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Abstract 
Antimicrobial use in food-animal production raises concerns regarding potential human exposure to antimicrobial 
substances and antimicrobial-resistance-related effects through the food chain. However, evidence from human 
biological samples remains limited in Libya. This pilot study evaluated antimicrobial inhibitory activity in urine 
samples collected from 15 volunteers in Al-Bayda, Libya, who reported regular poultry consumption. Urine samples 
were screened for antimicrobial inhibitory activity using a microbiological disc-diffusion bioassay with Bacillus 
subtilis as the indicator organism. In a separate antimicrobial-response procedure, human-derived B. subtilis 
isolates were evaluated against ciprofloxacin, gentamicin, vancomycin, tetracycline, and trimethoprim. The 
retained laboratory dataset classified participant–antimicrobial observations according to the original 
experimental classification system as positive, resistance-associated, or negative. Positive responses were 
observed in 11/15 observations (73.3%) for vancomycin, 9/15 (60.0%) for gentamicin, 7/15 (46.7%) for 
ciprofloxacin, and 4/15 (26.7%) for tetracycline. Resistance-associated responses were recorded in 6/15 
observations (40.0%) for ciprofloxacin and 3/15 (20.0%) for gentamicin, whereas all 15 observations (100%) were 
classified as resistance-associated for trimethoprim. Exploratory regression analysis found no statistically 
significant association between participant age (18–65 years) and antimicrobial-response classification for any 
agent for which model estimation was possible. These findings should be interpreted as preliminary 
microbiological screening signals and assay-specific phenotypic responses rather than as evidence of clinically 
confirmed antimicrobial resistance in the participants or proof of dietary transmission from poultry. No molecular 
characterization of resistance determinants or compound-specific confirmatory analyses was performed. Larger 
One Health studies incorporating detailed medication and dietary histories, paired or otherwise source-linked food 
and human sampling, standardized antimicrobial susceptibility testing, and confirmatory analytical methods are 
warranted. 
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Introduction 
Antimicrobial use in food-animal production represents an important One Health concern because its consequences 
extend beyond animal treatment to food safety, environmental health, and human health. Inappropriate or excessive 
antimicrobial use can promote the selection and persistence of antimicrobial-resistant bacteria, whereas failure to comply 
with recommended withdrawal periods may result in antimicrobial residues persisting in edible animal tissues (1-3). 
Resistant bacteria, antimicrobial residues, and resistance determinants may subsequently enter food and environmental 
pathways, creating potential routes of human exposure across interconnected animal–food–environment interfaces (4, 5). 
Poultry production is particularly relevant to this interface because antimicrobials are used for therapeutic and preventive 
purposes in many production systems, while poultry meat represents an important and widely consumed source of animal 
protein (1, 6).   
When antimicrobial administration occurs without adequate veterinary oversight or compliance with recommended 
withdrawal periods, residues may persist in edible tissues. In parallel, antimicrobial selection pressure during production 
may favour the emergence and persistence of resistant bacterial populations that can potentially reach consumers through 
food handling, preparation, or consumption (7-9). Together, these pathways support a One Health perspective linking 
animal production, food safety, environmental exposure, and human health. 
Interpretation of antimicrobial-related findings in human biological samples, however, requires particular caution. 
Detection of antimicrobial inhibitory activity does not, by itself, identify a specific antimicrobial compound, establish its 
source, or demonstrate clinically confirmed antimicrobial resistance in the individual tested. Likewise, similarity between 
antimicrobial-response patterns observed in food-animal and human samples cannot establish transmission without 
source-linked bacterial isolation, standardized susceptibility testing, and molecular or genomic comparison of comparable 
isolates. Microbiological screening assays may therefore serve as useful preliminary tools for detecting signals that warrant  
further investigation, but their findings should be regarded as hypothesis-generating rather than confirmatory. 
Published evidence on antimicrobial residues and antimicrobial resistance within the Libyan poultry sector remains limited 
and geographically fragmented. Available studies indicate important gaps in antimicrobial-use practices, poultry 
biosecurity, residue surveillance, and integrated assessment across animal, food, environmental, and human-exposure 
interfaces. In Al-Jabal Al-Akhdar, previous investigations have identified weaknesses in poultry biosecurity and disease-
control practices that may contribute to increased disease pressure and potentially greater reliance on antimicrobial use 
(10). Nevertheless, evidence concerning antimicrobial inhibitory activity in human biological samples within this setting 
remains particularly scarce. 
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Against this background, the present pilot study focused on antimicrobial inhibitory activity in urine samples collected from  
regular poultry consumers in Al-Bayda, Libya. The study aimed to describe antimicrobial inhibitory activity, characterize the 
distribution of antimicrobial-related laboratory responses, and explore whether participant age was associated with the 
observed response classifications. It was not designed to identify the source of the detected inhibitory activity or to 
demonstrate poultry-to-human transmission. Rather, it was intended to generate preliminary local evidence to inform 
larger One Health investigations incorporating confirmatory analytical and molecular approaches.  
 
Materials and Methods 
Study Design and Setting 
This exploratory pilot study was conducted in Al-Bayda, Libya, to investigate antimicrobial inhibitory activity and 
antimicrobial-response patterns among regular poultry consumers. The study was designed to explore whether 
antimicrobial inhibitory activity and resistance-associated microbiological response patterns could be detected among 
regular poultry consumers and to characterize their distribution across the antimicrobial agents evaluated. Participant age 
was additionally examined as an exploratory covariate. 
The study was not designed to estimate population-level prevalence or to establish direct poultry-to-human transmission 
of antimicrobial compounds, resistant bacteria, or resistance determinants. 
 
Ethical Approval 
All procedures involving human participants were conducted in accordance with the ethical requirements of the Committee 
for Biological Safety and Ethics (MCBB). The study protocol was reviewed and approved by the Research Ethics Committee 
of Omar Al-Mukhtar University, Al-Bayda, Libya (approval reference: NBC: 007.A.24.28). Informed consent was obtained 
from all participants prior to sample collection, and participant information and laboratory findings were handled 
confidentially throughout the study. 
 
Study Participants and Urine Sample Collection 
A total of 15 urine samples were collected from adult male and female volunteers aged 18–65 years who reported regular 
consumption of poultry meat. Sample collection was conducted in Al-Bayda, Libya, between August 2024 and January 
2025. 
Urine specimens were collected aseptically into sterile containers and transported to the microbiology laboratory for 
analysis. The urine samples were used for antimicrobial-inhibitory bioassay testing using Bacillus subtilis BGA as the 
reference indicator organism. Participants constituted an exploratory convenience sample; therefore, the study was not 
designed to provide population-representative estimates of antimicrobial exposure or antimicrobial resistance in Al-Bayda. 
 
Bacillus subtilis Reference Indicator Strain 
Bacillus subtilis BGA was used as the reference indicator organism for the antimicrobial-residue screening bioassay. The 
reference strain was not isolated from the tested samples. Instead, the bacterial culture was prepared and inoculated onto 
the appropriate agar medium, after which the prepared test samples were applied to the inoculated plates. Antimicrobial 
activity was assessed based on the presence of inhibition zones around the samples. 
 
Preparation of the Bacillus subtilis Spore Suspension 
For microbiological screening of antimicrobial inhibitory activity in urine samples, Bacillus subtilis BGA was used as a 
reference indicator organism. The B. subtilis BGA preparation was not isolated from the urine specimens; rather, it was a 
reference bacterial preparation inoculated onto the culture plates to serve as the indicator organism for detecting 
antimicrobial inhibitory activity. The organism was cultured on nutrient agar supplemented with 0.1% KH₂PO₄ at pH 7.2. 
Following incubation at 30°C for 10 days, bacterial growth was harvested in sterile saline and centrifuged at 3000 rpm for 
10 min. The resulting pellet was resuspended in sterile saline, and the washing procedure was repeated twice. The 
suspension was subsequently heated at 70°C for 30 min to inactivate vegetative cells. The resulting spore suspension was 
adjusted to approximately 10⁷ spores/mL, verified using the pour-plate method, and stored at 4°C until use (11, 12). 
 
Urine Bioassay for Antimicrobial Inhibitory Activity 
Human urine samples were screened for antimicrobial inhibitory activity using a microbiological disc-diffusion bioassay 
with Bacillus subtilis BGA as the indicator organism. The assay was based on the general principles of previously described 
microbiological screening procedures (11, 12). Sterile 6-mm discs were aseptically placed on freshly prepared agar plates 
inoculated with the B. subtilis BGA indicator preparation. A 5-µL aliquot of each urine sample was applied to each disc in 
duplicate. Plates were incubated for 24 h at 35°C, after which inhibition zones surrounding the discs were evaluated.  An 
inhibition zone extending ≥2 mm beyond the edge of the 6-mm disc was considered a positive screening response according 
to the criterion applied in the original study protocol (13). 
The bioassay was used as an exploratory screening procedure for antimicrobial inhibitory activity and was not intended to 
chemically identify or quantify individual antimicrobial compounds. Accordingly, a positive screening response indicated 
detectable bacterial growth-inhibitory activity in the urine sample but did not, by itself, identify the responsible compound, 
determine its source, or establish dietary exposure from poultry. 
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Phenotypic Antimicrobial-Response Testing 
A second laboratory procedure was performed separately to characterize antimicrobial-response patterns of the human-
derived Bacillus subtilis isolates identified as described under Isolation and Phenotypic Identification of Bacillus subtilis. 
Antimicrobial response was assessed using the Kirby–Bauer disc-diffusion approach. Bacterial inocula were standardized 
to a turbidity equivalent to a 0.5 McFarland standard and inoculated uniformly onto Mueller–Hinton agar, after which 
antimicrobial discs were applied aseptically to the agar surface. 
Five antimicrobial agents were evaluated: ciprofloxacin (CIP, 5 μg), gentamicin (GEN, 10 μg), vancomycin (VA, 30 μg), 
tetracycline (TE, 30 μg), and trimethoprim (TR, 5 μg). The antimicrobial discs were obtained from Liofilchem S.r.l., Roseto 
degli Abruzzi, Italy. The plates were incubated at 37°C for 24 h, after which inhibition zones were measured and recorded 
according to the original laboratory classification system. Because validated clinical susceptibility breakpoints were not 
applicable to all five B. subtilis–antimicrobial combinations under the experimental conditions used in this study, the 
findings were interpreted as resistance-associated phenotypic responses rather than definitive clinical antimicrobial 
resistance in the participating individuals. 
 
Outcome Classification 
This study generated information from two related but distinct microbiological procedures: screening for antimicrobial 
inhibitory activity in urine and assessment of antimicrobial-response patterns. For each antimicrobial agent, the available 
dataset retained one laboratory classification per participant as positive, resistance-associated, or negative. These 
categories were retained for consistency with the original experimental records. A positive classification denoted a positive 
antimicrobial-inhibitory response, whereas the term resistance-associated referred to the phenotypic response recorded 
under the antimicrobial-response testing conditions. The resistance-associated category should not be interpreted as 
evidence that an individual participant was clinically resistant to the corresponding antimicrobial.  The available dataset 
retained the final mutually exclusive laboratory classification assigned to each participant–antimicrobial observation in the 
original investigation. The underlying raw linkage between the two microbiological procedures was not available for 
retrospective reclassification; therefore, the original categories were retained without modification.  
 
Statistical Analysis 
Because of the exploratory design and the small human sample size (n = 15), the primary analysis was descriptive. 
Categorical laboratory findings were summarized as frequencies and percentages for each of the five antimicrobial agents. 
Antimicrobial-specific observations were derived from the same group of 15 participants and therefore were not treated as 
independent population samples. The reported percentages describe the distribution of laboratory response 
classifications within the study sample and should not be interpreted as population-level prevalence estimates. 
As a secondary exploratory analysis, separate multinomial logistic regression models were used to examine the association 
between participant age and antimicrobial-response classification for each antimicrobial agent. Participant age was 
entered as a continuous predictor, with the negative category used as the reference outcome. Positive and resistance-
associated responses were therefore modelled relative to the negative response category. 
Where a specific response category contained no observations, the corresponding outcome contrast could not be 
estimated because of the absence of variability in that category. Where all observations for an antimicrobial fell within a 
single category, no regression model could be estimated. Such instances were reported as not estimable rather than being 
interpreted as evidence of no association. All analyses were conducted using R software (14). Given the small sample size 
and sparse outcome distribution, regression findings were considered exploratory and interpreted cautiously. No additional 
inferential comparisons were performed. 
 
Results 
Antimicrobial-Related Laboratory Response Patterns 
Antimicrobial-related laboratory response patterns varied across the five agents evaluated in this exploratory study. For 
each antimicrobial, responses were classified as positive, resistance-associated, or negative. Because all antimicrobial-
specific observations were derived from the same 15 participants, the percentages presented represent within-sample 
distributions and should not be interpreted as population-level prevalence estimates. 
 
Table 1. Distribution of antimicrobial-related laboratory response classifications in the exploratory study (n = 15).  

Antimicrobial Positive, n (%) Resistance-
associated, n (%) 

Negative, 
n (%) 

Ciprofloxacin 7 (46.7) 6 (40.0) 2 (13.3) 
Gentamicin 9 (60.0) 3 (20.0) 3 (20.0) 
Vancomycin 11 (73.3) 0 (0.0) 4 (26.7) 
Tetracycline 4 (26.7) 0 (0.0) 11 (73.3) 

Trimethoprim 0 (0.0) 15 (100.0) 0 (0.0) 
Note: Positive denotes an antimicrobial-inhibitory response, whereas resistance-associated denotes a phenotypic response recorded 

under the antimicrobial-response testing conditions. The latter should not be interpreted as confirmed clinical antimicrobial resistance 
in the participating individuals. 
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Vancomycin showed the highest proportion of positive responses, with 11 of 15 observations (73.3%), followed by 
gentamicin with 9 of 15 (60.0%) and ciprofloxacin with 7 of 15 (46.7%). Tetracycline showed the lowest proportion of positive 
responses, with 4 of 15 observations (26.7%), while 11 of 15 (73.3%) were classified as negative. 
Resistance-associated phenotypic responses were recorded for ciprofloxacin in 6 of 15 observations (40.0%) and for 
gentamicin in 3 of 15 (20.0%). No resistance-associated responses were recorded for vancomycin or tetracycline under the 
experimental conditions used. In contrast, all 15 observations for trimethoprim were classified as resistance-associated. 
Because validated clinical susceptibility breakpoints were not applicable to all five Bacillus subtilis–antimicrobial 
combinations under the experimental conditions used in this study, these findings are reported as assay -specific 
phenotypic antimicrobial-response patterns rather than as confirmed clinical antimicrobial resistance. In particular, the 
uniform resistance-associated classification for trimethoprim should not be interpreted as evidence that all participants 
were clinically resistant to trimethoprim. 
 
Association Between Participant Age and Antimicrobial-Related Response 
To explore whether participant age was associated with the recorded antimicrobial-related responses, separate exploratory 
multinomial logistic regression models were fitted for each antimicrobial agent. Participant age was treated as a continuous 
predictor, with the negative response category used as the reference outcome. Positive and resistance-associated 
responses were therefore modelled relative to the negative category. Because of the small sample size and sparse 
distribution of some response categories, not all outcome contrasts could be estimated. For antimicrobial agents with no 
observations in a particular response category, the corresponding contrast was reported as not estimable. For 
trimethoprim, all 15 observations fell within the resistance-associated category, resulting in complete absence of outcome 
variability and preventing estimation of an age–response association. These non-estimable results reflect the structure of 
the available data and should not be interpreted as evidence of an absence of association. 

 
Table 2. Exploratory association between participant age and antimicrobial-related response classification using 

multinomial logistic regression (n = 15). 

Antimicrobial Outcome modelled (vs. 
negative) OR p-value 

Ciprofloxacin Positive 1.20 0.13 
 Resistance-associated 1.20 0.14 

Gentamicin Positive 1.00 0.66 
 Resistance-associated 1.00 0.77 

Tetracycline Positive 0.98 0.69 
 Resistance-associated NE¹ — 

Vancomycin Positive 0.94 0.19 
 Resistance-associated NE¹ — 

Trimethoprim Model not estimable NE² — 
Note: OR represents the estimated change in the odds of the indicated response category relative to the negative category for  each one-

year increase in participant age. NE, not estimable. 
¹ No resistance-associated observations were recorded for the antimicrobial. 

² All 15 observations were classified as resistance-associated; therefore, there was no outcome variability and no negative reference 
category from which an age effect could be estimated. 

 
For ciprofloxacin, participant age was not significantly associated with either a positive response (OR = 1.20, P = 0.13) or a 
resistance-associated response (OR = 1.20, P = 0.14), relative to the negative response category. Similarly, no statistically 
significant association with age was observed for gentamicin for either a positive response (OR = 1.00, P = 0.66) or a 
resistance-associated response (OR = 1.00, P = 0.77). For tetracycline, age was not significantly associated with a positive 
response (OR = 0.98, P = 0.69); the resistance-associated contrast was not estimable because no observations occurred in 
that category. For vancomycin, age was likewise not significantly associated with a positive response (OR = 0.94, P = 0.19), 
while the resistance-associated contrast was not estimable because no resistance-associated observations were 
recorded. For trimethoprim, regression analysis was not estimable because all 15 observations were classified as 
resistance-associated, resulting in an absence of outcome variability and no negative reference category.  
Overall, no statistically significant association between participant age and antimicrobial-related response classification 
was detected for any of the estimable comparisons (all P > 0.05). These findings should be interpreted cautiously because 
of the small sample size and sparse distribution of several response categories. The absence of a statistically significant 
association does not exclude a potentially meaningful age-related effect, while non-estimable results reflect the structure 
of the available data rather than evidence of no association. 
 
Discussion 
The most notable finding in this exploratory study was the uniform resistance-associated response recorded for 
trimethoprim, with all 15 observations falling within this category. This finding requires cautious interpretation because 
antimicrobial inhibitory activity in urine and antimicrobial-response patterns were assessed using separate microbiological 
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procedures. The resistance-associated classification therefore represents a phenotypic laboratory response observed 
under the antimicrobial-response testing conditions and should not be interpreted as evidence of clinically confirmed 
trimethoprim resistance in the participants or as evidence of poultry-to-human transmission. 
An additional methodological consideration is important when interpreting the response classifications. As described 
under Outcome Classification, the available dataset retained mutually exclusive laboratory classifications of positive, 
resistance-associated, or negative, although these classifications originated from two related but distinct microbiological 
procedures. The positive category represented an antimicrobial-inhibitory response detected in the urine bioassay, 
whereas the resistance-associated category represented a phenotypic response recorded during antimicrobial-response 
testing. Because the underlying raw linkage between the two procedures was not available for retrospective 
reclassification, these categories should not be interpreted as a single biologically ordered outcome measured by one 
analytical procedure. Consequently, comparisons among antimicrobial agents primarily describe the distribution of the 
recorded laboratory classifications within the study sample rather than directly comparab le measures of antimicrobial 
susceptibility or resistance. 
Trimethoprim inhibits bacterial dihydrofolate reductase and thereby interferes with folate metabolism and downstream 
nucleotide synthesis (15, 16). Resistance to trimethoprim may arise through alterations in the target enzyme or acquisition 
of alternative or less-sensitive dihydrofolate reductase determinants (17). However, no molecular characterization of 
resistance determinants was undertaken in the present study. The uniform resistance-associated classification observed 
for trimethoprim therefore cannot be attributed to a specific molecular resistance mechanism. Other explanations related 
to the tested isolates, experimental conditions, or interpretation of inhibition zones also remain possible and cannot be 
distinguished from acquired resistance on the basis of the available data. 
The composition of the susceptibility-testing medium provides an additional consideration for trimethoprim. The 
antimicrobial activity of trimethoprim can be influenced by thymidine availability in the test medium, because exogenous 
thymidine can reduce the dependence of bacterial growth on folate-mediated thymidylate synthesis and thereby alter the 
apparent antimicrobial response (18). Experimental work has demonstrated that the activity of trimethoprim may vary 
according to the thymidine content of commercially prepared media (18), while subsequent studies have shown that the 
thymidine content of Mueller–Hinton agar can affect susceptibility testing of organisms with relevant metabolic 
characteristics (19, 20). Mueller–Hinton agar was used in the present study; however, the thymidine content of the specific 
medium lot was not independently documented in the available study record. Accordingly, a medium-related effect cannot 
be excluded retrospectively, although the present data do not establish that it contributed to the uniform trimethoprim 
pattern. Future studies should incorporate appropriate medium quality-control procedures and, where trimethoprim 
susceptibility is specifically investigated, conditions that minimize the potential influence of thymidine. 
The remaining antimicrobial agents showed heterogeneous laboratory-response patterns. Positive responses were most 
frequently recorded for vancomycin, followed by gentamicin and ciprofloxacin, whereas tetracycline showed a lower 
frequency of positive responses. Resistance-associated classifications were recorded for ciprofloxacin and gentamicin but 
not for vancomycin or tetracycline under the experimental conditions used. These differences indicate heterogeneity in the 
observed assay-specific phenotypic responses; however, they should not be interpreted as definitive estimates of clinical 
susceptibility or resistance. The interpretation of inhibition zones was constrained by the applicability of susceptibility 
criteria to the specific Bacillus–antimicrobial combinations tested in this exploratory study. The results are therefore best 
considered assay-specific laboratory observations rather than clinical susceptibility profiles of the human-derived isolates 
or the participating individuals. 
The exploratory age analysis did not identify a statistically significant association between participant age and any 
estimable antimicrobial-response comparison. For tetracycline and vancomycin, the resistance-associated contrasts 
were not estimable because no observations occurred in those categories. For trimethoprim, all 15 observations were 
classified as resistance-associated, resulting in complete absence of outcome variability and no negative reference 
category from which an age effect could be estimated. These situations are structurally different from a conventional 
model-fitting problem: where a category contains no observations, the corresponding contrast is undefined, whereas a 
constant outcome provides no variation from which an association can be estimated. For future studies with larger samples 
and sparse but non-degenerate outcome distributions, approaches designed to address separation and small-sample bias, 
including penalized likelihood methods, may be considered (21, 22). In the present study, however, the small sample size 
and sparse distribution of several response categories mean that the age analysis should remain exploratory and that non-
significant findings should not be interpreted as evidence that age has no influence on antimicrobial-response patterns. 
The detection of antimicrobial inhibitory activity in urine indicates the presence of substances capable of suppressing 
bacterial growth, but microbiological screening alone cannot identify the responsible antimicrobial compound, quantify its 
concentration, or establish its source. Microbiological urine bioassays have nevertheless been used as screening 
approaches for antimicrobial activity in clinical specimens. Traub, Büchler (23) demonstrated the capacity of a Bacillus 
subtilis indicator system to detect selected chemotherapeutic agents in clinical specimens, while more recent work has 
highlighted the potential value of urine bioassays for assessing recent antimicrobial exposure and the influence of the 
antimicrobial tested, indicator organism, and timing of exposure (24). In the present study, the urine assay should therefore 
be regarded as a screening signal rather than a compound-specific measurement or a direct measure of dietary exposure. 
Poultry consumption represents a biologically plausible exposure context because antimicrobial residues and 
antimicrobial-resistant bacteria associated with food-animal production may reach humans through food-chain pathways 
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(7-9). Antimicrobial residues in foods of animal origin have also been associated with potential human-health concerns, 
including hypersensitivity reactions and effects on the intestinal microbiota (25). 
Nevertheless, the present study cannot establish poultry consumption as the source of the observed human findings. 
Information on recent therapeutic antimicrobial use, dosage and timing of exposure, quantity and frequency of poultry 
consumption, and other dietary or environmental exposures was not available. Furthermore, paired or otherwise source-
linked poultry–human sampling was not undertaken. Consequently, neither the antimicrobial inhibitory activity detected in 
urine nor the resistance-associated laboratory classifications can be attributed specifically to poultry exposure or 
interpreted as evidence of poultry-to-human transmission of resistant bacteria or resistance determinants. 
A source–exposure relationship would require a source-linked One Health design incorporating comparable poultry, 
human, and environmental sampling, reliable identification of recovered isolates, standardized antimicrobial susceptibility 
testing, and molecular or genomic characterization of resistance determinants (8). Detailed antimicrobial-use and dietary 
histories would also be necessary to evaluate alternative exposure pathways. Where the objective is to establish the 
presence of a specific antimicrobial compound or quantify exposure, microbiological screening shou ld be complemented 
by quantitative analytical methods such as liquid chromatography–tandem mass spectrometry (LC–MS/MS). Such 
approaches would allow the biological screening signal to be linked to a specific compound and concentration rather than 
inferred from inhibitory activity alone. 
Within these limitations, the present study provides preliminary local observations from Al-Bayda that may help inform the 
design of larger One Health investigations in Libya. Its principal contribution is not to establish clinical antimicrobial 
resistance or a poultry-to-human transmission pathway, but to document antimicrobial-inhibitory activity and assay-
specific antimicrobial-response patterns in a small exploratory human sample and to identify methodological issues that 
should be addressed in subsequent studies. Future investigations should separate urine antimicrobial screening from 
isolate susceptibility outcomes throughout the analytical workflow, apply validated and organism -appropriate 
susceptibility criteria, strengthen quality control of culture media and susceptibility testing, confirm bacterial identification 
using appropriate molecular methods where species-level attribution is required, and incorporate source-linked sampling 
when transmission or exposure attribution is the primary research question. The findings should therefore be interpreted 
as hypothesis-generating rather than confirmatory evidence of antimicrobial exposure or resistance transmission.  
 
Study Limitations 
Several limitations should be considered when interpreting these findings. First, the study included only 15 participants and  
was designed as an exploratory pilot assessment rather than a population-representative study. Consequently, the 
observed frequencies should not be interpreted as prevalence estimates for the population of Al-Bayda. 
Second, the study did not include a comparison group of individuals who were not regular poultry consumers. Information 
on recent therapeutic antimicrobial use, dosage, timing of the most recent antimicrobial exposure, and the quantity or 
frequency of poultry consumption was also unavailable. These limitations restrict the ability to attribute the observed 
antimicrobial inhibitory activity or resistance-associated response patterns specifically to poultry consumption. 
Third, the microbiological urine bioassay provided evidence of antimicrobial inhibitory activity but did not chemically 
identify or quantify the compounds responsible for that activity. Other antimicrobial exposures, metabolites, dietary 
sources, or nonspecific inhibitory substances may therefore have contributed to the observed responses. 
Fourth, although antimicrobial-response testing was performed as a separate microbiological procedure, no molecular 
characterization of resistance determinants was undertaken. In addition, paired poultry and human samples were not 
collected from the same exposure units. Consequently, the study cannot establish direct poultry-to-human transmission 
of resistant bacteria or resistance determinants, nor can it establish poultry as the source of the antimicrobial inhibitory 
activity detected in the urine samples. 
Fifth, the exploratory regression analysis of participant age was limited by the small sample size and sparse distribution of 
several response categories. For tetracycline and vancomycin, no resistance-associated observations were recorded, 
preventing estimation of the corresponding age–response contrasts. For trimethoprim, all 15 observations were classified 
as resistance-associated, resulting in an absence of outcome variability and no negative reference category from which an 
age effect could be estimated. Furthermore, each model examined age as the only predictor and did not adjust for other 
potentially relevant participant-level factors. Accordingly, the available data do not allow meaningful exclusion of a 
potentially important age-related association, even where formal model estimation was possible. 
For these reasons, the findings should be regarded as hypothesis-generating rather than confirmatory. Their principal value 
lies in identifying preliminary microbiological signals that warrant further investigation through larger, controlled, and 
source-linked One Health studies. 
 
Conclusion and Recommendations 
This exploratory study identified antimicrobial inhibitory activity and heterogeneous antimicrobial-response patterns 
among urine samples collected from regular poultry consumers in Al-Bayda, Libya. Responses varied across the five 
antimicrobial agents evaluated, while trimethoprim showed a uniform resistance-associated response pattern across all 
15 observations. Given the small sample size and the methodological characteristics of the microbiological assays, this 
finding should be interpreted as an assay-specific phenotypic pattern rather than as evidence of universal clinical 
trimethoprim resistance among the participants. Exploratory regression analysis found no statistically significant 
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association between participant age and antimicrobial-response classification where model estimation was possible; 
however, the small sample size and sparse response categories preclude firm conclusions regarding age-related effects. 
Although poultry consumption represents a biologically plausible dietary exposure context, the present study cannot 
determine the source of the detected antimicrobial inhibitory activity or establish poultry -to-human transmission of 
antimicrobial compounds, resistant bacteria, or resistance determinants. The findings should therefore be regarded as 
hypothesis-generating and as preliminary local evidence supporting further investigation of antimicrobial exposure and 
resistance-associated phenotypic responses at the food–human interface in Libya. 
Future studies should include larger and more representative participant samples, an appropriate comparison group, and 
detailed documentation of recent therapeutic antimicrobial use and dietary exposure. Paired or otherwise source -linked 
poultry and human sampling should be incorporated when source attribution or transmission is specifically investigated. 
Quantitative analytical methods such as liquid chromatography–tandem mass spectrometry (LC–MS/MS) should be used 
to confirm and identify specific antimicrobial compounds and, where appropriate, quantify exposure. Standardized 
antimicrobial susceptibility testing, together with molecular or genomic characterization, should be incorporated when 
investigating resistant bacteria or resistance determinants. 
The findings also highlight the value of strengthening integrated One Health research and surveillance linking animal 
production, food-safety laboratories, veterinary services, environmental monitoring, and the public-health sector. Such an 
approach would provide a stronger evidence base for understanding antimicrobial exposure and resistance pathways 
within the Libyan context and for developing appropriately targeted surveillance and antimicrobial-stewardship strategies. 
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