MICROBIAL CONTAMINANTS OF LABORATORY EQUIPMENT AND THEIR IMPLICATIONS ON OCCUPATIONAL HEALTH IN A TERTIARY INSTITUTION
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This study was carried out to isolate, identify, and compare microbial contaminants associated with selected biology laboratory equipment in the Biology Laboratory of Rivers State University, Port Harcourt. Four equipment which includes the incubator, hot air oven, autoclave, and refrigerator were sampled from both internal and external surfaces using sterile swab sticks. Samples were subjected to standard microbiological techniques including serial dilution, culturing on selective media, Gram staining, and biochemical characterization of isolates, while fungi were identified microscopically with lacto phenol cotton blue staining. The total colony counts varied across equipment and surfaces. The Total Heterotrophic Bacterial Count (THBC) ranged from 2.7 × 10⁵ to 4.2 × 10⁵ CFU/ml, the Total Coliform Count (TCC) ranged from 1.1 × 10³ to 3.6 × 10³ CFU/ml, the Total Staphylococcal Count (TSC) ranged from 1.5 × 10³ to 4.5 × 10³ CFU/ml, while the Total Fungal Load (THFL) ranged from 1.2 × 10² to 4.0 × 10² CFU/ml. The refrigerator recorded the highest bacterial load, while the incubator recorded the highest fungal load. The autoclave and hot air oven recorded the lowest microbial counts. In most cases, external surfaces were more contaminated than internal ones, except in the refrigerator where the interior was slightly more contaminated. The microbial analysis revealed diverse bacteria including Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Enterococcus spp., Listeria monocytogenes, Proteus mirabilis, and Acinetobacter baumannii, as well as fungi such as Aspergillus niger, Aspergillus flavus, Penicillium spp., Rhizopus spp., Mucor spp., Fusarium spp., Cladosporium spp., Alternaria alternata, and Candida albicans. The persistence of spore-formers (Bacillus spp.) even in sterilizing equipment underscores gaps in sterilization efficiency. This study demonstrates that laboratory equipment, if not properly maintained, can serve as reservoirs of pathogenic microorganisms. Regular disinfection, periodic servicing of sterilizing equipment, and strict adherence to biosafety practices are recommended to minimize laboratory-acquired infections and safeguard research integrity.
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INTRODUCTION 
Microorganisms are an integral part of the environment, inhabiting soil, water, air, and even man-made surfaces. While many are harmless or beneficial, others can be pathogenic and capable of causing diseases in humans (Prescott et al., 2005). In scientific and teaching environments such as microbiology laboratories, equipment and surfaces are routinely exposed to microbial agents due to frequent handling of biological samples (WHO, 2020). Proper sterilization and disinfection are therefore critical to prevent the accumulation and spread of contaminants (Cheesbrough, 2006).
In microbiology laboratories, the risk of contamination is particularly high because microorganisms are constantly being cultured, transferred, and handled. Unlike ordinary environments, these laboratories often harbor high concentrations of microbial agents, including both pathogenic and non-pathogenic species (Madigan et al., 2018). Surfaces and equipment frequently come in contact with biological specimens, culture media, and aerosols generated during routine activities such as pipetting, streaking, and centrifugation. Without strict biosafety practices, these microorganisms may colonize laboratory instruments and become persistent contaminants (Rutala & Weber, 2016).
Laboratory equipment such as autoclaves, refrigerators, incubators, and hot air ovens are indispensable tools for microbial culture, sterilization, and storage. However, constant usage, inadequate cleaning, and improper maintenance can make them potential reservoirs for microbes (Okorondu et al., 2021). For instance, incubators provide warm, humid conditions ideal for microbial growth, while refrigerators can harbor psychrotrophic bacteria and fungi that survive at low temperatures (Phillips & Griffith, 2001). Autoclaves and hot air ovens, though designed for sterilization, can still harbor microbes on external surfaces, handles, or poorly maintained chambers if not properly cleaned.
Several studies have shown that laboratory contaminants are not limited to airborne spores but also include hardy bacterial and fungal species capable of surviving on dry surfaces for extended periods. Common isolates include Staphylococcus aureus, Bacillus species, Pseudomonas species, Escherichia coli, Aspergillus, and Penicillium species (Kramer et al., 2006; Tamburini et al., 2015). Some of these organisms can form biofilms, which shield them from cleaning agents and allow persistence despite disinfection (Bridier et al., 2011). In poorly maintained facilities, the combination of dust accumulation, spills from culture media, and high microbial load makes contamination almost inevitable.
The implications of microbial contamination in laboratories are far-reaching. On one hand, contaminants compromise the reliability of experiments by introducing unwanted microorganisms into cultures, thereby producing erroneous results (Otter & French, 2013). On the other hand, they pose health risks by serving as sources of laboratory-acquired infections (LAIs). Reports indicate that many LAIs are caused by opportunistic organisms that thrive undetected on laboratory surfaces and equipment (Singh, 2009; Wilson & Chosewood, 2010). Furthermore, certain contaminants have been found to harbor antibiotic resistance genes, which could spread to pathogenic strains, worsening the challenge of antimicrobial resistance (Dancer, 2014; WHO, 2020).
The situation is of greater concern in developing countries like Nigeria, where laboratories are often challenged by limited funding, irregular maintenance, inadequate sterilization facilities, and poor compliance with biosafety protocols (Okorondu et al., 2021). Many academic and teaching laboratories, though central to training students, may unknowingly serve as hotspots for microbial persistence due to overcrowding, frequent handling of cultures, and lack of routine surveillance for contaminants. In such settings, both students and staff are at risk of exposure to potentially harmful microbes.
Therefore, the isolation and identification of microbial contaminants on laboratory equipment is not only essential for ensuring the safety of laboratory users but also for maintaining the integrity of scientific results. Findings from such studies provide valuable insights into the hygienic status of laboratories, highlight weaknesses in decontamination practices, and support the development of improved safety measures (CDC, 2020; WHO, 2020). Moreover, periodic monitoring of microbial contamination can serve as an early warning system for laboratories, helping to prevent outbreaks, minimize cross-contamination, and safeguard both academic and research outcomes.
Microbiology laboratories are designed to provide safe and controlled environments for the study of microorganisms. However, because these laboratories involve the frequent use of microbial cultures, media, and biological materials, the equipment used often becomes prone to contamination. Instruments such as autoclaves, refrigerators, incubators, and hot air ovens are heavily utilized on a daily basis, which makes them potential reservoirs for microorganisms when routine cleaning, sterilization, and maintenance are not strictly followed (Kramer et al., 2006; Otter & French, 2013).
The presence of contaminants on such equipment poses several challenges. Firstly, microbial contamination can compromise the accuracy and reliability of experimental results, as unwanted microorganisms may interfere with cultures and lead to false or misleading outcomes (Cheesbrough, 2006). Secondly, these contaminants may act as sources of cross-contamination, spreading to other equipment, surfaces, or biological samples, which in turn undermines the quality of teaching and research activities (Rutala & Weber, 2016). Thirdly, some contaminants are pathogenic or opportunistic and can expose laboratory workers and students to laboratory-acquired infections (LAIs) (Wilson & Chosewood, 2010). This is a growing concern as many of the organisms commonly isolated in laboratories, such as Staphylococcus aureus, Pseudomonas aeruginosa, and Aspergillus spp., are capable of causing opportunistic infections in humans (Kramer et al., 2006; Dancer, 2014).
In Nigeria, the problem is worsened by systemic challenges such as irregular equipment maintenance, inadequate sterilization facilities, limited resources, and insufficient biosafety training for laboratory users (Okorondu et al., 2021). Overcrowding in academic laboratories, together with frequent handling of cultures by students with varying levels of skill and compliance to biosafety rules, further increases the risk of contamination. In many cases, biosafety practices are compromised not because of negligence but due to lack of infrastructure and inadequate funding for laboratory upkeep (WHO, 2020).
Despite the significance of this issue, there is limited published research in Nigeria that focuses specifically on microbial contaminants of biology laboratory equipment. Most available studies emphasize hospital equipment and surfaces (Otter & French, 2013; Dancer, 2014), leaving a gap in knowledge about contaminants in academic and research laboratories. Without such data, it becomes difficult to evaluate the hygiene status of these laboratories, to identify risks of laboratory-acquired infections, or to establish stronger biosafety measures tailored to local realities.
Therefore, the persistence of microbial contaminants on laboratory equipment remains a critical problem, not only for experimental reliability but also for the safety of students, researchers, and academic staff. Addressing this gap requires systematic isolation and identification of microbial contaminants from commonly used laboratory instruments, as such evidence would provide useful insights for strengthening biosafety practices and improving the quality of microbiological research and training in Nigerian institutions.
This study aims to isolate and identify microbial contaminants on selected biology laboratory equipment (autoclave, refrigerator, incubator, and hot air oven) to evaluate their occurrence, diversity, and associated risks in academic settings, particularly within the Nigerian context. The specific objectives were to isolate and characterize microorganisms from the equipment using standard microbiological techniques (morphological, cultural, and biochemical methods); determine the prevalence and diversity of the isolated contaminants; highlight the implications of these contaminants for laboratory safety, cross-contamination, and experimental reliability, and offer recommendations for improved biosafety and decontamination practices.
MATERIALS AND METHODS
Study Area and Design 
The study was carried out in Biology Laboratory 1, Faculty of Science, Rivers State University, Port Harcourt Local Government Area. The Global Positioning System (GPS) with its coordinates of the University are Longitude 40 481 39.1211E. Specific areas (Length and Breadth) of the different laboratory equipments. 

Sample Collection 
A total of 8 swab samples were taken with the aid of a sterile cotton swab stick pre-moistened in sterile normal saline. 
The swab samples were collected from Laboratory equipment(Autoclave, Incubator, Refrigerator and Hot Air Oven). Each of the equipment were swabbed interiorly (inner) and exteriorly (outer) surfaces with 2 sterile swab sticks. The swab samples were labeled accordingly and put in zip-lock plastic bags and brought to the laboratory preparation room for microbial analysis. 

Washing and Sterilization of Materials and Working Areas 
All glasswares (pipettes, beaker, test tube, conical flask, bijou bottles etc) were washed with detergent and were air dried. The glass wares were packed with aluminium foil into canisters and were placed into hot air oven for sterilization at 1600C for 1-2 hours. The glass wares were brought out of the oven and were allowed to cool after sterility has been achieved. They were kept for storage until when needed. Work surfaces were cleaned with 1% sodium hypochlorite (v/v) and sterilized by swabbing with 95% ethanol. Aseptic working environment was achieved with the use of Bunsen burner. 

Preparation of Media and Diluent 
The microbiological culture media used were product of Oxoid Difco Laboratories England and India. 
Nutrient Agar (NA)
Nutrient Agar was prepared according to manufacturer’s instruction. Twenty-eight gram (28g) of the powder were properly weighed and dissolved in 1000ml distilled water into conical flask. It was sterilized by autoclaving at 1210C for 15 minutes. The molten nutrient-agar was allowed to cool to 450C to 500C and 20ml was aseptically dispensed/poured into sterile petri dishes and thereafter allowed to solidify and dried in hot air oven at 1600C for 1 hour.

MacConkey Agar (MCA)
MacConkey Agar was prepared according to manufacturer’s instructions. Fifty two grams (52g) of the powder was weighed and suspended in 1000ml distilled water. It was sterilized by autoclaving at 1210C for 15 minutes. It was allowed to cool to 450C and 20ml was aseptically dispensed into sterile petri dishes. It was allowed to solidify before being dried in hot air oven at 1600C for 1 hour.

Mannitol Salt Agar (MSA)
One hundred and eleven gram (111g) of the powder was weighed and dissolved in 1000ml distilled water and sterilized by autoclaving at 1210C for 15 minutes. It was allowed to cool to 450C and dispensed into petri plates and thereafter dried in hot an oven. 

Sabouraud Dextrose Agar (SDA)
This media is used for selective isolation of pseudomonas aeruginosa. It was prepared according to manufacturer’s instruction, 46.7 grams was suspended in 1000ml distilled water containing 10ml glycerol. It was heated to boiling to dissolve the medium completely and sterilized by autoclaving at 15ibs pressure (1210C) for 15 minutes. It was poured into sterile petri dish and allowed to set before dried in hot air oven at 1600C for 1 hour. 
Microbiological Analysis of Swab Samples 
Conventional microbiological methods were used for culture of laboratory equipmentsurfaces swab samples as previously described by Kihla et al., (2014).

Serial Dilution Procedures of Swab Samples 
The moistened swab stick from each of the sampling equipmentwere aseptically introduced into test tube containing sterile 9ml normal saline and homogenized vigorously to be thoroughly mixed to form a ratio of 1.10 and a six fold (6-fold) serial dilutions were made in each of the swab samples to obtain 10-2 dilution to 106 dilution factor (Ahmed et al., 2016).

Sample Inoculation, Isolation and Enumeration of Bacteria and Fungi
Total Heterotrophic Bacteria (THB) and Total Heterotrophic Fungi (THF) were determined using standard microbiological method by spread plate techniques. The Total Viable Bacterial Count (TVBC) was determined in duplicate with general purpose media, nutrient agar. Total Fungi Count (TFC), Total Staphylococcus Count (TSC) and Total Coliform Count (TCC) were determined using selective and differential media such as Sabouraud Dextrose Agar, Mannitol Salt Agar and McConkey Agar.
Microbial count was done by plating/inoculating serially diluted samples from appropriately dilution test tubes into the surface of sterile NA, SDA, MCA and MSA plates in duplicates and spread evenly with sterile glass spreader. The inoculated plates were incubated in an inverted position at 370C for 24 – 48 hours (Bacteria). The SDA plates were incubated in an inverted position at room temperature (280C – 300C) for 3 – 5 days for colony formation. After the incubation period, the number of distinct colonies on each plate were counted and record as colony forming unit per milliliter (cfu/ml) of the sample.

Sub-Culture of Microbial Isolates
The streak plate technique described by Karoki et al. (2018) methodology, were used to obtain a pure microbial culture for identification. Each of the district and discrete colonies that grew on the respective media plate were streaked onto freshly prepared NA and SDA plates using sterile wire loop and inoculating needle/pin. They were incubated at 370C for 24 hours (bacteria) and 72 hours (fungi). The various bacterial and fungal isolates were differentiated by their colonial morphology (colour, size, margin, shape, elevation and texture) on the respective culture media following the sub-culture protocol. 

Characterization and Identification of Microbial Isolates 
Pure cultures of bacterial isolates were characterized and identified using both morphological (colonial morphology, pigmentation, cell shape and gram stain reaction) and biochemical methods such as catalase, oxidase, lactose, etc. The bacterial characteristics were compared with scheme of Cheesbrough, (2009) and Bergey’s manual of determinative bacteriology by Holt et al. (1994).

The methods of Oyeleka and Monga (2008); Ajiboye, (2021), were adopted for the identification of the isolated fungi using Lactophenol Cotton Blue (LPCB) stain.
The identification of the fungi was achieved by placing a drop of LPCB stain on a clean grease-free glass slide with the aid of a mounting/inoculating needle, where a small portion of the aerial mycelia from the representative fungi cultures was removed and placed in a drop of lactophenol cotton blue (LPCB) stain. The mycelium was well spread on the slide with the sterile needle. A coverslip was gently placed with little pressure to eliminate air bubbles. The slide was then mounted and viewed under the light microscope with x10 and x40 objective lenses. The morphological characteristics and appearance of the fungal organism seen were identified in accordance with Adebayo et al. (2012), Omorah et al. (2015). 

Maintenance and Preservation of Microbial Isolates 
The pure bacterial and fungal cultures were stored and maintained using sterile 10% (v/v) glycerol suspention at -40C for preservation and subsequently used for identification. Also, it was stored in agar slants using Bijou/McCartney bottles. This is known as stock culture. 
Morphological Characterization and Identification 
Gram Staining Technique

The gram staining was performed to observe its cellular morphology and gram nature of the bacteria. 
A thin smear was made by emulsifying a little portion of organi9sms picked from stocked colony of 24 hours old pure culture into a drop of sterile distilled water on a grease-free slide. The smear was air dried and heat fixed by passing it slightly over flame carefully placed on the staining rack and was flooded with primary stain (crystal violet) for 60 seconds and rinsed with slow running tap water. Gram’s iodine was added (mordant) for 30 seconds. The smear was gently rinsed with tap water. 70% ethanol was applied as decolorizer for 10 – 30 seconds and washed with tap water. The smear was stained with the secondary stain (safranin) for 30 seconds and rinsed with tap water and was allowed to air-dry. The smear was examined under the microscope using oil immersion objective lens (x100). Gram positive bacteria appeared purple/blue while gram negative organisms appeared red/pink, respectively (Famole and Oso, 2011; Omoh et al., 2014). 

Biochemical Identification 
The biochemical assays of the strains were performed in accordance with the procedures of Cheesbrough (2006) method to further characterized and identified bacterial isolates. They include:

Catalase Test 
This test was used to differentiate aerobic bacteria capable of producing catalase enzyme which reduces hydrogen peroxide (H2O2) to water with the evolution of bubbles of oxygen. 
			2H2O	 +	O2		2H2O2
A portion of each pure culture was thickly smeared with a drop of water on a clean slide with the aid of a sterile wire loop and a drop of hydrogen peroxide was added to it and observed immediately. A positive reaction was indicated by bubbles or effervescence (Beninda et al., 2009).
Oxidase Test 
The oxidase test is used to identify all organisms that produce oxidase enzyme (cytrochrome). A filter paper is moistened with few drops of freshly prepared 1% tetramethyl-p-phenylenediamine dihydrochloride (a redox indicator). A wooden applicator stick is used to collect a colony of the test organisms and smeared on the paper. The development of a purple colour within 10 seconds is indication of a positive test (Yigit et al., 2008).

Citrate Utilization Test 
Citrate test is used to determine the ability of an organism to convert citrate (an intermediate of the Kreb’s cycle). The media (Simon’s citrate agar) used for the test contains citrate as the only carbon source and ammonium salts. The media also contain bromthymol blue, A pH indicator which is green at neutral pH and blue at alkaline pH. Microorganisms capable of utilizing citrate will change the colour of the media from green to blue as a result of production of carbon dioxide and ammonia from the citrate and ammonium salts respectively. 
Procedure: Simon’s citrate agar was prepared in test tube slants. A colony of investigated organism is collected with a sterile needle and stab inoculates into the agar tube. The test tube is incubated at 370C for 24 hours. A change in colour of the media from green to blue indicates a positive result (Cheesbrough, 2006).
Motility Test 
This test is used to differentiate species of bacteria that are motile for non-motile because of their flagella that makes them capable of swimming through water-based environment. 
Procedure: Half strength nutrient agar is prepared in test tubes. A colony of the investigated organism is collected with a sterile needle and stab inoculates into the agar tube. The test tube is incubated at 370C for 24 hours. A positive result is indicated by cloudy growth migrating away from the line of stab, while a negative result is indicated by growth only along the line of stab (Belle, 2002).

Urease Test 
Urease test is applied for bacteria species that can decompose urea by enzymatic reaction to produce ammonia. After solidification of the urea medium, the inoculums were inoculated into the slant bottles and incubated at 370C for 24 hours. Positive test is indicated by purple pink colour and for negative test there is no change (Adeyanju and Ishola, 2014).

Salt Tolerance Test 
Transfer 1.3g nutrient broth and 6.5g Nacl or table salt into 100ml distilled water into a beaker. Dispense the broth into test tubes and cork with a cotton plug. Sterilize the tubes in an autoclave at 1210C for 15 minutes, allow to cool and then inoculate the tubes with colonies of the investigated isolates separately.  Allow the tube un-inoculated to serve as negative control. Incubate the tubes at 350C for 24 hours. After incubation observe for turbidity. Expected Result: Growth resulting in a turbid broth indicates that the isolate can tolerate 7% salt concentrate confirm the turbidity by comparing with the un-inoculated control broth (Chao et al., 2007).

Starch Hydrolysis Test 
This test determines the ability of an organism that possesses the enzyme amylase to hydrolyze starch. The presence of this enzyme in any bacterial isolate gives it the ability to use up the starch in the medium. The starch (1%) was incorporated into nutrient agar medium, autoclaved at 1210C for 15 minutes, poured into sterile petri-dishes, allowed to solidify and dried, each test organism was streaked on the surface of agar and incubated at 370C for 24 hours. Thereafter, the plates were flooded with iodine solution and positive result was shown by a clear zone around the line of streak of the organism (Chen et al., 2010)

Methyl Red Test 
This test was carried out as described by (Ochei and Kolhatkar, 2000). A little portion of each isolate was inoculated into the glucose phosphate peptone water medium and at 370C for 48 hours. Few drops of methyl red were added to the culture medium, methyl red positive was indicated by red colour (Cox et al., 2013).

Indole Test 
Colonies were picked and inoculated into the test tube containing the indole medium and finally incubated at 370C for 48 hours. Sometime 96 hours at 370C may be required.  0.5ml of kovac’s reagent was added drop wise to the test tubes and was shake gently. This production of indole is confirmed by the formation of red ring colorations on the surface of the medium, which indicate positive reaction while; in negative reaction red colorations is not produced. (Cheesbrough, 2000). (Kuffner et al., 2010).

Vogues Proskaurer Test 
Ten drops of freshly prepared alpha-napthol reagent (Baritt’s reagent A), followed by ten drop of 40% potassium hydroxide (Barritt’s B) are added to the VP tube. Shake the tube for 30 seconds. A positive result is indicated by a gradual formation of a red colour, while a negative test is indicated by the formation of a yellow or brown colour (Sovia et al., 2017).
Sugar Fermentation Test 
Acid and gas are produced during fermentative growth with sugar (glucose, lactose, fructose, mannitol). The sugar fermentation tests are designed to detect the reduction in pH, as a result of acid production, which would occur if fermentation of the given sugar occurred. The pH indicator usually used is methyl red. The indicator changes the colour of the fermentation medium from red to yellow if acid is produced. Durham tube is placed in the broth tubes to detect the production of gas.
Procedure: A broth of the sugars in question is compounded as follows; the sugar e.g. glucose (1% w/v), peptone water or nutrient broth (1% w/v), and methyl red (0.005% w/v). The broth is dispensed into test tubes in which inverted Durham tubes have been placed. The broth tubes are then sterilized. Sterilization is carried out by autoclaving at 1150C for 10 minutes. The tubes are aseptically inoculated with 24 hours culture test organisms and some set left un-inoculated to serve as a control. It is then incubated at 370C for 24 – 48 hours. Observation for acid and gas production was carried out. The various sugars used were; Glucose, Lactose, Maltose and Mannitol (Cheesbrough, 2000) (Bushra and Harifa, 2019).
Antibiogram Susceptibility Testing (AST)
Antimicrobial susceptibility testings were done on unsupplemented Mueller-Hinton agar (Oxoid Ltd. UK) using Kirby-Bauer disc diffusion method (Cheesbrough, 2006; Benson, 2011; Ehinmidu, 2013). The disc diffusion technique was done for selected antibiotic following guideline described by National Committee for Clinical Laboratory Standards (NCCLS/CLSI, 2020). 
Purified bacterial inoculums were inoculated on 5ml nutrient broth and incubated 18 hours to overnight (standardization of inoculum). The Optical Density (OD) of the turbidity broth culture was determined to compared with the optical density (O.D) of the standardized 0.1(0.5 McFarland Turbidity Standards Solution) and stored at 40C. The resulting suspension contains approximately 1x108cfu/ml. Each labelled medium plate was uniformly seeded with a test organism (broth culture) by means of sterile swab stick rolled in the suspension and aseptically streaked on the Muller-Hinton Agar (MHA) plate surface. The commercially impregnated antibiotic paper disk was gently but firmly placed on the inoculated plates using sterile forceps. The commercially impregnated paper disk with various antibiotic and their concentration that was assessed against the bacterial isolates are: Septrin (SXT) 30µg, Chloramphenicol (CH) 30µg, Sparfloxacin (SP)10 µg, Ciprofloxacin (CPX) 30µg, Amoxacillin (AM)30 µg, Augmentin (AU)10µg, Gentamycin (CN)30µg, Pefloxacin (PEF)30µg, Tavivid (OFX)10µg and Streptomycin (S)30µg for gram negative bacteria. 

The gram positive isolates obtained were tested against the following antibiotics impregnated discs with their potency as: Rifampicin (RD) 20µg, Cftazidime (CTZ)30µg, Streptomycin (S)30µg, Amoxil (AMX) 20µg, Azithromycin (AZM) 10µg, Ciprofloxacin (CPX) 10µg, Erythromycin (E) 30µg, Levofloxacin (LEV) 20µg, Gentamycin (CN) 10µg and Cefunoxime (CEF) 30µg. The Mueller-Hilton Agar (MHA) plates were incubated at 370C for 24 hours and zones of inhibition (201) were measured in millimeters using a transparent meter rule and interpreted. 
Results obtained were classified as resistant, intermediate and sensitive according to the standards of clinical and laboratory standards institute (CLSI, 2020) interpretative chart. 

Standardization of the Fungal Isolates
Fungal inoculation for each of the test organism was prepared by culture in 5ml sabouraud dextrose broth and incubated overnight. The inoculums obtained were adjusted to 15x 108cfu/ml McFarland turbidity standard (0.05ml of 1% Barium Chloride BaCl2) with 9.95ml of 1% sulpheric acid (H2SO4) (Amadi et al., 2021). 

Antimicrobial Susceptibility Test
Determination of Antifungal Potency of Nystatin, Fluconozole and Ketoconozole Using Agar Well Diffusion Method
The antifungal susceptibility testing was done using the Agar well-diffusion method according to the standard of the National Committee for Clinical Laboratory Standards (NCCLS) (2020). Sabouraud dextrose agar was prepared according to the manufacturer’s (Oxoid Ltd) specification and the media was sterilized and poured into sterile disposable petri plates and allowed to gel/solidify. A sterile cotton swab stick was dipped into each of the standardized fungal culture are spread uniformly over the entire surface. The plates were rotated to ensure an even distribution and allowed to stand for 5 – 10 minutes. A sterile 6mm diameter cork borer was used to bore a hole/well 5 to 7mm in diameter. Then, a volume (20 – 100ml) of the different antifungal drugs agent at desired concentration is introduced into the well using a sterile micropipette. The agar plates were incubated at 280C for 24 hours, after which the zones of inhibition is measured in millimeter (mm)using a meter rule and recorded as sensitive or resistant according to the National Committee for clinical and laboratory standards institute (CLSI, 2020).

RESULTS 
The results of the microbial contaminants of laboratory equipment used in Biology Laboratory 1 revealed that Total Heterotrophic Bacteria Count (THBC) ranged from 2.7x105cfu/ml to 4.2x105cfu/ml, Total Coliform Bacteria Count (TCBC) ranged from 1.1x103cfu/ml to 3.6x102cfu/ml, Total Staphylococci Count (TSC) ranged  1.5x104cfu/ml to 4.5x10cfu/ml while Total Fungal Count (FTC) ranged from 1.2x102cfu/ml to 4.0x102cfu/ml respectively (Table 4.1). 
It was recorded that refrigerator had the highest bacterial count, while incubator recorded high fungal count and autoclave and hot air oven recorded the least bacterial and fungal counts. 
The bacterial and fungal organisms isolated from the different laboratory equipment were Bacillus sp., E. coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Salmonella sp., Micrococcus sp., Proteus mirabilis, Enterococcus sp., Listeria monocytogenes and Acinetobacter baumannii. The fungal organisms were: Rhizopus sp., Alternaria alternate, Mucor sp., Fusarium sp., Candida sp., Cladosporum sp., Aspergillus niger and Aspergillus flavus. 
Table 1 presents varying microbial loads obtained from sampled laboratory equipment. The Total Heterotrophic Bacterial Count (THBC) ranged from 2.7 × 10⁵ to 4.2 × 10⁵ CFU/ml, highest in the refrigerator and incubator, reflecting thfeir moist, frequently handled conditions. The Total Coliform Count (TCC) ranged from 1.1 × 10³ to 3.6 × 10³ CFU/ml, indicating fecal contamination and lapses in hygiene. The Total Staphylococcal Count (TSC) ranged from 1.5 × 10³ to 4.5 × 10³ CFU/ml, confirming contamination from human contact, while the Total Fungal Load (THFL) ranged from 1.2 × 10² to 4.0 × 10² CFU/ml, with the incubator recording the highest fungal growth due to its warm, humid environment.
Specifically, refrigerators and incubators were the most contaminated, while the autoclaves and hot air ovens recorded the lowest loads. However, the persistence of spore-formers and fungi in sterilizing equipment suggests recontamination or incomplete sterilization, consistent with earlier reports (Weber & Rutala, 2013; Douglas & Wemedo, 2017).


Table 1: Total Microbial Load of the Sample Average Mean Counts (Cfu/ml)
	Laboratory EquipmentSamples 
	THBC(cfu/ml)
	TCBC
	TSC
	THFL

	Interior Autoclave 
	2.8 x 105
	1.1 x 103
	1.5 x 104
	3.5 x 102

	Exterior Autoclave 
	3.1 x 105
	3.0 x 103
	2.3 x 104
	2.1 x 102

	Interior Refrigerator 
	4.2 x 105
	2.8 x 103
	1.7 x 104
	1.8 x 102

	Exterior Refrigerator 
	3.9 x 105
	3.6 x 103
	2.0 x 104
	2.2 x 102

	Interior Incubator 
	4.0 x 105
	3.4 x 103
	4.5 x 104
	3.3 x 102

	Exterior Incubator 
	3.4 x 105
	2.9 x 103
	4.1 x 104
	4.0 x 102

	Interior Hot Air Oven
	2.7 x 105
	1.2 x 103
	3.7 x 104
	1.2 x 102

	Exterior Hot Air Oven 
	3.6 x 105
	2.0 x 103
	4.0 x 104
	2.6 x 102


Key: 	THBC -Total Heterotrophic Bacteria Count; TCBC - Total Coliform Bacteria Count; 
	TSC -Total Staphylococci Count; THFC -Total Heterotrophic Fungi Count; Cfu/ml- Colony Forming Unit Per Millilitre

Table 2 and 3 presents the colonial appearances, Gram reactions, and biochemical profiles which identified organisms such as Bacillus sp., Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus, and Salmonella sp. The diversity of isolates shows that both Gram-positive and Gram-negative bacteria colonize laboratory equipment, including opportunistic pathogens with clinical significance. This finding is consistent with earlier reports highlighting Staphylococcus, Bacillus, and Pseudomonas as common laboratory contaminants due to their survival abilities and resistance traits (Kramer et al., 2006; Bridier et al., 2011).








 Table 2: Cultural and Morphological Characterization of Bacteria Isolated from Laboratory Equipment(Autoclave, Incubator, Hot Air Oven and Refrigerator) in Biology Laboratory. 
	Colonial Morphology 
	
	
	
	
	
	
	
	
	
	
	

	Colour 
	Gray white
	Pink
	Dark pink
	Blue/yellow green
	Golden yellow
	Pink to rose
	Bright yellow
	Creams swimming 
	Milky-white gray
	Grayish white
	Whitish gray 

	Size
	Large
	Medium 
	Medium 
	Medium 
	Small 
	Small 
	Punctiform
	Large
	Small
	Large
	Small to medium 

	Form
	Irregular
	Circular
	Circular
	Circular
	Circular
	Circular
	Circular
	Circular
	Circular
	Irregular
	Undulate

	Edge
	Undulate
	Entire
	Entire
	Lobate
	Entire
	Undulate
	Entire
	Lobate
	Entire
	Lobate
	Entire 

	Elevation 
	Flat
	Slightly raised
	Convex
	Convex
	Convex
	Flat
	Convex
	Umbonate
	Convex
	Convex
	Convex

	Opacity
	Opaque
	Translucent
	Translucent
	Translucent
	Opaque
	Opaque
	Translucent
	Translucent
	Translucent
	Opaque
	Translucent

	Consistency
	Dry & 
Rough
	Mucoid & 
Shiny
	Mucoid &
 shiny
	Mucoid & 
smooth
	Wet & 
smooth
	Mucoid & 
smooth
	Dry and 
smooth
	Mucoid & Ripple like formation 
	Mucoid & 
smooth
	Mucoid &
 smooth
	Mucoid &
 smooth 

	Morphology 
	
	
	
	
	
	
	
	
	
	
	

	Gram stain 
	+ve
	-ve
	-ve
	-ve
	+ve
	-ve
	+ve
	-ve
	-ve
	-ve
	+ve

	Cell type 
	Rods 
	Rods 
	Rods 
	Rods 
	Cocci  
	Rods 
	Cocci 
	Rods 
	Cocci 
	Rods 
	Rods 

	Cell arrangement 
	Singles
	Singles
	Singles
	Singles
	Clusters
	Pairs 
	Clusters
	Singles
	Pairs & short 
chains
	Pairs 
	Singles

	
	
	
	
	
	
	
	
	
	
	
	





Table 3: Biochemical Characterization of Bacterial Isolated from Laboratory Equipment (Autoclave, Incubator, Hot Air Oven and Refrigerator) in Biology Laboratory
	Biochemical Test 
	
	
	
	
	
	
	
	
	
	
	

	Catalase
	+ve
	+ve
	+ve
	+ve
	+ve
	+ve
	+ve
	+ve
	+ve
	+ve
	+ve

	Oxidase 
	+ve
	-ve
	-ve
	+ve
	-ve
	-ve
	+ve
	-v3
	-ve
	-ve
	-ve

	Urease 
	-ve
	-ve
	-ve
	-ve
	-ve
	-ve
	-ve
	-ve
	-ve
	-ve
	-ve

	Motility 
	+ve
	+ve
	-ve
	-ve
	-ve
	+ve
	-ve
	-ve
	+ve
	-ve
	+ve

	Indole 
	-ve
	+ve
	-ve
	-ve
	-ve
	-ve
	+ve
	+ve
	+
	-ve
	-

	Citrate 
	+ve
	-ve
	+ve
	+ve
	+ve
	-ve
	+ve
	+ve
	-
	+ve
	+

	Salt Tolerance 
	-ve
	-ve
	-ve
	-ve
	+ve
	-ve
	+ve
	-ve
	-
	-
	-

	Starch Hydrolysis 
	-ve
	-ve
	-ve
	+ve
	+ve
	-ve
	+ve
	+ve
	-
	-
	-

	Methyl Red
	-ve
	+ve
	-ve
	-ve
	+ve
	+ve
	+ve
	+ve
	-
	-
	+

	Voges Proskauer
	+ve
	-ve
	+ve
	+ve
	+ve
	-ve
	+ve
	-ve
	+
	-
	+ve

	Sugar Fermentation 
	
	
	
	
	
	
	
	
	
	
	

	Glucose 
	A
	A
	AG
	A
	A
	A
	AG
	AG
	AG
	AG
	A

	Lactose 
	N
	AG
	AG
	A
	A
	AG
	AG
	N
	AG
	N
	N

	Maltose 
	A
	N
	A
	N
	A
	AG
	A
	AG
	A
	A
	n

	Mannitol 
	AG
	A
	N
	AG
	A
	N
	A
	N
	A
	A
	N

	Probable
Bacterial Isolates 
	Bacillus sp.
	E. coli
	Klebsiella pneumoniae
	P. aeruginosa 
	S. aureus
	Salmonella sp.
	Micrococcus sp.
	Proteus mirabilis
	Enterotoccus sp.
	Acinetobacter baumannii
	Listeria monocytogenes


Key: +ve = Positive, N = Neutral/Negative, -ve = Negative, A = Acid Production, AG = Acid/Gas Production.

Table 4 presents fungal isolates which displayed distinct colony morphologies and microscopic structures, leading to the identification of Rhizopus, Mucor, Fusarium, Aspergillus niger, Aspergillus flavus, Penicillium, Cladosporium, and Candida. The presence of both filamentous fungi and yeasts indicates diverse colonization of laboratory equipment. The abundance of Aspergillus and Penicillium supports findings from earlier studies that highlighted their prevalence in laboratory environments due to their airborne spores and resilience (Beggs, 2003; Amadi & Akani, 2019). Such organisms are of concern since they can act as opportunistic pathogens and cause allergic responses in susceptible individuals.

Table 4: Colonial and Microscopic Characteristics of Fungi Isolated from Laboratory Equipment
	Colonial Characteristics 
	Microscopic Characteristics 
	Probable Fungi 

	Dark brown colonies. The spores are larger and appear darker
	Pineapple-like conidia and long chain conidiophore. Septate horizontally and vertically arranged in chains
	Alternaria alternate

	White cottony mycelia, with black dots and covers the entire plate 
	Non-septate branched sporangiophores, with round heard sporangio-root-like rhizoids formed
	Rhizopus sp.

	White fluffy growth with reverse white colour 
	Non septate hyphae with non-septate sporangiophores 
	Mucor sp. 

	White cottony lawn like growth, with reverse yellow colour
	Septate hyphae, with presence of banana shaped septate conidia.
	Fusarium sp. 

	Colonies are slow growing with dark-brown velvety growth with white periphery
	Septate hyphae, with septate conidiophores having short chains of conidia 
	Cladosporum sp. 

	Fast growing colonies in blue-green velvety growth with white periphery; with reverse white colour 
	Septate hyphae with branched conidiophores bearing phialides conidia are arranged in chains on the phialidea.
	Penicillium sp. 

	Black colony with white edges, powdery and flat
	Conidia heads are large, globose and dark-brown conidiophores
	Aspergillus niger 

	Creamy colonies with smooth, pasty, oval, soft, flistening or dry colonies are convex and opaque with a yeast odour
	Oal shaped cells, budding, spherical cells forming pseudomycelium.
	Candida sp. 

	A greenish-yellow colour with a creamy edge, that appears golden in the reverse side 
	Septate hyphae, coloures and rough conidiophores with smoothen vesicles.
	Aspergillus flavus 



Table 5 confirms that the refrigerator harbored the broadest range of microbes, including Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Bacillus sp., Aspergillus niger, Penicillium, and Candida. The incubator also carried several pathogenic and opportunistic microbes, notably Staphylococcus aureus and filamentous fungi. The autoclave and hot air oven showed fewer isolates, though the persistence of spore-forming Bacillus and molds suggests incomplete sterilization or external contamination. Similar observations were made in Nigerian studies where refrigerators and incubators were identified as hotspots for microbial growth, while sterilizing equipment was less contaminated but not free of resilient organisms (Nrior & Odokuma, 2015; Okorondu et al., 2021).
Table 5: Bacterial and Fungal Species Isolated from Laboratory Equipment samples 
	Laboratory Equipment
	Microorganisms Isolated 

	Autoclave
	Pseudomonas aeruginosa, E. coli, Klebsiella pneumoniae, Enterococcus sp., Bacillus s., S. aureus, Listeria monocytogenes, Acinetobacter baumanii
Cladosporum sp., Alternaria altenate, Aspergillus flavus, penicillium sp., Candida sp.

	Incubator 
	Micrococcus sp., S. aureus, Acinetobacter baumannii, E. coli., Klebsiella pneumoniae, Bacillus sp., Proteus mirabilis, Pseudomonas aeruginosa, Fusarium sp., Hernana alternate, Mucor sp., Rhizopus sp., Aspergillus niger, Candida sp.

	Hot Air Oven
	Bacillus sp., Salmonella sp., Micrococcus sp., S. aureus, E. coli, P. aeruginosa, Enterococcus sp.
Penicillium sp., Candida sp., Aspergillus niger, Cladosporum sp., Alternaria alternate, Mucor sp. 

	Refrigerator 
	Listeria monocytogenes, Salmonella sp., E. coli, Proteus mirabilis, Acinetobacter  barimirannii, P. aeruginosa, S. aureus, Bacillus sp., Micrococcus sp., Klebsiella pneumoniae, Bacillus sp., Candida sp., Aspergillus niger, Rhizopus sp., Penicillium sp., Cladosporum sp. 






Table 6 presents the antibiotic susceptibility profiles which shows that isolates such as Salmonella sp and Staphylococcus aureus were highly sensitive to fluoroquinolones (ciprofloxacin, ofloxacin, pefloxacin), while Klebsiella pneumoniae and Proteus mirabilis demonstrated resistance to commonly used antibiotics like amoxicillin and chloramphenicol. This variation reflects the emergence of multi drug resistance among laboratory contaminants, which poses risks both to experimental integrity and public health. Similar resistance trends among Klebsiella and Proteus isolates have been reported in other studies, underscoring the role of contaminated equipment as reservoirs of resistant pathogens (Dancer, 2014; Amadi et al., 2021).

 Table 6: Antibiotics Susceptibility Test Results for Bacterial Isolates: Antibiotics Agents with Zone of Inhibition (mm)
	Gram +ve Bacteria 
	LEV
	CN
	CEF
	RD
	CTZ
	S
	AZM
	CPX
	AMX
	E

	Staphyloccus aureus
	21
	6
	0
	0
	12
	9
	3
	23
	7
	15

	Bacillus sp.
	22
	20
	0
	4
	3
	8
	15
	24
	12
	19

	Enterococcus sp.
	15
	19
	5
	20
	0
	0
	0
	12
	0
	3

	Micrococcus sp.
	24
	0
	0
	10
	0
	0
	3
	24
	0
	20

	Listeria monocytogenes
	19
	21
	10
	17
	15
	18
	9
	20
	12
	0



	Gram -ve Bacteria 
	CH
	SP
	CPX
	AM
	AU
	CN
	PEF
	OFX
	S
	SXJ

	E. coli
	8
	11
	23
	0
	0
	11
	13
	19
	5
	0

	Klebsiella pneumoniae
	0
	10
	20
	9
	10
	15
	12
	15
	11
	10

	P. aeruginosa
	0
	14
	10
	0
	16
	20
	24
	24
	15
	12

	Salmonella sp.
	14
	19
	23
	11
	12
	22
	23
	27
	22
	20

	Proteus mirabilis 
	0
	10
	20
	9
	10
	15
	12
	18
	11
	10

	Acinetobacter bacimannii
	2
	21
	25
	9
	5
	2
	18
	26
	21
	17


Key:	Sensitive (S) = ≥ 17, Intermediate (I) = 14 – 16, Resistant (R) =  ≤ 13, SXT (30µg) – Septrin, CH(30µg) = Chloramphenicol, SP(10µg) = Sparfloxacin, CPX(30µg) – Ciprofloxacin, AM(30µg) – Amoxacillin, AU(10µg) = Augumentin, S(30µg) = Streptomycin, CN(30µg) = Gentamycin, OFX(10µg) = Tarivid, PEF(30kg) = Pefloxacin, LEV(20µg) = Levofloxacin, AMX(20µg) = Ampiclox, E(30µg) = Erythromycin, RD(20µg) = Rifampicin.
Table 7 presents the antifungal assay results which revealed that Candida sp. And Aspergillus niger were sensitive to Nystatin, Fluconazole, and Ketoconazole, while Fusarium sp, And some Mucor isolates showed poor sensitivity, indicating resistance. These findings emphasize the difficulty of eradicating certain fungi from laboratory environments, as resistant strains can persist despite treatment. Similar observations have been reported in earlier works where Fusarium was noted for its antifungal resistance and environmental resilience (Richardson & Rautemaa-Richardson, 2019; Okorondu et al., 2021).
Table 7:  Antifungal Activity of Fungal Isolates 
	Test Organisms 
	Diameter of Zone of Inhibition (mm)

	
	Nystatin
	Fluconazole
	Ketoconazole

	Candida sp.
	22
	28
	24

	Fusarium sp.
	0
	2
	0

	Mucor sp.
	13
	9
	18

	Aspergillus niger
	25
	27
	25

	Penicillium sp.
	10
	16
	10

	Rhizopus sp.
	18
	21
	15

	Alternaria alternate
	3
	18
	16

	Trichoderma sp
	25
	6
	8

	Aspergillus teirens
	17
	20
	12



DISCUSSION
The present study assessed the microbial contaminants associated with laboratory equipment including the refrigerator, incubator, autoclave, and hot air oven. The microbial counts obtained revealed that all equipment harbored microorganisms to varying levels, with the refrigerator and incubator showing the highest loads, while the autoclave and hot air oven recorded the lowest.
The Total Heterotrophic Bacterial Count (THBC) ranged from 2.7 × 10⁵ to 4.2 × 10⁵ CFU/ml across equipment. These values fall within the range reported by (Rutala & Weber, 2004), who observed bacterial counts between 2.2 × 10⁵ and 4.3 × 10⁵ CFU/ml on laboratory workbenches. Similarly, high heterotrophic bacterial loads on laboratory surfaces have been documented by (Saroja et al., 2013) and (Onuoha & Fatokun, 2014), indicating the ubiquity of bacteria in such environments. The consistently high counts in this study suggest that regular cleaning alone may not be sufficient to eliminate microbial contaminants from equipment surfaces.
The Total Coliform Count (TCC) ranged from 1.1 × 10³ to 3.6 × 10³ CFU/ml, indicating possible fecal contamination. Coliforms are common indicators of hygiene lapses and poor surface sanitation. The presence of coliforms in this study agrees with the findings of (Tuladhar et al., 2012), who noted that surfaces without effective disinfection harbor elevated levels of coliforms and other enteric bacteria. This is concerning in a teaching laboratory setting, as it suggests the possibility of cross-contamination between laboratory activities and human handling. The Total Staphylococcal Count (TSC) ranged from 1.5 × 10³ to 3.2 × 10³ CFU/ml, confirming the persistence of skin-associated bacteria such as Staphylococcus aureus and Staphylococcus epidermidis. These organisms are commonly introduced through human contact, as reported by (Douglas & Wemedo, 2017), who emphasized the role of students and laboratory staff in recontaminating surfaces after sterilization. The high staphylococcal loads recorded here are consistent with reports by (Tamburini et al., 2015), who demonstrated that frequently handled items such as workbenches and refrigerators are heavily colonized by staphylococci.
The Total Fungal Count (TFC) ranged from 2.0 × 10³ to 3.7 × 10³ CFU/ml, with the incubator recording the highest fungal loads. The warm and humid conditions within incubators provide an ideal environment for fungal spore germination and proliferation. This agrees with the observations of (Otter & French, 2013) and (Okorondu et al., 2021), who found that incubators and refrigerators often harbor filamentous fungi such as Aspergillus and Penicillium. In this study, fungal isolates included Aspergillus niger, Aspergillus flavus, Penicillium sp., Rhizopus sp., Mucor sp., Fusarium sp., and Candida sp, species also reported by (Beggs, 2003) and (Amadi & Akani, 2019) as common laboratory contaminants.
In terms of equipment, the refrigerator had the highest overall microbial loads, likely due to condensation, spillages, and frequent handling. The incubator, while lower in bacterial counts, had higher fungal contamination, consistent with its environmental conditions. In contrast, the autoclave and hot air oven recorded the lowest counts, though the recovery of Bacillus sp. Indicates the persistence of spore-forming organisms resistant to heat sterilization. This finding supports the work of (Prescott et al., 2005), who highlighted that bacterial spores often survive sterilization or recolonize equipment post-treatment.
The antibiotic susceptibility patterns further emphasize the public health implications of these findings. Isolates such as Salmonella sp.and Staphylococcus aureus were sensitive to fluoroquinolones, while Klebsiella pneumoniae and Proteus mirabilis showed resistance to commonly used antibiotics such as amoxicillin and chloramphenicol. These patterns are in line with reports by (Dancer, 2014) and (Amadi et al., 2021), who documented multidrug resistance among laboratory contaminants, raising concerns about laboratory environments serving as reservoirs for resistant organisms.
Similarly, the antifungal susceptibility profiles revealed that Candida sp. And Aspergillus niger were sensitive to Nystatin, Fluconazole, and Ketoconazole, while Fusarium sp. Showed resistance, consistent with its known tolerance to antifungal drugs (Richardson & Rautemaa-Richardson, 2019). This persistence highlights the need for preventive measures such as thorough surface disinfection and environmental control, as fungi may not be completely eliminated by chemical agents alone.
Overall, the quantitative results of this study confirm that biology laboratory equipment harbors significant microbial loads, including opportunistic pathogens and resistant strains. The counts recorded here are comparable to those in previous studies both locally and internationally, highlighting the need for improved hygiene practices, regular monitoring, and stricter biosafety protocols in teaching laboratories.
Conclusion
This study highlights the microbial contamination of commonly used biology laboratory equipment. The incubator and refrigerator recorded the highest microbial loads, while the autoclave and hot air oven showed the lowest, though spore-forming organisms persisted. Both bacterial and fungal contaminants were isolated, including opportunistic pathogens with implications for laboratory safety and experimental accuracy.
The findings emphasize that laboratory equipment, even those designed for sterilization, are not inherently sterile and require routine monitoring. The study therefore provides critical baseline data for improving hygiene practices in teaching and research laboratories.
Recommendations
Based on the findings, we recommend that routine disinfection of laboratory equipment be carried out from time to time.  Autoclaves and hot air ovens should undergo regular servicing and validation of sterilization cycles. The use of biological indicators such as Bacillus spore strips is recommended to confirm sterilization efficacy. Internal Cleaning Protocols should be established for internal surfaces of refrigerators and incubators and lamina flows be cleaned at regular intervals.  Spills and condensation in refrigerators should be immediately cleaned to minimize microbial buildup. Training and hygiene enforcement of laboratory staff and students be implemented as part of biosafety practices, including hand hygiene, aseptic techniques, and appropriate use of equipment to reduce contamination risks, and institutions should provide adequate resources for cleaning supplies and establish monitoring programs to ensure compliance with laboratory hygiene protocols.
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