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					Abstract  

					Background: The intensive care unit should maintain a minimal presence of pathogenic organisms that  

					could potentially lead to severe infections, particularly in an environment where numerous procedures and  

					interventions compromise the body's normal mucosal defenses.  

					Aim: To evaluate the prevalence and distribution of common and clinically relevant microorganisms  

					within selected Intensive Care Units (ICUs) in Port Harcourt, Nigeria.  

					Methods: A prospective, non-randomized study covering January 2022 to December 2024. The study  

					sites were the intensive care units of three hospitals in Port Harcourt: namely the University of Port  

					Harcourt Teaching Hospital (UPTH), Sterling Specialist Hospital, and Prime Medical Consultants. Clinical  

					specimens, including blood samples, urine specimens, respiratory secretions, wound swabs, and venous  

					catheter tips, were collected and analyzed. Data were analyzed using SPSS version 25.  

					Results: Of the 238 specimens, 186 (78.8%) yielded positive cultures. Gram-negative bacteria (GNB)  

					constituted 68.29% of isolates, followed by Gram-positive bacteria (23.66%) and fungi (8.06%). The most  

					frequently isolated microorganisms were Klebsiella pneumoniae (23.12%), Escherichia coli (19.36%),  

					Pseudomonas aeruginosa (14.52%), Proteus mirabilis (8.60%), and Enterobacter cloacae (2.69%). Among  

					Gram-positive bacteria, methicillin-resistant Staphylococcus aureus (MRSA) accounted for 15.59% of  

					cases, while Streptococcus species constituted 8.07%. Fungal infections accounted for 8.06% and were  

					represented by Candida albicans (5.91%) and non-albicans Candida species (2.15%). UPTH recorded the  

					highest microbial burden, particularly with multidrug-resistant pathogens, compared to the private  

					hospitals.  

					Conclusion: The study revealed a marked variation in antimicrobial resistance patterns among hospitals,  

					with public hospital demonstrating a notably higher rate of multidrug-resistance in comparison to private  

					hospitals.  
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					INTRODUCTION  

					Studies have shown that ICUs in such settings  

					experience disproportionately higher rates of  

					infections due to inadequate healthcare  

					infrastructure and insufficient personnel  

					training. Nigeria, like many low- and middle-  

					income countries, faces significant difficulties  

					in combating ICU-acquired infections due to  

					the scarcity of national surveillance data and  

					the limitations of existing infection control  

					programs.  

					The intensive care environment presents a  

					viable platform to study the distribution of  

					pathogenic micro-organisms of clinical  

					significance and the imperatives for  

					understanding antibiotic stewardship, infection  

					prevention and control for better patient care.  

					Critically ill patients are prone to be colonized  

					by bacteria, viruses, fungi and parasites either  

					as a part of the disease process or acquired  

					from the plethora of devices, personnel and  

					interventions that are inherent in the intensive  

					care units. The number of intensive care units  

					in developing countries are gradually  

					increasing with increasing interest in the  

					specialty which drives the strategy to develop  

					protocols to improve patient outcome.1  

					Despite the growing concern over ICU-  

					acquired infections, there is a limited amount  

					of research documenting the microbiological  

					profile of ICU pathogens in Port Harcourt.  

					Hospital-specific epidemiological data are  

					crucial for guiding infection control strategies  

					12  

					and improving patient outcomes.  

					Understanding the distribution of bacterial and  

					fungal pathogens in ICUs will provide  

					valuable insights into the effectiveness of  

					current infection control measures and  

					highlight areas requiring urgent intervention.  

					A major complication amongst patients in the  

					ICU is infection related of to the several  

					breaches in normal mucosa with devices and  

					2-4  

					interventions,  

					patient  

					others include inherent  

					risk factors and  

					This  

					study  

					aims  

					to  

					evaluate  

					the  

					related  

					microbiological landscape of ICU-acquired  

					infections in three hospitals in Port Harcourt:  

					namely, University of Port Harcourt Teaching  

					Hospital (UPTH), Sterling Specialist Hospital,  

					and Prime Medical Consultants. Specifically,  

					the study seeks to determine the prevalence  

					and distribution of bacterial and fungal  

					pathogens and compare pathogen burden  

					across different hospital settings.  

					immunosuppression from critical illness, late  

					presentation and inadequate and suboptimal  

					use of antimicrobial therapy which affect  

					duration of hospital stay, cost, and outcome. A  

					wide range of microorganisms have been  

					identified as causative agents of ICU-acquired  

					infections, with Gram-negative bacteria such  

					as Klebsiella pneumoniae, Pseudomonas  

					aeruginosa,  

					Escherichia  

					coli,  

					and  

					Acinetobacter baumannii among the most  

					frequently isolated pathogens. 5,6  

					MATERIALS AND METHODS  

					This was a prospective and non-randomized  

					study which was conducted between January  

					2022 and December 2024 across the Intensive  

					Care Units (ICUs) of one public hospital,  

					University of Port Harcourt Teaching and two  

					private hospitals, namely, Sterling Specialist  

					Hospital, and Prime Medical consultants. A  

					stratified random sampling method was  

					employed to ensure adequate representation of  

					patients from each hospital. ICU patients who  

					met the inclusion criteria, those who had been  

					on admission for over twenty-four hours and  

					diagnosed with suspected infections requiring  

					microbiological investigation were selected for  

					specimen collection. Excluded were specimens  

					that were inappropriately obtained. The  

					authors were involved in most collections of  

					Gram-positive  

					organisms,  

					including  

					Staphylococcus aureus and Enterococcus  

					species, have also been implicated in severe  

					infections, particularly bloodstream infections  

					and  

					ventilator-associated  

					pneumonia.  

					Additionally, fungal pathogens, particularly  

					Candida albicans and non-albicans Candida  

					species, have emerged as clinically significant  

					causes of bloodstream and catheter-associated  

					infections in ICU settings. 8,9  

					The risk of ICU-acquired infections is further  

					heightened in resource-limited settings, where  

					challenges such as limited laboratory capacity  

					for microbial identification, and inconsistent  

					adherence to infection prevention protocols  

					10,11  

					contribute to increased infection rates.  

					13  
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					specimens. Ethical approvals were obtained  

					frequently isolated microorganism (23.12%),  

					followed by Escherichia coli (19.36%),  

					Pseudomonas aeruginosa (14.52%), Proteus  

					mirabilis (8.60%), and Enterobacter cloacae  

					(2.69%) (Table 1). For Gram-positive bacteria,  

					methicillin-resistant Staphylococcus aureus  

					(MRSA) was the most prevalent, accounting  

					for 15.59% of positive cultures, while  

					Streptococcus species constituted 8.07%  

					(Figure 1). Fungal infections represented 8.1%  

					of the positive cultures, with Candida albicans  

					making up 5.91% and non-albicans Candida  

					species 2.15% as shown in Figure 2.  

					from the respective health facilities. Each  

					hospital followed a standardized protocol for  

					sample collection. Blood samples were drawn  

					using aseptic techniques, urine samples were  

					obtained through midstream collection or  

					catheterization, respiratory specimens were  

					collected via endotracheal aspiration or  

					sputum induction, and wound swabs were  

					obtained using sterile cotton swabs. Catheter  

					tips were retrieved aseptically and sent for  

					analysis.  

					Microbiological analysis was performed using  

					standard culture techniques for the isolation  

					and identification of bacterial and fungal  

					pathogens. Specimens were inoculated onto  

					appropriate culture media and incubated under  

					suitable conditions. Conventional biochemical  

					tests and automated identification systems  

					were used for confirmation. Fungal isolates  

					were identified using differential media and  

					microscopy techniques. To ensure accuracy  

					and reliability, each hospital adhered to  

					uniform laboratory procedures, with periodic  

					cross-validation of results. Quality control  

					measures included the use of standard control  

					strains, regular calibration of laboratory  

					equipment, and strict adherence to aseptic  

					protocols.  

					Across the hospitals, University of Port  

					Harcourt exhibited the highest microbial  

					burden, with Klebsiella pneumoniae emerging  

					as the dominant pathogen, followed by  

					Escherichia coli and Pseudomonas aeruginosa  

					as shown in Figure 1. The distribution pattern  

					suggests a high prevalence of opportunistic  

					and multidrug-resistant bacteria, particularly in  

					public hospitals, highlighting the need for  

					enhanced infection control strategies in the  

					health facility as shown in Table 1.  

					Table 1: Distribution of microorganisms in  

					three hospitals in Port Harcourt  

					Microorganism  

					UPTH  

					Sterling Prime  

					Percentage  

					(n=86) (n=57)  

					Medical (%)  

					(n=43)  

					9

					Klebsiella  

					20  

					14  

					23.12%  

					pneumoniae  

					Data were analyzed using SPSS version 25  

					(IBM Corporation, Armonk, New York, USA).  

					Escherichia coli 18  

					11  

					10  

					7

					7

					19.36%  

					14.52%  

					Pseudomonas  

					aeruginosa  

					Proteus  

					10  

					10  

					RESULTS  

					The study analyzed 238 clinical samples from  

					three hospitals in Port Harcourt, with 186  

					(78.8%) yielding positive cultures. The  

					distribution of microorganisms varied across  

					the hospitals, with the University of Port  

					Harcourt Teaching Hospital (UPTH) recording  

					the highest number of isolates (86), followed  

					by Sterling Specialist Hospital (57) and Prime  

					Medical Consultants (43).  

					Among the 186 positive cultures, gram-  

					negative bacteria (GNB) accounted for the  

					highest proportion (68.29%), followed by  

					gram-positive bacteria (23.66%) and fungal  

					isolates (8.06%). Among the gram-negative  

					bacteria, Klebsiella pneumoniae was the most  

					6

					0

					7

					0

					5

					7

					8.60%  

					2.69%  

					15.59%  

					mirabilis  

					Enterobacter  

					cloacae  

					0

					Methicillin-  

					resistant  

					15  

					Staphylococcus  

					aureus (MRSA)  

					Streptococcus  

					species  

					7

					5

					3

					8.07%  

					Candida  

					albicans  

					4

					2

					3

					1

					4

					1

					5.91%  

					2.15%  

					Non-albicans  

					Candida species  
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					Figure 1: Distribution of microorganisms across the hospitals  

					Pseudomonas aeruginosa and Acinetobacter  

					baumannii being recurrently implicated as  

					leading causative agents of nosocomial  

					11,14  

					infections.  

					A multicenter investigation  

					across ICUs in Canada identified Klebsiella  

					pneumoniae as responsible for 25% of  

					bloodstream infections and 30% of ventilator-  

					11  

					associated pneumonia cases.  

					In this study,  

					we isolated more GNB to reaffirm these trends,  

					underscoring the persistence and adaptability  

					of these pathogens in ICU environments.  

					Iregbu and colleague at the National hospital  

					Abuja reported analyzing same ICU specimens  

					of urine, blood, tracheal aspirates and wound  

					over a three-year period with preponderance of  

					GNB, E. coli, pseudomonas aeruginosa species  

					and klebsiella pneumonae.15 The significant  

					prevalence of Pseudomonas aeruginosa in  

					intensive care units is attributable to a  

					Figure 2: Percentage of microorganisms  

					distribution in the ICU  

					DISCUSSION  

					Intensive care units have been described as the  

					epicenter of infections in the hospitals13 either  

					acquired from within the hospital or the  

					community with the risk of morbidity and  

					mortality on the increase despite antimicrobial  

					interventions. It is imperative to understand  

					microbial mapping in the intensive care  

					environment and integrate this to defining  

					diagnostic algorithms and antimicrobial  

					stewardship to improve outcome. The question  

					of which organism is commoner in ICU  

					specimens has been answered with the  

					superiority of GNB especially Klebsiella  

					pneumoniae, Escherichia coli species,  

					combination  

					of  

					microbial  

					resilience,  

					environmental factors, and clinical practices.  

					This opportunistic pathogen is known for its  

					intrinsic and adaptive resistance to a wide  

					range of antibiotics, a trait that complicates  

					treatment and promotes its persistence in  

					hospital environments. It thrives particularly  

					well in moist settings commonly found in  

					ICUs, such as sinks, humidifiers, ventilator  

					tubing, and catheters. These reservoirs,  

					15  
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					coupled with the frequent use of broad-  

					The presence of MRSA in ICU patients is of  

					particular concern due to its resistance to  

					commonly used antibiotics, increasing the risk  

					of treatment failure and complications as  

					shown in Figure 2.6 The findings of this study  

					further highlighted the growing burden of  

					MRSA infections in healthcare facilities,  

					necessitating strict adherence to infection  

					control protocols such as hand hygiene, patient  

					isolation, and decontamination of medical  

					equipment.7  

					spectrum antibiotics, provide a selective  

					pressure that favours the survival and  

					proliferation of multidrug-resistant strains.  

					Critically ill patients are especially vulnerable  

					to P. aeruginosa infections due to  

					compromised immunity, prolonged hospital  

					stays, and the routine use of invasive devices  

					like central lines and mechanical ventilators.  

					These procedures, though often lifesaving,  

					breach natural barriers and facilitate microbial  

					colonisation and subsequent infection.1,6  

					Fungal infections constituted 8.06% of the  

					positive cultures, with Candida albicans  

					accounting for 5.91% and non-albicans  

					Candida species for 2.15%. The presence of  

					fungal infections among ICU patients has been  

					To mitigate the impact of P. aeruginosa in  

					ICUs, a multifaceted approach is required.  

					This includes strict adherence to infection  

					prevention and control protocols, rigorous  

					hand hygiene, routine disinfection of medical  

					equipment, and environmental surveillance.  

					Moreover, antibiotic stewardship programmes  

					must be enforced to minimise unnecessary  

					antimicrobial exposure, thereby reducing  

					selective pressure and resistance development.  

					Early identification of colonised patients and  

					the implementation of contact precautions can  

					also limit cross-transmission within the ICU.16  

					well-documented,  

					immunocompromised individuals and those  

					undergoing prolonged hospitalization.5  

					particularly  

					in  

					A

					study in the United States revealed that  

					Candida species accounted for approximately  

					12% of ICU-acquired infections, with an  

					increasing shift towards non-albicans species. 5  

					The findings of the present study support the  

					growing body of evidence suggesting that ICU  

					patients are at an elevated risk of fungal  

					infections, particularly due to prolonged  

					hospital stays, invasive medical interventions,  

					and complex underlying health conditions.10, 18  

					A notable variation was observed in the  

					prevalence of ICU-acquired infections across  

					Enhanced  

					diagnostic  

					capabilities  

					and  

					continuous staff education are essential  

					components in reducing the burden of P.  

					aeruginosa and improving patient outcomes in  

					16  

					critical care settings.  

					Gram-negative  

					The non-fermenting  

					bacillus  

					Acinetobacter  

					the three  

					pneumoniae as the dominant pathogen,  

					followed by Escherichia coli and  

					hospitals, with Klebsiella  

					baumannii, an emerging global threat in  

					hospital-associated infections,¹⁷ though  

					frequently isolated in some settings, was not  

					identified in our analysis. This absence may be  

					attributed to the unavailability of standardised  

					culture media or appropriate biochemical  

					reagents within the studied facilities. The  

					isolation of Enterobacter cloacae, a member  

					of the Enterobacteriaceae family, at one of the  

					private hospitals underscores a broader and  

					more advanced diagnostic approach employed  

					in that facility, highlighting the role of  

					enhanced microbiological techniques and  

					personnel expertise in the identification of  

					pathogens.  

					Pseudomonas aeruginosa as shown in Figure 1.  

					The higher prevalence of infections in the  

					public health facility compared to the private  

					hospitals may be attributed to factors such as  

					higher patient turnover, limited healthcare  

					resources, and differences in infection control  

					policies.16,19,20 Research conducted across  

					multiple ICUs in the United States similarly  

					reported higher infection rates in government-  

					funded hospitals, attributing these trends to  

					overcrowding and staffing limitations.10 In  

					contrast, private hospitals frequently benefit  

					from lower patient-to-staff ratios and stricter  

					infection control regulations, which may  

					Gram-positive bacteria accounted for 23.7% of  

					positive cultures, with methicillin-resistant  

					Staphylococcus aureus (MRSA) being the  

					most frequently isolated pathogen (15.59%),  

					followed by Streptococcus species (8.07%).  

					contribute to reduced pathogen transmission.  

					21-24  

					The findings of this study underscore the  

					urgent need for strengthened infection  
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					prevention strategies in ICU settings, where  

					al. Surveillance of antibiotic resistance in  

					ICUs in southeastern Sweden. Acta  

					Anaesthesiol Scand 1999; 43(8): 815–820.  

					microbial infections pose a significant threat to  

					patient outcomes. Enhancing infection control  

					protocols, implementing rigorous hygiene  

					measures, and reinforcing surveillance efforts  

					are imperative to mitigating the impact of  

					microbial infections in critical care  

					environments. Addressing these challenges is  

					essential to improving patient safety and  

					optimizing healthcare delivery within ICU  

					settings.  
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					CONCLUSION  
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					The microbial mapping conducted in selected  

					intensive care units (ICUs) in Port Harcourt  

					has underscored the predominance of Gram-  

					negative organisms, particularly members of  

					the Enterobacteriaceae family and non-  

					fermenting bacilli, as principal causative  

					5. Trilla A. Epidemiology of nosocomial  

					infections in adult intensive care units.  

					Intensive Care Med 1994;20 Suppl 3: S1–  

					S4.  

					agents  

					of  

					ICU-acquired  

					infections.  

					Additionally, a concerningly high prevalence  

					of methicillin-resistant Staphylococcus aureus  

					(MRSA) was observed, particularly in the  

					public healthcare facility. These findings  

					highlight a critical need for the implementation  

					and reinforcement of evidence-based infection  

					prevention and control (IPC) measures.  

					Furthermore, they emphasise the urgency of  

					adhering to robust antibiotic stewardship  

					protocols to curb the spread of multidrug-  
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					resistant  

					organisms.  

					Strengthening  

					microbiological surveillance, promoting hand  

					hygiene, and enhancing diagnostic stewardship  

					are vital steps towards guiding clinical  

					decision-making and ultimately improving  

					patient outcomes in ICU settings.  
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