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Key words: The emergence of biofilm forming MDR strains of P. aeruginosa in meat and food
Biofilm products is a serious public health concern. In present study, total 100 meat samples
MDR were collected (50 each from chicken and mutton) from different butcher shops and
Meat supermarkets and P. aeruginosa was isolated by standard microbiological,
Pseudomonas aeruginosa biochemical and molecular techniques. The resistance profile against various
PsIA gene antibiotics was detected by Kirby Bauer method while the biofilm production was

observed by microtiter plate assay. The biofilm associated gene (ps/A) and extended
spectrum beta lactamase (ESBL) genes were detected by polymerase chain reaction
(PCR). The study outcome revealed that P. aeruginosa was isolated from 24% meat
samples comprising 14/50 (28%) from chicken and 10/50 (20%) from mutton
samples. The highest resistance (100%) was observed against Amoxicillin-
Clavulanic acid and Ceftriaxone followed by (95.83%) for Aztreonam, Ticracillin
and (91.67%) to ciprofloxacin. Out of 24 isolated P. aeruginosa, 22 (91.66%) were
detected as MDR. Furthermore, among the 22 MDR isolates, 19 (86.36%) were
found biofilm producing P. aeruginosa and all of them detected positive for biofilm
encoding gene (ps/A). In addition, 9 (40.90%) MDR isolates showed presence of
ESBL genes including 6 blaCTX-M and 03 blaTEM while none of the isolates was
found positive for b/laNDM and blaOXA genes. This study concludes that antibiotic
resistance is more pronounced in biofilm producing P. aeruginosa and presence of
these biofilm forming isolates in the food chain is a serious threat to public health.
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INTRODUCTION

Meat is considered the most nutritious source of
proteins, fermentable carbohydrates, essential fatty acids,
minerals and growth factors with high water contents
consumed by humans that are suitable for microbial
growth (Wickramasinghe et al., 2019). This meat can be
contaminated during slaughtering, handling, processing
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and transportation adopting unhygienic practices. The
contaminated meat is a vital source of gastrointestinal
infections and the microbial load represents the standard
and hygiene quality of meat (Fakhkhari er al., 2022).
Pseudomonas aeruginosa is prominently associated with
food spoilage resulting in smelly, spoiled and off flavor
food (Bantawa et al., 2018). The food borne Pseudomonas
is recognized as chief spoilage microorganisms due to the



degrading activity of their extracellular enzymes, pigment
secretion and biofilm formation (Inat et al., 2021). The
spoilage of food renders it inedible and also ends in the
severe and deadly illness (Nagarajan et al., 2018).

The poor sanitary conditions of meat shops,
unhygienic processing environment and lack of awareness
of meat retailers about guidelines of meat shops invite
Pseudomonas contamination (Bantawa et al., 2018). This
contamination through antibiotic-resistant microbes might
be most important risk to the public health by the spread
of antibiotic resistance determinants to clinically
significant bacteria of humans (Stellato et al., 2016). The
unwanted and extreme use of antibiotics for the treatment
and prophylaxis of food animals is developing multidrug
resistance (MDR) in microorganisms. This resistance is
further shifted to humans by using meat and its products
and becoming one of the most daunting challenges of the
21st century (Uddin et al., 2021) leading to limited
therapeutic options for treatment (Mouiche ef al., 2019).

The biofilm formation is one of the key factors for the
pathogenesis of P. aeruginosa in acute and chronic
infections. The bacteria residing in biofilms are found
much more resistant to antimicrobials, host immune
functions and adverse environment as compared to their
planktonic cells. This resistance creates difficulties in the
clearance of biofilms, leads to chronic or prolonged
infections which are difficult to treat and eradicate
(Maurice et al., 2018). The main exopolysaccharides
associated with P. aeruginosa biofilm formation includes
Pel, Psl and alginate (Ghafoor et al., 2011). The Psl is a
pentasaccharide which has a vital role in preliminary
biofilm production. The binding of mannose present in Psl
with lactin (LecB) enhances the bacterial aggregation and
retention in biofilms (Passos da Silva et al., 2019). The
biofilm formation retards the effect of antibiotics against
bacteria because it develops a barricade which scrutinizes
the drug penetration leading to treatment failure and also
hurdles the microbial recognition by host immunity (Tuon
et al., 2022). Additionally presence of biofilms sometimes
requires nearly 1000 times greater dose of antibiotics for
their clearance in contrast to their planktonic bacteria
resulting in toxicity among the hosts (Goltermann and
Tolker-Nielsen, 2017).

There was no previous detection report of biofilm
producing Pseudomonas aeruginosa from meat samples
in Pakistan, so keeping in consideration the health
beneficial and nutritional properties of meat and its
contamination by MDR pathogens, the present study was
designed to detect the biofilm production and presence of
psIA genes among MDR Pseudomonas aeruginosa from
various meat samples.

MATERIALS AND METHODS

Samples collection: Fresh (n=50) and frozen (n=50) meat
samples were collected from various butcher shops and
super markets including chicken and mutton equally. The
samples were packaged aseptically into polyethylene zip
bags. The samples were labelled properly with date,
sample type and collection site then transferred to food
microbiology laboratory in icebox for further processing
(Stellato et al., 2016).
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Isolation and identification of Pseudomonas
aeruginosa: A total of 25g of every meat sample was
aseptically mixed in the 225 ml of sterile peptone water
followed by overnight enrichment at 37°C. The enriched
cultures were further inoculated on Pseudomonas
Citramide agar (Oxoid, UK) and incubated aerobically for
24 hours at 37°C. The isolates were initially identified on
the basis of their cultural and morphological characters
while confirmation was done using biochemical testing.
The isolates were preserved in peptone broth with 30%
glycerol and stored at -80°C (Ijaz et al., 2019).

Molecular confirmation of Pseudomonas aeruginosa:
Molecular confirmation of P. aeruginosa isolates was
performed by polymerase chain reaction (PCR) after the
DNA was extracted using commercial Kit (Thermo
Scientific, USA). For the confirmation of Pseudomonas
aeruginosa (oprL) gene was targeted with thermal profile
setting as initial denaturation at 95°C for (5 mins)
followed by 30 cycles of 95°C for (30 sec), 57°C for (30
sec), 72°C for (10 sec) and final extension at 72°C for (10
mins) in (BioRad, USA) thermal cycler. The P.
aeruginosa strain (ATCC 27853) was used as positive
control and distilled water was used as negative control.
The visualization of products was carried out using 1%
agarose gel stained with ethidium bromide under (Slite
200W, Taiwan) Gel documentation system as described
by (Abdulhaq et al., 2020). The primers used and product
size are mentioned in (Table 1).

Table I: List of primers used for amplification of various genes of
Pseudomonas aeruginosa

Gene Primer Sequence Size References

Target (bp)

oprL F- ATGGAAATGCTGAAATTCGGC (Abdulhaq et
R- CTTCTTCAGCTCGACGCGACG 504 dl., 2020)

psIA F-TGGGTCTTCAAGTTCCGCTC
R-ATGCTGGTCTTGCGGATGAA 19

bla CTX-MF-CGTCACGCTGTTGTTAGGAA (Nawaz et dl.,
R-ACGGCTTTCTGCCTTAGGTT 780 2021)

bla TEM F-ATGAGTATTCAACATTTCCG
R-GACAGTTACCAATGCTTAATCA 862

bla OXA F-GCGTGGTTAAGGATGAACAC
R-CATCAAGTTCAACCCAACCG 438

blaNDM F-GGTTTGGCGATCTGGTTTTC (Nordmann
R-CGGAATGGCTCATCACGATC 621 etal,2011)

Antimicrobial susceptibility testing: After the

confirmation of P. aeruginosa, antibiotic susceptibility
profiling of isolates was established against various
antimicrobials including Amikacin (30pg), Ciprofloxacin
(5pg), Ticracillin (75pg), Piperacillin (100pg), Imipenem
(10pg), Tobramycin (30pg), Meropenem  (10ug),
Ceftriaxone (30pg), Ceftazidime (30pg), Cefepime
(30pg), Azteronam (30pg), Amoxicillin/Clavulanic acid
(30pg) and Gentamicin (10ug). The results were analyzed
according to the recommendations of Clinical Laboratory
Standards Institute as described by Nawaz et al. (2021).

Detection of biofilm Production: The phenotype
detection of biofilm production was performed by
microtiter plate assay (MPA). The fresh cultures were
diluted (100 folds) in tryptic soy broth. Aliquots (250uL)
of isolates were then dispended into a 96-well (flat-
bottom) plate and incubated overnight at 37°C. Washing
of wells was performed by agitating and shaking to ensure



proper removal of poorly attached bacteria. The plates
were heat dried to favour the fixation of biofilms. After
that staining with 250pL of crystal violet (0.1%) was
performed for 20 minutes. Washing and drying was
repeated followed by treatment of wells with 250uL of
50% acetone. The un-inoculated wells containing sterile
tryptic soy broth were used as negative controls. The
optical density (OD) values of the biofilms were measured
at 594nm with (BioRad, USA) ELISA reader.

Furthermore, a cut-off value (ODc) was determined
as ODc = average OD of negative control + (3 x negative
control SD). In the non-biofilm producers (OD<ODc),
while weak producers showed (ODc<OD<2x0ODc),
moderate producer showed (2xODc<OD<4x0ODc) and
strong producers of biofilm showed (4xODc<OD) as
described by Saxena et al. (2014).

Detection of biofilm encoding and ESBL genes: The
PCR amplification of biofilm forming gene (ps/A) was
performed in a thermal cycler according to the thermal
conditions as initial denaturation at 95°C for (5 mins)
followed by 35 cycles of 94°C for (30 sec), 52°C for (40
sec), 72°C for (50 sec) and final extension at 72°C for (10
mins) in (BioRad, USA) thermal cycler. The (PAO1)
strain of P. aeruginosa was used as control positive for
the psiA gene and distilled water was used as control
negative (Abdulhaq et al., 2020). The ESBLs genes
(blaCTX-M, blaTEM, blaOXA and blaNDM) were also
detected by PCR using the specific primers according to
the conditions described by Nawaz et al. (2021) and
Nordmann et al. (2011). The positive controls used were
previously confirmed isolates of Escherichia coli (Nawaz
etal., 2021).

Statistical analysis: The data was presented in
percentages and Chi square test was applied. The value
(P<0.05) was reflected as significant. All the statistical
analyses were performed by Minitab 11 software (USA).

RESULTS

Frequency of Pseudomonas aeruginosa among Meat
Samples: In current study, total 100 meat samples were
collected including chicken and mutton. The results
exhibited that Pseudomonas aeruginosa was detected
from (n=24) samples on the basis of morphological,
biochemical and molecular methods making the overall
prevalence of 24% (Fig. 1A). The chicken samples were
found more contaminated with the presence of P.
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aeruginosa 14/50 (28%) in contrast to mutton samples
10/50 (20%). Correspondingly, detection of P. aeruginosa
contamination was more noticeable in fresh samples 16/50
(32%) than the frozen samples 8/50 (16%) as shown in
(Table 2).

Antimicrobial Susceptibility Profiling of Pseudomonas
aeruginosa: The isolates were subjected to antibiotic
susceptibility profiling and the results revealed highest
resistance pattern (100%) against Amoxicillin-Clavulanic
acid and Ceftriaxone followed by (95.83%) to Aztreonam
and Ticracillin, (91.67%) Ciprofloxacin, (83.33%)
Gentamicin, (75%) Tobramycin and Amikacin, (58.83%)
Piperacillin and Cefepime. The most effective drug was
ceftazidime found 41.67% sensitive as shown in (Table
3). Among total 24 isolates, 22 (91.66%) were considered
as multi drug resistant Pseudomonas aeruginosa (MDR-
PA) due to their respective resistant nature for
antimicrobials of more than 3 groups according to CLSI
guidelines 2020.

Table 2: Frequency of Pseudomonas aeruginosa from meat samples

Meat Total Pseudomonas Pseudomona P
Samples Samples aeruginosa s aeruginosa value
Type Collected Positive Positive (%)

Fresh o

Chicken 2 09 36% 03
Frozen o 43
Chicken 25 05 20%

Fresh o

Mutton 2 07 28% 0.2
Frozen 25 03 12% 47
Mutton

Total 100 24 24%

Statistically significant at (P<0.05).

Prevalence of Biofilm producing Pseudomonas
aeruginosa: Among the total (n=22) MDR P. aeruginosa
isolated from meat samples, 19 (86.36%) showed variable
amount of biofilm production phenotypically which
includes 05 isolates as strong biofilm producers, 10 isolates
as moderate and 04 as weak biofilm producers (Table 4).

Frequency of Biofilm encoding and ESBL genes in
Pseudomonas aeruginosa isolates: The results of present
study showed that all the phenotypic biofilm producers
were found positive for (ps/A) gene (Figure 1B). The
MDR P. aeruginosa isolates from meat samples harboring
ESBLs genes were found 09 (40.90%). The blaCTX-M
gene was detected in 06 (27.27%) and blaTEM in 03
(13.63%) isolates while none of the isolates were detected
positive for blaNDM and blaOXA genes (Fig. 2A & 2B).

Table 3: Resistance percentage of Pseudomonas aeruginosa against different antibiotics

Antibiotics Used CLSI Breakpoints Diameters (mm)

Sensitive (%age)

Intermediate (%age) Resistance (%age)

S | R
Amoxicillin/ Clavulanic acid >|8 14-17 <I3 0 (0) 0 (0) 24 (100)
Gentamicin >15 13-14 <12 2 (8.3) 2 (8.33) 20 (83.33)
Piperacillin >21 15-20 <14 1(4.16) 9(37.50) 14(58.33)
Ticracillin >24 16-23 <15 1(4.2) 0(0) 23(95.83)
Tobramycin >15 13-14 <12 3(12.5) 3(12.50) 18(75)
Cefepime >18 15-17 <14 6 (25) 4(16.67) 14 (58.33)
Ceftriaxone >18 15-17 <14 0 (0) 0 (0) 24(100)
Ciprofloxacin >25 19-24 <18 1 (4.16) 1 (4.16) 22 (91.67)
Ceftazidime >18 15-17 <14 10 (41.67) 2 (8.33) 12(50)
Amikacin >17 15-16 <14 5 (20.83) 1(4.16) 18 (75)
Aztreonam >22 16-21 <15 0(0) 1(4.16) 23(95.83)
Imipenem >19 16-18 <15 8(33.33) 3(12.50) 13(54.16)
Meropenem >19 16-18 <15 3 (12.50) 0 (0) 21(87.50)
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Fig. 1A: Agarose gel electrophoresis showing PCR product of oprL gene of Pseudomonas aeruginosa. Lane M: Marker (100bp), Lane I-5: Positive
samples showing 504bp band, Lane PC: Positive control (ATCC 27853), Lane NC: Negative control. B: Agarose gel electrophoresis showing PCR
product of pslA gene of Pseudomonas aeruginosa. Lane M: Marker (100bp), Lane 1-3: Positive samples showing | |9bp band, Lane PC: Positive control

(PAOI), Lane NC: Negative control.
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Fig. 2A: Agarose gel electrophoresis showing PCR product of blaCTX-M gene of Pseudomonas aeruginosa. Lane M: Marker (100bp), Lane |-4: Positive
samples showing 780bp band, Lane PC: Positive control (E. coli), Lane NC: Negative control. B: Agarose gel electrophoresis showing PCR product of
blaTEM gene of Pseudomonas aeruginosa. Lane M: Marker (100bp), Lane 2-4: Positive samples showing 862bp band, Lane PC: Positive control (E. coli),

Lane NC: Negative control.
DISCUSSION

P. aeruginosa plays an important role in the spoilage
of variety of food items especially high value food as meat
and its products. It is renowned for producing biofilms that
confer an extreme ability to persist against phagocytosis,

oxidative stresses, restriction of nutrient/ oxygen,
accumulation of metabolic waste, competition between
species, and conventional antimicrobial agents (Olsen,
2015). Due to its multidrug resistant nature and ability to
produce biofilms, the infections caused by P. aeruginosa
are becoming a challenge for physicians to treat.



Table 4: Frequency of biofilm production among MDR P. aeruginosa
isolates
Mean OD Value

No. of MDR  No. of ESBL
Isolates (%) Isolates (%)

Biofilm Formation

<0062 None 03(1363) 02 (2222)
0.062-0.124 Weak 04(18.18) 0l (11.11)
0.124-0.248 Moderate 10 (45.45) 04 (44.44)
>0.248 Strong 05(2272)  02(22.22)

Total 22 (100) 09 (100)

In this study 100 meat samples from different
sources were collected and it was found that
Pseudomonas aeruginosa was detected among 24% of
meat samples which was relatable to findings of Elhariri
et al. (2017) with 22.5% and Elsayed et al. (2016) with
22.9%. Slightly higher prevalence 33.3% was reported
by Chika et al. (2016) in Nigeria. The chicken samples
were found to be more contaminated with the presence of
P. aeruginosa 14/50 (28%) in contrast to mutton samples
10/50 (20%). A similar result was observed by Bantawa
et al. (2018) which showed higher percentage of
Pseudomonas in chicken 46.6% in contrast to mutton
40%. P. aeruginosa contamination was more noticeable
in fresh samples 16/50 (32%) instead of frozen samples
8/50 (16%) and it is in accordance with the results of
Elnawawi ef al. (2012) who reported, 16% Pseudomonas
in frozen samples. The main reason behind these findings
is that poultry is a cheap source of protein and widely
sold at roadside stalls which are dirty/polluted places
leading to its contamination. In addition, the hygienic
status of meat handlers also plays an important role in
contamination and the trend of preserving meat in
chillers and freezers is not common among the meat
sellers in Pakistan.

The result of antimicrobial susceptibility profiling
showed that highest resistance pattern (100%) was
detected against Amoxicillin-clavulanic acid and
Ceftriaxone  followed by Aztreonam, Ticracillin
(95.83%). The results of previous studies (Elhariri ef al.,
2017), (Qureshi et al., 2018) and (Ijaz et al., 2019)
showed 100% resistance to ceftriaxone and 90% to
Amoxicillin-clavulanic acid while Abdulhaq et al. (2020)
reported 95% resistance to ceftriaxone in Pakistan. Benie
et al. (2017) conducted a similar research on different
samples and reported 98.4% resistance to aztreonam.
Majority of isolates were found MDR which is in
agreement with the results outcome of Benie et al.
(2017) with 36.2% MDR and Elhariri et al. (2017) with
46% MDR strains. A higher MDR pattern was also
reported previously by Elsayed et al. (2016). The
presence of high antibiotic resistance in meat samples is
linked with the irrational use of antibiotics for the
management and control of various bacterial infections.
For intensive poultry farming various antibiotics are used
as growth promoters which serve as a potential risk to
human beings.

Pseudomonas aeruginosa is one of the prominently
studied microbes in the context of biofilms and biofilm
formation is an important weapon of P. aeruginosa which
contributes towards pathogenesis, antimicrobial resistance
and escape from host immune system. In this study the
biofilm production was detected using microtiter plate
assay and it was observed that 86.36% of MDR isolates of
P. aeruginosa were biofilm producers. Previously not a
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single study regarding biofilm producing Pseudomonas
aeruginosa from Pakistan was reported in meat samples,
but in clinical samples, similar type of findings were
reported in previous studies (Abidi ef al., 2013; Awan et
al., 2019; Abdulhaq et al., 2020) showing nearly 90%
prevalence of biofilms among MDR isolates. However
(Inat et al., 2021) recorded 84% P. aeruginosa isolates as
biofilm producers from chicken. In addition, the biofilm
forming gene (ps/A) was present in all the biofilm
producing isolates which is very close to the observations
of Nader et al. (2017) in Iraq, Cho et al. (2018) in Korea,
Abdulhaq et al. (2020) in Pakistan and Divyashree et al.
(2022) in India. The presence of ps/A gene proved itself
very superior identification marker for biofilm formation
among P. aeruginosa isolates as described by Hou et al.
(2012) because it plays an important role in initial biofilm
formation and cellular attachment (Colvin et al., 2011).

Furthermore, among the total MDR isolates detected
in this study (n=22), ESBL genes were found in 09
(40.90%) isolates. The detected genes were bla CTX-M
(27.27%) and bla TEM (13.63%). A close finding to our
study was reported by Elhariri et al. (2017) with bla CTX-
M 38% and bla TEM 23.8% in camel meat of Egypt. A
higher prevalence was detected by in Lebanon with 53%
bla CTX-M and 83% bla TEM genes in chicken
(Dandachi et al., 2018). These results are also in
accordance with outcomes of Chen et al. (2015), Rezai et
al. (2015) and Chakraborty et al. (2020). The variation in
the results might be due to variation in the type of
samples, class of antibiotics used and irrational use of
antimicrobials in the study area.

Conclusions: The study results concluded that biofilm
producing P. aeruginosa strains are more resistant to
multiple antibiotics and a distinguishing role of ps/A gene
was found with the biofilm production of P. aeruginosa.
So, the combination of drug resistance and biofilm
production in P. aeruginosa found in meat samples is a
shocking concern leading to serious public health
complications.
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