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ISOLATION AND CHARACTERIZATION OF BACTERIA ISOLATED FROM BED LINENS OF TERTIARY STUDENTS IN HOSTEL 

 
ABSTRACT
Bed sheets and pillowcases are not often regarded as a source of pathogenic microorganisms with severe health implications. The purpose of this study was to isolate and identify bacteria from the hostel of tertiary students' bed sheets and pillowcases. A total number of 160 bed sheets and pillowcases from male and female students, 40 and 120, respectively, were swabbed aseptically using a sterile swab stick moistened with peptone water and immediately transported to the laboratory. A serial dilution was made to enumerate and isolate the organisms present. Gram staining and a series of biochemical tests were used to identify the isolates. Antimicrobial sensitivity was done using a disc diffusion test. SPSS version 27 was used to analyze the gathered data.   Of the 160 samples collected, the bed sheet and pillowcase yielded 230 bacteria in total. The highest bacteria isolated was Bacillus spp (26.19%), followed by Pseudomonas aeruginosa (15.48%), and the least Enterobacter spp 2.38%. Both pillowcases and bed sheets contain poly-microbial contamination, but there is more in the bed sheet (72.62%), and it is statistically significant. The mean microbial count ranges from 3.6 x 10^5 to 7.23x 10^8 CFU/ML. Most of the isolates demonstrated very high multiple-drug resistance. The findings showed that contaminated bed sheets and pillowcases are a probable route of microbial transmission and a health risk to users. 
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INTRODUCTION
Bed sheets and pillowcases are essential part of every bed; they offer the comfort and warmth to sleep. But there is more for them than a comfortable place to set your night's head. Bed linens may have some important health advantages for the individual's wellness.. Bed linens encompass a variety of textile products, including bed sheets, pillowcases, blankets, comforters, and duvet covers, designed to be used to dress a mattress and make the individual using the bed comfortable. [1] These items serve multiple functions within the sleep environment, providing warmth, protection and aesthetic appeal. According to [2], bed sheets have come a long way in recent years, and there are currently more options than ever before..  By examining the many kinds of sheets available on the market, along with their benefits and drawbacks, people may choose the best option for their requirements, whether they are looking for something light and airy or something similar pleasant and comforting.
An individual spends a third of their life in bed, and this implies that clean bed sheets should be one of our must-do chores for healthy living [3], Think of the drool, sweat, dandruff, and other “stuff” we leave between the bed sheets; ideally, you ought to launder them weekly, or as often as possible least every other week.  A hostel is a type of student lodging that is a necessary component of educational institutions in all cultures and climates. [4]  One of the major challenges in managing tertiary education in Nigeria is the inability of government to adequately provide and maintain accommodation for a teeming population of students who successfully gain admission into various programs. Consequently, rooms designed for four (4) persons now end up housing ten (10). The importance of clean and safe bed sheets cannot be overemphasized, due to the stress encountered during school hours, university students tend to jump on their bed sheets to relax. In the process, microorganisms encountered from different contacts are being transferred to their bed linens [5]. The poor sanitary condition of the existing few hostel facilities has thus become a vehicle for the transmission of pathogenic microorganisms.[6]. According to [7], students at educational institutions with subpar and insufficient sanitary procedures are at risk for poor hygiene and microbiological diseases.  As a result, student residence halls are referred to as "underrated reservoirs" for pathogen transmission.  Methicillin-resistant Staphylococcus aureus (MRSA), Pseudomonas aeruginosa, and Vancomycin-resistant Enterococci (VRE) have been isolated on bed sheets and are thought to be one of the potential environmental routes. [8] Potential biological pollutants found in bed sheets and pillowcases can have an adverse effect on human health, particularly in those with weakened immune systems, because of its intimate relationship with the human body, it plays a role in the spread and transmission of illnesses. [9]. It has been demonstrated that clothing materials serve as reservoirs for microorganisms, which can live on them for anything from a few seconds to several hours or days. [5] [10] Several studies have highlighted the diversity of bacterial species present on bed sheets and pillowcases. Common pathogens include Escherichia coli, often introduced through faecal contamination and Klebsiella pneumoniae, associated with respiratory and urinary infections. [11] Other microorganisms include Staphylococcus aureus, Bacillus species, Micrococcus species, Corynebacterium, mold, Streptococuus viridians, Klebsiella pnuemoniae, Pseudomonas aeruginosa, . Multiple antibiotics resistance bacteria has also been isolated from bed sheets and pillowcases used in the university hostels, 
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Study area
 This study took place at the University of Nigeria, Enugu Campus, Enugu State (UNEC). It is located in the new layout Maryland Estate on the west, Kenyatta market on the south and to the North is WTC Estate and Institute of Management and Technology Polytechnic (IMT) formerly known as Enugu State University of Science and Technology.
Study population
This study was carried out among both male and female undergraduate students who live in hostels in UNEC.
Inclusion criteria include sstudents currently reside in hostels, students who have used the same bed sheets and pillowcases for at least 7 days without washing voluntary participation of students with informed consent. Exclusion criteria is the opposite
Sample collection 
Bed sheets and pillow cases from randomly selected students in the hostel were swabbed aseptically using a sterile swab stick moistened with peptone water. Each student's bed sheet and pillowcase was swabbed at the surface of an area measuring 5cm by 5cmin a zigzag manner described by Onwukwe et al., 2024[1]. It was transported to the laboratory and analyzed immediately. 
Isolation and characterization of bacteria
Spread plate method was used for culturing and isolation of the organisims. serial dilution was done. The swab stick was inserted into peptone water to dislodge the bacteria into it. A serial 10 fold doubling dilution of each sample was done 10-1 to 10-7 and cultured unto Manitol salt agar, Mackonkey agar, nutrient agar and blood agar. The plates were incubated at 24oC at 37oC. Plates with countable colonies 30 -300 were selected, counted and recorded in cfu/mL as the bacterial load. Gram reaction and biochemical test was done to further identify the isolates
Antimicrobial susceptibility test
The Mullen-Hinton agar (MHA) was prepared as per the manufacturer’s instructions. The media was then allowed to cool down to 50°C and poured into agar plates to gel after autoclaving. The  bacteria suspension was standardized  and adjusted to match a 0.5 Macfarland turbidity standard, and the bacterial suspension was then equally distributed throughout the Muller-Hinton agar plate surface using a sterile glass rod. The plates were incubated for 24hours at 37oC. After incubation
[bookmark: _Toc196138163][bookmark: _Toc192696925][bookmark: _Toc192697237] Antibiotics used include for Gram positive antibiotics used are Erythromycin, Ceftriaxone, Ampicilin, Levofloxacin, Cephalexin, Gentamicin, Ofloxacin, ciprofloxacin Clindamycin and cloxacillin while for gram negatives are Nitrofurantion ,Chloranphenicol, Ofloxacin, Pafloxacin, Cetriaxone, Amoxicillin, Streptomycin Gentamicin Ciprofloxacin. After overnight incubation at 37 OC the plate were read, the inhibition zone diameter was categorize into sensitivities, intermediate and resistance as described by CLSI 2023 guidelines[12].
Statistical analysis 
 Statistical package SPSS version 27 was used in the analysis of the data collected. Descriptive analysis was used to describe the hygienic handling practices of the student and mean and standard deviation was used to describe the bacteria load incfu/mL.
RESULTS 
Table .1 shows the Bed sheets and Pillowcase Handling Practices among Students in Unec   Hostels. 
A total number of 160 students 40 males and 120 females participated in the study. The laundry time among students in the hostel shows that 30% of the students wash their bed sheets and pillowcases after every month, followed by 23.12% of students who wash theirs after 3 weeks and 8.1% of students wash their bed sheets and pillowcases every week. 
The washing methods of students in the UNEC hostel showed that 48.12% of students use only water and detergents to wash their bed sheets and pillowcases, and 6.86% of students use only detergent and hot water. 

 Table .2 shows overall distribution of microorganisms isolated from both male and female students’ hostels, with the highest numbers of microorganisms isolated being Bacillus cereus, and the lowest numbers of microorganisms isolated being Klebsiella pneumoniae and Enterobacter spp. The total number of microorganisms isolated from both male and female students’ hostels was 230. 

Table 3 below shows the distribution of different isolates on the bed sheets and pillowcases for the female hostels and the male hostels. In the female hostel, Bacillus cereus was the highest in distribution on the bed sheets, followed by Bacillus subtilis, while on the pillow cases, Bacillus subtilis was the highest in distribution. The total microorganisms isolated from the bed sheets and pillow cases of female students in UNEC hostels were 101 and 35, respectively. And the different is statistically significant p = < 0.005 in the bacteria distribution when compared  In the male hostel, Pseudomonas aeruginosa was the highest in distribution on the bed sheets, followed by Proteus vulgaris, while on pillow cases, Bacillus subtilis and Staphylococcus aureus were the highest in distribution. The total microorganisms isolated from the bed sheets and pillow cases of male students in UNEC hostels were 50 and 44, respectively. There was no statistically significant different when compared  p = .> 0.005

Table 4: Mean distribution of bacteria in cfu/mL of students bed sheet and pillow case according to laundry time 
Bed sheets and pillow cases accumulate bacteria over time, with mean CFU/mL values increasing significantly as the laundry interval extends. From the studies, we discovered that the bed sheets and pillowcases of students who only wash them when they feel they're dirty harbor 7.23×108 and 5.3× 106 respectively. And the different is statistically significant p = < 0.005
Gram-positive bacteria's pattern of antibiotic resistance bacteria isolated from bed sheets and pillow cases in different hostels of students is shown in Fig. 1. The isolates show the highest resistance to Ofloxacin, Levofloxacin, Erythromycin, Clindamycin, Gentamicin, Ampicillin, and Cloxacillin. The isolates were highly susceptible to Ciprofloxacin, Cephalexin and Ceftriaxone. From this study, we discovered that most of these microorganisms are multi-resistant because they were resistant to more than 3 classes of antibiotics. 
Gram-negative bacteria's pattern of antibiotic resistance bacteria isolated from bed sheets and pillow cases in different hostels of students is shown in Fig. 2. All organisms are highly resistant to Amoxicillin. Cetriaxone, Ciprofloxacin, Clarithromycin, Streptomycin, Chloramphenicol, Ofloxacin. The isolates were highly susceptible to Gentamicin, Pefloxacin and Nitrofurantoin. From this study, we discovered that most of these microorganisms are multi-resistant because they were resistant to more than 3 classes of antibiotics.

[bookmark: _Toc196138168]TABLE 1: Bed sheets and Pillowcase Handling Practices among Students in UNEC   Hostels
	VARIABLE
	FREQUENCY
	% DISTRIBUTION

	SEX 
	
	

	Male 
	40
	25.00

	Female
	120
	75.00

	FEMALE HOSTEL 
	
	

	Presidential 
	20
	12.50

	Marierie 
	20
	12.50

	Lady Ibiam
	20
	12.50

	Adelabu 
	20
	12.50

	Ojukwu 
	20
	12.50

	Manuwa 
	20
	12.50

	MALE HOSTEL 
	
	

	Kenneth Dike 
	20
	12.50

	Mbaonu Ojike
	20
	12.50

	LAUNDRY TIME 
	
	

	Every week
	13
	8.10

	Every 2 weeks
	29
	18.12

	Every 3  weeks
	37
	23.12

	Every month
	48
	30.00

	When you feel its dirty
	33
	20.63

	METHOD OF WASHING 
	
	

	Detergent and water only 
	77
	48.12

	Detergent, Antiseptic  and water only
	43
	26.87

	Detergent, Disinfectant  and water only
	29
	18.12

	Detergent, hot water only
	11
	6.86
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	ISOLATES 
	FREQUENCY

	Bacillus  metagaterium
	9

	Bacillus cereus
	63

	Bacillus subtilis
	44

	Pseudomonas aeruginosa
	39

	Proteus vulgaris
	18

	Escherichia coli
	12

	Klebsiella pneumonia
	6

	Staphylococcus aureus
	33

	Enterobacter spp
	6

	TOTAL
	230
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TABLE 3:	OVERALL DISTRIBUTION OF ISOLATES OBTAINED 
	ISOLATES
	FEMALE
	MALE 

	
	Bedsheet
	Pillowcase
	Bedsheet
	Pillowcase

	Bacillus  metagaterium
	6
	0
	2
	3

	Bacillus cereus
	23
	10
	7
	5

	Bacillus subtilis
	21
	17
	4
	9

	Pseudomonas aeruginosa
	18
	0
	12
	5

	Proteus vulgaris
	11
	0
	9
	2

	Escherichia coli
	7
	0
	3
	4

	Klebsiella pneumonia
	4
	0
	2
	3

	Staphylococcus aureus
	6
	8
	7
	9

	Enterobacter spp
	5
	0
	6
	4

	Total 
	101
	35
	50
	44

	X2
	0.321
	1.560

	p-value
	0.001*
	0.431
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	LAUNDRY TIME
	BED SHEET 
	PILLOW

	1 WEEK
	3.9×106
	3.6×105

	2 WEEKS
	4.7.6×107
	3.9×105

	4 WEEKS
	6.8 ×107
	4.4×105

	ANYTIME IS DIRTY
	7.23× 108
	5.3×106

	X2
	13.27

	P- VALUE
	0.001*




















FIG 1: OVERALL RESISTANT PATTERN OF GRAM POSITIVE ISOLATES 


FIG 2: OVERALL RESISTANT PATTERN OF GRAM NEGATIVE ISOLATES 

Discussion 
Bed sheet and pillowcase samples were from 8 different hostels, 6 female hostels and 2 male hostels. In this study, we discovered that the female hostel had Bacillus cereus as the highest in distribution, followed by Bacillus subtilis, and the least was Klebsiella pneumoniae. Bacillus cereus is often regarded as a nonpathogenic organism, but recent research has shown that it has the potential to cause food poisoning, eye infection and pneumonia, especially in an immunocompromised individual. This organism contains hemolytic enterotoxin hemolysin BL (HBL), non-hemolytic enterotoxin (Nhe) and cytotoxin (CytK). Studies have shown that this organism is the leading cause of emetic diarrhea.[13]. 
In the study, we discovered that the male hostels had bacterial distribution on both the bed sheets and pillowcases. For the bed sheets, the highest in distribution was Pseudomonas aeruginosa, followed by Proteus vulgaris, while the pillowcases had Staphylococcus aureus as the highest in distribution. The male hostels, have a very poor hygiene practice whereby they always jump on any available bed after a sweaty play and even use the pillowcases to wipe some of the sweat on their body, which gives these organisms a comfortable environment to thrive. In this study, about 9 different species of bacterial organisms were isolated from the bed sheets and pillowcases of UNEC students, the identified bacteria include Bacillus megaterium, Bacillus cereus, Bacillus subtilis, Pseudomonas aeruginosa, Proteus vulgaris, Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, and Enterobacter spp. Some of these organisms isolated in the study agree with the work done in River State, Nigeria by [1], and in Ekiti State by [5], where these bacteria isolated were Staphylococcus epidermidis, Bacillus spp., Pseudomonas aeruginosa and Staphylococcus aureus, Staphylococcus epidermidis, Proteus mirabilis, Enterobacter aerogenes, Bacillus cereus, Escherichia coli and Klebsiella aerogenes, respectively. According to a similar work done by [1], Bacillus spp. also had the highest frequency of occurrence, followed by Staphylococcus epidermis. All the isolated gram-positive bacteria were susceptible to Ciprofloxacin, Cephalexin, Ceftriaxone and Gentamicin, which means these antibiotics can be used in case of any infection by gram-positive bacteria identified. All the identified gram-negative bacteria isolates were susceptible to Nitrofurantoin, Perfloxacin, Ofloxacin and Gentamicin, which means these antibiotics can be used in case of any infection by gram-negative bacteria identified. The study also revealed that the bed sheets from the students’ hostels ranged from 3.9×106 to 7.23×108cfu/mL, which is higher compared to the pillowcases that ranged from 3.6×105 to 5.3×106 cfu/mL and this was be as a result of the laundry interval. 
The type of fabric plays a critical role in microbial retention and growth. [14] demonstrated that textile fiber hydrophobicity influences bacterial colonization, with synthetic fibers supporting more microbial growth than natural ones like cotton. This study observed a similar pattern, where cotton sheets had notably lower bacterial counts compared to polyester or silk blends, likely due to better breathability and moisture-wicking properties of natural fibers. Another important factor is the frequency of laundering. Recommendations by [15] and [16] suggest weekly washing of bedding to minimize microbial buildup. The results of this study support these guidelines, showing that sheets not washed within the last 14 days exhibited a 3-5 5-fold increase in colony-forming units (CFUs) compared to those washed within the past week. The primary isolates, including Staphylococcus aureus, Bacillus cereus, and Escherichia coli, are known pathogens that can cause skin, respiratory, and gastrointestinal infections. Comparing household laundry practices with those in hospital settings, Gopal et al., [10] found that hospitals follow stringent protocols that significantly reduce bacterial contamination. The contrast with the results from home settings in this study underscores the need for improved public awareness and hygiene practices at the household level. Additionally, environmental conditions such as humidity and temperature were found to influence bacterial growth. Higher room temperatures and increased moisture levels corresponded with greater CFU counts, consistent with findings from the WHO  [17] and CDC [18] guidelines on infection control. 
Overall, the results suggest a strong correlation between poor bedding hygiene and bacterial contamination. Public health initiatives should emphasize routine cleaning of bed sheets and pillowcases, the use of breathable natural fabrics, and awareness about the risks of microbial exposure through everyday household items. Generally, in this study, it was discovered that the bed sheets and pillowcases were neglected due to the unconducive environment in which students live. The source of bacterial contamination of bed sheets and pillowcases can be summarized thus: human contact and environmental contact. These microorganisms isolated are a potential health threat to students, and this is a public health problem. 

Conclusion 
The prevalence of bacterial contamination in students’ hostel bedding presents a significant public health concern that demands immediate attention. Key findings underscore the critical need for improved hygiene protocols in students’ hostels. The findings from this research show that contaminated bed sheets and pillowcases are a probable route of microbial transmission and a health risk to students and those who come in contact with them. Institutional management should prioritize implementing comprehensive hygiene guidelines among students. These infectious bacteria could be the stuff of nightmares. 
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