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Abstract: Control of biosecurity and biosecurity within poultry consists of a set of practical measures meant to 
prevent and control the spread of disease between people and animals. Infections, caused mainly by zoonotic agents, 
occur frequently due to the lack of safety monitoring regulations, as well as the inappropriate use of antimicrobial 
products, leading to the emergence of antimicrobial-resistant microorganisms. Pseudomonas aeruginosa, often known 
as the MDR pathogen has evolved resistance to multiple antibiotics. Because of its propensity to build biofilms in meat 
and other food products, P. aeruginosa is even more resilient to the phenomenon of drug resistance which is a major 
public health issue. Standard microbiological and biochemical tests were used to isolate and identify P. aeruginosa 
from a total of 100 meat samples (20 from each district from broiler chicken meat) gathered from various butcher shops 
and supermarkets. The Kirby Bauer method was used to identify antibiotic resistance, while the microtiter plate test 
was used to monitor biofilm formation. It was found that P. aeruginosa was identified from 22 % of the broiler chicken 
meat samples and showed resistance to Cloxacillin, teicoplanin, ciprofloxacin, imipenem, and meropenem, followed 
by linezolid, streptomycin, amikacin, compound sulphonamide, aztreonam and cefepime which showed intermediate 
resistance. Multiple Antibiotic Resistance Index (MARI) was calculated as 0.45 for a total of 11 antibiotics. Also, all 
22 MDR isolates of P. aeruginosa tested positive for the presence of the biofilm. In conclusion, it was determined 
that chicken meat was contaminated with Pseudomonas aeruginosa, and these strains that produce biofilms are more 
resistant to antibiotics. Thus, there is a serious threat to public health from biofilm-forming isolates found in broiler 
chickens.
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1. INTRODUCTION 

Aside from being one of the most innovative 
animal businesses and quickest manufacturers 
of meat worldwide, poultry has made important 
contributions to the country’s agricultural economy. 
Protein from poultry products is necessary for 
human health [1]. Proper management and 
cleanliness on the farm have a significant impact 
on the quality of the chickens produced [2]. It is 
generally accepted that a chicken production 
system’s main priority should be ensuring the 

highest possible levels of biosecurity and farm 
hygiene. Better flock health, lower medical costs, 
fewer losses, and greater profits are all possible 
thanks to effective biorisk management [3]. The 
FAO believes that the best strategy to prevent the 
spread of infectious illnesses is through the strict 
implementation of biosecurity measures [4]. High-
risk areas for the transmission of illness could be 
mapped using biorisk management tools. This has 
crucial implications for the prevention and control 
of epidemics and facilitates their monitoring [5]. 

Proceedings of the Pakistan Academy of Sciences: B   Pakistan Academy of Sciences
Life and Environmental Sciences 60(3): 497-503 (2023)
Copyright © Pakistan Academy of Sciences
ISSN (Print): 2518-4261; ISSN (Online): 2518-427X
http://doi.org/10.53560/PPASB(60-3)866



For the maintenance and improved health 
status and standards of livestock, reducing the 
spread of infectious diseases is imperative. Strict 
biorisk management policies will help to reach 
that goal. Over-prescribing antibiotics, which leads 
to antibiotic resistance in infectious organisms, 
is a prevalent practice that arises from the need 
to lower the prevalence of infectious agents [6]. 
Misusing biocidal agents in livestock farming also 
promotes the spread of bacteria that are resistant 
to antibiotics [7, 8]. Antibiotic overuse can be 
prevented through the implementation of stringent 
biosafety and biosecurity measures, which will also 
preserve the efficacy of traditional antimicrobials 
used to treat acute and chronic diseases [9]. The 
biorisk management measures for animal farms are 
specifically prepared to prevent the introduction and 
spread of diseases and considered as key-factors for 
increased farm productivity [10]. 

Pseudomonas aeruginosa is an opportunistic 
pathogen, with the ability to produce biofilm, that 
causes severe problems in chicken farms [11], 
while Pseudomonas spp. have historically been 
the most common pathogens found on chicken 
carcasses in industrial poultry processing facilities 
[12]. Pseudomonas aeruginosa, which causes 
serious respiratory infections [13] & cystic lung 
fibrosis [14] is widely believed to originate from 
chicken-based goods sold in grocery shops, 
especially among the immunocompromised. In the 
agriculture sector of Pakistan, and particularly in 
poultry farms and retail shops, there is a serious 
scarcity of understanding and application of biorisk 
management measures and protocols. This study 
is designed to establish a baseline regarding the 
presence of infectious agents, like P. aeruginosa, 
as a contaminant in poultry products. The research 
was also meant to aid in the development of an 
antibiogram of isolated strains to highlight the 
impact of over-use of antibiotics in farm settings 
and to identify the severity of the risk to which the 
producers and consumers of poultry products are 
exposed.

2. MATERIALS AND METHODS 

2.1. Study Area and Sample Collection 

The research was carried out in Karachi, Pakistan. 
Five meat markets from five districts in Karachi, 

Pakistan, namely Karachi East, Karachi West, 
Karachi Central, Karachi South, and District Malir, 
were randomly featured. In total, 100 samples of 
broiler chicken meat, 20 from each area, were 
randomly purchased from the meat shops in meat 
markets, and subsequently pooled. Briefly, five 
chicken meat pieces were taken randomly from 
each market, and samples of chicken meat were 
collected with sterile swabs, separately packaged, 
and sent within 2 to 4h to the research laboratory 
of the Department of Biosciences, Faculty of 
Life Sciences, SZABIST. In this laboratory, all 
microbiological investigations were undertaken.

2.2. Pseudomonas aeruginosa Isolation and 
Identification

Using a homogenizer, samples of broiler chicken 
meat were placed in 1ml Eppendorf tube containing 
one ml phosphate-buffered saline (PBS) and a 
5-mm steel bead (Qiagen #69989) for 5 minutes at 
30 Hz (Retsch; MM400). The meat homogenates 
were then plated on Cetrimide Agar and then 
allowed to incubate overnight at 37 ℃. Biochemical 
tests confirming the presence of Pseudomonas 
aeruginosa colonies were found positive for indole 
and negative for Simmons citrate. Twenty-two out 
of a hundred samples from all the districts were 
found to be positive for Pseudomonas aeruginosa, 
and isolates with visible colony morphologies were 
chosen for further examination.

2.3. Biochemical Identification of Pseudomonas 
aeruginosa isolates: 

On cetrimide agar plates, the putatively  
Pseudomonas aeruginosa colonies were streaked 
for biochemical confirmation. For additional 
phenotypic screening using the Quick Test Strip 
(QTS)-24 kit, conventional biochemical assays 
such as Gram staining, indole, catalase, citrate, 
oxidase, and motility were done on chosen pure 
Pseudomonas aeruginosa colonies.

2.4. Bacterial Growth and Media Conditions

For long-term preservation, bacterial isolates were 
kept in 20 % glycerol at -80 oC. From frozen stocks, 
isolates were inoculated onto Tryptic soy agar 
(TSA; Becton Dickinson) and incubated at 37 oC 
for 18 h. A single colony was inoculated into 5 mL 
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of LB broth and cultivated overnight at 37 oC with 
200 rpm of shaking. All subsequent tests utilized 
overnight cultures.

2.5.  Phenotypic Antibiotic Resistance Pattern

To determine antibiotic resistance among 
Pseudomonas aeruginosa strains, the Kirby Bauer 
disc diffusion method was used in accordance 
with CLSI recommendations. To determine which 
antibiotics would be effective against each potential 
positive isolate, a panel of 11 antibiotics was used. 
For the test, we took one colony of the Pseudomonas 
aeruginosa isolates from plates of cultures grown 
overnight established on Cetrimide Agar (Oxoid, 
Basingstoke, United Kingdom) and transferred it to 
plates of nutrient agar, where it was incubated at 
37 oC for 24 h. Pseudomonas aeruginosa colonies 
were then emulsified into sterile saline until the 
turbidity reached 0.5 McFarland standard which 
is correspondent to 108 CFU/ml. Mueller Hinton 
(MH) agar plates (Oxoid, Basingstoke, United 
Kingdom) were prepared by spreading suspensions 
with sterile cotton swabs, and antibiotic discs were 
placed aseptically on the surface of the MH agar 
with sterile forceps; the plates were then incubated 
at 37 ℃ for 24 h. The widths of the inhibitory zones 
were measured and recorded; the values were then 
interpreted following CLSI guidelines. 

2.6. Multiple Antimicrobial Resistance Indices 
(MARI)

The multidrug resistance level was enumerated 
using the multiple antibiotic resistance indices 
(MARI) as per the formula defined by the previous 
author [15]. 

Where a = total number of antibiotics to which an 
isolate shows resistance and b = total number of 
antibiotics to which the isolate was exposed.

2.7.  Detection of Biofilm Production

Microtiter plate test was used to determine the 
biofilm-forming phenotype (MPA). There was a 
100-fold dilution of the fresh cultures into tryptic 
soy broth. After that, the 96-well (flat bottom) 
plate was loaded with 250 μL aliquots of isolates 
and left to incubate at 37 °C overnight. Agitating 
and shaking the wells during washing helped get 

rid of any bacteria that had not properly detached. 
Because biofilms are so easily fixed by heat, the 
plates were heat dried to achieve this. Afterward, 
a crystal violet (0.1 %) stain in 250 μL was applied 
and left to set for 20 minutes. Once again, washed 
and dried the wells before treating them with 250 μL 
of 50 % acetone. The un-inoculated wells still filled 
with sterilized tryptic soy broth served as negative 
controls. The biofilms’ OD values were evaluated 
at 594 nm using an ELISA reader from (BioRad, 
USA). In addition, a threshold value (ODc) was 
calculated as follows: 

According to Saxena et al. a lack of opacity 
was observed in non-biofilm producers (OD<ODc), 
a lack of opacity was observed in weak producers 
(ODc<OD<2×ODc), a lack of opacity was observed 
in moderate producers (2×ODc<OD<4×ODc), and 
a lack of opacity was observed in strong producers 
of biofilm (4×ODc<OD).

3. RESULTS AND DISCUSSION

3.1. Bacterial Identification, Biochemical, and 
Growth Characterization

A total of 22 morphologically distinct colonies of 
non-lactose-fermenting bacteria were identified as 
Pseudomonas aeruginosa as shown in Table 1. The 
remaining 78 strains were found to be of Serratia 
fonticola, Pseudomonas gessardii, Pseudomonas 
mucidolens, Lysinibacillus fusiformis, Pseudomonas 
stutzeri, Bacillus aryabhattai, Pseudomonas 
viridiflava, and Bacillus megaterium.

3.2. Prevalence of Pseudomonas aeruginosa and 
the Multidrug Resistance Profile in Broiler 
Chicken Meat

The overall prevalence of Pseudomonas aeruginosa 
positive samples after isolation was 22 %. MDR 
profile revealed that the strains were highly resistant 
to 5 out of 11 antibiotics as shown in Figure 1. Table 
2 presents the antimicrobial resistance profile of the 
isolates to the antibiotics and multiple antibiotic 
resistance Index (MARI) estimated as 0.45 for 
all of the MDR isolates (ranging from 0.2 to 0.5). 
Cloxacillin, Teicoplanin, Ciprofloxacin, Imipenem, 
and Meropenem showed 100 % resistance, 
followed by Linezolid, Streptomycin, Amikamicin, 
Aztreonam, Compound Sulphonamide, and 
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Table 1. Sampling data of meat samples collected from different districts of Karachi
Districts of Karachi Total Sample Collected Pseudomonas aeruginosa Positive Percentage

East 20 5 25 %

West 20 2 10 %

South 20 4 20 %

Korangi 20 6 30 %

Central 20 4 20 %

 

  

4.   DISCUSSION 

In this study, we compared the antibiotic resistance 
profile of P. aeruginosa that was isolated from poultry 
sources from 5 different districts of Karachi. There were 
a total of 100 samples were collected, and there were 
22% of the isolates showed the presence of P. 
aeruginosa. After antibiotic resistance profiling we 

found that strains exhibited high levels of resistance to 
five of the eleven antibiotics tested. MDR isolates were 
calculated to have a (MARI) of 0.45 overall (ranging 
from 0.2 to 0.5) All strains showed resistance to 
Cloxacillin, Teicoplanin, Imipenem, Meropenem and 
Ciprofloxacin but showed intermediate resistance 
towards  Linezolid, Streptomycin, Amikamicin, 
Compound Sulphonamide, Aztreonam and Cefipime. 

Table 1. Sampling data of meat samples collected from different districts of Karachi 

Districts of Karachi Total Sample Collected Pseudomonas aeruginosa Positive Percentage 

East 20 5 25% 

West 20 2 10% 

South 20 4 20% 

Korangi 20 6 30% 

Central 20 4 20% 

Antibiotic uses excessively in poultry to accelerate the 
development of broiler chicken is causing the spread of 
MDR P. aeurginosa, a harmful form of bacterial 
resistance, as evidenced by significantly greater 

numbers of MDR isolates. Isolates exhibit resistance to 
types of antibiotics, which contributes to their 
progression toward MDR status. The study's authors 
conclude that the widespread prevalence of multidrug-

Fig. 1. Antimicrobial activity of Pseudomonas aeruginosa against antibiotics (Cloxacillin, Teicoplanin, Ciprofloxacin, 
Imipenem, and Meropenem) showing complete resistance.

Table 2. Prevalence of AMR pathogens in livestock-sourcefood products

Antibiotics Zone of Inhibition 
(mm)

Cefepime (Fep) 18

Compound Sulphonamide 15

Cloxacillin 6

Imipenem 4

Teicoplanin 6

Ciprofloxacin 6

Aztreonam 16

Meropenem 7

Linezolid 11

Amikamicin 14

Streptomycin 11
Multiple Antibiotic Resistance Index (MARI) for the above antibiotics is found to be 0.45. Zone of Inhibition (ZOI): 0-10 mm: 
Resistant; 10.1-16 mm: Intermediate; 17+ mm: Sensitive. 
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Cefipime which showed intermediate resistance.

4. DISCUSSION

In this study, we compared the antibiotic resistance 
profile of P. aeruginosa that was isolated from 
poultry sources from 5 different districts of Karachi. 
There were a total of 100 samples were collected, 
and there were 22 % of the isolates showed the 
presence of P. aeruginosa. After antibiotic resistance 
profiling we found that strains exhibited high levels 
of resistance to five of the eleven antibiotics tested. 
MDR isolates were calculated to have a (MARI) 
of 0.45 overall (ranging from 0.2 to 0.5) All strains 
showed resistance to Cloxacillin, Teicoplanin, 
Imipenem, Meropenem and Ciprofloxacin 
but showed intermediate resistance towards  
Linezolid, Streptomycin, Amikamicin, Compound 
Sulphonamide, Aztreonam and Cefipime.

Antibiotic uses excessively in poultry to 
accelerate the development of broiler chicken 
is causing the spread of MDR P. aeurginosa, a 
harmful form of bacterial resistance, as evidenced 
by significantly greater numbers of MDR isolates. 
Isolates exhibit resistance to types of antibiotics, 
which contributes to their progression toward 
MDR status. The study’s authors conclude that 
the widespread prevalence of multidrug-resistant 
P. aeruginosa strains in chickens poses serious 
risks to human health. Preventative actions that 
can be taken to reduce the transmission of MDR 
P. aeruginosa from chicken to humans include the 
proper management of raw products and the boiling 
of meat to sterilize it. These precautionary actions 
can be implemented to lessen the likelihood that 
multidrug-resistant P. aeruginosa will be transferred 
from chickens to people. The presence of biofilm 
promotes the growth of bacterial communities 
that are resistant to biocides and antibiotics [16]. 
Antibiotic resistance was caused by multiple factors, 
including biofilm formation, metabolic processes 
within in the biofilm, efflux pumps, and even outer 
membrane structures that prevented antimicrobials 
from penetrating the biofilm. Changes in bacterial 
phenotypic, gene expression, antibiotic resistance, 
and metabolic activity that result in the generation 
of virulence-associated proteins are all hallmarks of 
biofilm-forming microorganisms [17]. Significant 
economic losses as a result of deterioration, 
illness epidemics, and even deaths are caused 

by biofilm-producing bacteria’s impact on the 
cattle and food industries [18]. Pseudomonas, 
along with Clostridium, Campylobacter, Bacillus, 
Salmonella, Staphylococcus, Acinetobacter, 
Listeria, Acinetobacter, Klebsiella, Enterococcus, 
E. coli, & Aeromonas spp. are a major health risk 
in chicken farms [19]. Maintenance and raising 
standards for livestock health require a reduction 
in the transmission of infectious diseases among 
livestock. High biosecurity standards are used 
to attain this goal, along with several preventive 
strategies that work to regress the prevalence of 
infectious pathogens and, as a result, decrease the 
requirement for the overprescription of antibiotics 
[20]. High biosecurity measures will reduce 
antibiotic use and preserve the efficacy of traditional 
antimicrobials for acute or chronic illnesses [18]. 
Similarly, the improper use of antimicrobials 
in farm animals contributes to the evolution of 
antimicrobial resistance [21]. Controlling the 
invasion of pathogens and their subsequent spread 
is the primary goal of biosecurity. They are also 
“important factors” in lowering infection rates, 
boosting agricultural output, and reducing antibiotic 
consumption. Experts have also proposed regular 
animal testing for different illnesses, accompanied 
by quarantine of diseased animals [22]. 

The primary risk factors for contamination of 
the environment in poultry farming with pathogenic 
bacteria that produce biofilms are contact with 
chicken feed, plants, pipelines, air, utensils, contact 
surfaces, and equipment. Furthermore, there are 
numerous points of entry for contamination of 
chicken products like meat and eggs along the food 
chain, from production to processing to distribution 
to retail to handling to preparation.

5. CONCLUSION

In conclusion, the findings of this study emphasize 
the importance of biorisk management and antibiotic 
susceptibility pattern of Pseudomonas aeruginosa 
biofilm-forming bacteria found in broiler chicken. 
The presence of antibiotic-resistant strains of this 
species highlights the need for further research to 
understand the mechanisms of resistance and for 
the development of procedures to slow the spread 
of bacteria resistant to many drugs. These strategies 
should include measures such as the implementation 
of appropriate hygiene and sanitation practices, 
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the careful use of antibiotics, and the adoption of 
antibiotic stewardship programs. To safeguard 
public health by lowering the risk of zoonotic 
illnesses, it is particularly critical to monitor the 
overall antimicrobial susceptibility of P. aeruginosa 
strains from animals, notably poultry.
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