
Antimicrobial resistance (AMR) is a global health concern (WHO, 
2014). Over recent years, the contribution of antimicrobial usage 
(AMU) and AMR from animals to the overall burden of AMR has 
emerged with substantial evidence (Marshall and Levy, 2011). The 
excessive use of antimicrobials in food animal production is the 
contributing factor in increasing the AMR burden. Due to 
intensi�cation of farming practices in much of the developing 
world, the magnitude of usage is expected to increase considerably 
over coming years (Van Boeckel et al., 2015). Much of the research 
and assumptions on the prevalence and evolution of AMR in animal 
production systems relate to organisms that more often than not 
are commensal in poultry such as Escherichia coli (Tadesse et al., 
2012; Simoneit et al., 2015; Luna-Galaz et al., 2016), Enterococcus 
spp., and Staphylococcus aureus (Bortolaia et al., 2016) as well as 
foodborne zoonotic pathogens,  such as non-typhoidal 
Salmonella(NTS) (Blackall, 1988; Van et al., 2012Luna-Galaz et al., 
2016;) and Campylobacter spp. (Custer et al., 2015). However, the 
problems of AMR producing E. coli in relation to food animals 
including poultry production have not been speci�cally addressed. 
One of the factors accelerating the development of AMR in 
pathogens, as well as in commensal organisms is the indiscriminate 
use of antimicrobials in animal farming. In addition to the concerns 
due to the emergence of AMR in bacteria from poultry production, 
there are also human health concerns about the presence of anti-
microbial residues in meat (Reig et al., 2008) and eggs (Goetting et 
al., 2011). AMR in E. coli isolated from poultry is also likely to lead to 
economic losses, resulting from the expenses on ineffective 
antimicrobials, as well as the burden of untreated poultry disease. 
Here, we review and summarize data on phenotypic resistance 
against antimicrobials among E. coli, in order to identify overall 
trends and high-light knowledge gaps. 

Among Enterobacteriacae family, Escherichia coli (E. coli) are 
ubiquitous bacteria representing diverse strains of high relevance 
to human having potential to cause wide spectrum of diseases 
(Wang et al., 2009; Bauchart et al., 2010). More than 90% E. coli strains 
are known as harmless commensal of GIT in warm-blooded animals; 
while 8-10% strains are highly diverse and adapted pathogens. 
P a t h o g e n i c  E .  c o l i  s t r a i n s  f a l l  i n  t w o  c a t e g o r i e s : 
intestinal/diarrheagenic E.coli (DEC) and those that cause 
extraintestinal illness i.e. extra-intestinal pathogenic E. coli (ExPEC). 
In addition, strains which cause systemic infection in poultry 
i.e.collibacillosis are called as avian pathogenic E. coli (APEC).Since E. 
coli is ubiquitous in the gastrointestinal tract of warm-blooded 
animals, it has been extensively used to monitor AMR in food 
animals (including poultry) (EFSA, 2014, Nhung et al., 2016).

World-wide,poultry is one of the most widespread food producing 
industries, and chicken is the most commonly farmed species, with 

over 90 billion tons of chicken meat produced per year (FAO, 2017). 
The relatively low production costs and the absence of cultural and 
religious restrictions for its consumptionare the main reasons for 
extensive growth of poultry production.In most countries,a large 
diversity of antimicrobials are used to raise poultry (Agunos et al., 
2012, Landoni and Albarellos, 2015), mostly through the oral route, 
with the aim to prevent and to treat disease, but also to enhance 
growth and productivity (Page and Gautier, 2012). A large number 
of such antimicrobials are considered to be of critical and high 
importance for human medicine (WHO, 2017).

Also, one likely contributing factor of antimicrobial resistance in 
poultry is large increasing human consumption of retail chicken 
over the past 30 years which has led to the changes in the scale and 
method of poultry production including use of antimicrobial agents 
for growth promotion, infection, prevention and treatment which 
has ampli�ed multidrug resistantE. coli in food animal reservoirs. 
Among different meat types, poultry generally exhibits highest 
overall level of E. coli contamination and poultry associated E. coli 
tend to be more extensively antimicrobial resistant than those from 
other meats (Manges and Johnson, 2015). In addition, some E. coli 
strains hosted by poultry are potential source of AMR genes that 
may transmit to humans (Overdevest et al., 2011, Kheiri and Akhtari, 
2016).
 
Here, we review and summarize data on phenotypic resistance 
pattern against antimicrobials among E. coli from poultry, in order to 
identify overall trends. This review is intended to highlight the 
antimicrobial resistance pattern of E. coli from poultry from different 
areas of world as well as India and thus justi�es the need of the strict 
surveillance of the antimicrobial resistance pattern from poultry.

Worldwide many researchers have studied the antimicrobial 
resistance pattern in E. coli in poultry. Johnson et al. (2005) examined 
antimicrobial sensitivity pattern of E. coli for 12 antimicrobials in 
1648 diverse food items including pork, beef, chicken, turkey and 
miscellaneous food such as cheese, shrimp, crab �sh etc. Antibiotics 
used were ampicilin, amoxicillin-clavulanate, cefazolin, ceftazidime, 
gentamicin,  tetracycline,  nitrofurantoin,  nalidixic acid, 
cipro�oxacin, sul�soxazole, trimethoprim, and trimethoprim-
sulfamethoxazole. Results showed that resistance to cipro�oxacin 
and nalidixic acid was highest in poultry (3.4% and 30%, 
respectively) than any other food items. Miles et al. (2006) analyzed 
82 E. coli strains isolated from fecal samples of broiler chickens (n-34) 
to investigate the prevalence of antibioticresistance in fecal E. coli 
isolates from healthy broiler chickens in Jamaica. All isolates were 
tested by agar disc diffusion to determine their susceptibility 
patterns to 11 antimicrobial agents. All the avian isolates were 
highly resistant to kanamycin (91.2%), nalidixic acid (85.3%) and 
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tetracycline (82.5%). Resistance to o�oxacin, cipro�oxacin, 
chloramphenicol and amoxicilin/clavulanate was low with 11.8%, 
8.8%, 2.9% and 2.9%, respectively. None of the avian isolate showed 
resistance to gentamicin. Tetracycline is a commonly used �rst line 
antibiotic for many domestic animals and is commonly used before 
the antibiotic resistance pro�le of a pathogen has been determined. 
Resistance to tetracycline is plasmid mediated coupled with a wide 
variety of genetic determinants. This makes it more possible for a 
susceptible bacteriumto acquire resistance factors by conjugation, 
or by transformation(Miles et al., 2006).

Johnson et al. (2009) tested 287E. coli isolates from turkey and 
chicken products for antibiotic resistance to cotrimoxazole, nalidixic 
acid and ceftiofur. Overall, 61 isolates were resistant to 
cotrimoxazole, 48 were resistant to nalidixic acid and 36 were 
resistant to ceftiofur. Chicken isolates showed equal resistance and 
susceptibility percentage (40%) to nalidixic acid and higher 
percentage i.e. 56% resistance to ceftiofur. The isolates showed 
equal resistance to cotrimoxazole (33%).Kazemnia et al. (2014) 
evaluated patterns of antibiotic resistance of E. coli strains isolated 
from avian collibacillosis (n-25). From 50 tested E. coli isolates, all of 
them (100%) were resistant toPenicillin and erythromycin, followed 
by 49 (98%) to nalidixic acid, 47 (94%) to cephalexin, 43 (86%) to 
amoxicilin, 42 (84%) to ampicilin, 37 (74%) to cipro�oxacin, 32 (64%) 
to tetracycline, 27 (54%) to ce�xime and 18 (36%) to gentamicin. The 
high rate of frequency of resistance towards β lactam antibiotics and 
cephalosporin groups could be explained by the fact that these 
drugs are easilyavailable without physicians' prescriptions 
frompharmacy in developing countries.

Gai et al. (2015) evaluated susceptibility of theE. coli isolates to 
antimicrobial agents (n-13) for 87 isolates enumerated from 
intensive poultry farms in China. All E. coli isolates were highly 
resistant to trimethoprim-sulfamethoxazole, tetracycline (85.06%), 
sul�soxazole (83.91%), ampicilin (66.67%), �uoroquinolones 
[enro�oxacin, 63.22%, o�oxacin, 50.57%] and gentamicin (57.47%). 
All isolates were multi-drug resistant as they were resistant to at 
least 2 groups of antimicrobials. Koga et al. (2015a) subjected total of 
84 E. coli strains isolated from chicken carcasses in 2007, and 121 E. 
coli strains isolated in 2013 for antimicrobial susceptibility testing 
against 15 antimicrobials to analyze the frequency of antimicrobial 
resistance among E. coli strains isolated from commercial chicken 
carcasses in Parana´, Brazil. Results revealed that, in 2007, high 
frequency of resistance to tetracycline (70.24%), nalidixic acid 
(61.9%), and trimethoprim– sulfamethoxazole (58.33%) was seen. In 
addition, 62 (73.8%) of the strains were resistant to 3 or more 
antimicrobials. In 2013, an increase in the frequency of resistance to 
the majority of antimicrobials tested, with the exception of 
g e n t a m i c i n ,  c i p r o � o x a c i n ,  e n r o � o x a c i n ,  a n d 
trimethoprim–sulfamethoxazole was seen. Resistance to 
tetracycline was most frequently observed in 2013 as well, with 
90.91% of strains, followed by nalidixic acid (78.51%) and ampicilin 
(66.94%). Study observed that 79.3% of strains were resistant to 3 or 
more antimicrobials, and all strains were resistant to at least 1 
antimicrobial tested.Rasmussen et al. (2015) sampled and analyzed 
188 samples from imported and locally produced chicken meat to 
investigate AMR pattern of E. coli. 109 E. coli isolates were recovered 
from meat whereas the remaining 44 were isolated from the cloaca 
of locally reared live chickens. Antimicrobial susceptibility testing 
showed that no E. coli isolate was resistant to mecillinam, 
piperacilin/tazobactam, ertapenem and meropenem, and only few 
isolates showed resistance to gentamicin and nitrofurantoin. 
Antimicrobial resistance pro�les ofE. coli isolates from locally reared 
c h i c k e n s  w e r e  c o m p a r e d  t o  i m p o r t e d  c h i c k e n s . 
Antimicrobialresistance to four antibiotic markers with highest 
resistance was detected more frequentlyin isolates from local 
chickens compared to imported chickens (tetracycline 88.9% 
vs.57.5%, sulphonamide 75.0% vs. 46.6%, ampicillin 69.4%vs. 
61.6%and trimethoprim66.7% vs. 38.4%). This study demonstrated 
that the international trade of food may lead to development of 
multidrug resistant E. coli in locally produced meat. 

Some researchers worked to compare the antimicrobial resistance 
pattern of free range chicken with that of conventionally raised 
ones.  Koga et al. (2015b) tested 156 E. coli strains from 
conventionally raised and free range poultry for antimicrobial 
susceptibility test against 15 antimicrobials. According to the test, 
strains from conventionally raised poultry showed a higher 
frequency of antimicrobial resistance than strains from free range 
poultry for all antimicrobials tested. The frequency of antimicrobial 
resistance to strains from free-range poultry was low, except to 
tetracycline (60% of resistance), whereas the strains from 
conventional poultry showed a high frequency of resistance mainly 
to tetracycline, nalidixic acid, and ampicilin. Braykov et al. (2016) 
tested antimicrobial resistance in E. coli isolated from 262 
“production birds” (commercially raised broiler chickens and laying 
hens) and 455 “household birds” (raised for domestic use) in order to 
evaluate the effects of animal agriculture on the spread of antibiotic 
resistance. Resistance to tetracycline was detected in 78% of 
production birds and 34% of household birds. More than half of the 
production bird isolates were resistant to sul�soxazole and 
trimethoprim/sulfamethoxazole (69% and 63%, respectively) 
compared to 20% and 17%, respectively, of the isolates from 
household birds. The lowest resistance was to gentamicin (16% of 
p r o d u c t i o n  a n d  1 %  o f  h o u s e h o l d  b i r d  i s o l a t e s )  a n d 
amoxicillin/clavulanate (18% and 2%, respectively).The high 
frequency of antimicrobial resistance in strains from conventional 
poultry carcasses, primarily to tetracycline, nalidixic acid, and 
ampicillin, can be related with the selective pressure due to the high 
use of antimicrobials and/or the contamination of environment in 
aviculture industries. However,low frequency of antimicrobial 
resistance in strains from free range poultry, except to tetracycline 
can be attributed to the restriction or absence of use of 
antimicrobials in family agriculture (Koga et al., 2015b).

In Indian context, Joshi et al. (2012) evaluated antibiotic resistance 
pro�le of E. coli isolates from colibacillosis in layers in and around 
Pantnagar. For the study, a total of 20 isolates of E. coli were 
recovered from 35 cases of colibacillosis in layers during necropsy. 
Antibiogram was studied via disc diffusion method against 12 
antibiotics. A high degree of resistance was seen against cephalexin 
(73.68%) followed by neomycin (31.58%), enro�oxacin(31.58%), 
pe�oxacin (26.31%). Minimum resistance was against amikacin 
(5.2%). In contrast, Chloramphenicol was 100% susceptible against 
all isolates.From this study, it is clear that multiple antibiotic 
resistant zoonotic E. coli are high in poultry birds in and around 
Pantnagar, India. Jana and Mondal (2013) studied a total of 83 raw 
poultry meat samples from West Bengal, India with the objective to 
determine the antibiogram of E. coli isolates associated with 
samples. Thirteen 'O' serogroups of E. coli isolates were tested with 
12 different antimicrobial agents. The results showed that E. coli 
isolates were 100% sensitive to chloramphenicol, followed by 
amikacin (92.31%), gentamicin (84.62%), cipro�oxacin (69.23%), 
erythromycin (15.38%), oxytetracycline (15.38%), ce�xime (7.69%), 
sulphafurazole (7.69%) and vancomycin (7.69%). Intermediate 
sensitivity showed to kanamycin (61.54%) followed by methecillin 
(38.46%), erythromycin (23.08%), cipro�oxacin (15.38%) and 
amikacin (7.69%). For novobiocin, 100% of the isolates showed 
resistant followed by ce�xime (92.31%), sulphafurazole (92.31%), 
vancomycin (92.31%), oxytetracycline (84.62%), erythromycin 
(61.54%), methicillin (61.54%), cipro�oxacin (15.38%), gentamicin 
(15.38%) and kanamycin (7.69%). The possible explanation for this 
resistance of E. coli against the antibiotics as found in the study could 
be due to the indiscriminate use of these antibiotics in poultry. This 
high resistance might be attributed to transmissible drug resistance 
and resistance might also develop due to mutational changes (Jana 
and Mondal, 2013).

Such widespread occurrence of antimicrobial resistance in E. coli of 
poultry origin suggests that poultry may play considerable role as a 
reservoir for antimicrobial resistant E. coli. It is further suggested that 
more extensive surveillance on the phenotypic and genotypic 
resistance pattern of E. coli from poultry origin should be 
undertaken because transmission of resistant plasmids to humans 
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from food animals (poultry) can occur. These typesof studies will 
help in tracing out the origin of antimicrobial resistant bacteria. The 
obtained data of antimicrobial resistance from several published 
reports indicated that most E. coli recovered from poultry are multi - 
drug resistant. Long term prospective studies on examining E. coli 
isolates from demarcated geographic locations are required to 
more accurately identify temporal and spatial differences in 
antimicrobial resistance pattern in strains of poultry origin.   
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