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Introduction
Antibiotics (chemical substances produced by various micro-

organisms), synthetic chemicals, disinfectants, or drugs, collec-
tively referred to as antimicrobial agents, have been used since 
the time of antiquity to treat patients with a variety of bacteri-
al diseases [1]. Antimicrobial resistance (AMR) is a worldwide 
health concern [2]. Over recent years a considerable body of evi-
dence highlighting the contribution of antimicrobial usage (AMU) 
and AMR from animals to the overall burden of AMR has emerged 
[3]. A contributing factor is the excessive use of antimicrobials in 
food animal production. The magnitude of usage is expected to 
increase considerably over coming years due to intensification of 
farming practices in much of the developing world [4]. Much of 
our knowledge 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 [5], Enterococcus spp., and Staphylococcus aureus [6] as well 
as foodborne zoonotic pathogens, such as non-typhoid Salmonella 
(NTS) [7] and Campylobacter spp. [8].

Poultry is one of the most widespread food industries world-
wide, and chicken is the most commonly farmed species, with over 
90 billion tons of chicken meat produced per year [9]. The main 
reasons are the relatively low production costs and the absence of 
cultural and religious restrictions for its consumption. A large di-
versity of antimicrobials is used to raise poultry in most countries 
[10], mostly through the oral route, with the aim to prevent and to 
treat disease, but also to enhance growth and productivity [11]. A 
large number of such antimicrobials are considered to be of criti-
cal and high importance for human medicine [12]. However, with 
some exceptions, relatively little is known on the prevalence and 
mechanisms of AMR in pathogenic bacteria in food animal produc-
tion, including poultry.

Antimicrobial Susceptibility Testing
The goal of antimicrobial susceptibility testing is to predict the 

in vivo success or failure of antibiotic therapy. Tests are performed 
in vitro and measure the growth response of an isolated organism 
to a particular drug or drugs. The tests are performed under stan-
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dardized conditions so that the results are reproducible. The test 
results should be used to guide antibiotic choice.

Broth dilution tests

Figure 1: Broth microdilution susceptibility panel containing 98 
reagent wells and a disposable tray inoculator.

One of the earliest antimicrobial susceptibility testing meth-
ods was the macrobroth or tube-dilution method [13]. This proce-
dure involved preparing two-fold dilutions of antibiotics (eg, 1, 2, 
4, 8, and 16 µg/mL) in a liquid growth medium dispensed in test 
tubes [14]. The antibiotic-containing tubes were inoculated with a 
standardized bacterial suspension of 1-5×105CFU/mL. Following 
overnight incubation at 35 °C, the tubes were examined for visible 
bacterial growth as evidenced by turbidity. The lowest concentra-
tion of antibiotic that prevented growth represented the minimal 
inhibitory concentration (MIC). The precision of this method was 
considered to be plus or minus 1 two-fold concentration, due in 
large part to the practice of manually preparing serial dilutions 
of the antibiotics [15]. The advantage of this technique was the 
generation of a quantitative result (ie, the MIC). The principal dis-
advantages of the macrodilution method were the tedious, manual 
task of preparing the antibiotic solutions for each test, the possi-
bility of errors in preparation of the antibiotic solutions, and the 
relatively large amount of reagents and space required for each 
test.The miniaturization and mechanization of the test by use 
of small, disposable, plastic “microdilution” trays (Figure 1) has 
made broth dilution testing practical and popular. Standard trays 
contain 96 wells, each containing a volume of 0.1 mL that allows 
approximately 12 antibiotics to be tested in a range of 8 two-fold 
dilutions in a single tray. Microdilution panels are typically pre-
pared using dispensing instruments that aliquot precise volumes 
of preweighed and diluted antibiotics in broth into the individu-
al wells of trays from large volume vessels. Hundreds of identical 
trays can be prepared from a single master set of dilutions in a 
relatively brief period. Few clinical microbiology laboratories pre-
pare their own panels; instead frozen or dried microdilution pan-
els are purchased from one of several commercial suppliers. The 
cost of the preprepared panels range from approximately $10 to 
$22 each. Inoculation of panels with the standard 5×105CFU/mL 

is accomplished using a disposable device that transfers 0.01 to 
0.05 mL of standardized bacterial suspension into each well of the 
microdilution tray or by use of a mechanized dispenser. Follow-
ing incubation, MICs are determined using a manual or automated 
viewing device for inspection of each of the panel wells for growth 
[14].

Disk diffusion test

Figure 2: Disk diffusion test with an isolate of Escherichia coli 
from a urine culture.

The disk diffusion susceptibility method is simple and prac-
tical and has been well-standardized. The test is performed by 
applying a bacterial inoculum of approximately 1–2×108CFU/mL 
to the surface of a large (150 mm diameter) Mueller-Hinton agar 
plate. Up to 12 commercially-prepared, fixed concentration, paper 
antibiotic disks are placed on the inoculated agar surface (Figure 
2). Plates are incubated for 16-24h at 35 °C prior to determination 
of results. The zones of growth inhibition around each of the anti-
biotic disks are measured to the nearest millimeter. The diameter 
of the zone is related to the susceptibility of the isolate and to the 
diffusion rate of the drug through the agar medium. The zone di-
ameters of each drug are interpreted using the criteria published 
by the Clinical and Laboratory Standards Institute (CLSI, formerly 
the National Committee for Clinical Laboratory Standards or NC-
CLS) or those included in the US Food and Drug Administration 
(FDA)-approved product inserts for the disks. The results of the 
disk diffusion test are “qualitative,” in that a category of suscepti-
bility (ie, susceptible, intermediate, or resistant) is derived from 
the test rather than Minimum Inhibitory Concentration (MIC). 
However, some commercially-available zone reader systems claim 
to calculate an approximate MIC with some organisms and antibi-
otics by comparing zone sizes with standard curves of that species 
and drug stored in an algorithm [16].

Molecular drug susceptibility tests
Historically drug susceptibility testing has been done through 

culturing bacteria. It has needed specific laboratory facilities and 
trained personnel. In addition, it is a very lengthy process. There 
are however now some new tests available one of which is the 
GeneXpert test. This is much easier to use, but it only provides 
limited information about drug resistance.
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GeneXpert test

Since resistance arises from genetic mutations, this approach 
is to detect the mutations themselves. Many mutations associated 
with resistance have been identified and molecular tests to detect 
them have been developed. The advantages of molecular methods 
of drug susceptibility testing include rapid turnaround times, but 
the disadvantages include a low sensitivity for some compounds, 
and a major issue is cost. It is generally perceived that specialist 
staff are required in order to perform molecular assays. Howev-
er, some assays such as the GeneXpert are extremely easy to use. 
They can even be taken out of the laboratory setting and used as a 
“near” point of care test.

Common Disease of Poultry and their Resistance 
Against Specific Antimicrobial Agent

Escherichia. Coli
Escherichia coli (E.) coli is a Gram-negative, facultative an-

aerobe bacterium of the Enterobacteriaceae family. Since E. coli 
is ubiquitous in the gastrointestinal tract of warm-blooded ani-
mals. Certain E. coli strains, designated as “avian pathogenic E. coli 
(APEC) are causative agents of colibacillosis, one of the principal 
causes of morbidity and mortality in poultry worldwide. It has 
been extensively used to monitor AMR in food animals (including 
poultry). In addition, some E. coli strains hosted by poultry are po-
tential source of AMR genes that may transmit to humans [17].

A study from China identified floR, cmlA, cat1, cat2, and cat3 
(genes associated with florfenicol and chloramphenicol resis-
tance) among APEC strains [18]. In another study from the same 
country, the presence of class I integrins on isolates from the 
same country was strongly correlated with multi-drug resistance 
(93.3% MDR strains were positive for class 1 integron, compared 
with 12.5% among non-MDR strains) [19]. In a study from Egypt 
integrons (mostly class 1) were detected in 29.3% isolates and 
were associated with the presence of genes encoding for resistance 
to trimethoprim (dfrA1, dfrA5, dfrA7, dfrA12), streptomycin/
spectinomycin (aadA1, aadA2, aadA5, aadA23), and streptothricin 
(sat2). Other, non-integron-associated resistance genes included 
tetracycline (tetA and tetB), ampicillin (blaTEM), chloramphenicol 
(cat1), kanamycin (aphA1), and sulfonamide (sul1 and sul2). The 
S83L mutation in the gyrA gene (present in 23.2% isolates) was 
the most frequently genetic determinant of quinolone resistance, 
followed by qnrA, qnrB, and qnrS genes. A previous study on 73 
APEC strains from the same country (of which 67.0% were nali-
dixic resistance, 15.1% ciprofloxacin resistance), plasmid-mediat-
ed quinolone resistance genes qnrA1, qnrB2, qnrS1 were found 
in 64.0% isolates, and the fluoroquinolone-modifying acetyltrans-
ferase gene (aac(6_)-Ib-cr) in 7.0% isolates. A study on a large 
collection (980) of APEC isolates from several countries identified 
the plasmid-mediated mcr-1 colistin resistance gene in 8 isolates 
from China (of 31 tested) and 4 from Egypt (of 20 teste Most such 
strains were multi-resistance to 10 or more antimicrobials.

Salmonella pullorum/gallinarum

Bacteria of the genus Salmonella are Gram-negative, faculta-
tive anaerobic, nonspore forming, usually motile rods belonging 
to the Enterobacteriaceae family, which are associated with the al-
imentary tract of animals. Salmonellae reduce nitrates to nitrites, 
carbon dioxide and hydrogen gases are usually produced from 
D-glucose, and hydrogen sulfide is typically produced by most 
salmonellae. Nearly, all salmonellae are aerogenic except for Sal-
monella serovar Typhi which never produce gas. Tests for indole 
production (tryptophanase), oxidase, and urease are negative and 
16S rRNA sequence analyses indicate that Salmonella belong to 
the Gammaproteobacteria [20].

Salmonella Pullorum/Gallinarum are biovars within the genus 
S. enterica subspecies enterica within the family Enterobacteria-
ceae. They are the etiological agents of pullorum disease (S. Pullo-
rum) and fowl typhoid (S. Gallinarum), two septicemic diseases 
widely common in much of the world, though they have been erad-
icated from commercial poultry operations in many developed 
countries. A study from Korea reported an increase over time in 
phenotypic resistance among S. Gallinarum isolates: whereas in 
1995 all isolates were fully susceptible to 12 antimicrobials, ex-
cept for tetracycline (>83% resistance), by 2001, levels of resis-
tance were: ampicillin (87.0%), gentamicin (56.6%), kanamycin 
(30.4%), enrofloxacin (93.5%), ciprofloxacin (89.1%), norfloxacin 
(47.5%), and ofloxacin (17.4%) [21]. Over the same period, the 
MIC range for enrofloxacin, ciprofloxacin, norfloxacin, ofloxacin 
also increased considerably, in parallel with an increase in the rate 
of mutations of the gyrA (from 5.6 to 89.1%) [21]. A further study 
from the same country unexpectedly identified S. Gallinarum in ta-
ble eggs from healthy chicken layer flock. 

Antimicrobial resistance mechanisms Salmonella by antimi-
crobial class of Aminoglycosides were first discovered in 1943 
when streptomycin was isolated from Streptomyces griseus [22]. 
Other commonly known compounds in this class of drugs include 
gentamicin, neomycin, amikacin, and kanamycin [22]. These drugs 
are effective for treating infections caused by Gram-negative ba-
cilli and are usually used in combination with glycopeptides and 
β-lactams to ensure a broad spectrum of action [23]. Aminoglyco-
sides bind to conserved sequences within the 16S rRNA of the 30S 
ribosomal subunit which leads to codon misreading and trans-
lation inhibition. Most aminoglycosides are bactericidal with the 
exception of spectinomycin, which is bacteriostatic [24]. Primary 
mechanisms for nontyphoidal Salmonella to resist aminoglyco-
sides are 1) decreased drug uptake, 2) drug modification, and 3) 
modification of the ribosomal target of the drug [25].

Two mechanisms of are implicated in the spread of antimicro-
bial resistance in Salmonella populations: The first was horizon-
tal transfer of genes for antibiotic resistance, and the second was 
clonal spread of antimicrobial drug resistant Salmonellaisolate 
[26]. Resistance genes can be horizontally transferred between 
Salmonella strains or from other bacterial species to the Salmo-
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nella strains. In Salmonella, plasmids, and Class I integrons are 
primarily responsible for horizontal [27] transmission [28]. Other 
species can contribute resistance genes not currently found in the 
Salmonella gene pool through this mechanism. Resistance genes 
for the various antimicrobial drug classes can be found on several 
different plasmid types and many of these plasmids carry multiple 
antimicrobial resistance genes which can be transferred to oth-
er Salmonella and other bacterial species. Integrons are elements 
that contain the genetic determinants of components of a site-spe-
cific recombination system that recognizes and captures mobile 
gene cassettes [29]. Integrons contain the gene for an integrase 
(i.e., int) and an adjacent recombination site. Although gene cas-
settes are not necessarily part of the integron once incorporated, 
they become part of the integron [30] encode resistance to antibi-
otics or disinfectants [29]. Class I and Class II integrons have been 
found in Salmonella. Class I integrons are primarily in the Salmo-
nella genomic islands [29] while Class II integrons are embedded 
in the TN7 transposon family but have not been fully described 
[31].

Pasteurella multocida
Pasteurellamultocida is a Gram-negative, non-motile, faculta-

tive anaerobic bacterium of the Pasteurellaceae family. It is the 
causative agent of fowl cholera, a disease that often manifests as 
acute fatal septicemia in adult birds, although chronic, and asymp-
tomatic infections also occur [32]. A study on 120 isolates from 
poultry in India showed 100% resistance against sulfadiazine, a 
drug most often used in the field to treat fowl cholera in that coun-
try. Only resistance against chloramphenicol, ciprofloxacin, nor-
floxacin, enrofloxacin, gentamicin, and lincomycin, was observed 
in <10% isolates, remaining the only effective therapeutic alter-
natives. In another study of 56 poultry isolates from Brazil, levels 
of resistance were highest for sulfonamides (sulfaquinoxaline) 
(~77%); in contrast levels of resistance against β-lactams (amox-
icillin, ceftiofur), aminoglycosides (gentamicin), and macrolides 
(erythromycin) were <6%. In a study from the United States of 80 
isolates, resistance was less than 7% against all antimicrobials. In 
comparison with E. coli and Salmonella isolates, P. multocida iso-
lates from poultry were found to be much more susceptible to the 
antimicrobials tested [33]. It is not known whether this explains 
the relatively lower prevalence of AMR in P. multocida compared 
with other Gram-negative bacteria [34]. 

Studies on isolates from pigs, cattle, and poultry in Europe 
have shown that resistance in P. multocida is generally mediated 
by small (4-7 kb size) plasmids. A larger plasmid (pVM111) has 
also been shown to contain multiple genes conferring resistance 
against tetracycline, sulfonamides, and streptomycin resistance 
(tetR-tet (H), sul2, and strA), supporting the hypothesis that the 
spread of resistance is due to horizontal transfer of plasmids rath-
er than clonal dissemination [35].

Clostridium perfringens
Clostridium perfringens is a Gram-positive, rod-shaped, anaer-

obic, spore-forming bacterium commonly found in the intestinal 

tract of poultry, other animals and the environment. Under certain 
conditions, the bacterium can multiply, causing necrotic enteritis, 
and cholangiohepatitis, two E. Coli and C. Perfringen) diseases that 
are responsible for heavy losses in the broiler and turkey industry 
worldwide [36]. A total of seven publications have investigated 
phenotypic resistance in 564C. perfringens isolates from Belgium, 
Scandinavia, Egypt, Korea, Brazil, and Canada. All studies investi-
gated chicken isolates, except one that also included isolates from 
turkey species [37].

A number of studies have investigated resistance against an-
timicrobials commonly used as growth promoters (bacitracin, 
avilamycin, virginiamycin) in addition to coccidiostats (i.e., sali-
nomycin, monensin) that are also known to have activity against 
Clostridium spp. in the gut [38]. A study from Taiwan reported 
MIC50 values of erythromycin and lincomycin for C. perfringens 
isolated from intestinal samples with severe lesions were signifi-
cantly higher compared with those with mild lesions [39]. How-
ever, a study from Korea compared resistance patterns between 
isolates from healthy and sick flocks and found no difference [40]. 
Studies on C. perfringens isolates from Canadian chickens and tur-
keys had overall higher levels of resistance against bacitracin and 
virginiamycin compared with bovine and porcine isolates [37], 
but not for other antimicrobials tested. Studies in Belgium and 
Scandinavia have identified tetP (B), tet (M), tetA (P), and tetB (P) 
genes among tetracycline resistant isolates). Genelnu (A) and lnu 
(B) genes associated with low-level resistance against lincomycin 
have identified strain from Belgium [41].

Mycoplasma species
Mycoplasma spp. is mollicutes bacteria that lack a cell wall 

around their membrane. M. gallisepticum infection is particularly 
important as a cause of respiratory disease and decreased meat 
and egg production in chickens and turkeys worldwide. Other 
species such as M. synoviae, M. meleagridis, and M. iowae can also 
cause disease in poultry. Since Mycoplasma spp. are fastidious 
organisms, routine methods based on isolation and phenotyp-
ic testing of resistance are not practicable. Mycoplasma spp. are 
unaffected by many common antibiotics that target cell wall syn-
thesis. Antimicrobials commonly used to treat Mycoplasma spp. 
infections include tetracycline, macrolides (tylosin, tilmicosin), 
and more recently, fluoroquinolones (enrofloxacin, difloxacin), 
and pleuromutilins (tiamulin) [42].

In vitro studies involving passages in sub-inhibitory concen-
trations of antimicrobials have shown resistance to macrolides 
can be quickly acquired among poultry Mycoplasma spp., whereas 
resistance to enrofloxacin develops more gradually. No resistance 
to tiamulin or oxytetracycline could be evidenced in M. gallisepti-
cum or M. synoviae after 10 passages, whereas M. iowae resistant 
mutants were obtained. Mycoplasma spp. mutants that became 
resistant to tylosin were also resistant to erythromycin, whereas 
mutants made resistant to erythromycin were not always resis-
tant to tylosin [43]. A study on M. gallisepticum and M. synovi-
ae isolated from chickens and turkeys in Israel collected during 
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2005–2006 indicated a reduction in susceptibility against fluoro-
quinolones (enrofloxacin and difloxacin) compared with archived 
strains (1997–2003) [44]. Similarly, a study from Jordan compared 
MICs in isolates collected from 2004 to 2005 vs. strains collected 
during 2007–2008 confirmed a significant increase in MIC against 
8 (erythromycin, tilmicosin, tylosin, ciprofloxacin, enrofloxacin, 
chlortetracycline, doxycycline) of 13 antimicrobials tested [45]. 
A study on 20 M. gallisepticum isolates from Thailand where M. 
gallisepticum isolates were further characterized into groups (A, 
B, C, D, U) by random amplification of polymorphic DNA reported 
the lowest MICs for doxycycline, tiamulin, and tylosin among all 
tested drugs. Some M. gallisepticum isolates low-level resistant to 
josamycin and were resistant to enrofloxacin and erythromycin 
[46]. Tiamulin (pleuromutilin) has been found in general to be a 
useful drug in the treatment and control of Mycoplasma spp. in-
fection. However, administering tiamulin to flocks medicated with 
ionophore antimicrobials is not recommended, since it may lead 
to toxicity [47]. Fluoroquinolone resistance in Mycoplasma spp. 
is of great concern, since enrofloxacin is often the drug of choice 
to treat infections in poultry. However, a study showed that treat-
ment with enrofloxacin did not succeed in eradicating infection 
from flocks subjected to experimental infection [48]. A study on 
93 strains from several countries indicated that M. gallisepticum 
strains with substitutions in the quinolone resistance-determin-
ing regions (QRDRs) of both gyrA and parC are resistant to enro-
floxacin, however in 10% strains with such substitutions did not 
show a clear correlation with the MIC. The authors concluded that 
this may limit the applicability of a gene-based assay to detect flu-
oroquinolone resistance in this avian pathogen.

Other pathogens

Bordetellaavium (B. avium) is a Gram-negative, strictly aerobic 
bacterium, of the family Alcaligenaceae. It is the etiological agent 
of turkey coryza, a respiratory disease of economic importance to 
the turkey industry [49]. In addition, the organism can however 
also colonize a range of wild and domestic birds [50]. In addition, 
B. avium organism is considered to be zoonotic, since it has been 
isolated from human patients with respiratory disease [51].

Ornithobacteriumrhinotracheale (ORT) is a Gram-negative, 
rod-shaped bacterium that causes respiratory disease in turkeys, 
chickens, and other avian species. It was first identified in turkeys 
in the 1990s. Establishing the antibiotic sensitivity of this patho-
gen is difficult because of its complex growth requirements. ORT 
is known to be often resistant to many antimicrobials, and there-
fore only isolates from wild birds are likely to display the highest 
degree of susceptibility. Therefore, antimicrobial susceptibility re-
sults in these isolates have often been used to compare with those 
from poultry isolates [52].

Gallibacteriumanatisbiovarhaemolytica is a Gram-negative 
bacterium of the Pasteurellaceae family. The organism is known 
to colonize the upper respiratory tract and lower reproductive 
tract of chickens, but also been experimentally shown to induce 
clinical infection [53]. G. anatis has previously been misclassified 

as M. haemolytica, P. hemolytica, P. anatis, and Actinobacillussal-
pingitidis, but was recently classified as a new genus (Gallibacte-
rium) [54]. A total of three studies have investigated phenotypic 
resistance in G. anatis [55]. However, in one of them, these isolates 
were identified as M. haemolytica [56]. However, in the absence of 
specific breakpoints published, one study only indicated the mean 
inhibition zone of isolates, indicating that isolates showed maxi-
mum sensitivity to norfloxacin (32mm) and minimum (16mm) to 
erythromycin [57].

Avibacteriumparagallinarum (previously H. paragallinarum) 
is a capsulated, rod-shaped, Gram-negative facultative anaerobe 
bacterium of the Pasteurellaceae family. It is the etiological agent 
of infectious coryza, an acute disease of the upper respiratory 
tract of chickens worldwide [58]. A study on isolates from Latin 
American countries showed the lowest level of resistance against 
co-trimoxazole (potentiated sulfonamide). However, the authors 
remind that sulfonamides should be administered with caution in 
poultry given their low safety margin and the presence of residues 
in meat and eggs for a relatively longer period [59]. A study of four 
A. paragallinarum isolates in Tanzania detected genes associated 
with streptomycin (strA), ampicillin (blaTEM), tetracycline (tetC 
and tetA), and sulfamethoxazole (sul2) resistance [60]. In a study 
of 18 isolates from Taiwan about 72% isolates contained plasmids 
pYMH5 and pA14 [61]. 

Problem of antimicrobial resistance in poultry patho-
gens in Ethiopia

Ethiopia has about 56.87 million chickens comprising mainly 
indigenous chickens, with the majority (95%) kept in low-input 
low-out-put village chicken production systems. Chicken provides 
an important source of income in addition to offering eggs and 
meat for the poor smallholder households in Ethiopia. However, 
the 0.5 kg annual per capita egg consumption in Ethiopia is five 
times lower than the average 2.3 kg per capita for other sub-Saha-
ra African countries [62]. The Ethiopian indigenous chickens can-
not be produced and fill the national demand for chicken meat and 
eggs despite the fact that they harbor suitable phenotypic traits for 
ecological, social and cultural context of Ethiopia. The emergence 
and spread of such drug resistant strains among food animals 
including chickens is life threatening and a global public health 
concern, as they are often non-treatable with currently available 
antimicrobials [63]. Animal agriculture such as poultry farming 
and antibiotic usage on the farms are a hot debate topic, because 
the overuse may be a contributing factor for the entrance of AMR 
pathogens and AMR genes to the food chain [64]. Antibiotic-resis-
tant Salmonella infections of both human and animal are univer-
sal concerns, particularly in developing countries where the risk 
of infection is high because of unhygienic living conditions, close 
contact and sharing of houses between animals and humans, and 
the traditions of consumption of raw or undercooked animal-or-
igin food items [65-68]. There is an increasing concern with this 
pathogen due to the emergence and spread of antibiotic-resistant 
and potentially more pathogenic strains. Antimicrobial-resistant 
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Salmonella spp. have been isolated from different foods of animal 
origin around the world, which is attributed to the inappropriate 
use of antimicrobials as therapeutic or prophylactic agents in hu-
man and veterinary medicine, as well as the use of growth promot-
ers in animal production [69,70].

Prevention and control of antimicrobial resistance in 
poultry farm

the Facts about Antimicrobials in poultry and Their Impact 
on Resistance made the following prevention measure should be 
carried out:

1) Antimicrobial agents should not be used in poultry in the 
absence of disease,

2) Antimicrobials should be administered to poultry only 
when prescribed by a veterinarian,

3) Quantitative data on antimicrobial use in poultry should 
be made available to inform public policy,

4) The ecology of antimicrobial resistance should be con-
sidered by regulatory agencies in assessing human health risk as-
sociated with antimicrobial use in poultry,

5) Surveillance programs for antimicrobial resistance 
should be improved and expanded, and

6) The ecology of antimicrobial resistance in poultry should 
be a research priority [160]. Implementation of these six-preven-
tion measure along with further research into the mechanisms 
and the ecology of antimicrobial resistant bacteria, especially Sal-
monella species, may provide a return to the effectiveness of an-
timicrobials in treating infections caused by pathogenic bacteria.

In order to control the problem: use of right dosage of antimi-
crobial, use of right antimicrobial for the right pathogen and check 
whether the resistance of antimicrobial occur in vitro are some of 
the control measure should be carried out.

Conclusion and Recommendation
Among Enterobacteriaceae, E. coli displayed consistently high-

er levels of resistance against most antimicrobials tested com-
pared with S. Pullorum/Gallinarum.

There are important gaps in the knowledge on AMR in import-
ant zoonotic pathogens of poultry. Control of bacterial diseases in 
poultry often relies on the use of prophylactic antimicrobial treat-
ment at different critical points during the rearing period. Given 
the observed prevalence of AMR it would be expected that in cases 
where the pathogen is resistant, the use of certain antimicrobials 
would result in treatment failure. It would be desirable to identify 
the burden of disease for each pathogen in each country, and if the 
disease burden justifies it, implement prophylactic vaccination. In 
most countries including Ethiopia, farming is conducted without 
veterinary supervision, and a wide range of antimicrobials is nor-
mally available to farmers. Prudent use practices should include 
restricting the access for use of antimicrobials that are considered 
to be important for human medicine in animal production. Such 

restrictions are only currently being enforced only in a number 
of industrialized countries. Measures such as education on good 
farming practices, limiting the availability of antimicrobials, and 
building up a knowledge base on the AMR profile of poultry patho-
gens will encourage responsible AMU, contributing to reduce 
treatment failure of poultry diseases. Base on the above conclu-
sion the following points are recommended:

a. Application of appropriate legislation to support the re-
sponsible and prudent use of antimicrobial agents in veterinary 
medicine.

b. Provide knowledge and/or training that can provide 
stakeholders with information on the benefits of prudent antimi-
crobial use and the risks associated with inappropriate use.

c. Supply appropriate resources that impact negatively on 
efforts to develop surveillance and monitoring programmers, ed-
ucation strategies, evaluation and licensing of antimicrobials and 
efforts to combat the distribution and use of illegal and counterfeit 
products.

d. Identification of a core set of relevant antimicrobials 
when developing and implementing prospective testing for sur-
veillance systems for determination of AMR in the food chain.
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