


ASSESSMENT OF THE BACTERIAL CONTAMINATION OF SECONDHAND WEARS SOLD IN EKE AWKA MARKET	Comment by User PC: Second hand is generally considered less grammatically standard, often used in marketing contexts. Consider replacing with the more grammatically correct term: second-hand clothing


ABSTRACT
Second-hand clothing (okirika) is widely patronised in Nigeria, yet its direct skin contact and multi-user handling may facilitate microbial transmission and antimicrobial-resistance exposure. This study quantified bacterial contamination of market-ready second-hand items sold in Eke Awka Market, Awka (Anambra State, Nigeria), and characterised the bacterial species distribution and antimicrobial susceptibility profiles. A cross-sectional laboratory design was used: eight item categories (female adult pants, female adult bras, male adult trousers, male adult shirts, female blouses, male toddlers’ clothing, female toddlers’ clothing, and children’s toys) were sampled (n = 160; 20 per category) using standardized surface swabbing and processed by culture-based enumeration on selective/differential media, Gram staining and biochemical identification. Selected Enterobacteriaceae were further evaluated using 16S rRNA gene sequencing, and clinically relevant isolates underwent Kirby–Bauer disk diffusion test interpreted with CLSI standards. Aerobic bacterial loads were detected in all categories, ranging from 1.06×10² to 1.80×10⁶ CFU/mL (overall mean log₁₀ CFU/mL = 3.41 ± 0.95), with the highest mean load on male adult shirts (3.72 ± 1.04) and the lowest on female adult bras (3.12 ± 0.73). Five taxa were recovered: Staphylococcus aureus (40.0%), Bacillus subtilis (25.6%), Enterobacter cloacae (24.4%), Escherichia coli (7.5%), and Clostridium spp. (2.5%). Bacterial species distribution differed significantly by item category (χ²(28) = 61.76, p = 0.000241; Cramér’s V = 0.31). Antimicrobial susceptibility results showed S. aureus retained high susceptibility to ciprofloxacin (100.0%) and ceporex (98.4%) but exhibited very high resistance to ampiclox (96.8%) and zinacef (92.1%), while Enterobacter cloacae demonstrated complete resistance to ofloxacin and amoxicillin-clavulanate (each 100.0%). The study concludes that second-hand items sold in Eke Awka Market carry clinically relevant bacteria with item-type–dependent patterns and concerning resistance profiles, underscoring the need for effective pre-use laundering/disinfection and improved hygiene controls across the resale chain.	Comment by User PC: The study isn’t limited to quantification of bacterial load. Consider using other words like asess	Comment by User PC: The phrase “market-ready second-hand items (more appropriate, clothings) appear to be vague. This need further clarifications; unsold retail stock, displayed goods, or freshly unpacked bale items?	Comment by User PC: This is too general. Did you investigate other second-hand items other than clothing	Comment by User PC: Indicate the number of bacteria isolates that were sequenced to avoid limiting interpretation	Comment by User PC: Indicate the unit of measurement immediately after “bacteria load”.	Comment by User PC: While “taxa” is very correctly, the issue of inconsistency sets in as it was interchangeably used to refer to organisms or bacteria in the later part of the manuscript. 
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INTRODUCTION
The trade in second‑hand clothing, popularly called “okirika” or “bend‑down‑select” in Nigeria, has become a major affordability pathway for households, while also forming part of a global resale network that redistributes garments from high‑income to low‑income settings. Recent synthesis of international trade evidence estimates that more than 24 billion used garments were traded globally in 2024 and that the wholesale value of this sector exceeded US$4.9 billion (Brooks, 2025). In Nigeria, second‑hand clothing is listed among prohibited imports in official guidance, yet market demand remains visible in urban centres where pre‑worn garments are widely retailed (U.S. International Trade Administration, 2023). Mirror trade data also suggest continued throughput; for example, exporters reported shipping worn clothing (HS 630900) to Nigeria in 2024 with China alone reporting about US$24.53 million (58.27 million kg) (World Integrated Trade Solution [WITS], 2024). Because these textiles are worn directly on skin, their hygienic status is a practical public health concern where pre‑use laundering may be inconsistent.	Comment by User PC: While the statistics is relevant, there is need to clearly connect it to the public health implications of clothing and textile circulation	Comment by User PC: The contextual nuance associated with the sentence needs to be clarified. See example: while there is official restriction on imports, informal trade remains prevalent or widespread
Textiles can function as fomites: bacteria and fungi adhere to fibres, persist under ambient conditions, and transfer through direct contact, especially when fabrics retain sweat or other organic residues (Dixit et al., 2023). Empirical Nigerian studies show that market‑ready second‑hand garments commonly carry clinically relevant organisms. In Awka, Ikeh et al. (2024) recovered Staphylococcus aureus and Pseudomonas aeruginosa alongside yeasts and moulds from used clothing purchased in Eke Awka Market; panties recorded the highest mean colony counts (63.5 ± 4.95 CFU for bacteria and 132.5 ± 10.61 CFU for fungi). In Adamawa State, Isa et al. (2024) isolated S. aureus, Escherichia coli and Pseudomonas spp. from second‑hand clothes and reported that trousers had the highest mean bacterial load (1.10 × 103 CFU/mL) with a significant association between bacterial species and clothing category (p = 0.02). Clinically, these organisms include agents implicated in skin and soft‑tissue infections (e.g., boils, folliculitis and infected eczema), wound contamination, and diarrhoeal disease, especially where there are skin breaks, crowding, or limited access to prompt care (Dixit et al., 2023).	Comment by User PC: Include a brief information on the duration of survival of these microbes on clothing to further intensify the research problem	Comment by User PC: Start from international context to strengthen the global context of the study, prior to narrowing down to the Nigerian context
Beyond presence/absence, antimicrobial resistance (AMR) on textiles that move through multi‑user networks is an emerging concern. Isa et al. (2024) reported reduced susceptibility of several isolates to commonly used antibiotics, while Afiukwa et al. (2024) found that 46.7% of sampled used underwear yielded beta‑lactamase‑producing uropathogenic bacteria (including E. coli, Klebsiella spp. and S. aureus). These results suggest that second‑hand garments (particularly intimate apparel) may provide a pathway for community exposure to resistant organisms when items are worn without effective decontamination.
Although laundering can markedly reduce textile bioburden, effectiveness depends on temperature, detergent chemistry, mechanical action, and complete drying, and it can be undermined by short wash cycles or poor washing‑machine performance (Centers for Disease Control and Prevention [CDC], 2024). This is important in second‑hand markets where garments may be sold as‑is after sorting and where pre‑use washing practices vary across buyers and clothing types.	Comment by User PC: Report quantitative evidence(s) of reduction in textile bioburden with appropriate citation(s)
While recent work has documented microbial contamination in second‑hand garments sold in Eke Awka and other Nigerian markets (Ikeh et al., 2024; Isa et al., 2024), gaps remain regarding standardized, category‑specific bacterial loads, molecular confirmation of key enteric pathogens, and resistance profiles of isolates circulating through this market system. Therefore, the present study quantified bacterial contamination across eight categories of second‑hand clothing and related items sold in Eke Awka Market, Awka, and combined culture‑based isolation with biochemical identification, targeted 16S rRNA gene sequencing of selected Enterobacteriaceae, and antimicrobial susceptibility testing to inform consumer‑level and regulatory risk‑reduction strategies.	Comment by User PC: The gap in literature is not clearly articulated here. Consider explicitly stating what earlier studies did, and point out what they did not do, that stand as limitations to their studies.
MATERIALS AND METHODS
Study area	Comment by User PC: The information contains excessive geographic description that are not contextually relevant. Replace with information that has relevance with microbiology context
This study was carried out in Awka town in Awka capital city of Awka south local government area, Anambra State, Southeast, Nigeria. Awka Capital Territory is located in Anambra State, South Eastern Nigeria. It is located between latitude 60 5’ N and 60 15’ N and longitudes 70 0’ E and 7o 5’ E. Awka capital territory covers a land mass of 400 square kilometres. (Esomchukwu et al., 2019). The physical size of Awka capital city makes it suitable to play several roles and serve several functions in the socio-economic and socio-political development of Anambra state especially its administrative functions as the capital city of the state (Nnanna and Ezenagu, 2020).	Comment by User PC: This is poorly structure due to repetitiveness of Awka. See an example below;

…conducted in Awka, the capital city of Anambra State, located in Awka South Local Area…..	Comment by User PC: This lat/long are not correctly written. Confirm the exact way of writing
Study design and setting
A cross‑sectional laboratory study was conducted between October, 2024 and March, 2025 in Eke Awka Market, Awka, Anambra State, south‑eastern Nigeria. Eke Awka is a major retail hub for second‑hand garments and household items. Sample collection was carried out at vendor stalls with the vendor’s verbal consent; no personal identifiers were collected.	Comment by User PC: Clarify the sampling frequency; continuous, or at specific intervals such as weekly, monthly, and so on.	Comment by User PC: Personal information was sought from the respondents, which demands the need to obtain an institutional review board’s ethical approval
Sample categories and sampling strategy
Eight categories of second‑hand items were investigated: female adult pants, female adult bras, male adult trousers, male adult shirts, female adult blouses, male children’s clothing (toddlers), female children’s clothing (toddlers), and children’s toys. A total of 160 items were sampled (20 per category). Items were purchased or selected as ready‑for‑sale stock from multiple vendors distributed across the market to reduce clustering by seller. Only visibly dry items without recent washing by the vendor at the point of sale were included to reflect typical consumer exposure.	Comment by User PC: How did you arrive at the sampling size? Report how it was determined; convenience sampling or power analysis.	Comment by User PC: The sentence indicates the presence of possible selection bias. Provide more information on the sampling technique and selection procedures
Sample collection and transport
For each item, the sampling area was standardized to improve comparability across clothing types. Using sterile gloves, a sterile swab (cotton or nylon‑flocked) pre‑moistened with sterile phosphate‑buffered saline (PBS) was rubbed firmly over a defined 25 cm² surface area using a sterile template where feasible; for irregular items (e.g., toys) the nearest 25 cm² of the most frequently handled surface was swabbed. For intimate apparel, the highest‑contact internal surfaces were prioritized (e.g., crotch region for pants, cup/strap interface for bras). Swabs were transported in a cool box to the microbiology laboratory for processing within 2–4 h. Sampling and specimen handling followed standard clinical microbiology good practice for environmental and surface specimens (Leber, 2023).
Culture, enumeration, and isolation
Swab contents were dislodged in Phosphate buffered saline (PBS) and vortex‑mixed for 30–60 s to elute organisms. Ten‑fold serial dilutions (10⁻¹ to 10⁻³) were prepared in sterile diluent. From appropriate dilutions, 0.1 mL aliquots were spread‑plated in duplicate onto (i) Nutrient Agar for total aerobic heterotrophic count, (ii) MacConkey Agar for presumptive Enterobacteriaceae and other Gram‑negative enteric bacilli, and (iii) Mannitol Salt Agar for presumptive staphylococci. Plates were incubated aerobically at 35–37 °C for 18–24 h, with re‑incubation up to 48 h when growth was scanty (Tille, 2022; Leber, 2023). Plates with 30–300 colonies were counted, and results were expressed as colony‑forming units per millilitre (CFU/mL) of swab eluate. Representative colonies with distinct morphotypes were sub‑cultured on Nutrient Agar to obtain pure cultures and stored on Nutrient Agar slants at 4 °C for short‑term maintenance (Tille, 2022).	Comment by User PC: Provide justification for limiting the dilution to 10-3 or reference appropriately
Phenotypic identification
Presumptive isolates were characterized by colony morphology and Gram staining. Biochemical identification was performed using standard bench procedures appropriate for Gram reaction and morphology, including catalase and coagulase tests (staphylococci), oxidase (non‑fermenters), citrate utilization, indole production, urease, sugar fermentation profiles, and spore staining for suspected endospore‑forming rods (Tille, 2022; Leber, 2023). Where isolates were presumptive anaerobic spore‑formers, oxygen tolerance was assessed by incubating parallel subcultures under aerobic and anaerobic conditions; isolates demonstrating poor aerobic growth and consistent spore formation were reported as Clostridium spp. at genus level pending molecular confirmation (Leber, 2023).	Comment by User PC: Identification of Clostridium spp without proper anaerobic culture conditions limits credibility of the study. The anaerobic culture system used need to be clarified
Molecular confirmation of selected Enterobacteriaceae
To strengthen identification of key enteric pathogens, representative isolates presumptively identified as Escherichia coli and Enterobacter cloacae complex were confirmed by 16S rRNA gene sequencing. Genomic DNA was extracted from overnight cultures using a bead‑beating spin‑column method (Quick‑DNA™ Fungal/Bacterial Miniprep Kit or equivalent) according to the manufacturer’s protocol (Zymo Research, 2025). The bacterial 16S rRNA gene was amplified using broad‑range primers and standard PCR conditions (initial denaturation, 30–35 cycles of denaturation/annealing/extension, and a final extension), and amplicons were verified by agarose gel electrophoresis (Leber, 2023). Purified PCR products were Sanger‑sequenced bi‑directionally. Consensus sequences were compared against reference databases using GenBank (Sayers et al., 2024). Species‑level assignment was made cautiously: because many closely related species share very high 16S similarity, ≥98.7% identity was treated as supportive of species‑level identification, while lower identity values were interpreted at genus level with appropriate qualifiers (de Souza et al., 2025). Where phylogenetic visualization was required, sequences were aligned and analysed in MEGA11 (Tamura et al., 2021).	Comment by User PC: Indicate the specific primer that was used to ensure reproducibility of the study; 	Comment by User PC: While > 98.7% was specified as the threshold for supportive of species-level identification, the results show 96.72% and 92.45% similarity, which contradicts this threshold. Consider revising the threshold or modify the result interpretation for correspondness
Antimicrobial susceptibility testing
Antimicrobial susceptibility testing (AST) was performed on all clinically relevant aerobic isolates using the Kirby–Bauer disk diffusion method on Mueller–Hinton agar. Inocula were adjusted to 0.5 McFarland standard and lawn‑inoculated in three directions; antibiotic disks were applied within 15 min and plates incubated aerobically at 37 °C for 18 h. Zone diameters were measured in millimetres and interpreted using CLSI performance standards (CLSI, 2024). Two antibiotic panels were used based on Gram reaction, reflecting commonly available agents in Nigerian practice: for Gram‑positive isolates (e.g., rifampicin, gentamicin, ciprofloxacin, amoxicillin, streptomycin, erythromycin, azithromycin, ceftazidime, levofloxacin) and for Gram‑negative isolates (e.g., ofloxacin, pefloxacin, ciprofloxacin, amoxicillin‑clavulanate, gentamicin, streptomycin, ceftriaxone, ceftazidime, trimethoprim‑sulfamethoxazole).
Data analysis
Microbial counts were summarized as means and ranges by item category. The association between clothing category and bacterial species distribution was assessed using chi‑square , with statistical significance set at p < 0.05.	Comment by User PC: Other relevant statistical analysis such as ANOVA, confidence intervals should be included to improve sufficiency 
RESULTS
A total of 160 second‑hand items (20 per category across eight item categories) were analysed for bacterial contamination. Across all samples, aerobic bacterial loads ranged from 1.06×102 to 1.80×106 CFU/mL of swab eluate (overall mean log10 CFU/mL = 3.41 ± 0.95).	Comment by User PC: Consider reconfirming the unit of measurement. The count should be ideally expressed as CFU/cm2 giving that a 25 cm2 surface area was sampled




Table 1. Bacterial load by item category (n = 20 per category).
	Item category
	n
	Mean (log10 CFU/mL) ± SD
	Range (CFU/mL)

	Female adult pant
	20
	3.44 ± 0.88
	5.30×102–1.80×105

	Female adult bra
	20
	3.12 ± 0.73
	1.06×102–1.64×105

	Male adult trousers
	20
	3.36 ± 0.97
	1.06×102–8.00×104

	Male adult shirt
	20
	3.72 ± 1.04
	6.00×102–1.80×106

	Female adult cloth (blouse)
	20
	3.32 ± 0.95
	5.46×102–1.70×106

	Male children cloth
	20
	3.44 ± 1.15
	1.75×102–1.00×106

	Female children cloth
	20
	3.31 ± 0.87
	5.20×102–6.00×105

	Children toy
	20
	3.54 ± 0.98
	2.35×102–1.68×105



Table 1 shows bacterial loads were detected in all item categories. Mean bacterial loads (log10 CFU/mL) were highest for male adult shirts (3.72 ± 1.04) and lowest for female adult bras (3.12 ± 0.73). The widest observed range occurred in female adult cloth (blouse), with counts extending up to 1.70×10^6 CFU/mL.
Phenotypic characterisation (cultural appearance, Gram reaction and biochemical profiling) supported the identification of the recovered isolates as shown in Table 2.




Table 2. Cultural characteristics, Gram staining and biochemical reactions of representative bacterial isolates.
	S/n
	Colony Morphology
	GS
	Cat
	Coag
	Ind
	Urea
	oxi
	Citr
	S.f
	Glucose
	Sucr
	Fruc
	Galac
	Man
	Maltose
	Lact
	Gas
	Probable bacteria

	1
	White, opaque smooth
	Gram positive bacilli in chain
	+
	-
	-
	-
	+
	+
	+
	+
	+
	+
	-
	+
	+
	+
	-
	Bacillus subtilis

	2
	Smooth, grayish white, large, flat
	Gram negative rod in single
	+
	-
	-
	-
	-
	+
	-
	+
	+
	+
	-
	+
	+
	+
	+
	Enterobacter cloacae

	3
	Round, smooth white flat
	Gram positive rod in pairs
	-
	-
	-
	-
	-
	-
	+
	+
	+
	+
	+
	+
	+
	+
	+
	Clostridium spp.

	4
	Large, smooth, round, opaque, convex, golden-yellow
	Gram positive cocci in cluster
	+
	+
	-
	+
	-
	+
	-
	+
	+
	+
	+
	+
	+
	+
	-
	Staphylococcus aureus

	5
	Large, smooth circular opaque yellow
	Gram negative rod in single
	+
	-
	+
	-
	-
	-
	-
	+
	-
	+
	+
	+
	+
	+
	+
	Escherichia coli


Keys: + = positive; − = negative; GS = Gram staining; Cat = catalase; Coag = coagulase; Ind = indole; Urea = urease; Oxi = oxidase; Citr = citrate; S.f = spore formation; Sucr = sucrose; Fruc = fructose; Galac = galactose; Man = mannitol; Lact = lactose.
Table 3 shows the recovered organisms comprised both Gram‑positive (e.g., S. aureus, Bacillus subtilis and Clostridium spp.) and Gram‑negative bacteria (e.g., E. coli and Enterobacter cloacae), with biochemical reaction patterns consistent with their presumptive identities.

Five bacterial taxa were recovered and identified from the 160 items (one representative isolate per item).	Comment by User PC: Consider revising to indicate whether multiple isolates were recovered per item or only one representative isolate was selected per item
Table 3. Overall frequency of bacterial isolates recovered (n = 160).
	Bacterial species
	n
	%

	Staphylococcus aureus
	64
	40.0

	Bacillus subtilis
	41
	25.6

	Enterobacter cloacae
	39
	24.4

	Escherichia coli
	12
	7.5

	Clostridium spp.
	4
	2.5



Table 3 shows Staphylococcus aureus was the most frequently recovered organism (64/160; 40.0%), followed by Bacillus subtilis (41/160; 25.6%) and Enterobacter cloacae (39/160; 24.4%). Escherichia coli accounted for 7.5% (12/160), while Clostridium spp. were least common (2.5%; 4/160).
Representative Enterobacteriaceae isolates were subjected to 16S rRNA gene sequencing; closest database matches are summarised in Table 4.
Table 4. 16S rRNA sequencing: closest database matches for selected Enterobacteriaceae isolates.
	Isolate ID
	Closest 16S rRNA match
	Pairwise similarity (%)
	GenBank accession

	A
	E. coli
	96.72
	OP740393.1

	B
	Enterobacter cloacae
	92.45	Comment by User PC: Check previous comment on the threshold for sequency similarity that support species-level identification
	MW856633.1



Table 4 shows sequencing produced closest matches to E. coli (pairwise similarity 96.72%) and Enterobacter cloacae (92.45%), with corresponding GenBank accessions OP740393.1 and MW856633.1.
The distribution of bacterial species across item categories is presented in Table 5. Percentages are calculated within category (n = 20).
Table 5. Bacterial species by item category: n (%) of items within category (n = 20 per category).
	Item category
	Staphylococcus aureus	Comment by User PC: The significance of Staphylococcus aureus in the result is ex
	Bacillus subtilis
	Escherichia coli
	Clostridium spp.
	Enterobacter cloacae

	Female adult pant
	10 (50.0)
	2 (10.0)
	0 (0.0)
	0 (0.0)
	8 (40.0)

	Female adult bra
	9 (45.0)
	5 (25.0)
	0 (0.0)
	0 (0.0)
	6 (30.0)

	Male adult shirt
	10 (50.0)
	4 (20.0)
	1 (5.0)
	0 (0.0)
	5 (25.0)

	Female adult cloth (blouse)
	9 (45.0)
	0 (0.0)
	2 (10.0)
	4 (20.0)
	5 (25.0)

	Male adult trousers
	7 (35.0)
	6 (30.0)
	2 (10.0)
	0 (0.0)
	5 (25.0)

	Male children cloth
	7 (35.0)
	9 (45.0)
	2 (10.0)
	0 (0.0)
	2 (10.0)

	Female children cloth
	6 (30.0)
	11 (55.0)
	1 (5.0)
	0 (0.0)
	2 (10.0)

	Children toy
	6 (30.0)
	4 (20.0)
	4 (20.0)
	0 (0.0)
	6 (30.0)



Table 5 shows Staphylococcus aureus was detected across all categories, reaching 50.0% prevalence in female adult pants and male adult shirts. Bacillus subtilis predominated in children’s clothing, particularly female children’s clothing (55.0%). E. coli was most frequent in children’s toys (20.0%). A chi‑square test indicated a significant association between item category and bacterial species (χ²(28) = 61.76, p = 0.000241; Cramér’s V = 0.31).
Antimicrobial susceptibility profiles for Gram‑positive isolates are summarised in Table 6. Percentages are calculated within each organism’s isolate count.


Table 6. Antimicrobial susceptibility of Gram‑positive isolates: counts n (%) by susceptibility category.
	S/N
	BACTERIA /NO OF ISOLATE
	SP
	CEP (%)
	CN (%)
	APX (%)
	Z (%)
	AMX (%)
	R (%)
	CPX (%)
	S(%)
	SXT(%)
	E(%)

	1
	Bacillus Subtilus (41)
	S
	39(95.1)
	31(75.6)
	22(51.2)
	19(46.3)
	20(48.8)
	16(39.0)
	27(66.0)
	35(85.4)
	36(87.8)
	20(48.8)

	1
	Bacillus Subtilus (41)
	I
	0 (0)
	1(2.44)
	8(19.5)
	6(14.6)
	4(9.8)
	8(19.5)
	7 (17.0)
	2(4.9)
	5(12.2)
	16(39.0)

	1
	Bacillus Subtilus (41)
	R
	2(4.90)
	9(22.0)
	11(26.8)
	16(39.0)
	17(41.5)
	17(41.5)
	7(17.0)
	4(9.8)
	1(2.4)
	5(12.2)

	2
	Clostridium Spp (4)
	S
	4(100)
	4(100)
	4(100)
	1(25)
	0
	0
	0
	3(75)
	1(25)
	0

	2
	Clostridium Spp (4)
	I
	0(0)
	0(0)
	0(0)
	2(50)
	0
	0
	1(25)
	1(25)
	2(50)
	2(50)

	2
	Clostridium Spp (4)
	R
	0(0)
	0(0)
	0(0)
	1(25)
	4(100)
	4(100)
	3(75)
	0
	1(25)
	2(50)

	3
	Staphylococcus aureus (64)
	S
	63(98.4)
	43(67.2)
	1(1.6)
	4(6.3)
	20(31.2)
	45(70.3)
	64(100)
	3(4.7)
	0
	60(93.8)

	3
	Staphylococcus aureus (64)
	I
	1(1.6)
	21(32.8)
	1(1.6)
	1(1.6)
	4(6.3)
	19(29.7)
	0
	61(95.3)
	17(26.6)
	0

	3
	Staphylococcus aureus (64)
	R
	0
	0
	62(96.8)
	59(92.1)
	40(62.5)
	0
	0
	0
	47(73.4)
	4(6.2)



Table 6 shows among S. aureus isolates, susceptibility was highest to ciprofloxacin (100.0%) and ceporex (98.4%), whereas resistance was highest to ampiclox (96.8%) and zinacef (92.1%). Bacillus subtilis showed high susceptibility to ceporex (95.1%) and streptomycin (87.8%), while Clostridium spp. (n = 4) showed complete resistance to zinacef and amoxicillin.

Antimicrobial susceptibility profiles for Gram‑negative isolates are summarised in Table 7. Percentages are calculated within each organism’s isolate count.
Table 7. Antimicrobial susceptibility of Gram‑negative isolates: counts n (%) by susceptibility category.
	S/N
	BACTERIA /NO OF ISOLATE
	SP
	OFX (%)
	PEF (%)
	CPX(%)
	AV (%)
	CN (%)
	S(%)
	CEP (%)
	NA(%)
	SXT(%)
	PN(%)

	1
	Escherichia coli (12)
	S
	12(100)
	12(100)
	8(66.7)
	8(66.7)
	9(75)
	12(100)
	10(83.3)
	11(91.67)
	5(41.7)
	10(83.3)

	1
	Escherichia coli (12)
	I
	0
	0
	4(33.3)
	2(16.7)
	3(25)
	0
	1(8.3)
	1(8.3)
	5(41.7)
	1(8.3)

	1
	Escherichia coli (12)
	R
	0
	0
	0
	2(16.6)
	0
	0
	1(8.4)
	0
	2(16.6)
	1(8.4)

	2
	Enterobacter cloacae (39)
	S
	0
	1(2.57)
	12(30.77)
	0
	9(23.1)
	7(18.0)
	4(10.3)
	4(10.3)
	3(7.69)
	1(2.56)

	
	
	I
	0(0)
	2(5.12)
	7(17.95)
	0
	5(12.8)
	6(15.4)
	11(28.2)
	9(23.7)
	6(15.38)
	7(17.95)

	
	
	R
	39(100)
	36(92.31)
	20(51.28)
	39(100)
	25(64.1)
	26(66.7)
	24(61.5)
	26(66.7)
	30(76.93)
	31(79.49)



Table 7 shows E. coli isolates showed complete susceptibility to ofloxacin, pefloxacin and streptomycin (each 100.0%). In contrast, Enterobacter cloacae showed complete resistance to ofloxacin and amoxicillin‑clavulanate (each 100.0%), with high resistance also observed to nalidixic acid (76.93%) and penicillin (79.49%).
DISCUSSION 
In this study, aerobic bacteria were recovered from all eight categories of second-hand items, with an overall mean load of 3.41 ± 0.95 log10 CFU/mL and a wide range (1.06×102 to 1.80×106 CFU/mL). Mean loads were highest on male adult shirts (3.72 ± 1.04 log10 CFU/mL; up to 1.80×106 CFU/mL) and lowest on female adult bras (3.12 ± 0.73 log10 CFU/mL), likely reflecting repeated handling and garment surface-area differences. Comparable category effects appear in earlier Nigerian studies: Isa et al. (2024) recorded trousers as the most contaminated item (1.10×103 CFU/mL), and Odum and Idise (2022) found fairly used pants had much higher total aerobic counts than bras (4.6×104 vs 2.7×103 CFU/mL), supporting the role of high-contact textiles and moisture retention in driving bioburden.
Absolute loads are not directly comparable across studies because sampling units differ (CFU/mL, CFU/cm2, or plate-count “per unit”), yet the scale remains similar. Ogbonna et al. (2025) reported total heterotrophic bacterial counts on second-hand underwear ranging from 4.40×104 to 9.77×104 CFU/cm2, while Ikeh et al. (2024) showed panties had high colony counts per unit (63.5 ± 4.95 for bacteria; 132.5 ± 10.607 for fungi). These converging results support the idea that humid bale storage, open display, and inconsistent washing maintain contamination across markets (Ikeh et al., 2024; Ogbonna et al., 2025).
The present isolate profile was dominated by Staphylococcus aureus (64/160; 40.0%), followed by Bacillus subtilis (25.6%) and Enterobacter cloacae (24.4%), with lower recovery of Escherichia coli (7.5%). The prominence of S. aureus is expected because it is a common skin/nasal coloniser that transfers readily to fabrics and survives well on dry textiles. This aligns with Isa et al. (2024), who reported S. aureus as the most frequently isolated bacterium from second-hand clothes, and Ogbonna et al. (2025), who found Staphylococcus spp. accounted for 42.8% of isolates from second-hand undergarments. In contrast, Odum and Idise (2022) reported Klebsiella spp. and Pseudomonas spp. were most frequent (20.7% each) on female second-hand undergarments, implying that when garments experience wetter handling or contact with contaminated water, Gram-negative enterics can dominate.
A major ecological finding was that bacterial distribution differed significantly by item category in the present study (χ²(28) = 61.76, p = 0.000241; Cramér’s V = 0.31). Staphylococcus aureus reached 50.0% prevalence in female adult pants and male adult shirts, Bacillus subtilis predominated in children’s clothing (55.0% in female children’s clothes), and E. coli peaked in children’s toys (20.0%). A likely reason is differing exposure routes: children’s items often contact dusty surfaces (favouring spore-formers like Bacillus), while toys undergo frequent hand contact that can introduce fecal-indicator organisms. This category-dependence mirrors Isa et al.’s (2024) significant association between bacterial species and clothing category (p = 0.02) and Odum and Idise’s (2022) finding that pants accounted for 43% of isolated bacteria, indicating that certain “okirika” categories repeatedly concentrate contamination.
The antimicrobial susceptibility patterns show why these findings matter clinically. In the present study, S. aureus was highly susceptible to ciprofloxacin (100.0%) and ceporex (98.4%) but showed very high resistance to ampiclox (96.8%) and zinacef (92.1%). Isa et al. (2024) similarly reported S. aureus was 100% susceptible to ciprofloxacin (and 92.8% to erythromycin), and Odum and Idise (2022) reported ciprofloxacin/ofloxacin achieved 100% susceptibility while all Gram-positive isolates were resistant to amoxicillin. However, Port Harcourt results suggest worse profiles in some settings: Ogbonna et al. (2025) found Staphylococcus spp. were only 55.6% susceptible to ciprofloxacin, with 88.9% resistance to rifampin and streptomycin, and their Pseudomonas sp. isolate showed 100% resistance to all antibiotics tested.	Comment by User PC: The sentence on clinical implication should be carefully reworded, as contamination does not necessarily translate to infection risk
Finally, the broader AMR risk on second-hand intimate apparel is underscored by MRSA evidence. Afiukwa et al. (2025) isolated 36 S. aureus from 50 fairly used pants samples and found 72.22% (26/36) were MRSA; these MRSA isolates showed 100% resistance to amoxicillin, meropenem and cefepime, while remaining most susceptible to imipenem (100% in female-pants isolates; 91.7% in male-pants isolates). While methicillin resistance was not tested in the present study, the combination of high β-lactam resistance and enteric contamination signals the need for strict pre-use decontamination. Across studies, the most consistent risk-reduction message is practical: wash and disinfect second-hand items, especially pants/underwear, heavily handled shirts, and children’s items/toys, before first use (Afiukwa et al., 2025; Ikeh et al., 2024) to reduce exposure.
CONCLUSION 	Comment by User PC: Avoid generalization of key findings beyond the context of the study setting
This study demonstrates that market-ready second-hand clothing and related items sold in Eke Awka can carry clinically relevant bacteria, with contamination patterns varying by item type, consistent with the role of handling intensity, storage conditions, and contact surfaces in sustaining textile bioburden. The predominance of common skin-associated organisms alongside enteric indicators reinforces the likelihood of both direct human transfer and environmental/handling contamination within the resale chain. Importantly, the observed resistance patterns suggest that some isolates circulating on these items may be difficult to treat with commonly used antibiotics, strengthening the public-health argument for routine risk-reduction measures. Therefore, effective pre-use laundering/disinfection, improved vendor hygiene practices, and consumer education, especially for intimate apparel and children’s items, are essential to reduce potential exposure and limit community spread of antimicrobial-resistant organisms.
RECOMMENDATIONS
Based on the findings of this study, the following recommendations are proposed
1. Consumers should wash and disinfect all second-hand clothing—especially underwear, pants, and children’s items—before first use using hot water, detergent, and an appropriate disinfectant where fabric permits.	Comment by User PC: Giving that temperature 
2. Vendors should adopt basic hygiene controls such as handwashing between handling bales, using clean display surfaces, and keeping items off the ground to reduce cross-contamination.
3. Market authorities should enforce minimum sanitary standards for second-hand clothing stalls, including routine cleaning schedules, waste disposal points, and periodic health inspections.
4. Public health agencies should run targeted awareness campaigns on the infection and antimicrobial-resistance risks linked to poorly handled second-hand textiles and the correct home decontamination steps.
5. Future research should include molecular confirmation of key pathogens and resistance markers (e.g., MRSA genes) and evaluate the effectiveness of different washing/disinfection methods under local conditions.
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