0
	-
	
	-
	

	TOTAL
	89
	30 (33.7)
	8 (9.0)
	7 (7.9)
	7 (7.9)
	8 (9.0)


Table 2: Distribution of staphylococci recovered from high-touch surfaces and hospital equipment in Critical units in UBTH, Benin city.

MSSA-Methicillin-sensitive Staphylococcus aureus, MRSA-methicillin-resistant Staphylococcus aureus, MSCoNS-methicillin-sensitive coagulase-negative Staphylococcus, MRCoNS-methicillin-resistant coagulase-negative Staphylococcus, number in brackets = percentage value.
	Site/Area
	No of samples
	Culture Positive
	E. coli
	Enterobacter cloacae
	Klebsiella pneumoniae
	Pseudomonas aeruginosa
	Aspergilus flavus
	Candida albicans

	Door handle
	15
	2 (13.3)
	0
	-
	1 (6.7)
	-
	-
	1 (6.7)

	Tap head
	15
	9 (60)
	1 (6.7)
	1 (6.7)
	4 (26.7)
	2 (13.3)
	-
	1 (6.7)

	Sink drain
	7
	7 (100)
	1 (14.3)
	1 (14.3)
	4 (57.1)
	1 (14.3)
	-
	-

	Nursing station
	5
	1 (20)
	0
	-
	-
	-
	1 (20)
	-

	Other surfaces/equipment
	47
	0
	0
	-
	-
	-
	-
	-

	TOTAL
	89
	19 (21.3)
	2 (2.2)
	2 (2.2)
	9 (10.1)
	3 (3.4)
	1 (1.1)
	2 (2.2)


Table 3: Distribution of gram-negative bacterial and fungal pathogens recovered from medical equipment and high-touch surfaces of critical care units at UBTH
number in brackets = value in percentage
Table 4: Distribution of ESBL- and carbapenemase-producing organisms among gram-negative bacteria recovered from hospital equipment and inanimate surfaces.

	Microorganism
	No isolated
	ESBL-positive
	Carbapenemase-positive

	E. coli
	2
	1 (50)
	0

	Enterobacter cloacae
	2
	1 (50)
	1 (50)

	Klebsiella pneumoniae
	9
	8 (88.9)
	1 (11.1)

	Pseudomonas aeruginosa
	3
	1 (33.3)
	1 (33.3)

	TOTAL
	16
	10 (62.5)
	3 (18.8)


ESBL-Extended spectrum beta-lactamase, number in brackets = value in percentage
DISCUSSION

In this study, a high microbial load in the sampled air was observed across the theaters and critical units sampled. The reasons reported in previous studies include the high number of patients, hospital staff, and challenges with ventilation or air-conditioning systems [3]. This is because organisms are constantly shed from the skin and other surfaces and may become aerosolized and settle on wounds or instruments during surgery or become a source of concern for critically ill individuals [3, 11]. These may explain the findings of this study. Since the movement of staff inside and outside the operating room results in increased bacterial air counts, it has been recommended that during surgery, minimal movement by nonessential staff and less frequent door opening should occur [14].
Similarly, MRSA, a high-priority pathogen, was recovered from the air of operating theaters and critical units. This finding is similar to those of previous studies in Benin city and Port Harcourt city, southern Nigeria, in which S. aureus was also recovered from several wards [20, 21]. In Ethiopia, similar findings were reported; however, in the aforementioned studies, staphylococcal isolates were not screened for methicillin resistance. Staphylococcus aureus is a successful environmental contaminant and is able to colonize ecological niches on the human body, such as the anterior nares, inguinal folds and axillae [22]. The organism has been implicated in several infections, such as pneumonia, sepsis, osteomyelitis, infectious endocarditis, and skin and soft tissue infections (SSTIs) [22, 23]. Methicillin resistance confers resistance to beta-lactam antibiotics, which could be associated with resistance to other classes of antibacterial drugs among staphylococci [23]. Recently, MRSA and MRCoNS have been increasingly isolated from clinical samples of infected patients in Nigeria [24, 25]. In Benin city, Nigeria, 38% of S. aureus and 41.5% of CoNS harbored the mecA gene, indicating methicillin resistance [26]. Additionally, Aspergillus niger was isolated from the air in the NICU. The organism is a pathogen of high risk among immunocompromised individuals due to the risk of invasive pulmonary aspergillosis caused by non fumigatus Aspergillus spp. [27]. The recovery of bacterial and fungal pathogens from air samples, particularly at high counts, is concerning owing to the increased infection risk for immunocompromised, critically ill, surgical, or recuperated patients.

Interestingly, methicillin-resistant and methicillin-sensitive staphylococci were recovered from high-touch surfaces (door handle, nursing station, bed rails, drip stand) and hospital equipment in this study. This finding is similar to those of several studies in which Staphylococcus spp. were the leading organisms contaminating surfaces and equipment [4, 28]. In a recent study comparing environmental S. aureus and clinical S. aureus, environmental strains were more resistant to antibacterials but less virulent than clinical strains [30]. Similarly, the recovery of CoNS from high-touch surfaces and equipment may reveal frequent human contact and suboptimal cleaning practices. Among approximately 41 species of CoNS, only a few have been associated with clinically significant infections and are generally able to colonize human skin and mucosal areas [31]. A recent study in the study area, Benin city, Nigeria, reported 56.6% contamination of the stethoscopes used by clinicians, which were predominantly colonized by S. aureus and CoNS, 33.3% of which were methicillin-resistant [28]. These findings highlight the need for rigorous infection prevention and control (IPC) practices by healthcare staff.
Worryingly, some gram-negative bacterial pathogens were recovered from high-touch surfaces (19.1%), although the other equipment samples were culture negative. In previous studies in Ethiopian tertiary hospitals, contamination rates of 23.2% and 25.9% were reported for hospital surfaces and equipment, respectively (4, 32). Studies have shown that most bacteria are able to survive for months on dry inanimate surfaces in hospitals and that their survival in hospitals depends on environmental factors such as temperature, humidity, the presence of organic matter, the ability to form biofilms and prevalent IPC practices [33]. Healthcare workers and patients are in frequent contact with surfaces such as door handles, tap heads (faucets) and nursing stations [33, 34]. Colonization usually precedes infection, and several studies have shown an increased likelihood of colonization of patients upon admission with MDR pathogens in their gut before subsequent HAIs [35]. The implementation of IPC measures such as frequent cleaning on high-touch surfaces is therefore encouraged because of their possible role as reservoirs. Some of the organisms isolated in this study, namely, E. coli, E. cloacae, K. pneumoniae and P. aeruginosa, are ESKAPEE pathogens, an acronym that refers to Enterococcus faecalis, S. aureus, Klebsiella pneumoniae, Acinetobacter baumannii, P. aeruginosa, E. cloacae and E. coli, which are the leading HAI pathogens globally [36].
Strikingly, all sink drains were culture positive for gram-negative pathogens, most of which harbored MDR markers, as they were either ESBL positive or carbapenemase positive. Recent studies have emphasized the role of the sink in outbreaks of some of these pathogens in critically ill wards, such as NICUs and ICUs [7, 8].

Gram-negative bacterial isolates that are ESBL- or carbapenemase-producing strains could be MDR and extensively or pandrug- resistant, with limited therapeutic options for the management of such infections (19, 37). They are a source of concern, as their genetic determinants are borne on mobile genetic elements and are capable of intra- and interspecies horizontal transfer [18, 37], thus increasing their spread. Some ESKAPEE pathogens that were carbapenemase-producing, namely, P. aeruginosa, E. cloacae and K. pneumoniae, have been recently recovered from ICU and NICU patients in Benin city, Nigeria, India, and eastern Europe [38, 39, 40]. Similarly, ESBL-producing ESKAPEE pathogens have been implicated in clinical infections, namely, neonatal sepsis, UTIs and wound infections, in the study area [7, 41].
The isolation of fungal organisms, namely, Candida albicans and Aspergillus spp., from surfaces was a cause for concern. This observation is similar to findings in Sudan, where Aspergillus spp. was recovered from the NICU [16]. The hands of healthcare personnel are considered the most important source of patient-to-patient transmission of Candida species, and Candida spp. were previously recovered from several high-touch surfaces in a multicenter study in the U.S. [42]. Fungal infections are of great concern with the increasing number of critically ill and immunocompromised patients globally as invasive infections because these agents could be fatal [42].

Limitations

This study was limited by the absence of molecular techniques such as whole-genome sequencing, expanded multilocus sequence typing and accompanying phylogenetic tree analysis. This would have aided in the identification of resistance genes, virulence mechanisms, sequence types, mobile genetic elements and the genetic relatedness of this study’s environmental isolates with organisms of clinical and nonclinical origin in the GenBank. Subsequent studies that take this facet into consideration would thus deepen the importance of the recovery of these high-priority pathogens from the hospital environment.
CONCLUSION

The findings from this study have significant public health implications. They highlight the critical need for enhanced IPC measures in hospital environments to reduce microbial contamination and prevent the spread of resistant organisms. Effective IPC practices, such as regular environmental surveillance, effective cleaning protocols, and comprehensive training and education programs for healthcare workers, are essential. These measures will not only reduce the incidence of HAIs but also mitigate the public health burden associated with antimicrobial resistance.
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