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 Pseudomonas aeruginosa responsible for nosocomial infections prevail in
hospitals, producing βββββ-lactamase enzymes that hydrolyze βββββ-lactam drugs and reduce
their efficacy. This study was carried out to determine prevalence, susceptibility and
production of different βββββ-lactamases by P. aeruginosa. The isolates were screened and
characterized using standard protocols. Among isolates 32%, 10%, 6% and 6% were
obtained from pus swabs, sputum, urine and body fluids, respectively. Prevalence of MBL
positive strains was 25.7%, AmpC was 17.1% and ESBL was 8.5%. The co-production of
MBL+AmpC, MBL+ESBL and ESBL+AmpC was 10%, 5.7% and 2.8% respectively.
MBL+AmpC positive strains were 100% resistant to ceftriaxone, amoxicillin+clavulanic
acid, norfloxacin. ciprofloxacin, cefaperazone+sulbactam, pipracilline+tazobactum,
cefotaxime and imipenem, While MBL+ESBL positive stains were 100% resistant to
ceftriaxone, amoxicillin+clavulanic acid, norfloxacin, ciprofloxacin, ceftaxime,
ceftazidime, imipenem, cefaperazone+sulbactam and pipracilline + tazobactum. Only
least resistant (25%) observed for amikacin and cefepime. Co-production of AmpC+ESBL
positive strains were 100% resistant to ceftriaxone, amoxcilline+clavulanic acid,
ciprofloxacin, norfloxacin and cefotaxime, cepaferazone/sulbactum and pipracilline/
tazobactum. Production of MBL was higher than ESBL and AmpC βββββ-lactamase. Co-
production of these enzymes was responsible for multidrug resistance. Production of
MBL+AmpC was higher than ESBL+AmpC and ESBL+MBL. Least resistance was noted
against cefepime and amikacin by MBL, ESBL and AmpC co-producers.

Key words: Pseudomonas aeruginosa, Metallo β-lactamase,
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Pseudomonas aeruginosa belongs to the
family Pseuodomonadaceae is a non-fermenting,
aerobic, motile and Gram negative bacilli are widely
distributed in nature and more prevalent in the
hospital settings, responsible for nosocomial
infection1, 2. The hospital environment is more
suitable for its growth; therefore it becomes a
challenging pathogen worldwide having imperfect

treatment options due to the acquisition of
resistance1.

Inspite of advance therapeutic regimes
the incidence of nosocomial infections is
increasing day by day. The emergence of different
β-lactamases e.g. metallo β-lactamase (MBL),
extended spectrum β-lactamase (ESBL) and AmpC
β–lactamase (AmpC) by P. aeruginosa  hydrolyzes
all β-lactam drugs reducing their efficacy by
conferring resistance to these antimicrobial agents3.

The first metallo beta-lactamase enzyme
was reported in Japan in 1991 which is dependent
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on zinc cofactor, a divalent required for its
enzymatic activity. In vitro activities of MBL
enzyme were inhibited by the action of chelating
agents such as ethylene diamine tetra acetic acid
(EDTA)4. MBL enzyme has the ability to hydrolyze
nearly all β-lactam drugs including pencilline,
cephalosporin and carbapenems 5. MBL producing
Pseudomonas spp: have the ability to form biofilm
especially in the chronic chest infection and
catheterization for prolonged period of time. These
organisms have the ability to resist phagocytosis
and change the permeability of membrane to inhibit
the penetration of drugs into the bacterium6.
Multidrug-resistant bacteria have developed
resistance to carbapenem, antibiotic of last resort
to combat infection. The genes responsible for
production of MBL and AmpC β-lactamase are
often found on plasmid and transferred
horizontally among other Gram negative
organisms7.

 AmpC beta-lactamase, a
cephalosporinase is poorly hydrolyzed by
clavulanic acid conferring resistance to large
number of antimicrobial agents including beta-
lactam, a-methoxy-beta-lactam (cefoxitin),
narrow, expended, broad spectrum
cephalosporins, beta-lactamase inhibitor
combinations and aztreonam8. A standard disc
diffusion method was used for the screening of
AmpC in which the break points for cefoxitin zone
diameter <18 mm and a confirmatory test were
performed in three dimensional extract tests9.

Extended spectrum beta-lactamase
(ESBL) is an extracellular enzyme produced by
large number of bacteria causing breakage of
amide bond in beta-lactam ring of pencilline. It is
capable of inactivating oxyimino-cephalaosporin,
pencilline and aztreonam, but cannot hydrolyze
cephamycin and carbapenems 10. This enzyme is
commonly found in E. coli and K. pneumonia,
but recently they have been detected in P.
aeruginosa. Co-existence of the studied
enzymes restricts the treatment option.
MBL+AmpC have shown resistance to
carbapenems is of major concern because it is
the drug of last remedy used to treat such
infections 11.

Different methods were used for in-
vitro determination of these β-lactamases like
AmpC by using modified three dimensional test,

while MBL by imipenem-EDTA disc test and ESBL
by combined disc diffusion method11. There is very
little awareness among the diagnostic laboratory
services particularly in this region about these
enzymes, its detection and their co-existence. The
phenotypic detection of these enzymes is very
significant to know the exact therapeutic agent in
order to control and eradicate the spread of
resistant organisms among the patients. Keeping
in view the above scenario the current study was
designed to find out the frequency and co-
existence of MBL, ESBL and AmpC β-lactamase
positive P. aeruginosa in tertiary care hospitals of
Peshawar.

MATERIALS AND METHODS

This study was conducted at City
Medical Laboratory Peshawar from August, 2013
to August, 2014. A total of 550 clinical samples
were collected aseptically from urine, sputum,
blood, pus and different body fluids of the
admitted patients in different wards at Post
Graduate Medical Institute Lady Reading Hospital
Peshawar KPK, Pakistan.
Isolation and identification of Pathogens

The pathogens were isolated on sterile
bacteriological media including blood agar,
MacConky agar and CLED agar. All the samples
were inoculated on the plates and were incubated
aerobically at 37 0C for 24 hours. Identification
of the organism was done on the basis of Gram
staining and routine biochemical test including
triple sugar iron, oxidase, urease, citrate
utilization test and pigment production.
Antimicrobial Susceptibility Testing

P. aeruginosa isolates were subjected
to in vitro testing for the determination of their
susceptibility to various antibiotics by using a disc
diffusion method (Kirby Baur,s method) on
Muller Hinton agar according to the clinical
laboratory standard institute, 2011 12. Eleven
antibiotics were used in this study included;
cepaferazone/sulbactum (105µg), pipracilline/
tazobactum (110µg), amoxicillin/clavulanic acid
(20+10µg), ceftazidime (30µg), cefotaxime
(30µg), norfloxacin (10µg), ciprofloxacin (5µg)
amikacin (30µg), imipenem (10µg), ceftriaxone
(30µg) and cefepime (30µg) discs were obtained
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from Oxoid UK. The zone of inhibition showed by
bacterial pathogen around the discs is measured
in mm and susceptibility interpretation was made
according to the CLSI, 2011 12.
Detection of metallo βββββ-lactamase by imipenem-
EDTA double-disc synergy test

P. aeruginosa strains having diameter ≤13
mm around imipenem disc were considered
carbapenem resistant and further subjected for
MBL detection.  Muller Hinton agar plates were
inoculated with tested organisms. Two imipenem
(10µg) discs were placed at a distance of 25 mm
a part from each other on the inoculated plates.
To obtain 750 µg concentrations, about 4 µl of
0.5M EDTA solution was added to one of the
discs. Incubate the plates at 370C for 24 hours.
After incubation the zones of inhibition around
imipenem and imipenem+EDTA discs were
compared. The zone of inhibition was ≥7 mm
around imipenem+EDTA disc was compared with
imipenem without EDTA, considered MBL
positive as shown in figure 1(a) 13.
Detection of AmpC βββββ-lactamase by three
dimensional methods

P. aeruginosa strains having diameter
≤ 5 mm around cefoxitin disc were considered
AmpC positive were further subjected for inducible
AmpC detection by modified three dimensional
tests with some little modification8. The surface of
the Muller Hinton agar plates were inoculated with
E. coli sensitive to cefoxitin. Then 30 µg cefoxitin
disc was placed at the centre of the inoculated
plate. Take a sterile surgical blade and making a slit
beginning from the edge of the disk cutting the
agar in an outward radial direction. Take a single
colony from overnight culture and inoculate the
slits near the disc. The plates were incubated at 37
0C for 24 hours. A clear distortion in zone of
inhibition appeared near the slits was considered
positive for inducible AmpC production (figure 1b).
Detection of ESBL by combined disc diffusion
method

P. aeruginosa isolates were
phenotypically screened for ESBL detection.
Bacterial suspension equal to 0.5 M McFarland
solution was inoculated on the surface of the
Muller Hinton agar plate. Two discs of ceftazidime
(30µg) were placed at a distance of 15 mm apart
from amoxcilline+clavulanic acid disc in centre
on Muller Hinton agar.  Incubate the plates at 37°C

for 24 hours. A zone of inhibition around each
ceftazidime disc was extended on the side nearest
to amoxicillin+clavulanic acid. This synergistic
effect was considered as ESBL positive as shown
in figure 1(c) 14.
Statistical analysis

Data was analyzed statistically by using
GraphPad Prism 5 (GraphPad Software Inc. San
Diego CA, USA). The Chi-square test was used
to analyze the qualitative data. A p value less than
0.05 was considered as statistically significant.

RESULTS AND DISCUSSION

A total of 70 positive samples of P.
aeruginosa isolated from admitted patients, were
identified and tested for antimicrobial
susceptibility to different antibiotics and
presence of different beta-lactamases, i.e. MBL,
ESBL and AmpC. In Table 1, Out of 550 clinical
samples P. aeruginosa was more prevalent in the
pus swabs (32%) followed by sputum (10%),
urine (6%) and body fluids (6%).

Productions of different β-lactamases by
P. aeruginosa in various clinical samples were
studied in the current experiment. It is evident
from the Table 2, that in 70 P. aeruginosa isolates
MBL, AmpC and ESBL were noted in 18(25.7%),
11(15.7%) and 6(8.5%) respectively. It was found
that 33.3% of P. aeruginosa were MBL producers
in the pus samples followed by body fluids
(16.6%) and sputum (10%). Among the tested
isolates, 08(16.8%) were AmpC β-lactamase
producer in the pus samples followed by 02(20%)
in sputum and 01 (16.6%) in body fluids, whereas
05(10.4%) P. aeruginosa were ESBL producers
observed in pus samples followed by 01(16.6%)
in urine samples.

The co-existence of MBL and AmpC
reported in seven (10%) isolates, whereas MBL
and co-production of ESBL was shown by 4
(5.71%) of the isolates and the co-production of
AmpC and ESBL was noted in 2 (2.85%) of the
isolates shown in Table 3.

Antimicrobial susceptibility profile
against different beta-lactamase producer’s
strains of P. aeruginosa showed in Table 4. All
MBL positive isolates were 100% resistant to
β-lactams tested including, ceftriaxone, ceftaxime,
imipenem, while ceftazidime showed (83.4%)
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resistance against MBL producers. High resistance
was noted against combination of
β-lactams and β-lactamase inhibitors tested were
amoxicillin + clavulanic acid (100%),
tazobactum+pipracilline (88.9%), salbactum
+cefaperazone (88.8%). Among quinolones,
ciprofloxacin and norfloxacin showed (100%)
resistance against MBL producers. The
antimicrobial agents which showed maximum
sensitivity were cefepime (100%), followed by
amikacin (55.5%).

Antibiotic susceptibility pattern of
AmpC positive isolates showed 100% resistance
to ciprofloxacin, norfloxacin, ceftaxime,
ceftriaxone, amoxicillin+clavulanic acid,
cefaperazone+sulbactum, pipracilline +
tazobactum and 81.8% to ceftazidime. It was noted
that AmpC producers were multidrug resistant and
the most effective agents which showed maximum
sensitivity were cefepime (91%), amikacin
(81.8%) and imipenem (36.4%).

Antibiotic susceptibility pattern of

AmpC positive isolates showed 100% resistance
to ciprofloxacin, norfloxacin, ceftaxime,
ceftriaxone, amoxicillin+clavulanic acid,
cefaperazone+sulbactum, pipracilline +
tazobactum  and 81.8% to ceftazidime. It was noted
that AmpC producers were multidrug resistant and
the most effective agents which showed maximum
sensitivity were cefepime (91%), amikacin (81.8%)
and imipenem (36.4%).

A multidrug resistant pattern was
observed against P. aeruginosa having co-
production of different beta-lactamases in Table
5. A co-production of MBL+AmpC positive P.
aeruginosa has shown 100% resistance against
ceftriaxone, cefotaxime, amoxcilline+clavulanic
acid, norfloxacin. ciprofloxacin, cefaperazone
+sulbactum (SCF), pipracilline+tazobactum
(TZP) and imipenem. Low resistant observed
against amikacin 42.8% and cefepime 28.5%. A
co-production of MBL+ESBL positive P.
aeruginosa showed  100%  resistance against
ceftriaxone, amoxcilline+clavulanic acid,
norfloxacin, ciprofloxacin, ceftaxime,
ceftazidime, imipenem cefaperazone+sulbactum
(SCF) and pipracilline+tazobactum (TZP). Least
25% resistance was noted for cefepime and
amikacin against MBL+ESBL producers. A co-
production of AmpC+ESBL positive  P.
aeruginosa were 100% resistant to ceftriaxone,
amoxicillin+clavulanic acid, ciprofloxacin,
norfloxacin, ceftaxime, cepaferazone+sulbactum
and pipracilline+tazobactum.

P. aeruginosa is widely distributed in

Table 1. Percent prevalence of P. aeruginosa
isolates in various clinical samples.

Specimens (n) P. aeruginosa n (%)

Wound swab (150) 48 (32)
Urine sample (100) 6 (6)
Blood sample (100) -
Sputum sample (100) 10 (10)
Body fluid (100) 6 (6)
Total 70 (12.7)

Table 2. Percent prevalence of MBL, AmpC and ESBL positive P. aeruginosa in
different clinical samples.

Specimen P. aeruginosa    MBL n (%)    AmpC n (%)    ESBL n (%)

wound swab 48 16 (33.3) 8 (16.7) 5 (10.4)
Sputum 10 1 (10) 2 (20) -
Urine 6 - - 1 (16.6)
Blood - - - -
Fluids 6 1 (16.6) 1 (16.6) -
Total 70 18/70 (25) 11/70 (15.7) 6/70 (8.5)

Table 3. Co-existence of MBL, AmpC β-lactamase and ESBL positive P. aeruginosa

Total isolates MBL+AmpC n (%) MBL+ESBL n (%) AmpC+ESBL n (%)

70 7 (10) 4 (5.71) 2 (2.85)
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Table 4. Antibiotics susceptibility pattern of MBL, ESBL and AmpC β-lactamase producing P. aeruginosa.

Antibacterial agent         MBL  (Number/Percent)  ESBL (Number/Percent)AmpC  (Number/Percent)
Sensitive Resistant Sensitive Resistant Sensitive Resistant p value

Ceftriaxon 00(00) 18(100) 00(00) 06(100) 00(00) 11(100) -
Augmentin 00(00) 18(100) 00(00) 05(83.3) 00(00) 11(100) -
Tazobactum+Pipracilline 00(00) 18(100) 01(16.6) 00(00) 00(00) 11(100) < 0.0001***
Salbactum+Cefaperazone 02(11.1) 16(88.8) 06(100) 00(00) 00(00) 11(100) < 0.0001***
Amikacin 02(11.1) 16(88.8) 06(100) 01(16.6) 09(81.8) 02(18.1) < 0.0001***
Norfloxacin 10(55.5) 08(44.4) 05(83.3) 06(100) 00(00) 11(100) 0.0091**
Ciprofloxacin 00(00) 18(100) 00(00) 06(100) 00(00) 11(100) -
Ceftaxime 00(00) 18(100) 00(00) 06(100) 00(00) 11(100) -
Ceftazidime 00(00) 18(100) 00(00) 06(100) 02(18.1) 09(81.8) 0.0989
Imipenem 03(16.6) 15(83.3) 00(00) 00(00) 04(36.3) 07(63.6) -
Cefepime 00(00) 18(100) 06(100) 00(00) 10(90) 01(9.0) < 0.0001***

Chi-square test was applied and p < 0.05 was considered as significant at 95% confidence interval***p and **p = value is
significant

Table 5. Resistance pattern of various antibiotics tested against
P. aeruginosa having co-production of MBL, ESBL and AmpC beta-lactamase

(MBL+AmpC=7, MBL+ESBL=4, AmpC+ESBL=2).

Antimicrobial agents MBL+AmpCn (%) MBL+ESBL   n (%) AmpC+ESBL n (%)

Ceftriaxone 7 (100) 4 (100) 2 (100)
Amoxicillin+clavulanic acid 7 (100) 4 (100) 2 (100)
Tazobactum+pipracilline 7 (100) 4 (100) 2 (100)
Salbactam+Cefaperazone 7 (100) 4 (100) 2 (100)
Amikacin 3 (42.8) 1 (25) -
Norfloxacin 7 (100) 4 (100) 2 (100)
Ciprofloxacin 7 (100) 4 (100) 2 (100)
Ceftaxime 7 (100) 4 (100) 2 (100)
Ceftazidime 6 (85.7) 4 (100) 1 (50)
Imipenem 7 (100) 4 (100) -
Cefepime 2 (28.5) 1 (25) -

nature and more prevalent in the hospital settings
responsible for nosocomial infection. It carries
the biggest genome and has potential to
demonstrate high variability; like acquisition of
resistance to multiple classes of antibiotics,
emergence of different β-lactamases which
hydrolyze all β-lactam drugs, thereby reducing their
efficacy and conferring resistance against these
antimicrobial agents. 2,3

In the present study the overall
prevalence of P. aeruginosa was 12.7% isolated
from different clinical samples which is an
agreement with the report of Mahmoud et al.
(2013)11. Previously Ullah et al. (2009)16 reported
27% prevalence of P. aeruginosa in wound swabs,

however in current study it increases to 33.3%.
Emergence of multiple beta-lactamases in

P. aeruginosa particularly of hospital environment
can cause major therapeutic failures and pose a
significant clinical challenge if remain undetected.
Therefore, early detection of these bacterial
enzymes is necessary as appropriate treatment
might reduce the spread of resistant strains. In the
study of Kumar et al. (2014)17, production of AmpC
β-lactamase positive P. aeruginosa was 32.7%, the
co-production of AmpC+ESBL was 24.5%, while
AmpC+MBL was 48.5%. In the present study
AmpC β-lactamase positive P. aeruginosa was
15.7% and co-production of AmpC+MBL was 10%.
This slightly differences can be attributed to the
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variation in co-production rate of these enzymes
due to differences in geographical distribution,
species variation among the genera and nature of
the specimen.

The production of metallo β-lactamase by
P. aeruginosa was 25% 14, which is in conformity
to our data, where the production of MBL was
25.7%. In the study of Peshattiwar and Peerapur,
(2011)18 the production of ESBL positive P.
aeruginosa was 22.2%, whereas MBL positive
organism was 7.8%, which are in contrast to present
findings where production of ESBL and MBL were
8.5% and 25.7% respectively. This difference can
be due to injudicious use of antimicrobial agents,
species variation with respect to geographical
distribution.

High prevalence (65.2%) of P.
aeruginosa was observed in wound samples in
Ghana19. They also reported production of AmpC
(26.2%), with the co-production of ESBL+AmpC
β-lactamase was 7.0%. The findings are more than
present data. The comparative difference can be
due to greater samples size and geographical
variation. Furthermore socioeconomic status of
Ghana is for more lower then this region that may
be contributing factors. The co-production of
ESBL+AmpC by P. aeruginosa in the study of Goel
et al. (2013)3 was 11.39%, which is higher than the
current report, where the co-production of these
enzymes was 2.85%. Production of multiple β-
lactamases by P. aeruginosa has significant
therapeutic consequences especially in the hospital
settings. Upadhyay et al. (2010),20 reported co-
existence of AmpC+ESBL (3.3%) and AmpC+MBL
(46.6%) in P. aeruginosa. In the present study co-
existence of AmpC+ESBL was 2.8% and
AmpC+MBL were 10%. It was observed that co-

production of these β-lactamases in P. aeruginosa
resulted in multidrug resistance.

Antimicrobial susceptibility studies
reveal that resistance in P. aeruginosa is increasing
to the commonly used antibiotics. Multiple factors
responsible for acquisition of resistance in P.
aeruginosa include permeability barriers of the cell
surface, multidrug efflux pumps and production of
different β-lactamases such as AmpC β-lactamase,
ESBL and MBL.21

The antimicrobial agents such as
cefaperazone+sul bactum and aminoglycoside
tested against MBL positive P. aeruginosa
showed 62% resistance4, while in the present
study we observed 100% resistance to above
mentioned agents. This high resistance pattern can
be due to the acquisition of resistance by bacteria,
poor hygienic environment in the hospitals,
carelessness in post operative wounds especially
in the surgical wards and indiscriminate use of
antibiotics particularly in Peshawar, Pakistan.

The most frequently prescribed agents,
amoxicillin+clavulanic acid is finding high
resistance (94.4%) from P. aeruginosa reported
22, however in this report it rose to 100% for this
drug. This high resistance can be due to its overuse
in the community, where it can be easily obtained
without prescription. Production of MBL in P.
aeruginosa causing inactivation of carbapenem,
which is the only therapeutic option against such
infection, is an alarming situation. In the current
study MBL producing isolates were multidrug
resistant. The present study revealed high
resistant pattern of antimicrobial agents against
P. aeruginosa producing β-lactamases. Poor
hygienic condition in the hospitals, indiscriminate
uses of antibiotics and quacks practices in this

Fig. 1. Comparison of inhibition zones produced by discs with imipenem and imipenem+ EDTA by MBL producer
(a), Organism showing a clear distortion zones, where P.A1 and P.A2 are AmpC producers (b) and Combined disk
diffusion method for ESBL producer (c)
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region is the major factors responsible for
acquisition of resistance against antimicrobial
agent.

CONCLUSION

We have found high prevalence of P.
aeruginosa in pus samples. The production of
MBL was higher than ESBL and AmpC β-lactamase.
The co-production of these enzymes may
responsible for multidrug resistance. We have
observed higher co-existence of MBL+AmpC than
ESBL+AmpC and ESBL+MBL co-producers.
Imipenem, amikacin and beta-lactamase inhibitors
combination were the drug of choice against ESBL
producers, while least resistance was noted against
cefepime and amikacin by MBL, ESBL and AmpC
co-producers.
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