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Isolation, Identification and Antimicrobial Sensitivity pattern of Bacteria Causing Egg Peritonitis in Layer Birds
ABSTRACT
Egg peritonitis is an important reproductive disorder of commercial layer chickens and is commonly associated with bacterial infection of the peritoneal cavity. The present study was conducted to isolate and identify bacterial agents associated with egg peritonitis in commercial layer birds and to determine their in vitro antimicrobial sensitivity pattern. Peritoneal swabs were collected from 50 commercial layer birds showing gross lesions suggestive of egg peritonitis during necropsy examination at the Poultry Disease Diagnosis and Surveillance Laboratory, Namakkal, Tamil Nadu, India, from May 2019 to March 2020. The affected birds belonged to different age groups ranging from 21 to 72 weeks and included Lohman, Bovans, Babcock and Hyline strains. Samples were processed using standard bacteriological methods. Isolates were identified based on cultural characteristics, staining reaction, morphology and biochemical tests. Antimicrobial susceptibility testing was performed by the disc diffusion method using selected antibacterial agents. Among the 50 samples examined, Escherichia coli was the most frequently isolated bacterium, accounting for 35 isolates (70%). Other bacteria isolated were Salmonella species in 4 samples (8%), Proteus species in 4 samples (8%), Klebsiella species in 3 samples (6%), Pseudomonas species in 3 samples (6%) and Gallibacterium species in 1 sample (2%). The highest overall sensitivity was observed to levofloxacin, with 32 isolates (64%) showing sensitivity, followed by ciprofloxacin with 30 isolates (60%). Sensitivity to co-trimoxazole, gentamicin, ampicillin, chlortetracycline and amoxicillin was 32%, 22%, 18%, 4% and 2%, respectively. No sensitivity was observed to neomycin, tylosin, lincomycin, bacitracin, colistin and erythromycin. The findings indicate that E. coli was the predominant bacterial agent associated with egg peritonitis in the examined layer birds, and fluoroquinolones showed comparatively higher in vitro activity against the isolates.
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1.INTRODUCTION
 An inflammatory reaction of the peritoneum caused by the presence of egg yolk material in the coelomic cavity is termed as egg peritonitis.  Factors like accumulation of fat in the abdominal cavity, high atmospheric temperature, rough handling of birds and enteric disturbances are some of the predisposing factors for this condition. Bacterial pathogens can ascend the oviduct from cloaca leading to salpingitis and peritonitis even in the absence of predisposing factors [1]. Egg peritonitis can be classified as non septic and septic egg peritonitis. In non-septic egg peritonitis, there is no bacterial involvement, whereas septic egg peritonitis is the most common form and occurs due to bacterial contamination. Diagnosis of egg peritonitis is difficult in live birds because it is an acute condition with affected birds appearing physiologically normal. It is mainly diagnosed by observing the gross lesions like formation of egg yolk clumps in the abdominal cavity and presence of fibrin or albumen like material with a cooked appearance among the abdominal viscera. Egg peritonitis gives the appearance of contagious disease because it is one of the major causes of morbidity and mortality for commercial layer chicken during laying period    [2,3]. 
Musa et al. [4] recorded an incidence of 22% egg peritonitis in poultry in Nigeria. Some studies revealed that Escherichia coli was associated with egg peritonitis in Poultry [3,4]). Avian pathogenic Escherichia coli (APEC) causes peritonitis, air sacculitis and  salpingitis in poultry [5,6].  

Namakkal is one of the most densely populated poultry belts in India, serving as a vital hub for egg production and distribution across the country. Due to the high density of farms and intensive rearing practices in this region, the continuous monitoring of infectious and metabolic disorders is paramount to maintaining flock health and economic stability. To address this, routine necropsy examinations of sick and dead birds from various commercial poultry operations located in and around Namakkal are systematically carried out at the Poultry Disease Diagnosis and Surveillance Laboratory (PDDSL), Namakkal.

Long-term epidemiological data collected by this surveillance facility highlights the severe impact of reproductive tract pathologies on the region's layer industry. Notably, between the period of 2011 and 2018, egg peritonitis emerged as a primary threat, recording a high prevalence rate of 12.2% among all the poultry diseases documented at the PDDSL [7]. Despite its status as the leading cause of mortality and production drops in the region, comprehensive studies focusing on the specific bacterial etiology and contemporary antibiogram profiles of the agents associated with egg peritonitis in Namakkal have remained sparse.

Given the rapid evolution of antimicrobial resistance and the widespread practice of intensive therapeutic interventions in poultry belts, uptodate regional data is critical. Therefore, this study was undertaken to isolate and identify the specific bacterial agents driving egg peritonitis within this highly dense poultry ecosystem and to characterize their precise in-vitro antibiotic sensitivity patterns, thereby providing field veterinarians with evidence-based therapeutic strategies.
2.MATERIALS AND METHODS
2.1. Samples

Samples were collected from the birds which showed egg peritonitis lesions during necropsy examination carried out in Poultry disease diagnosis and surveillance laboratory, Namakkal from the period of May 2019 to March 2020. During post mortem examination the birds showed characteristic fibrin or albumen like material with a cooked appearance among the abdominal viscera. The samples were collected from 50 commercial layer flocks located in and around Namakkal district of Tamil Nadu. Samples were collected from the layer birds of different age groups (21 weeks to 72 weeks), different strains (Lohman, Bovans, Babcock and Hyline).The peritoneal swabs  were collected for bacteriological examination and cultured immeditely.
2.2. Isolation and Identification

The peritoneal swabs were inoculated into Brain heart infusion broth and incubated aerobically at 37 0C for 6 hours. Then the broth were inoculated into Brain heart infusion agar and MacConkey agar and incubated for overnight at 37 0C. Growth characteristics of the isolate were recorded. All the isolates were subcultured and pure colonies were stored in Glycerol broth for future studies.  Each isolate was characterized on the basis of staining behaviour, size, shape and cultural behaviour. Then the isolates were subjected to biochemical tests like Urease test, Indole, Methyl red, Voges proskauer’s, Citrate utilization test for identification [8]. 
 2.3. Antibiogram assay

To know the sensitivity pattern a total of 50 bacterial isolates were subjected to In-vitro antibiogram assay. The assay was performed by disc diffusion method (CLSI Standard) as described by Bauer et al. [9]. The antibiotics used in this study are Ampicillin(10mcg),Amoxicillin(10 mcg), Neomycin (10 mcg),Levofloxacin (5 mcg), Ciprofloxacin (5 mcg), Gentamicin (10 mcg), Co-Trimoxazole (1.25/23.75mcg),  Cefpodoxime (30 mcg), Tylosin(15 mcg), Lincomycin(10mcg), Bacitracin(10mcg),Colistin (10mcg),Erythromycin (15 mcg) and Chlortetracycline(30mcg).

3.RESULTS

Out of the 50 clinical samples examined from commercial layer birds exhibiting egg peritonitis lesions, six distinct bacterial genera were isolated. Escherichia coli was the most predominant pathogen identified, accounting for 70% (n = 35) of the total isolates, followed by Salmonella species (8%, n = 4), Proteus species (8%, n = 4), Klebsiella species (6%, n = 3), Pseudomonas species (6%, n = 3) and Gallibacterium species (2%, n = 1) (Figures 1 and 2). 

The in-vitro antibiotic susceptibility profile of these isolates demonstrated varying degrees of sensitivity, with the highest overall sensitivity observed toward the fluoroquinolones. Levofloxacin exhibited the highest efficacy at 64% (n = 32), followed closely by Ciprofloxacin at 60% (n = 30). Moderate-to-low sensitivity was recorded for Co-Trimoxazole (32%, n = 16), Gentamicin (22%, n = 11), Ampicillin (18%, n = 9), Chlortetracycline (4%, n = 2), and Amoxicillin (2%, n = 1). Notably, a high prevalence of multi-drug resistance was observed across the flock; 100% of the isolated pathogens exhibited absolute resistance to seven of the tested antimicrobiances, namely Neomycin, Tylosin, Lincomycin, Erythromycin, Bacitracin, Colistin, and Chlortetracycline (Figure 3). Individual generic profiles revealed that while E. coli closely mirrored the overall flock averages, Salmonella species demonstrated absolute vulnerability (100% sensitivity) to Ciprofloxacin, Levofloxacin, and Co-Trimoxazole. Conversely, Proteus species displayed marked resistance to the majority of agents, maintaining minor susceptibility only to Levofloxacin and Co-Trimoxazole (Table 1). 

Table-1. Antibiogram and sensitivity pattern of bacteria causing egg peritonitis in poultry  
	S.No
	Bacterial

isolates
	No.of

Isolates
	CIP
	AMP
	N
	TL
	L
	AMX
	B
	CTX
	LE
	GEN
	CT
	CL
	E
	COT

	1
	Escherichia coli
	35
	21
	4
	-
	-
	-
	1
	-
	2
	22
	7
	-
	-
	-
	11

	2
	Klebsiella sp
	3
	3
	1
	-
	-
	-
	-
	-
	-
	1
	1
	-
	-
	-
	-

	3
	Pseudomonas sp
	3
	2
	1
	-
	-
	-
	-
	-
	-
	2
	2
	-
	-
	-
	-

	4
	Proteus sp
	4
	-
	-
	-
	-
	-
	-
	-
	-
	2
	-
	-
	-
	-
	1

	5
	Gallibacterium sp
	1
	-
	1
	-
	-
	-
	-
	-
	-
	1
	1
	-
	-
	-
	-

	6
	Salmonella sp.
	4
	4
	2
	-
	-
	-
	-
	-
	-
	4
	-
	-
	-
	-
	4

	
	Total
	50
	30
	9
	-
	-
	-
	1
	-
	2
	32
	11
	-
	-
	-
	16

	
	Sensitivity %
	
	60
	18
	
	
	
	2
	
	4
	64
	22
	
	
	
	32


CIP-Ciprofloxacin (5 mcg), AMP- Ampicillin(10mcg), N-Neomycin (10 mcg), TL- Tylosin(15 mcg), L-Lincomycin(10 mcg),                     AMX-Amoxicillin(10 mcg), B-Bacitracin(10 mcg), CTX-Cefpotoxime (30 mcg), LE-Levofloxacin (5 mcg), GEN- Gentamicin (10 mcg),        CT-Chlortetracycline(30mcg), CL-Colistin (10mcg), E-Erythromycin (15 mcg) and COT- Co-Trimoxazole (1.25/23.75mcg)
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	     Fig 1. . E.coli in EMB agar 
	               Fig 2 .Salmonella in BGA 
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	                     Fig 3. Antibiotic sensitivity pattern
	    Fig 4. Bird showing egg peritonitis lesion


4. DISCUSSION
Egg peritonitis remains one of the most economically devastating reproductive disorders in commercial poultry farming worldwide, characterized by high mortality rates, decreased egg production and compromised animal welfare. In the present study, standard bacteriological techniques were used to isolate and identify the bacterial agents associated with egg peritonitis lesions in commercial layer birds. The investigation revealed a diverse profile of bacterial pathogens, with Escherichia coli emerging as the overwhelmingly dominant etiologic agent, followed by Salmonella species, Proteus species, Klebsiella species, Pseudomonas species and Gallibacterium species. Crucially, the incidence of egg peritonitis caused by E. coli was observed consistently throughout the entire laying period, reinforcing the status of this pathogen as a persistent threat to reproductive health in commercial flocks.

The prominent isolation rate of E. coli (70%) observed in this study underscores its primary role in the pathogenesis of avian colibacillosis, specifically salpingitis and egg peritonitis. This finding strongly aligns with the established consensus that Avian Pathogenic Escherichia coli (APEC) strains possess specialized virulence factors such as adhesins, iron acquisition systems, and protectins that allow them to ascend the reproductive tract or translocate from the respiratory tract or intestine into the peritoneal cavity. The high prevalence of APEC reported here is in perfect agreement with the landmark study by Srinivasan et al. 2013 [10], who screened 264 birds with egg peritonitis lesions and isolated E. coli as a pure culture in 226 cases, while finding it concurrently mixed with other enterics like Proteus species and Klebsiella species in 38 birds. Similarly, Musa et al. 2014 [4] isolated E. coli from commercial layer chickens affected with egg peritonitis in Zaria, Nigeria, confirming the ubiquitous geographical distribution and consistency of this organism as the frontline driver of reproductive tract pathologies in laying hens.

Beyond E. coli, the isolation of Salmonella species (8%) and Proteus species (8%) highlights the polybacterial dynamics that can complicate egg peritonitis cases. Salmonella infections are particularly alarming due to their potential for vertical transmission and their immense implications for food safety and public health. The presence of Proteus, Klebsiella and Pseudomonas species which are frequently considered opportunistic environmental contaminants suggests that compromised biosecurity, poor litter management or structural damage to the oviduct may pave the way for secondary bacterial ascendance. Gallibacterium species (2%), though isolated at a low frequency in this cohort, is increasingly recognized globally as an underreported but highly specialized veterinary pathogen capable of inducing severe salpingitis, oophoritis and peritonitis on its own or in tandem with APEC.

The in-vitro antibiotic susceptibility testing conducted in this study revealed deeply concerning patterns of resistance, displaying a stark polarization between effective fluoroquinolones and completely failed legacy antimicrobials. Levofloxacin (64%) and Ciprofloxacin (60%) demonstrated the highest therapeutic efficacy against the total pool of isolates, followed by moderate susceptibility to Co-Trimoxazole (32%) and lower-tier response to Gentamicin (22%) and Ampicillin (18%). This susceptibility ranking aligns closely with historical trends reported by multiple authors [11,12,13,14]. The fact that fluoroquinolones like Levofloxacin and Ciprofloxacin remain relatively effective can be attributed to their advanced mechanism of action, which involves the direct inhibition of bacterial DNA gyrase and topoisomerase IV, preventing replication.

However, the moderate-to-low sensitivity profiles displayed by Co-Trimoxazole, Gentamicin, and Ampicillin suggest that resistance genes against these older chemical classes are already firmly established within the flock's microflora. For instance, the low sensitivity to Ampicillin (18%) noted here reflects global trends of plasmid-mediated beta-lactamase production among avian Enterobacteriaceae. This pattern is strongly supported by Ojo et al. 2012 [15], who reported that E. coli, Klebsiella species and Salmonella species isolated from free-range chickens exhibited profound resistance to Ampicillin (89.7%) and Neomycin (70.7%). The cross-resistance observed across these diverse production systems demonstrates how deeply embedded these resistance profiles have become in the agricultural environment.

The most striking and alarming finding of this research is that 100% of the isolated bacterial strains demonstrated absolute resistance to seven critical antimicrobials: Neomycin, Tylosin, Lincomycin, Erythromycin, Bacitracin, Colistin and Chlortetracycline. This widespread multi-drug resistance (MDR) represents a severe clinical challenge for poultry veterinarians. The underlying cause for this total therapeutic failure is almost certainly driven by the historical and ongoing indiscriminate use, under-dosing and prophylactic misuse of these antibiotics within the commercial poultry industry, where they have routinely been utilized as growth promoters or unprescribed flock treatments.

Our data regarding this total resistance pattern is heavily substantiated by similar investigations in the field. For example, Lakho et al. 2017 [16]  recorded that E. coli isolates retrieved from poultry retained notable sensitivity toward ciprofloxacin but had developed complete resistance against lincomycin and bacitracin. Furthermore, our findings regarding tetracycline resistance corroborate the results of separate regional studies which demonstrated that while avian E. coli isolates maintained minor vulnerabilities to ciprofloxacin and gentamicin, they were widely resistant to tetracyclines [17]. The absolute failure of Colistin a polymyxin considered a last-resort antibiotic in human medicineis especially terrifying. It points heavily toward the potential presence of plasmid-mediated resistance genes (such as the mcr gene family), which can readily spread between different bacterial species via horizontal gene transfer.

From a physiological perspective, the absolute resistance to macrolides (Tylosin, Erythromycin) and lincosamides (Lincomycin) among these isolates is partially expected for Gram-negative enterics due to intrinsic outer membrane impermeability. However, the total resistance to aminoglycosides (Neomycin), polypeptides (Bacitracin) and tetracyclines (Chlortetracycline) highlights acquired resistance mechanisms, likely mediated by efflux pumps, ribosomal protection proteins or enzymatic modification.
5.CONCLUSION
The present study identified bacterial agents associated with egg peritonitis in commercial layer birds from Namakkal, Tamil Nadu, and evaluated their in vitro antimicrobial sensitivity pattern. Among the 50 samples examined, E. coli was the predominant isolate, followed by Salmonella species, Proteus species, Klebsiella species, Pseudomonas species and Gallibacterium species. The findings support the role of opportunistic bacterial infection, particularly E. coli, in egg peritonitis of commercial layer birds. Antimicrobial sensitivity testing showed comparatively higher sensitivity to levofloxacin and ciprofloxacin, while lower sensitivity was observed to co-trimoxazole, gentamicin, ampicillin, chlortetracycline and amoxicillin. The isolates did not show sensitivity to neomycin, tylosin, lincomycin, bacitracin, colistin and erythromycin under the conditions of this study. These results highlight the importance of bacteriological diagnosis and antimicrobial sensitivity testing before selecting treatment for egg peritonitis in layer flocks. Regular monitoring of bacterial pathogens and their antimicrobial response may help field veterinarians make more appropriate therapeutic decisions and support better flock health management.
Limitations
The present study was limited to 50 samples collected from commercial layer birds showing gross lesions of egg peritonitis during necropsy examination in and around Namakkal district. The findings therefore represent the bacterial isolates obtained from the examined birds and may not fully reflect the wider epidemiological pattern in other poultry-producing regions. Identification of bacterial isolates was based on conventional cultural, staining and biochemical methods, and molecular confirmation was not performed. The study also did not investigate virulence factors, resistance genes or the genetic relatedness of the isolates. Antimicrobial susceptibility was assessed only by the in vitro disc diffusion method, and clinical treatment outcomes were not evaluated. In addition, the study did not assess management, biosecurity, environmental or flock-level risk factors that may contribute to the occurrence of egg peritonitis. Further studies with larger sample size, molecular characterization and detailed farm-level information would provide a more comprehensive understanding of the condition.
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