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Background: The drastic increase in use of antibiotics as a mandatory part of production in 
poultry and livestock has led to the development of bacterial resistance against antibiotics. 
The spread of resistant bacteria from poultry to humans increases the risk of treatment failure 
by antibiotics because of resistance genes transfer.
Study Objective: The objective of the study was to estimate and compare the P. aeruginosa 
resistance profile collected from areas around the poultry farm premises and areas at least 
500 meters away from the nearest poultry farm. We studied the effect of antibiotic usage in 
farms on the bacterial profile present in the upper layer of soil.
Methodology: A total of 1,200 moist soil samples were collected from areas within a 25 
meters range of poultry farms and areas that had no poultry farms in its 500 meters vicinity. 
P. aeruginosa was cultured and isolated. The antibiotic susceptibility profile was carried out 
by Kirby-Bauer disc diffusion method and results were analyzed according to CLSI guide-
lines. Statistical analysis was carried out to check the significance of results.
Results: A total of 300 P. aeruginosa isolates were isolated, among which 140 isolates were 
isolated from areas around the poultry farm premises and had higher prevalence of antibiotic 
resistance. A total of 160 isolates were isolated from areas outside the poultry farm range. 
Resistance was not as high as in the isolates from around the farm. The ESBL production 
was higher in the isolates that were in close contact with the poultry farm as compared to the 
isolates away from the farm.
Conclusion: Use of antibiotics in the poultry farm for production significantly increases the 
resistance in bacterial strains present in the upper layer of soil around the poultry farm within 
at least a 25 meter range.
Keywords: antibiotic resistance, P. aeruginosa, poultry, MDR

Introduction
Antibiotics have been used in human medicine and livestock welfare. However, 
misuse of antimicrobials in any field result in the development of antibiotic resistant 
pathogenic microbes that affect both human and animal health.1 From the last few 
decades, use of antimicrobials in poultry production has been increased tremen-
dously. Apart from using for therapeutic purposes, antibiotics are being used as 
growth promoters and prophylaxis.2,3 Excessive use of antibiotics for poultry 
production is the leading cause of resistance development in bacteria. Many 
pathogenic bacteria reside in the intestinal tract of animals that are transmitted to 
the humans via fecal material or the food chain, becoming a source of public health 
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problems.2,4 Many studies provide evidence of spreading 
resistant bacterial strains from food animals to humans in 
the USA, European countries, and Denmark.5,6 Commonly 
known MDR pathogens are E. coli, A. baumannii, 
Klebsiella, Salmonella. and P. aeruginosa. Transmission 
of P. aeruginosa resistant to amoxicillin, augmentin, tetra-
cycline, cotrimoxazole, and chloramphenicol from poultry 
environment to humans was reported in Nigeria.7

Disposal of animal wastes as a manure is another 
source of transmission of resistant pathogens from animal 
farms to the soil. This problem has been increased due to 
the concentrated animal feeding practices. As a result, 
resistant bacteria and antimicrobials residues accumulate 
in the soil and proliferate antibiotic resistance in soil 
inhabiting bacteria.8

Pseudomonas is a gram-negative, oxidase positive, 
aerobic bacterium. It is ubiquitous in aqueous environment 
and soil. It is a leading cause of pseudomoniasis, respira-
tory infections, sinusitis, septicemia, and endocarditis in 
poultry birds like chickens, geese, and turkeys.9 Studies 
provide evidence of transmission of pseudomonas infec-
tions from broiler chicks to humans directly.10 In Pakistan, 
28% of cases of necropsy in chickens are due to 
Pseudomonas aeruginosa. Further investigation reveals 
that these bacterial strains were resistant to erythromycin, 
ceftriaxone, ciprofloxacin, and colistin.9

Nowadays, poultry is a flourishing industry in Pakistan. 
People are rearing chickens in control sheds and semi- 
control sheds in which thousands of chickens are kept at 
a time and a large amount of antibiotics are used to 
increase their growth rate. As a result of selection pressure, 
bacteria are becoming resistant to commonly used antibio-
tics. Exhaust fans are used to maintain the temperature of 
the control-sheds. These fans expel out the bacteria and 
antibiotic residues from the poultry farms into the sur-
roundings. Contamination of the soil with poultry litter 
may induce resistance in soil inhabiting bacteria.11 The 
purpose of our study is to determine the pattern of resis-
tance in P. aeruginosa at different distances from poultry 
farms.

Methodology
Sampling
We selected 20 poultry farms and 20 areas which did not 
have any poultry farm within a 500-meter range. Both these 
areas represented the same geographical regions. In total, 
600 samples were collected from each of the two types of 

area (1,200 total). We collected around 30 samples from 
around each poultry farm and 30 samples from each area 
having no poultry farm. The samples were collected from 
the upper layer of soil and were stored in sterile tubes.

Isolation and Identification of P. aeruginosa
One gram of each soil sample was added in separate vials 
containing sterile saline solution. The samples were direc-
ted to 10-fold serial dilution before inoculation. The sam-
ples were then inoculated in nutrient broth and were 
incubated overnight followed by streaking on 
MacConkey agar. The streaked plates were incubated 
overnight at 37°C. The colonies that were oxidase positive 
were further streaked on Cetrimide agar for isolation of 
P. aeruginosa. Bacterial colonies were confirmed by bio-
chemical tests.12

Antimicrobial Susceptibility Testing
Kirby-Bauer disc diffusion method was used to check the 
susceptibility of isolated bacteria against antibiotics. The 
inhibition zones obtained from each bacterium after incu-
bation with the antibiotic disc were compared following 
CLSI standards. In total, 14 antibiotics were selected 
against which the susceptibility of bacteria was checked.

ESBL Detection
ESBL in P. aeruginosa were detected by disc diffusion 
method. The antibiotics used were cefepime, ceftazidime, 
cefotaxime, and cefpodoxime. The diameter of zone of 
inhibition was noted on Excel sheets. Data was copied 
on a Mast group ESBL and CARBA plus calculator 
spreadsheet. The results were either positive or negative 
for ESBL production in P. aeruginosa.

Statistical Analysis
MS Excel was used to carry out the statistical analysis of 
the collected data. Percentages and mean values were 
calculated. Chi-square test was carried as mentioned in 
another study.13 Briefly, we hypothesized that antibio-
grams of the samples collected from regions with no 
poultry farms within a 500 meter range represent normal 
baseline resistance values. Hence similar resistance values 
were “expected” from samples obtained from around poul-
try farms, if farms had no influence on their immediate 
environment. P-value was calculated and P<0.05 was 
referred to as statistically significant, indicating 
a correlation between poultry farm proximity and the 
emergence of resistance.
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Results
A total of 1,200 soil samples were collected from two 
types of areas, areas within a 25-meter range of poultry 
farms and others that had no farm in at least a 500-meter 
area. Six hundred samples were collected from each type 
of area for the isolation of P. aeruginosa.

Bacterial Profile and Antibiotics 
Resistance
From the 1,200 samples, 300 isolates of P. aeruginosa 
were isolated; 140 (46.6%) isolates were isolated from 
areas near poultry farms and 160 (53.3%) were isolated 
from areas that had no poultry farm in a 500-meter vicinity 
(Table 1). Among the 140 isolates of P. aeruginosa iso-
lated from an area around a poultry farm, 105 (75%), 109 
(77%), 117 (83.5%), 96 (68.5%), 75 (53.5%), 114 
(81.4%), 125 (89.2%), and 112 (80%) were sensitive, 
and 35 (25%), 31 (22.1%), 23 (16.4%), 44 (31.4%), 65 
(46.4%), 26 (18.5%), 15 (10.7%), and 28 (20%) were 
resistant to piperacillin-tazobactam, colistin, meropenem, 
ticarcillin-clavulanate, cefepime, polymyxin, gentamicin, 
and ciprofloxacin, respectively. Among 160 isolates of 
P. aeruginosa, 140 (87.5%), 146 (91.2%), 149 (93.1%), 
124 (77.5%), 122 (76.2%), 151 (94.3%), 152 (95%), and 
145 (90.6%) were resistant and 20 (12.5%), 14 (8.7%), 11 

(6.8%), 36 (22.5%), 38 (23.7%), 9 (5.6%), 8 (5%), and 15 
(9.3%) were resistant to piperacillin-tazobactam, colistin, 
meropenem, ticarcillin-clavulanate, cefepime, polymyxin, 
gentamicin and ciprofloxacin, respectively. The overall 
resistance pattern was higher in the isolates isolated from 
area within the premises of a poultry farm.

Antibiotics Sensitivity Profile of 
P. aeruginosa
The antibiotics sensitivity was checked with Kirby-Bauer 
disc diffusion method. The data of this profile suggests 
that the number of sensitive isolates is higher in the iso-
lates from farm-free areas as compared to the isolates 
isolated from areas around a poultry farm (Table 2).

Multidrug Resistant P. aeruginosa
Multidrug resistance prevailed in the isolates that were 
isolated from the vicinity of a poultry farm. A total of 
105 (75%) isolates out of 140 were found to be MDR and 
among 160 Pseudomonas aeruginosa isolated from the 
area that had no poultry farm nearby, 85 (53.1%) were 
MDR. These results indicate the role of the poultry farm in 
spreading multidrug resistance in their immediate sur-
roundings (Table 3).

ESBL Production in P. aeruginosa
Among 140 isolates of P. aeruginosa isolated from the 
poultry farm area, 24 (17.1%) were ESBL producers, 
while among 160 isolates isolated from areas that had no 
poultry farms in a 500-meter vicinity, only 7 (4.3%) were 
ESBL producers. In this case, the ESBL producing propor-
tion is higher in the P. aeruginosa isolates that were iso-
lated from the premises of a controlled shed (Table 3).

Discussion
Generally, when antibiotics are given on a poultry farm, 
they tend to kill the sensitive isolates and only the isolates 
that possess special traits of resistance to antibiotics are 
left behind. These kind of bacteria then transmit their traits 
and genes to other bacteria via plasmids or horizontal gene 
transfer.14 It has been shown that poultry farms harbor 
resistant bugs, and the more intensive the farming practice, 
the higher is the resistance level.15 Although environmen-
tal drivers of resistance as well as transfer of resistance in 
food chain is well documented; there is a scarcity of peer- 
reviewed studies aimed at understanding the effects of 
intensive poultry farming in the spread of resistance.4,16 

Table 1 Resistance Pattern of P. aeruginosa Isolates Isolated from 
Around the Farm and Outside the Farm

Antibiotics P. aeruginosa from 
Around the Farm 
(n=140)

P. aeruginosa from 
Outside the Farm 
(n=160)

CST 44 (31.4%) 36 (22.5%)
OFX 47 (33.5%) 27 (16.8%)

PMB 65 (46.4%) 38 (23.7%)

TIC 31 (22.1%) 14 (8.7%)
TZP 35 (25%) 20 (12.5%)

AMK 16 (11.4%) 7 (4.3%)

LVX 51 (36.4%) 32 (20%)
CIP 26 (18.5%) 9 (5.6%)

FEP 28 (20%) 15 (9.4%)

MEM 15 (10.7%) 8 (5%)
GEN 23 (16.4%) 11 (6.8%)

ATM 88 (62.8%) 45 (28.1%)

TOB 4 (2.8%) 1 (0.6%)
IPM 49 (35%) 33 (20.6%)

Abbreviations: CST, colistin; OFX, ofloxacin; PMB, polymyxin; TIC, ticarcillin- 
clavulanate; TZP, piperacillin-tazobactam; AMK, amikacin; LVX, levofloxacin; CIP, 
ciprofloxacin; FEP, cefepime; MEM, meropenem; GEN, gentamicin; ATM, aztreonam; 
TOB, tobramycin; IPM, imipenem.
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In this backdrop, it was of interest to see whether the 
resistance developed inside farms is transferred to the 
outside environment.

The transfer of resistant bacteria from farm to environ-
ment can occur through untreated manure dispersal and 
exhaust fans. Once transferred, the resistant bacteria colo-
nize in the gut of the human body and the genes respon-
sible for resistance are transferred to the other gut bacteria, 
thus decreasing the efficiency of treatment.17 A serious 
public health hazard is under development as the propor-
tion of resistant bacteria are increasing in the poultry due 
to excessive use of antibiotics in the farms.18

In this study we compared the antibiotic resistance 
profile of P. aeruginosa isolated from 20 areas that had 
poultry farms in their 25 meter range and from the same 
number of areas that did not have any farm within 500 
meters. A total of 1,200 soil samples were collected and 
300 isolates of P. aeruginosa were isolated. According to 
the obtained results, the isolated P. aeruginosa isolates 
from area within the range of poultry farm had increased 
rate of resistance as compared to the isolates from the area 
far away from poultry farm. This indicates that the anti-
biotics being used in the farm are increasing the resistance 
in bacteria. In general, the significant resistance was 

Table 2 Comparison of Sensitivity and Resistance Profile, Chi-Square, and P-value of P. aeruginosa

Number of Sensitive and Resistant Isolates For Chi-Square Value, No. of P. aeruginosa Isolates Have 
Been Normalized to 160

Antibiotics Pattern P. aeruginosa 
Within 25 
Meters

P. aeruginosa from 
Outside the Farm

P. aeruginosa 
Within 25 
Meters

P. aeruginosa from 
Outside the Farm

Chi- 
Square

P-value

TZP S 105 140 120 140 22.9 <0.001
R 35 20 40 20

CST S 96 124 110 124 7 0.005
R 44 36 50 36

MEM S 125 152 143 152 10.7 0.001
R 15 8 17 8

TIC S 109 146 125 146 34.5 <0.001
R 31 14 35 14

FEP S 112 145 128 145 21.3 <0.001
R 28 15 32 15

PMB S 75 122 86 122 44.7 <0.001
R 65 38 74 38

GEN S 117 149 134 149 22 <0.001
R 23 11 26 11

CIP S 114 151 130 151 51.9 <0.001
R 26 9 30 9

Table 3 Odds Ratio and P-value of ESBL Production and MDR Isolates of P. aeruginosa

Variables ESBL Production Odds Ratio Multidrug Resistance Odds Ratio

Yes No Yes No

P. aeruginosa within 25 meters 24 116 4.5 (1.8–10.8) 
P≤0.0007

112 28 13.7 (7.9–24.0) 
P≤0.0001P. aeruginosa from outside the farm 7 153 36 124

Abbreviations: ESBL, extended spectrum β-lactamases; MDR, multidrug resistance.
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observed in the isolates against antibiotics which were 
being heavily used inside the farm. It can be concluded 
that the pattern of resistance in the surrounding area of 
a poultry farm is highly influenced by the choice of anti-
biotics used inside the farm.

It is believed that the birds’ fecal material can serve 
a potential source of contamination of water and soil 
nearby, thus infecting the humans consuming this water 
particularly in rural areas. The contamination of soil can 
lead to deposition of resistant bacteria in domestically 
grown fruits and vegetables ultimately entering the 
human gut, developing resistance, and being a barrier in 
treatment of infections with antibiotics.19

Significantly higher numbers of ESBL and MDR iso-
lates were prevalent in areas within the poultry farm pre-
mises. It is obvious that excessive use of antibiotics in 
poultry to increase the growth of broiler chicken is devel-
oping a serious sort of resistance in bacteria by production 
of ESBL. The isolates are also becoming MDR because 
they are showing resistance to at least three classes of 
antibiotics. The results indicated a significant difference 
in resistance profile and ESBL production in P. aeruginosa 
isolates isolated from areas within the poultry farm and 
areas far from the farm.

The preventive measures that can be adopted to mini-
mize the spread of MDR P. aeruginosa from poultry to 
humans are the proper handling of raw products, fecal 
material of birds, proper disposal of waste, and adequate 
cooking of meat in order to sterilize it.20

Conclusion
This study underlines the fact that use of antibiotics in 
poultry, although increasing the growth of chickens, is also 
posing serious health issues due to the transfer of resis-
tance from within the poultry farms to the outside. This 
can ultimately transpire into a public health problem. 
These initial findings also emphasize the importance of 
thorough ecological investigations to fully understand the 
role of poultry farming in transferring resistance through 
the food chain. Additionally, alternate ways, more akin to 
economic realities of the third world, to increase growth 
and limit infections in poultry farms need to be explored.
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