Emerging Antibiotic Resistance in Eggshell-Associated Bacteria: A Comparative Analysis of Market and Domestic Eggs in Dhaka, Bangladesh
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ABSTRACT
Background: Eggs are a powerhouse of nutrition, rich in high-quality protein, essential vitamins, and healthy fats that support brain function, muscle growth, and overall health. Overconsumption of raw or undercooked eggs carries a risk of Salmonella infection. Microbial contamination of eggshells poses a significant public health concern, particularly due to the increasing prevalence of antimicrobial-resistant bacteria. This study aims to identify potential risk factors associated with egg contamination and the transmission of antimicrobial-resistant bacteria by investigating the bacterial diversity and antibiotic resistance profiles of eggshell-associated microbiota from residential refrigerator eggs (RRE) and market shop eggs (MSE) in Dhaka, Bangladesh. Methods: Unwashed 130 eggs (65 RRE, 65 MSE) were analyzed for bacterial contamination. Bacterial isolates were identified using Gram staining, colony morphology, and biochemical tests. Antibiotic susceptibility was determined using the Kirby-Bauer disk diffusion method. Results: The overall bacterial prevalence was higher in MSE eggs(67.5%) compared to RRE eggs(32.5%). Escherichia coli (45.24%) was the dominant Gram-negative isolate, followed by Citrobacter spp.(19.05%) and Klebsiella spp.(11.90%). Salmonella spp. Contamination was more frequent in RRE eggs(9.52%). Gram-positive bacteria, including Staphylococcus aureus(26.93%) and Staphylococcus spp.(25.65%), exhibited 100% resistance to Penicillin, Azithromycin, and Clindamycin. Gram-negative isolates showed high resistance to Ceftazidime(75–100%), Cefotaxime(89.47–100%), & Cotrimoxazole(62.5–100%), which are commonly used antibiotics, posing significant public health risks. Conclusion: Findings indicate that eggs sold in market shops exhibit significantly higher bacterial loads and antimicrobial resistance than those stored in residential refrigerators. This highlights the need for stricter hygiene protocols, improved storage practices, and antimicrobial stewardship to mitigate foodborne disease risks and combat antibiotic resistance. 
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INTRODUCTION 
Eggs are highly nutritious and widely consumed, serving millions worldwide as a primary protein source. However, their porous shells make them susceptible to microbial contamination, raising significant food safety concerns. Contaminated eggshells serve as reservoirs for pathogenic bacteria. This contributes to foodborne illnesses and the growing problem of antimicrobial resistance (AMR) (Chen et al., 2019). Consuming contaminated eggs, especially when undercooked or raw, increases the likelihood of bacterial transmission and life-threatening complications (Bautista et al., 2014). Microbial contamination of eggs can occur at multiple points in the supply chain. Poor hygienic practices, environmental exposure, and inadequate storage conditions further make matters worse for bacterial growth on eggshells (Hennessey et al., 2021). Hence, organisms could easily spread and contaminate the house surface when the eggs are unpacked. Organisms from the air could easily sit over them and become contaminated. Researchers suggest that the main contamination occurs after laying due to contact with dirty surfaces (Hazards (BIOHAZ) et al., 2018; Umeana et al., 2022). In Dhaka, Bangladesh, the daily temperature varies significantly, typically ranging from 15–20°C in winter to 30–40°C in summer, with high humidity. These environmental conditions can influence bacterial growth on food surfaces, including eggshells. Bacteria, such as Escherichia coli, Salmonella spp., and Staphylococcus aureus, thrive at temperatures between 25–37°C, making food contamination a major concern, especially in open market environments. Most of the eggs are sourced from rural vicinity farms and houses, and poultry production is still ruled by small and medium variety scale enterprises running with poor bio-protection related to poultry and zoonotic disease risk. Bacterial contamination of the internal egg content could result from the shell's penetration (Sartorius et al., 2022). Although the microflora found on the eggshell varies quantitatively and qualitatively in different geographical areas, the spoilage flora in eggs tends to be similar irrespective of geographical area or husbandry methods, indicating that the intrinsic defense mechanisms of the egg influence the selection of spoilage types. Probably because of their tolerance to dry conditions, the microflora of the eggshell is dominated by Gram-positive bacteria, which may originate from dust, soil, or feces (Pesavento et al., 2017). Internal properties of eggs favor the survival and growth of contaminating Gram-negative organisms, have a relatively simple nutrition requirement, and have the ability to develop at low temperatures (Sartorius et al., 2022). Several bacterial species, including Escherichia coli, Salmonella spp., Klebsiella spp., Staphylococcus aureus, and Citrobacter spp., have been frequently isolated from eggshell surfaces, posing serious risks to public health. Klebsiella spp. and Citrobacter spp. are opportunistic pathogens that can cause urinary tract infections in vulnerable individuals. While many strains are harmless, pathogenic strains like E. coli O157:H7 can cause severe foodborne illness, leading to abdominal cramps and bloody diarrhea. The most concerning pathogen, Salmonella, can cause salmonellosis (Akbar & Anal, 2011). Understanding the extent and nature of bacterial contamination on eggshells from different sources is crucial for assessing food safety risks and developing effective mitigation strategies. One of the most alarming concerns associated with bacterial contamination is the increasing prevalence of antimicrobial resistance (AMR). The excessive and indiscriminate use of antibiotics in poultry farming has led to the emergence of multidrug-resistant (MDR) bacterial strains, posing a significant threat to human health (Guetiya Wadoum et al., 2016; Mahmud et al., 2016). Resistant bacteria from contaminated eggs can be transmitted to humans through direct contact, consumption of undercooked eggs, or cross-contamination in the kitchen. This not only reduces the effectiveness of commonly used antibiotics but also complicates the treatment of bacterial infections, leading to prolonged illness, increased healthcare costs, and higher mortality rates(Chmielewski & Swayne, 2011). Bangladesh, with its burgeoning population and evolving agricultural landscape, stands at the intersection of traditional poultry farming practices and the demands of a modernized food industry. In this dynamic context, the quality and safety of poultry products, particularly eggs, play a pivotal role in ensuring food security and public health. A critical but often understudied aspect of egg quality in Bangladesh is the microbial ecology of poultry eggshells, which can significantly impact both the industry and consumers. Given the rising global concern over AMR, it is essential to monitor the resistance patterns of bacterial isolates from food sources, including eggs, to inform public health policies and antimicrobial stewardship programs (Fardows et al., 2016). Antibiotic resistance is a remarkable challenge to trendy medicinal drugs and requires the discovery of novel antibiotics. When an egg’s microorganisms turn out to be resistant, the unique antibiotic cannot kill them. These germs can develop and unfold. They can cause infections that are difficult to treat. Sometimes, egg bacteria could even develop resistance to different microorganisms that they encounter. The focus of this research is to assess the microbial contamination and antibiotic resistance patterns of bacterial isolates from eggshells collected from residential refrigerators and market shops in Dhaka, Bangladesh.

MATERIALS AND METHODS
A cross-sectional study was conducted in the microbiology laboratory of the Bangladesh University of Health Sciences (BUHS), Dhaka, between November 2021 and July 2024. Samples were collected from various locations in Dhaka. The egg samples were transported in sterile, leak-proof bags in ice containers at 4°C. Eggs were analyzed for bacterial contamination without prior washing to ensure maximum microbial detection.

Inoculation & Isolation of the bacteria
A swab stick was dipped into and made wet in sterile normal saline. Then the swab stick was swabbed by rotating it on the surface of the eggshell. A shell swab was taken from the entire surface of the egg and immediately dipped again and mixed well in the test tube, containing 8 ml of TSB broth. Then, after 15-20 minutes, with the help of micropipette tips, 100μmL of normal saline solution was poured out on the MacConkey and Brain Heart agar plate. Spread the solution on each plate with a sterile glass rod. After spreading, the plates were incubated overnight. The next day, bacterial growth was observed in each plate. For isolation, plates showing bacterial growth were selected, as shown in Figure 2. Inoculums were streaked out from these plates onto Nutrient agar (Muller-Hinton Agar), following aseptic techniques under laminar flow, and incubated at 37°C for 24 hours. Discrete colonies were subcultured onto fresh Nutrient agar plates and incubated again to obtain pure isolates, which were then stored on agar slants at 4°C. Isolates were identified using Gram staining, biochemical tests, and colony morphology.

Antibiotic Susceptibility Test
The Kirby-Bauer disk diffusion method was performed on Muller-Hinton agar using 15 commercially available antibiotic disks. Sterile antimicrobial disks were dispensed onto the surface of the inoculated agar plate using sterile forceps. Each disk was pressed down individually to ensure complete contact with the agar surface. The disk placed in the agar surface was not closer than 24 mm from the center to center; a total of 7 disks were placed on one 150 mm plate. Inoculum preparation adhered to CLSI (2021) guidelines, achieving 0.5 optical density. Antibiotic disks were applied and incubated at 35°C for 16-18 hours, with zone diameters measured to assess susceptibility. The inhibition zones were interpreted according to CLSI.

Statistical Analysis
Data analysis was done using Microsoft Excel & IBM SPSS V30. Descriptive statistics were used for bacterial prevalence, and t-tests were applied to assess differences between RRE and MSE contamination levels. A p-value < 0.05 was considered statistically significant.

Quality Control 
Quality control was done by using control organisms Escherichia coli ATCC 25922 and Staphylococcus ATCC 29213.

RESULT
One hundred thirty unwashed eggs were analyzed for microbial contamination and antibiotic resistance. Higher bacterial prevalence was significantly found in (MSE)market shop eggs(67.5%) than in (RRE)residential refrigerator eggs(32.5%). Gram-negative bacteria were more prevalent in MSE, while Gram-positive bacteria dominated RRE.  Escherichia coli(45.24%) was the most frequently detected Gram-negative isolate, followed by Citrobacter spp.(19.05%) and Klebsiella spp.(11.90%), whereas Staphylococcus aureus(26.93%) and Staphylococcus spp.(25.65%) were the most prevalent Gram-positive bacterium. Notably, Salmonella spp. contamination was higher in RRE(9.52%). All Gram-positive isolates demonstrated 100% resistance to Penicillin, Azithromycin, and Clindamycin. Gram-negative isolates showed high resistance to Ceftazidime (75–100%), Cefotaxime (89.47–100%), and Cotrimoxazole (62.5–100%), posing substantial public health risks. However, all isolates remained susceptible to Colistin, Meropenem, and Imipenem. 

Table 1: Distribution of egg samples 
	Sample (n=130)
	Residential refrigerators egg
	Market shops egg
	Total

	Frequency
	65
	65
	130

	Percentage
	50%
	50%
	100%

	Storage days
	7-13 days
	1-5 days
	Average= 4.76

	Mean & SD
	Means= 8.215 & SD= 1.883
	Means= 1.307 & SD= 0.882
	



Distribution of a sample of 130 eggs, split evenly between residential refrigerators and market shops (65 eggs each). Eggs stored at home last 7-13 days, with a mean of 8.215 days and a standard deviation of 1.883 days of storage, indicating considerable variability. In contrast, market shop eggs were stored for only 1-5 days. The overall average storage duration for both groups was about 4.76 days. 

Table 2. Distribution of isolates based on RRE & MSE department
	DEPARTMENT
	FREQUENCY

	
	Egg Sample
	Bacteria

	RRE
	65(50%)
	39

	MSE
	65(50%)
	81

	Total
	130(100%)
	120(100%)



Bacterial isolates from eggs, categorized by storage conditions in residential refrigerators (RRE) and market shops (MSE), comprising 65 eggs, representing 50% of the total sample. The RRE group yielded 39 isolates, while the MSE group showed a significantly higher frequency of 81 isolates. Overall, the total sample of 130 eggs resulted in 120 bacterial isolates. 

Table 3: Prevalence of Bacterial Isolates by Gram Stain in RRE and MSE
	GRAM STAIN
	RRE
	MSE
	Total
	P value

	Gram Positive
	27(34.62%)
	51(65.38%)
	78(100%)
	0.24

	Gram Negative
	12(28.57%)
	30(71.43%)
	42(100%)
	0.64

	Total
	39(32.5%)
	81(67.5%)
	120(100%)
	



RRE accounted for 27 isolates (34.62%) and MSE for 51 isolates (65.38%) among Gram-positive bacteria. RRE had 12 isolates (28.57%) for Gram-negative bacteria compared to 30 isolates (71.43%) from MSE. However, p-values (0.24 for Gram-positive and (0.64) for Gram-negative indicate no statistically significant difference between the bacterial distributions in the two groups (p > 0.05). This suggests that while contamination levels differ, the variation may not be solely due to storage conditions. Overall, 39 isolates (32.5%) originated from RRE and 81(67.5%) from MSE, highlighting the prevalence of bacteria linked to storage conditions.

Figure 1: Microscopic image of gram staining, [a] Gram-positive bacteria, [b] Gram-negative bacteria 

[a][image: ]    [b][image: ]
A light microscopic image of Gram staining, differentiating bacteria based on cell wall composition. 
[a] Representing Gram-positive bacteria, appearing purple due to thick peptidoglycan retaining crystal violet stain. 
[b] Representing Gram-negative bacteria, appearing pink due to a thinner peptidoglycan layer and safranin counterstaining.

Figure 2: Bacterial growth found by inoculation 
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Bacterial growth was observed in selective media. The observed colony density and variety provide insight into the microbial contamination and potential sources of antibiotic-resistant strains present on the eggshells, selective media such as MacConkey agar and Brain Heart Infusion agar were used to differentiate between Gram-negative and Gram-positive bacteria based on their growth patterns.

Table 4:  Growth and Prevalence of Bacterial Isolates from Eggshell Samples (n=130)
	Isolate organisms
	Growth
	No growth
	Total

	Staphylococcus aureus
	124(95.38%)
	6(4.62%)
	130(100%)

	Micrococcus Luteus
	1(0.77%)
	129(99.23%)
	130(100%)

	Staphylococcus spp.
	124(95.38%)
	6(4.62%)
	130(100%)

	Streptococcus spp.
	101(77.69%)
	29(22.31%)
	130(100%)

	Enterococcus spp.
	94(70.31%)
	36(29.69%)
	130(100%)

	Clostridium spp.
	76(58.46%)
	54(41.54%)
	130(100%)

	Bacillus spp.
	124(95.38%)
	6(4.62%)
	130(100%)

	Escherichia coli
	124(95.38%)
	6(4.62%)
	130(100%)

	Citrobacter spp.
	59(45.38%)
	71(54.62%)
	130(100%)

	Klebsiella spp.
	124(95.38%)
	6(4.62%)
	130(100%)

	Acinetobacter spp.
	62(47.69%)
	68(52.31%)
	130(100%)

	Proteus spp.
	8(6.15%)
	122(93.85%)
	130(100%)

	Salmonella spp.
	23(17.69%)
	107(82.31%)
	130(100%)

	T-test value
	0.10508377
	



Growth and prevalence of bacterial isolates from eggshell Samples of 130 individuals. Staphylococcus aureus, Staphylococcus spp., Bacillus spp., Escherichia coli, and Klebsiella spp. demonstrated the highest growth rate (95.38%). Streptococcus spp.(77.69%) and Enterococcus spp.(70.31%) were also prevalent. Micrococcus luteus(0.77%) showed minimal presence. Clostridium spp.(58.46%), Citrobacter spp.(45.38%), and Acinetobacter spp.(47.69%) showed moderate growth. Proteus spp.(6.15%) and Salmonella spp. (17.69%) exhibited the lowest growth. A t-test value of 0.105 indicates no statistically significant difference in growth rates across isolates (p > 0.05).

Table 5: Distribution of Gram-positive Bacterial isolates based on RRE & MSE 
	Gram stain 
	Name of bacteria
	RRE 
	MSE 
	Proportion

	Gram-positive bacteria (n=78)
	Staphylococcus aureus(n=21)
	5(6.41%)
	16(20.52%)
	26.93%

	
	Staphylococcus spp.(n=20)
	6(7.70%)
	14(17.95%)
	25.65%

	
	Streptococcus spp.(n=12)
	5(6.41%)
	7(8.97%)
	15.38%

	
	Enterococcus spp.(n=9)
	5(6.41%)
	4(5.13%)
	11.54%

	
	Bacillus spp.(n=8)
	2(2.56%)
	6(7.69%)
	10.25%

	
	Clostridium spp.(n=7)
	4(5.13%)
	3(3.84%)
	8.97%

	
	Micrococcus Luteus(n=1)
	0(0.0%)
	1(1.28%)
	1.28%

	Total 
	78 
	27(34.62%)
	51(65.38%)
	100%



Bacteria identified of 78 Gram-positive isolates among 130 samples from residential refrigerator eggs (RRE) and market shop eggs (MSE), Staphylococcus aureus was most prevalent (26.93%), with a higher occurrence in MSE(20.52%) than RRE(6.41%). Staphylococcus spp.(25.65%) and Streptococcus spp.(15.38%) followed a similar trend. Other bacteria were also detected, including Enterococcus spp., Bacillus spp., Clostridium spp., and Micrococcus luteus. Overall, MSE eggs harbored more Gram-positive bacteria (65.38%) than RRE(34.62%).

Table 6: Distribution of Gram-negative Bacterial isolates based on residential RRE and MSE 
	Gram stain 
	Name of bacteria
	RRE 
	MSE 
	Proportion

	Gram-negative bacteria (n=42)
	Escherichia coli(n=19)
	5(11.91%)
	14(33.33%)
	45.24%

	
	Citrobacter spp.(n=8)
	3(7.14%)
	5(11.91%)
	19.05%

	
	Klebsiella spp.(n=5)
	0(0.0%)
	5(11.90%)
	11.90%

	
	Acinetobacter spp.(n=4)
	0(0.0%)
	4(9.52%)
	9.52%

	
	Proteus spp.(n=1)
	0(0.0%)
	1(2.39%)
	2.39%

	
	Salmonella spp.(n=5)
	4(9.52%)
	1(2.38%)
	11.90%

	Total 
	42
	12(28.57%)
	30(71.43%)
	100%



Among 42 isolates, Escherichia coli(45.24%) was predominant, mainly from MSE(33.33%). Citrobacter spp.(19.05%) and Klebsiella spp.(11.90%) were also more frequent in MSE. Notably, Salmonella spp.(11.90%) was higher in RRE(9.52%). Overall, 71.43% of isolates originated from MSE, indicating a higher bacterial load in market-sourced eggs.

Table 7: Antibiotic Resistance Pattern in Gram-Positive Isolates 
	Antibiotics
	Staphylococcus aureus (n=21)
	Micrococcus luteus (n=1)
	Staphylococcus spp. (n=20)
	Streptococcus spp.  (n=12)
	Enterococcus spp. (n=9)
	Clostridium spp. (n=7)
	Bacillus spp.  (n=8)

	Penicillin
	21(100%)
	1(100%)
	20(100%)
	12(100%)
	9(100%)
	9(100%)
	8(100%)

	Gentamicin
	0(0.0%)
	0(0.0%)
	0(0.0%)
	0(0.0%)
	0(0.0%)
	0(0.0%)
	0(0.0%)

	Chloramphenicol
	17(80.95%)
	0(0.0%)
	15(75%)
	5(41.66%)
	6(66.66%)
	7(100%)
	3(37.5%)

	Ciprofloxacin
	12(57.14%)
	0(0.0%)
	12(60%)
	8(66.66%)
	4(44.44%)
	7(100%)
	1(12.5%)

	Vancomycin
	12(57.14%)
	0(0.0%)
	3(15%)
	1(8.33%)
	3(33.33%)
	4(57.14%)
	2(25%)

	Azithromycin
	21(100%)
	1(100%)
	20(100%)
	12(100%)
	9(100%)
	7(100%)
	8(100%)

	Clindamycin
	21(100%)
	1(100%)
	20(100%)
	12(100%)
	9(100%)
	7(100%)
	8(100%)



All isolates, including Staphylococcus aureus, Micrococcus luteus, Staphylococcus spp., Streptococcus spp., Enterococcus spp., Clostridium spp., and Bacillus spp., exhibited 100% resistance to Penicillin, Azithromycin, and Clindamycin. Resistance to Gentamicin was notably absent across all isolates (0%). Chloramphenicol resistance varied, with the highest observed in Clostridium spp.(100%) and Staphylococcus aureus(80.95%), while Bacillus spp. showed the lowest (37.5%). Resistance to Ciprofloxacin ranged from 12.5% in Bacillus spp. to 100% in Clostridium spp. Vancomycin resistance was variable, highest in Clostridium spp.(57.14%) and lowest in Streptococcus spp.(8.33%). 

Table 8: Antibiotic Resistance Pattern in Gram-Negative Bacteria
	Antibiotics
	Escherichia coli (n=19)
	Citrobacter spp. (n=8)
	Klebsiella spp. (n=5)
	Acinetobacter spp. (n=4)
	Proteus spp. (n=1)
	Salmonella spp. (n=5)

	Aztreonam
	7(36.84%)
	3(37.5%)
	3(60%)
	1(25%)
	1(100%)
	5(100%)

	Cefoxitin
	11(57.89%)
	4(50%)
	4(80%)
	4(100%)
	1(100%)
	5(100%)

	Colistin
	0(0.0%)
	0(0.0%)
	0(0.0%)
	0(0.0%)
	0(0.0%)
	0(0.0%)

	Ceftazidime
	19(100%)
	7(87.5%)
	4(80%)
	3(75%)
	1(100%)
	4(80%)

	Cotrimoxazole
	14(73.68%)
	5(62.5%)
	5(100%)
	4(100%)
	1(100%)
	5(100%)

	Meropenem
	0(0.0%)
	0(0.0%)
	0(0.0%)
	0(0.0%)
	0(0.0%)
	0(0.0%)

	Imipenem
	0(0.0%)
	0(0.0%)
	0(0.0%)
	0(0.0%)
	0(0.0%)
	0(0.0%)

	Cefotaxime
	17(89.47%)
	8(100%)
	5(100%)
	4(100%)
	1(100%)
	5(100%)


 
High resistance was observed to Ceftazidime(75–100%), Cefotaxime(89.47–100%), and Cotrimoxazole(62.5–100%) across all bacterial species. Resistance to Aztreonam varied (25–100%), with Proteus spp. and Salmonella spp. Showing complete resistance. All isolates were susceptible to Colistin, Meropenem, and Imipenem, indicating no resistance.
 
DISCUSSION
This study underscores the significant bacterial contamination present on eggshells, particularly in market shop eggs (MSE), which exhibited a much higher bacterial prevalence (67.5%) compared to residential refrigerator eggs (RRE) (32.5%). As the eggs collected from the ground were heavily soiled, this confirmed the report of Folorunsho & Charles,(2013), which mentioned that only for heavily soiled shells, a correlation exists between the level of bacterial contamination and the appearance of the shell. Bacterial growth was detected in both RRE & MSE, with the presence of Enterococcus spp.94(70.31%), Staphylococcus Aureus124(95.38%), Staphylococcus spp.124(95.38%), Streptococcus spp.101(77.69%), Escherichia coli.124(95.38%), Klebsiella spp.124(95.38%), Clostridium spp.76(58.46%). Additionally, refrigerator eggshells contained Citrobacter spp.59(45.38%) while retail shop eggshells harbored Proteus spp.8(6.15%), Micro-coccus spp.1(0.77%), Salmonella spp.23(17.69%). Several studies, including Punom et al.,(2020), have reported high contamination of gram-positive bacteria in different egg-related environments. The higher microbial load in MSE can be attributed to frequent handling, inadequate sanitation, and exposure to environmental contaminants. In contrast, RRE were stored under controlled temperature conditions, limiting bacterial proliferation, although contamination was still evident, particularly with Gram-positive bacteria similar to another study by Fardous & Shamsuzzaman,(2015). Among the bacterial isolates, Escherichia coli(45.24%) was the most frequently detected Gram-negative bacterium, followed by Citrobacter spp.(19.05%) and Klebsiella spp.(11.90%). Notably, the dominance of Gram-negative bacteria in MSE indicates potential fecal contamination following the study by Sartorius et al.,(2022), likely from handling, storage, or exposure to unsanitary environments. The prevalence of multi-drug resistance (MDR) strains is a major public health issue, as antibiotic resistance compromises the effectiveness of treatment. Leading to prolonged infections, increased healthcare costs, and higher mortality rates. According to Guetiya Wadoum et al.,(2016), the overuse and misuse of antibiotics in poultry farming contribute significantly to the spread of resistant bacteria, which can be transmitted to humans through contaminated eggs. The presence of Salmonella spp. in RRE eggs (9.52%) of our study experiment raises significant food safety concerns, similar to another article’s report by Arnold et al., (2014). Salmonella infections are a leading cause of foodborne illness. In this study, Salmonella spp. exhibited high resistance (100%) to Ceftazidime, Cefotaxime, and Cotrimoxazole, highlighting (Davies & Breslin,2004) the growing issue of multi-drug resistance (MDR). A study (Tessema et al.,2017) reported that 95% of eggshells yielded the growth of different pathogenic bacteria from eggs collected from the market. According to Reu et al.,(2008) In Iran 68.22%, in Thailand 96.3%, in Nigeria 76.47%, and in Bangladesh 86.67% of eggs collected from retailers, yielded growth of pathogenic bacteria. The fact that the isolated bacteria are potentially food-borne pathogens reflects negatively on public health. Members of the genus micrococcus are widely distributed in dust and on the surface of inanimate objects. In this study, gram-positive isolates displayed 100% resistance to Penicillin, Azithromycin, and Clindamycin, reflecting the widespread presence of antibiotic-resistant strains, found likewise in some other studies by Hasan et al.,(2011). None of the isolates exhibited resistance to Gentamicin(0%). However, Chloramphenicol resistance varied among species, being most prevalent in Clostridium spp.(100%) and Staphylococcus aureus(80.95%), while Bacillus spp.(37.5%) displayed the lowest resistance. Ciprofloxacin resistance showed a broad range, from 12.5% in Bacillus spp. to 100% in Clostridium spp. Vancomycin resistance also varied, with the highest occurrence in Clostridium spp.(57.14%) and the lowest in Streptococcus spp.(8.33%). Correspondingly, Gram-negative isolates demonstrated alarmingly high resistance in our study to Ceftazidime(75–100%), Cefotaxime(89.47–100%), and Cotrimoxazole(62.5–100%), all of which are commonly used antibiotics in clinical settings. Compared with Donkor et al.,(2011) the detection of resistance to third-generation Cephalosporins (Ceftazidime & Cefotaxime), particularly in Salmonella spp., Escherichia coli, Acinetobacter spp., and Klebsiella spp., is of great concern, as these antibiotics are crucial for treating severe bacterial infections. The prevalence of E. coli reported by Ievy et al.,(2020) showed 100% resistance against Ampicillin and Tetracycline, followed by Chloramphenicol(97%), Erythromycin(97%), Ciprofloxacin(50%), Streptomycin(19%), Colistin(11%), and Gentamicin (8%). Similarly, Hasan et al.,(2011) reported another resistance pattern where E. coli isolates showed resistance to Tetracycline(46%), Streptomycin(21%), Ciprofloxacin(13%), Chloramphenicol(9%), Nitrofurantoin and Gentamicin(2%). Antibiotic-resistant avian pathogenic Escherichia coli (APEC) causes significant economic losses in the commercial avian industry. E. coli showed 100% resistance to cefoxitin and cotrimoxazole. Unqualified animal healthcare providers use antimicrobials in food-producing animals in developing countries (Islam et al.,2020). Despite the high resistance rates, this study observed no resistance (0%) to Colistin, Meropenem, or Imipenem, indicating that these last-resort antibiotics remain effective against the isolates tested. However, in Bangladesh, a study (Imam et al.,2020) reported that 37.5% of the avian farms used colistin during the production cycle. Bacterial isolates detected from fecal samples of chicken showed resistance against colistin. As per published literature, commercial avian farms use antibiotics for multiple purposes, including therapeutic, growth promotion, and prophylactic purposes (Chmielewski & Swayne, 2011). In Bangladesh, the proportion of antibiotic usage during the production cycle of commercial avian farms varied from 54–100%. According to the farmers, 13–43% of the avian farms used antibiotics for prophylactic purposes and 4% of layer farms used them for growth promotion. Ciprofloxacin(37%) was primarily used, followed by Amoxicillin(33%), Colistin(28%), Doxycycline(26%), and Oxytetracycline(15%)(Imam et al.,2020). These findings emphasize the need for stricter hygiene protocols in egg production and distribution and greater public awareness regarding safe egg handling and consumption. Understanding microbial ecology in eggshell environments will help develop targeted interventions, ensuring food safety. Exploring sustainable farming practices can further reduce AMR risks. Future research should focus on molecular characterization (WGS, Metagenomics), surveillance of resistance trends in poultry, and alternative antimicrobial strategies (probiotics, bacteriophages). Public health risks from contaminated eggs should be assessed, including AMR transmission pathways. These studies will enhance public health strategies and antimicrobial resistance control.
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CONCLUSION
This study highlights the urgent need for improved hygiene practices and antimicrobial stewardship in egg production and distribution. Market-sourced eggs pose a higher risk of bacterial contamination and antibiotic resistance compared to residential eggs, necessitating stricter regulations on poultry farming and food safety practices. Future research should explore alternative antimicrobial strategies, such as probiotics and bacteriophage therapy, to mitigate AMR risks.

Recommendations
Public awareness of safe egg handling and storage, stricter antibiotic monitoring in poultry farming, and enforcing hygiene regulations in markets are essential to reducing bacterial contamination and antimicrobial resistance.
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