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Abstract 

Escherichia coli is one of the most common bacterial organisms associated with poultry and poultry 

products and is an important pathogen of economic and public health importance. Numerous studies have 

reported the prevalence of E. coli in poultry in India; however, the overall pooled prevalence and sources 

of heterogeneity have not been systematically evaluated. This study aimed to estimate the pooled 

prevalence of Escherichia coli in poultry in India using meta-analysis and to evaluate the factors 

influencing prevalence through subgroup analysis and meta-regression. A meta-analysis was conducted 

using published studies reporting the prevalence of E. coli in poultry in India. Data extracted included 

author, study year, state, sample type, poultry type, total sample size, and number of positive samples. 

Meta-analysis was performed in R using random-effects and fixed-effect models. Heterogeneity was 

assessed using Cochran’s Q test, τ², and Higgins’ I² statistic. Publication bias was evaluated using funnel 

plots and Egger’s regression test. Subgroup analysis and meta-regression were performed to investigate 

sources of heterogeneity. Sensitivity analysis and influence diagnostics were conducted to assess the 

stability of the pooled estimate. A total of 118 studies comprising 6,334 samples were included in the 

meta-analysis, of which 3,487 were positive for E. coli. The pooled prevalence of Escherichia coli in 

poultry in India was 54.36% (95% CI: 47.49-61.06) using the random-effects model. Subgroup and meta-

regression analyses indicated that poultry type, sample type, geographic region, and study year 

contributed to heterogeneity. This meta-analysis demonstrates that Escherichia coli is highly prevalent in 

poultry in India. 
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1. Introduction  

The poultry industry is one of the fastest-growing agricultural sectors worldwide and plays a 

significant role in food security, nutrition, and the economy. Poultry meat and eggs are 

important sources of high-quality protein, and the poultry sector contributes substantially to 

agricultural income and employment in many developing countries, including India (FAO, 

2020; Government of India, 2022) [20, 27]. However, poultry production is associated with 

various bacterial pathogens that affect poultry health and may also pose risks to public health. 

Among these, Escherichia coli is one of the most important bacterial organisms associated 

with poultry. It is commonly found that due to the colibacillosis infection results in economic 

losses in the poultry industry due to mortality, reduced growth, poor feed conversion 

efficiency, and decreased egg production (Kabir, 2010; Nolan et al., 2013) [2, 5]. 

The emergence and spread of antimicrobial-resistant E. coli in poultry production systems 

have become major global public health concerns (Van Boeckel et al., 2015; Manyi-Loh et al., 

2018) [12, 17]. 

Several studies have reported the prevalence of Escherichia coli in poultry from different 

regions of India, sample types, and poultry production systems. However, the reported 

prevalence varies widely across studies due to differences in sampling methods, laboratory 

detection techniques, geographic regions, farm management practices, and biosecurity  
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measures. Such variability makes it difficult to estimate the 

overall burden of E. coli in poultry at the national level. 

Therefore, a systematic synthesis of available data is 

necessary to estimate the overall prevalence and to identify 

factors contributing to variability among studies. 

The present study was conducted to estimate the pooled 

prevalence of Escherichia coli in poultry in India using 

systematic review and meta-analysis and to evaluate the 

effects of study year, sample size, poultry type, sample type, 

and geographic region on prevalence through meta-regression 

analysis. 

 

Materials and Methods 

Study design and data extraction 

A meta-analysis was conducted to estimate the pooled 

prevalence of Escherichia coli in poultry in India. Data were 

compiled in Microsoft Excel and included the following 

variables: author, study year, state, sample type, poultry type, 

total sample size, and number of positive samples. Each row 

represented an independent study or a subgroup within a 

study. 

 

Statistical analysis 

Meta-analysis was performed in R using the meta and metafor 

packages. The outcome measure was prevalence (proportion 

of positive samples). Proportions were logit-transformed to 

stabilize variance. The pooled prevalence was estimated using 

a random-effects model with the inverse variance method and 

the DerSimonian-Laird estimator for between-study variance 

(τ²). The Hartung-Knapp adjustment was applied to calculate 

confidence intervals for the random-effects model. 

Heterogeneity among studies was assessed using Cochran’s Q 

test, τ², and Higgins’ I² statistic. Publication bias was assessed 

using funnel plot asymmetry and Egger’s regression test. 

Subgroup meta-analyses were conducted based on Poultry 

type, Sample type and State. Meta-regression analysis was 

performed to evaluate the effect of Study year, Sample size 

and State (region). Bubble plots were generated for meta-

regression models. Sensitivity analysis was performed using 

leave-one-out analysis and influence diagnostics to assess the 

stability of the pooled estimate. All statistical analyses were 

performed using R software. 

 

Results and Discussion 

Study characteristics 

A total of 118 studies were included in the meta-analysis 

comprising 6,334 samples, of which 3,487 were positive for 

E. coli.  

 

Overall pooled prevalence 

The pooled prevalence of Escherichia coli in poultry was 

54.36% (95% CI: 47.49-61.06) using a random-effects model. 

The fixed-effect model estimated a pooled prevalence of 

54.92% (95% CI: 53.48-56.35) (figure.1). 

 

Heterogeneity 

There was high heterogeneity among studies, I² = 90.8%; τ² = 

1.0407; Cochran’s Q = 1277.13, p < 0.0001. This indicated 

substantial variability between studies, justifying the use of a 

random-effects model. 

 

Publication bias 

Funnel plot analysis showed a symmetrical distribution of 

studies. Egger’s regression test indicated no significant 

publication bias (p = 0.9525). 

Forest plot of pooled prevalence 

The forest plot shows the prevalence estimates of Escherichia 

coli reported in individual studies along with their 95% 

confidence intervals (figure 2). Each study is represented by a 

square, the size of which is proportional to the weight of the 

study in the meta-analysis, and horizontal lines represent the 

confidence intervals. The diamond at the bottom of the plot 

represents the pooled prevalence estimate obtained from the 

random-effects model. The forest plot indicates substantial 

variability in prevalence estimates across studies, which is 

consistent with the high heterogeneity observed (I² = 90.8%). 

Despite the variability among individual studies, the pooled 

estimate provides an overall prevalence of E. coli in poultry in 

India. 

 

Subgroup meta-analysis 

Subgroup meta-analysis was performed to investigate the 

sources of heterogeneity by stratifying studies based on 

poultry type, sample type, and geographic region (state). The 

subgroup results table presents the number of studies included 

in each subgroup, total sample size, pooled prevalence, and 

heterogeneity statistics (I² and p-value). The subgroup 

analysis showed variation in prevalence among different 

poultry production systems, sample types, and regions, 

suggesting that management practices, environmental 

conditions, and sampling sources may influence the 

prevalence of E. coli. Some subgroups showed lower 

heterogeneity compared to the overall analysis, indicating that 

these factors contributed to between-study variability. 

 

Meta-regression analysis 

Meta-regression bubble plots were generated to examine the 

effect of study year, sample size, and geographic region on 

the prevalence of Escherichia coli. In the bubble plots, each 

circle represents an individual study, and the size of the circle 

is proportional to the study weight or sample size. The meta-

regression analysis showed that study year had a significant 

positive association with prevalence in the multiple meta-

regression model, indicating a possible increasing trend in E. 

coli prevalence over time. Sample size did not show a 

significant association with prevalence. Geographic region 

(state) significantly influenced prevalence and explained a 

portion of the between-study heterogeneity. These results 

suggest that temporal trends and regional differences 

contribute to the variability in E. coli prevalence reported 

across studies (figure 4 & figure 5). 

 

Sensitivity analysis 

Sensitivity analysis was performed using a leave-one-out 

approach to evaluate the stability of the pooled prevalence 

estimate. In this method, the meta-analysis was repeated by 

removing one study at a time to assess the influence of each 

individual study on the overall pooled prevalence. The results 

of the leave-one-out analysis showed that exclusion of any 

single study did not substantially change the pooled 

prevalence estimate, indicating that no individual study had a 

disproportionate influence on the overall results. The pooled 

prevalence remained relatively stable across all iterations, 

demonstrating the robustness and reliability of the meta-

analysis findings. 

 

Influence diagnostics 

Influence diagnostics were performed to identify studies with 

a potentially large influence on the pooled effect size and 

heterogeneity. Several diagnostic measures, including 

https://www.veterinarypaper.com/


 

~ 42 ~ 

International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com 
studentized residuals, Cook’s distance, DFFITS, and 

covariance ratios, were used to detect influential studies. 

The influence diagnostic plots indicated that no studies 

exceeded the critical thresholds for Cook’s distance or 

DFFITS values, and most studies fell within acceptable limits 

for studentized residuals and covariance ratios. This suggests 

that no single study unduly influenced the pooled prevalence 

estimate or the heterogeneity observed in the meta-analysis. 

Overall, the influence diagnostics confirmed the stability of 

the meta-analysis results and indicated that the pooled 

prevalence estimate was not driven by any highly influential 

studies. 

This meta-analysis estimated the pooled prevalence of 

Escherichia coli in poultry in India and evaluated the sources 

of heterogeneity using subgroup analysis and meta-regression. 

The overall pooled prevalence of E. coli was high, indicating 

that E. coli is widely prevalent in poultry production systems 

across India. The high prevalence observed in this study is 

consistent with previous reports indicating that E. coli is one 

of the most common bacterial organisms isolated from poultry 

environments, faecal samples, and poultry products (Kabir, 

2010; Mellata, 2013) [5, 10]. 

The high heterogeneity observed among studies (I² > 90%) 

suggests substantial variability in prevalence estimates across 

different studies. This variability may be attributed to 

differences in poultry production systems, biosecurity 

practices, environmental conditions, sampling methods, and 

laboratory detection techniques. Similar high heterogeneity 

has been reported in other meta-analyses of bacterial 

prevalence in poultry and livestock populations (Dorado-

García et al., 2016; Nhung et al., 2017) [13, 16]. 

Subgroup analysis indicated that prevalence varied across 

poultry type, sample type, and geographic region. Differences 

between broiler and layer production systems may be due to 

variations in stocking density, management practices, 

antimicrobial usage, and production cycles. Broiler farms 

often have higher stocking densities and shorter production 

cycles, which may facilitate bacterial transmission, whereas 

layer farms have longer production periods, increasing the 

duration of exposure to environmental pathogens. Geographic 

variation in prevalence observed in this study may be 

associated with climatic conditions, farm density, regional 

antimicrobial usage patterns, and differences in farm 

management practices. Previous studies have reported that 

environmental temperature, humidity, and farm hygiene play 

important roles in the survival and transmission of E. coli in 

poultry production systems (Van Boeckel et al., 2015) [12]. 

Meta-regression analysis showed that study year was 

significantly associated with prevalence in the multiple meta-

regression model, suggesting a possible increasing trend in E. 

coli prevalence over time. This trend may be linked to 

intensification of poultry production, increased antimicrobial 

use, and the emergence of antimicrobial-resistant E. coli 

strains. The global increase in antimicrobial resistance in 

poultry-associated E. coli has been widely reported and is 

considered a major public health concern (Marshall and Levy, 

2011; Manyi-Loh et al., 2018) [17]. 

Sample size was not significantly associated with prevalence, 

indicating that study size did not influence prevalence 

estimates in this meta-analysis. However, geographic region 

explained a portion of the between-study heterogeneity, 

indicating that regional factors play an important role in 

determining E. coli prevalence in poultry. 

Publication bias analysis indicated no significant publication 

bias, suggesting that the results of this meta-analysis are 

unlikely to be influenced by selective publication of studies. 

Sensitivity analysis and influence diagnostics further 

confirmed the robustness of the pooled prevalence estimate, 

as no single study significantly influenced the overall results. 

The findings of this meta-analysis have important 

implications for poultry health management and public health. 

Poultry serves as a major reservoir of E. coli, including 

pathogenic and antimicrobial-resistant strains, which can be 

transmitted to humans through the food chain, environment, 

or direct contact. Therefore, improved biosecurity measures, 

hygienic management practices, rational antimicrobial use, 

and surveillance programs are essential to reduce the 

prevalence of E. coli in poultry production systems. 

 

 
 

Fig 1: PRISMA flow diagram showing study selection process for meta-analysis of Escherichia coli prevalence in poultry in India 
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Fig 2: Forest plot showing pooled prevalence of Escherichia coli in poultry in India using a random-effects model. 
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Fig 3: Funnel plot for assessment of publication bias in studies reporting prevalence of Escherichia coli in poultry in India 
 

 
 

Fig 4: Meta-regression bubble plot showing the relationship between sample size and prevalence of Escherichia coli 

 

 
 

Fig 5: Meta-regression bubble plot showing the relationship between study year and prevalence of Escherichia coli 
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Fig 6: Leave-one-out sensitivity analysis plot for pooled prevalence of Escherichia coli in poultry in India 
 

References  

1. Sharada R, Ruban SW, Thiyageeswaran M. Antibiotic 

resistance pattern of Escherichia coli isolated from 

poultry in Bangalore. Int J Microbiol. 2008;7:1-5.  

2. Nolan LK, Barnes HJ, Vaillancourt JP, Abdul-Aziz T, 

Logue CM. Colibacillosis. In: Diseases of Poultry. 

2013;24(4):718-733.  

3. Dhanarani TS, Shankar C, Park J, Dexilin M, Kumar RR, 

Thamaraiselvi K. Study on acquisition of bacterial 

antibiotic resistance determinants in poultry litter. Poult 

Sci. 2009;88(7):1381-1387.  

4. Mitra D, Sarkar A, Joardar SN, Mukhopadhyay SK. 

Characteristics of Escherichia coli isolated from poultry 

birds of certain farms of Kolkata. Indian J Comp 

Microbiol Immunol Infect Dis. 2009;30(1):39-41.  

5. Lutful Kabir SM. Avian colibacillosis and salmonellosis: 

A closer look at epidemiology, pathogenesis, diagnosis, 

control and public health concerns. Int J Environ Res 

Public Health. 2010;7(1):89-114.  

6. Sharma I, Bist B. Antibiotic resistance in Escherichia 

coli isolated from raw goat, pig and poultry meat in 

Mathura city of Northern India. Assam Univ J Sci 

Technol. 2010;6(1):89-92.  

7. Sahoo TK, Sahoo L, Sarangi LN, Panda SK, Panda HK. 

Prevalence, isolation, characterisation and antibiogram 

study of pathogenic Escherichia coli from different 

poultry farms of Odisha. J Adv Vet Res. 2012;2(3):169-

172.  

8. Joshi S, Singh R, Singh SP. Antibiotic resistance profile 

of Escherichia coli isolates from colibacillosis in and 

around Pantnagar, India. Vet World. 2012;5(7):405-408.  

9. Jana A, Mondal A. Serotyping, pathogenicity and 

antibiogram of Escherichia coli isolated from raw poultry 

meat in West Bengal, India. Vet Ital. 2013;49(4):361-

365.  

10. Mellata M. Human and avian extraintestinal pathogenic 

Escherichia coli: Infections, zoonotic risks, and antibiotic 

resistance trends. Foodborne Pathog Dis. 

2013;10(11):916-932.  

11. Dadheech T, Vyas R, Rastogi V. Threats and confronts 

regarding poultry: Antimicrobial multidrug resistance of 

pathogenic Escherichia coli isolated from layers in Ajmer 

region of Rajasthan. Am J PharmTech Res. 2014;4:245-

255.  

12. Van Boeckel TP, Brower C, Gilbert M, Grenfell BT, 

Levin SA, Robinson TP, et al. Global trends in 

antimicrobial use in food animals. Proc Natl Acad Sci U 

S A. 2015;112(18):5649-5654.  

13. Dorado-García A, Mevius DJ, Jacobs JJ, Van Geijlswijk 

IM, Mouton JW, Wagenaar JA, et al. Quantitative 

assessment of antimicrobial resistance in livestock during 

the course of a nationwide antimicrobial use reduction in 

the Netherlands. J Antimicrob Chemother. 

2016;71(12):3607-3619.  

14. Shakya S, Patyal A, Gade NE. Occurrence and 

characteristics of extended-spectrum β-lactamases 

producing Escherichia coli in foods of animal origin and 

human clinical samples in Chhattisgarh, India. Vet 

World. 2016;9(9):996-1000.  

15. Chaudhari SV, Joshi BP, Desai DN, Bhanderi BB, 

Choudhary KR, Madhwal A. Isolation and 

characterisation of E. coli infection from the bronchial 

plug of broiler birds associated with respiratory diseases. 

Adv Anim Vet Sci. 2017;5(8):334-341.  

16. Nhung NT, Van NTB, Van Cuong N, Duong TTQ, Nhat 

TT, Hang TTT, et al. Antimicrobial residues and 

resistance against critically important antimicrobials in 

non-typhoidal Salmonella from meat sold at wet markets 

and supermarkets in Vietnam. Int J Food Microbiol. 

2017;266:301-309.  

17. Manyi-Loh C, Mamphweli S, Meyer E, Okoh A. 

Antibiotic use in agriculture and its consequential 

resistance in environmental sources: Potential public 

health implications. Molecules. 2018;23(4):795-795.  

18. Muglikar DM, Kalyani IH, Desai D, Patel JM, Patel DR, 

Makwana P, et al. Serotyping and antimicrobial 

susceptibility pattern of avian pathogenic Escherichia 

coli. Int J Curr Microbiol Appl Sci. 2019;8(12):505-511.  

https://www.veterinarypaper.com/


 

~ 46 ~ 

International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com 
19. Batabyal K, Banerjee A, Dey S, Samanta I, Isore DP, 

Singh AD. Detection and characterization of multidrug-

resistant extended-spectrum and pAmpC beta-lactamases 

producing Escherichia coli from chicken meat in West 

Bengal, India. Int J Curr Microbiol Appl Sci. 

2020;9(7):80-89.  

20. Food and Agriculture Organization of the United 

Nations. Poultry development review. Rome: FAO; 2020.  

21. Senapati IA, Mishra R, Kundu AK, Mishra BP, Rath PK. 

Prevalence and characterization of Escherichia coli from 

poultry meat in Bhubaneswar. Int J Curr Microbiol Appl 

Sci. 2020;9(9):2047-2055.  

22. Saharan VV, Verma P, Singh AP. Escherichia coli, 

Salmonella spp., and Staphylococcus aureus 

susceptibility to antimicrobials of human and veterinary 

importance in poultry sector of India. J Food Saf. 

2020;40(1):e12742.  

23. Kumar H, Upadhyay S, Verma H, Kumar A, Singh J. 

Studies on antimicrobial resistance in E. coli isolates of 

poultry farms in and around Meerut. Bull Environ 

Pharmacol Life Sci. 2020;9(12):103-108.  

24. Afsal S. Cloacal carriage and antimicrobial resistance 

profiling of extended spectrum beta-lactamase producing 

Escherichia coli and Salmonella Enteritidis in broiler 

chicken [MVSc thesis]. 2021.  

25. Bhardwaj K, Shenoy S, Baliga S, Baliga BS, Shetty VK. 

Characterization of antibiotic resistant phenotypes and 

linked genes of Escherichia coli and Klebsiella 

pneumoniae from healthy broiler chickens, Karnataka, 

India. Poult Sci. 2021;100(6):101094.  

26. Debbarma M, Deka D, ChaaTolenkhomba T, Rajesh JB. 

Microbiological contamination of retail meat from 

Mizoram (India) with special reference to molecular 

detection and multidrug resistance of Escherichia coli. 

2022.  

27. Government of India. Basic animal husbandry statistics. 

New Delhi: Government of India; 2022.  

28. Natarajan S, Nagarajan B, DineshKumar R, 

Ravichandran M, Muniasamy P, Chandrasekar V. 

Occurrence of multidrug resistant bacteria from raw 

chicken meat of South India retail markets. Int J Life Sci 

Pharma Res. 2022;12(1):L105-L111.  

29. Bhargavi D, Sahu R, Nishanth MAD, DOIjad SP, 

Niveditha P, Kumar ORV, et al. Genetic diversity and 

risk factor analysis of drug-resistant Escherichia coli 

recovered from broiler chicken farms. Comp Immunol 

Microbiol Infect Dis. 2023;93:101929.  

30. Deshmukh O, Suryawanshi R, Kurkure N, Kaore M, 

Badar S, Shinde O, et al. Molecular characterization of 

multidrug-resistant avian pathogenic Escherichia coli 

isolated from poultry and poultry products. Indian J Anim 

Sci. 2023;93(5):431-436.  

31. Mondal T, Dey S, Samanta I, Joardar SN, Paul A, Alam 

SS, et al. Characterization of extended-spectrum and 

pAmpC beta-lactamases producing Escherichia coli 

isolated from chicken meat in West Bengal. Indian J Vet 

Public Health. 2023;9(2):27-31.  

32. Moktan JB, Venkataraman R, Shrestha Y. The 

prevalence of multidrug-resistant bacteria detected in 

poultry products in Mandya, India. Arch Pharm Pract. 

2023;14(1):35-39.  

33. Verma H, Rawat S, Katoch S, Gupta A, Singh R. 

Occurrence of antimicrobial resistance pattern of 

Escherichia coli isolated from faecal samples of chicken. 

Indian J Vet Res. 2023;32(1):22-27.  

34. Kalapriya B, Thirunavukarasu ES, Muninathan N, 

Baskaran K, Suresh A. Cross-sectional study of antibiotic 

residues and antimicrobial-resistant pathogens from raw 

meat in and around Kanchipuram, Tamil Nadu. Pravara 

Med Rev. 2024;16(4):1-10.  

35. Suryawanshi R, Bhosale A, Deshmukh O. The 

occurrence, antibiotic susceptibility pattern and multiple 

drug resistance index studies of E. coli from fresh meats 

in Marathwada region of Maharashtra. Indian J Anim 

Res. 2024;1:1-6.  

36. Vasanthi B, Parthiban M, Ghadevaru S, Narendra Babu 

R, Brindha K. Molecular characterization and 

antimicrobial resistance profiling of food borne 

pathogens from chicken meat in Tamil Nadu, India. 2024. 

 
How to Cite This Article 

Premkumar D, Arivazhagan A, Rajendran VO. Burden of Escherichia 

coli in poultry production systems in India: A systematic review, meta-

analysis, and meta-regression. International Journal of Veterinary 

Sciences and Animal Husbandry 2026; SP-11(9): 40-46. 

 

 

Creative Commons (CC) License 

This is an open-access journal, and articles are distributed under the 

terms of the Creative Commons Attribution-Non Commercial-Share 

Alike 4.0 International (CC BY-NC-SA 4.0) License, which allows 

others to remix, tweak, and build upon the work non-commercially, as 

long as appropriate credit is given and the new creations are licensed 

under the identical terms. 

https://www.veterinarypaper.com/

