


Isolation and Identification of Common Nosocomial Micro-organisms in Diagnostic Laboratories in Abia State, Umuahia

ABSTRACT
Diagnostic laboratories play a crucial role in the healthcare system, as they provide important diagnostic services to patients and healthcare providers. However, these facilities can also be a source of nosocomial infections if proper infection control measures are not implemented. The purpose of this study is to identify and isolate the most prevalent laboratory-acquired pathogens in five selected diagnostic laboratories and health-associated facilities. A simple random sampling technique was employed in the study. Five different medical laboratories within Abia state were used, including the Veterinary Microbiology Laboratory, University Health Centre, Federal Medical Centre, Umuahia, Amara-Jane Hospital Laboratory and V-max Laboratory, Aba. A total of two hundred samples were collected for the study, with each health facility contributing fifty samples. The samples were inoculated onto different media, namely mannitol salt agar, Salmonella-Shigella agar, Eosin methylene blue agar, and MacConkey agar and incubated at 37 °C for 24 hours. The isolates were then subjected to different biochemical tests such as Gram stain reaction, coagulase, Simmon’s citrate, urease, methyl red, Voges-Proskauer and indole tests. Bacterial growth occurred in 143 isolates (71.5%). The microorganisms most frequently isolated were Escherichia spp, Salmonella spp, Klebsiella spp and Staphylococcus spp, with Escherichia spp being the most frequent and significant at 83 isolates (58.7%), while the least frequent was Proteus spp at 8 isolates (5.5%). The Gram-negative bacilli isolated were high 103(72%), while the Gram-positive cocci were low 40(28%). The most frequently isolated organism across the five laboratories was Escherichia spp (74%) from the V-max laboratory, while the least isolated organism was Proteus spp (0%) across three laboratories, namely Veterinary Microbiology Laboratory, Amara Jane laboratory and V-max laboratory. The outcome of the study shows that P> 0.821, hence no statistically significant difference in contamination between laboratories (P-value set at 0.05). A high level of hygiene and adequate aseptic conditions should be observed to reduce the frequency of isolation of microorganisms, especially Escherichia coli.
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INTRODUCTION
The issue of laboratory-acquired bacterial infections has long been a concern in the healthcare setting. These infections are caused by microorganisms that are transmitted within a healthcare facility, such as hospitals, clinics, and diagnostic laboratories. Laboratory-acquired infection has been estimated to cause about 1.4 million deaths annually (1) (CDC, 2021).
Diagnostic laboratories play a crucial role in the healthcare system, as they provide important diagnostic services to patients and healthcare providers.  However, these facilities can also be a source of nosocomial infections if proper infection control measures are not implemented. (2) (World Health Organisation, 2019). These healthcare-related infections acquired during the process of receiving health care services in a clinical environment during admission are described as Nosocomial infections (3) (Anna Sikora and Farah Zehra 2023). 
Laboratory-acquired pathogen infection has steadily been on the increase. This infection occurs due to invasive surgical procedures or careless management of diagnostic laboratories in to compromised host. The prevalence of laboratory-associated pathogen infection affects 3.2% and 6.5% of hospitalised patients in the United States and the European Union, respectively (4,5) (Magilli et al., 2018; Allegranzi et al., 2011). In a reviewed study on laboratory-acquired pathogen infections carried out between 2020 and 2021, it was identified that Salmonella serotypes and Yersinia species accounted for 6.8% and 12.5% of the samples studied. (6) (Blacksell et al. 2024).
Some bacteria, though a normal natural flora, serve as opportunistic bacterial infections. Common Gram-positive organisms that are coagulase-negative include Staphylococcus species and Enterococcus species (7) (Magilli et al., 2014). Common Gram-negative organisms include species of the Enterobacteriaceae Family, and these are: Escherichia species, Klebsiella species, Enterobacter species, Klebsiella species and Salmonella species. (8,9) (Vincent et al., 2009; Jernigan et al., 2020). There are indications based on artificial intelligence, prediction of more bacterial pathogens' emergence and evolution in laboratory-associated pathogen infection (10) (Danchin, 2024).
Bacteria account for the largest percentage of infection (43%) in diagnostic laboratories with over 37 different species, and salmonellosis is one of the most frequently reported in published journals (11) (Lim et al 2004). Pathogenic microorganisms often originate from surgical equipment and other medical materials that were not properly sterilised after use, facilitating their transmission through such facilities (12,13) (Sothworth, 2014; Rutala and Weber, 2023).  Some micro-organisms (viral agents) are transmitted through blood and bodily fluids, and they are associated with most laboratory-acquired pathogen infections (14) (Weinstein and Singh, 2009). Some bacterial pathogens are transmitted through consumption of contaminated food and water, which include Salmonella, Shigella, Escherichia coli, Yersinia and vibro are associated with laboratory-acquired pathogenic infections (15) (Charles P. Garba, Ian I Pepper, Raina  Mailer, 2012).
The purpose of this study is to identify and isolate the most prevalent laboratory-acquired pathogens in five selected diagnostic laboratories and health-associated facilities. The results of this study will provide valuable information about the types and prevalence of laboratory-associated acquired pathogen infection in the locality.
In addition, the study will contribute to the broader field of infection control research, providing new insights into the prevalence and transmission of nosocomial infections in diagnostic laboratories. This information will be useful for policymakers and healthcare professionals as they work to reduce the burden of laboratory-acquired pathogens.
 MATERIAL AND METHOD
 Study area:
This study was conducted in the Microbiology Laboratory, College of Veterinary Medicine, Michael Okpara University of Agriculture, Umudike, Abia State. A minimum of forty (40) swabs were collected from different areas and parts of each of the five different diagnostic laboratories. The laboratories were: Federal Medical Centre (FMC) Umuahia laboratory, Veterinary Microbiology Laboratory in the College of Veterinary Medicine, Michael Okpara University of Agriculture, Umudike (MOUAU), MOUAU Health Centre Laboratory and Amara Jane Hospital Laboratory and V-Max laboratory Aba. Cotton-tipped swabs (swab-sticks) moistened with sterile peptone water were used to swab different places in the diagnostic laboratory, including the bench, door handles, tables, and laboratory equipment like the incubator, microscopes, centrifuges, etc. 
Isolation: The swabs were directly inoculated on prepared and labelled plates of Mannitol salt agar, Eosine methylene blue agar, Salmonella-Shigella agar and MacConkey’s agar near a burning flame. The inoculated media were incubated aerobically at 35-37°C for 24 hours and then examined for bacterial growth.
Identification: The colonies obtained were purified by sub-culturing in nutrient agar. The inoculated media were incubated aerobically at 37°C for 24 hours and then examined. 
Gram stain: Gram stain was carried out as modified by (16) Senthilkumar et al. (2021). A smear was done from the overnight isolate. Using a sterile loop, take a small portion from the bacterial colony to a drop of normal saline on a clean, dry slide, then mix and spread in a circular manner. The slide was then left to air dry, and fixation was done by gentle heat. Crystal violet was added to the smear for 1 minute, and then washed with tap water. Logul’s iodine was added for 1 minute and then washed with tap water, followed by acetone alcohol for 30 seconds, which was washed with tap water. Finally, the smear was covered by saffranin for 1 minute and washed with tap water; the smear was left to dry in the air. A drop of oil was added, and the slides were examined under a light microscope.
Biochemical tests: A Group of tests was conducted to identify bacteria, which include the following tests: 
Indole test: The modified method described by MacWilliams (17) (2009) was employed for this test. The test involves the use of a sterile wire loop to pick the organism under test and then inoculate it into peptone water. The tubes were incubated overnight at 37°C. A drop of Kovac’s reagent was added after the incubation period.
 Simmon’s citrate utilisation test: The method, as modified by Harley (18) (2005), was adopted in this test. This was done by using a sterile straight loop, and the organism under test was inoculated into Simmon’s citrate. The tubes were incubated overnight at 37°C.
 Urease test: The modified method of Harley (18) (2010) was employed in conducting his test. And it involves using a sterile straight loop to pick the organism under test and then inoculating it in urea agar. The tubes were incubated overnight at 37°C.
 Oxidase test: Oxidase test was carried out using the modified method described by Chavan et al (19) (2022) using a sterile wire loop small portion of the colony of the tested organism was placed in the oxidase disk, presence of purple colour was indicative of oxidase positive, and no change in colour indicated oxidase negative.
Catalase test: The modified method by Reiner (2010) was employed for this test. The test was conducted by using wire gauze to pick several colonies of the tested organism and immersing them in a tube with 2-3 ml of 3% H2O2; the presence of air bubbles was suggestive of catalase positive, and the absence of air bubbles was indicative of catalase negative.
Mannitol salt agar (MSA): The method used by MacFaddin (2000) was employed. This test was conducted by using a sterile wire loop under aseptic conditions. The organism under this test was inoculated on mannitol salt agar plates by the streaking method. The plates were incubated at 37°C overnight. The positive result was indicated by a change in medium colour to yellow, and the negative result was indicated by no change in medium colour.
Coagulase test: The modified method of MacFaddin (21) (2000) was used. In this test, a drop of water was placed on each end of the slide; a colony of the test organism was emulsified in each of the drops to make a thick suspension. A loopful of plasma was added to one of the suspensions and mixed gently. The clumping of the organism was checked within 10 seconds.  No plasma was added to the second suspension, and this was used to differentiate the granular appearance of the organism from the true clumping.
 Sugar fermentation: This test was carried out to determine the ability of the isolates to metabolise sugar with the production of acid/gas. The sugars, lactose, glucose, maltose and mannitol were prepared and used for the test. In this test, 0.2g of each sugar was dissolved in 20ml of sterile peptone water solution. A pinch of bromocresol purple was added as an indicator, and 5ml aliquots were dispensed into bijou bottles containing Durham tubes and autoclaved. It was allowed to cool and then inoculated with the test organism using a sterile water wire loop, and then incubated at 30°C for 48 hours. A change in colour from purple to yellow indicates a positive result, while gas production was shown by the downward displacement of liquids in Durham tubes.
Methyl red test: The modified method as described by Tille and Forbes (2014) was used. The medium for this test is glucose phosphate medium. It was prepared by mixing 5g of peptone and 5g of dihydrogen phosphate in one litre of distilled water. The mixture was steamed until the solids dissolved. The mixture was then filtered and adjusted to a pH of 7.5. 5g of glucose was then added and mixed well. It was then distributed in 5ml volumes into test tubes and sterilised at 115°C for 10 minutes. During sterilisation, the test tubes were placed on a solid-bottom container to protect them from contact with steam, and this may make the medium become straw yellow in colour. After sterilisation, the medium was allowed to cool, and the test organism was inoculated into the broth and incubated for 5 days at 37°C. After incubation, 5ml of the indicator methyl red was added to the 5ml culture. Formation of red colour indicates a positive result, while a yellow colour indicates a negative result.
Voges-Proskauer (VP) test: The Methyl red test and Voges-Proskauer test employed the same method to conduct the test. This test is used to detect acetone in a bacterial broth culture. The test was performed by adding alpha-naphtol and potassium hydroxide to the Voges-Proskauer broth, which is a glucose-phosphate broth that has been inoculated with bacteria. A cherry red colour indicates a positive result, while a yellow-brown colour indicates a negative result. For the procedure, the alpha-naphtol is first added to the prepared broth, then the potassium hydroxide is added. A reversal in the order of the reagents being added may result in a weak-positive or false-negative result.
Statistical Analysis: The Data obtained were presented in tables. Their prevalences were calculated using the formula;
Prevalence (%) = (Number of samples infected with bacteria/Total number of samples inoculated) × 100
An ANOVA test was also conducted to determine the statistical significance between the occurrence of isolates and the laboratories screened.
RESULTS and DISCUSSION
A total of five laboratories were sampled, which include Federal Medical Centre (FMC) Umuahia Laboratory, Veterinary Microbiology Laboratory in the College of Veterinary Medicine, Umudike, Michael Okpara University Laboratory Health Centre, Umudike, Amara Jane Hospital Laboratory and V-Max laboratory Aba. From Table 1, the frequency of bacterial growth in the sample collected showed that bacterial growth occurred in 143 samples, representing 71.5% while absence of bacterial growth was recorded in 57 samples, representing 28.5%. One hundred and three (103) samples of the microorganisms were Gram-negative bacilli (72%), while only 40 were positive cocci (28%), as shown in Table 2. Table 3 shows that Escherichia species was the most frequently isolated at 83(58.7%), while the least frequently isolated was Proteus species at 8 (5.5%). The frequency of isolation of Staphylococcus species and Salmonella species was midway at 30(20.5%) and 22 (15.3%), respectively. The biochemical tests conducted for confirmation of the isolated organisms are represented in Table 4. Escherichia species and Salmonella species were easily identified and distinguishable from each other, with Escherichia species being Simmon’s citrate negative, while Salmonella was positive. All other biochemical tests showed the same reactions for both organisms. Sugar fermentation tests carried out showed that E. coli was positive for lactose, sucrose, maltose and mannitol, with the production of acid and gas. However, Staphylococcus species was positive for mannitol and maltose, but negative for lactose and sucrose. Salmonella species and Proteus species displayed negative reactions to all sugars Table 5. A typical microorganism has a unique shape and form. In Table 6, Escherichia species was seen to be a straight, rod-shaped (bacillus) bacterium arranged singly or in pairs, while Salmonella species are Gram-negative, rod-shaped and motile with peritrichous flagella.  The cell morphology shown by Staphylococcus species and Proteus species aligned with the standard features. V-Max laboratory recorded the highest frequency of Escherichia species (74%), followed by Amara Jane hospital laboratory (70%), while the least was Federal medical centre (57%), as shown in Table 7. Federal Medical Centre had the highest frequency of isolates for Staphylococcus species (27%), followed by the veterinary microbiology laboratory (26%), and the least was V-Max laboratory (18%). Except Federal Medical Centre and the MOUAU clinic laboratory, which recorded isolation frequencies of 3% and 6% for Proteus species, all other laboratories recorded 0% frequency of isolation. Table 8 shows the result of the analysis of variance (ANOVA) test that was conducted. 


Table 1: Frequency Of Bacterial Growth in Samples Collected
    Organism			       Number			          Percentage
	Bacterial growth
	143
	71.5% 

	No bacterial growth
	  57
	28.5%

	Total
	200
	100%

















Table 2: Frequency of Gram-positive and Gram-negative bacteria isolated
	Staining
	Number
	Percentage

	Gram positive
	  40
	28%

	Gram negative
	103
	72%

	Total
	143
	100%
















Table 3: Frequency of isolation of nosocomial bacteria across clinical Laboratories
	Bacteria
	Number of isolates
	Percentage

	Escherichia spp
	83
	58.7%

	Staphylococcus spp
	30
	20.5%

	Salmonella spp
	22
	15.3%

	Proteus spp
	 8
	  5.5%

	Total
	143
	100












Table 4: Results of Biochemical Test Of The Bacterial Isolates
	Bacterial isolated
	Catalase test
	Coagulase test
	Indole test
	Methyl red test
	Voges-Proskauer test
	Citrate test
	Gram test
	Oxidase test

	Staphy. spp
	+
	+
	-
	+
	+
	+
	+
	+

	E. coli
	+
	-
	+
	+
	-
	-
	-
	-

	Salm.  Spp
	+
	-
	+
	+
	-
	+
	-
	

	Proteus spp
	+
	-
	-
	+
	-
	+
	-
	-


Key: (+) = Positive test result, (-) = Negative test result, Staphy. spp= Staphylococcus species, E. coli =Escherichia coli, Salm. spp= Salmonella species











Table 5 Sugar Fermentation Test Results
	Bacterial isolated
	Lactose 
	Sucrose
	Maltose
	Manittol

	Staphy. Spp
	-
	-
	+
	+

	Escherichia spp
	+
	+
	-
	-

	Salmonella spp
	-
	-
	-
	-

	Proteus spp
	-
	-
	-
	-


Key: (+) = Positive test result, (-) = Negative test result and Staphy. spp=Staphylococcus species









Table 6 Clinical isolates and their species identification.
	Clinical isolates
	Cell morphology

	Staphylococcus spp
	Single, pairs, and in grape-like cluster form

	Escherichia spp
	A straight, rod-shaped (bacillus) bacterium arranged singly or in pairs.

	Salmonella spp
	Gram-negative rod-shaped bacteria and motile with peritrichous flagella.

	Proteus spp
	Rod-shaped, motile (can move due to its flagella) and has a characteristic “swarming” ability.



Pictorial properties of all obtained clinical isolates were studied using the standard commercial kits. A study of morpho-cultural and physio-biochemical characteristics of the isolates was carried out subsequently. Morphological characteristics of colonies, including the characteristic pigmentation of the bacterial growth, ability to grow on diagnostic liquid and solid media, were recorded for different isolates. 





Table 7: Frequency of Isolates in the Screened Laboratories
	Laboratory/organisms
	Staphylococcus spp
	Escherichia coli
	Salmonella spp
	Proteus spp

	Federal Medical Centre
	27%
	57%
	13%
	3%

	Veterinary microbiology laboratory
	26%
	63%
	11%
	0%

	MOUAU clinic laboratory
	23%
	59%
	12%
	6%

	Amara Jane Hospital Laboratory
	20%
	70%
	10%
	0%

	V –Max laboratory 
	18%
	74%
	8%
	0%













[bookmark: _GoBack]Table 8: Comparison between the different diagnostic laboratories
	
	Sum of Squares
	Df
	Mean Square
	F
	Sig.

	Between Groups
	41.188
	3
	13.729
	.306
	.821

	Within Groups
	538.750
	12
	44.896
	
	

	Total
	579.938
	15
	
	
	



From the results of one-way ANOVA on the post-test, a P-value of 0.821 was observed, and this indicates that the observed data is not statistically significant at the chosen significance level (P-value was set at 0.05). In other words, there is a high probability that the observed results occurred due to random chance rather than a real effect, and thus, it does not provide enough evidence to reject the null hypothesis.

Key: 
FMC     = Federal Medical Centre, Umuahia.

VMLM    = Veterinary Medical Laboratory, MOUAU.
MCL    = MOUAU Clinic Laboratory
AJHL  = Amara Jane Hospital Laboratory.
VML    = V-Max Laboratory, Aba
Staph. Spp = Staphylococcus spp, Esche. Spp = Escherichia spp, Sal. Spp = Salmonella spp, Prot. Spp = Proteus spp.
Laboratory-acquired infections are dangerous to the health of patients who are admitted to health facilities. The study considered nosocomial bacterial organisms that are frequently isolated from the different diagnostic laboratories in the clinical environment. A high number of bacterial growth made up of 103 (72%) Gram-negative bacilli and 40 (28%) Gram-positive cocci were observed, suggesting that bacterial organisms were prevalent within the diagnostic environment. The reason may be due to poor safety management and lack of observation of the septic of diagnostic equipment, and a similar observation was made by Ficociello et al. (23) (2023) in their study on a new approach to biosafety. From table 2, the frequency of gram negative bacterial organisms isolated showed that there were more than Gram positive organisms and this agrees with the findings of Wurtz et al. (24) (2016) and Center for Disease Control (25) (2012), which states that Gram negative organisms were more implicated in laboratory acquired infection in a study carried out in the United State of America. From table 3, bacteria implicated in the study was;  Salmonella specie, Staphylococcus specie and Proteus specie and this is in agreement with Baron and Miller (26) (2008) who found that out of 80 laboratories samples were collected and processed, 33% of them reported one laboratory acquired infection and the bacterial isolated were shigella, salmonella, staphylococcus and escherichia organisms. The most frequently isolated bacteria across the laboratories were Escherichia species (58.7%), as shown in Table 3, this is contrary to the findings of Byers (27) (2012), who in his study conducted in the United Kingdom observed that most frequently isolated laboratory acquired infection among the bacterial pathogens was salmonella which accounted for 49.8% of the bacterial isolated. The result obtained was also in disagreement with the finding of Mohammad et al. (28) (2013). Mohammad and his fellow researchers at the University of Sudan posited that the highest frequently isolated bacterial organism was Pseudomonas species (63.6%), followed by Micrococcus species (31.8%), Bacillus species (9%), while Staphylococcus species was the least frequently isolated (4.5%). However, the finding is in agreement with Spina et al. (29) (2005), Salerno et al. (30) (2004) and Coia, (31) (1998), who in their separate studies reported that Escherichia species was the most reoccurring laboratory-acquired infection in the hospital environment. Staphylococcus species was the second most frequently isolated bacterial organism among the laboratories, and this agrees with Duman et al. (32) (2016) and Gosbell et al.(33) (2003), who reported a high prevalence of Staphylococcus species causing laboratory-acquired infection.
From Table 4, the biochemical test of the bacteria isolates was confirmed, and the outcome is in line with the report of Blacksell et al.(6) (2024). Blacksell and his co-workers reported that laboratory-acquired infections were confirmed using biochemical identification. The shape of identified bacterial species of clinical isolates, Staphylococcus species, Escherichia species, Salmonella species and Proteus species, all align with the International Standard Organisation (34) (2019).
 Five laboratories were screened for the most frequently reoccurring bacterial organisms, and a total of 143 were positive. The majority of the Escherichia species was obtained in the V-Max laboratory (74%), followed by the Amara Jane laboratory (70%). For Staphylococcus and Salmonella species, the Federal Medical Centre recorded (22%) and (13%), respectively. From the study,  the frequency of isolation of laboratory acquired infection with particular reference to Escherichia specie are; academic (MOUAU clinic laboratory) 59%, research (Federal medical center) 57%, hospitals (Amara hospital laboratory) (70%), veterinary laboratory (63%) this finding was in contrast from the report of Bouza et al. (35) (2005), who stated that laboratory acquired infection occurred in research (19.7%), academic (32%), hospital (9.4%) and veterinary laboratory (0.6%). 
The laboratory environment plays a critical role in the transmission of organisms associated with nosocomial infections which can be transferred from person to person, animal to animal, or from inanimate objects (such as door handles, pagers, ballpoint pens, patient laboratory charts, computer keyboards, gate passes, mobile phones and fixed telephones) to hands and vice versa (36) (Nwankwo et al, 2014). Experts believe that fomites play an important role in the acquisition and transmission of pathogens in healthcare (37) (Mitchell et al, 2015). The regular handling and exchange of equipment and other materials by the patients, health care workers, medical laboratory scientists, visitors and other hospital personnel make it vulnerable to contamination by various nosocomial pathogens. 
Laboratory environments are a potential reservoir of bacterial pathogens since they house a large number of infectious agents and samples. The increased frequency of bacterial pathogens in the hospital environment is associated with a background rise in various types of nosocomial infections. Laboratories should be situated in a strictly sterile area, as bacterial contamination of these facilities is highly dangerous to the patients and can cause a huge hazard to persons who work in the laboratories. (2) (Centres for Disease Control and Prevention, 2019).
The results were also in contrast with those obtained by Mohammed et al. (28) (2013) in the Sudan University of Science and Technology, which has Pseudomonas species the highest isolate with 63.6% of the total isolates. Micrococcus specie had 31.8%, Bacillus specie with 9.2% while Staphylococcus specie had the lowest frequency with 4.5%. 
The variations in the results were unknown, but could be due to sample size, used by the previous investigator; furthermore, personal hygiene, the safety, cleaning methods, social level of patients, operating room ventilation, sterilisation methods, and availability of antimicrobial prophylaxis could make the observed difference. 
The highest percentage of contamination was caused by Escherichia species, taking 61% of inoculated plates. The possible sources of contamination are from contaminated biological specimens and samples collected from patients. If proper aseptic techniques are not followed during sample collection, transportation, or storage, E. coli present in the patient's body can be introduced into the laboratory environment.
CONCLUSION
Different species of bacteria were isolated from the laboratory environments. The contamination depends on the materials and devices used for cleaning, disinfection and sterilisation. Escherichia coli, Staphylococcus aureus, Salmonella spp and Proteus spp were found to be the most contaminating bacteria in the screened laboratories, and this can act as a dangerous source of nosocomial infections. This might indicate that the sterilisation methods and safety precautions are not efficient enough, and this might have an adverse effect, which includes:
To mitigate these risks, diagnostic laboratories must prioritise strict adherence to aseptic techniques, proper training of personnel, regular equipment maintenance, robust quality control measures, and the implementation of infection prevention and control protocols.
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