
1244 ISSN 0326-2383

KEY WORDS: Antibiotic resistance, Clinical samples, Multiple drug resistance, Pseudomonas. 

* Author to whom correspondence should be addressed. E-mail: mehboob.mmg@pu.edu.pk 

Latin American Journal of Pharmacy
(formerly Acta Farmacéutica Bonaerense)

Lat. Am. J. Pharm. 32 (8): 1244-8 (2013)

Short communication
Received: June 16, 2013

Revised version: July 17, 2013
Accepted: July 18, 2013

Recent Trends in Antibiotics Susceptibility Pattern of Pseudomonas sp.
Isolated from Clinical Samples of Punjab, Pakistan

Samreen SARWAR 1, Muhammad SOHAIL 2 & Mehboob AHMED 2*

1 Chughtais Lahore Laboratory, Lahore-54660, Pakistan
2 Department of Microbiology and Molecular Genetics, Quaid-e-Azam Campus,

University of the Punjab, Lahore-54590, Pakistan

SUMMARY. The refractory nature of Pseudomonas infections to chemotherapy reflects its ability to rapid-
ly acquire resistance and adapt to hostile environment. In order to keep eye on changing trends in suscep-
tibility patterns of Pseudomonas sp. and to modify therapeutic choices, a retrospective study was carried
out. Samples for culture and sensitivity testing were screened for presence of Pseudomonas sp.
Resistance/susceptibility of isolates was tested against 12 drugs. A total of 256 isolates of Pseudomonas sp.
were studied which were 3.4% of total clinical samples. In this study, milk (16.6%), ear (14%) and respi-
ratory samples (10.9%) were the most important sources of Pseudomonas isolates. The resistance to ce-
fepime, ceftazidime, aminoglycosides and fluoroquinolones has been significantly increased over the past
years while resistance rates were consistent for some drugs like tazocin (13%). The recent susceptibility
trends needs to be addressed periodically to help choice of most appropriate antibiotics for Pseudomonas
infections.

INTRODUCTION
Pseudomonas infections are a significant glob-

al concern owing to its ability to infect all body
tissues. A wide variety of virulence factors have
been reported that contribute to its pathogenici-
ty. Increasing antimicrobial resistance of Pseu-
domonas sp. is threatening therapeutic improve-
ments in these infections. This resistance is con-
tributed by multiple mechanisms including im-
permeability, β-lactamases and multi-drug efflux
1. The potential of Pseudomonas to rapidly ac-
quire resistance is leading cause of gradually in-
creasing case-fatality rates. 

Unnecessary prescription of inappropriate
antibiotics has raised several health and eco-
nomic issues. The rapidly increasing resistance
to carbapenems is also leaping forward to seri-
ous therapeutic challenges and has greatly re-
duced therapeutic choices. In addition, the β-
lactam and aminoglycosides resistant sub-popu-
lations of Pseudomonas are rapidly becoming
more prevalent 2. This prevalence of resistant

strains of Pseudomonas is more commonly seen
in hospital acquired infections. Thus the chang-
ing trends need to be addressed in order to pro-
vide guidelines to clinicians, to add suitable
choices in antibiotic policy. The study was
aimed to identify recent trends in antimicrobial
susceptibility patterns of Pseudomonas spp.
from clinical isolates. 

MATERIAL AND METHODS
Sample collection

The Chughtais Lahore Laboratory has more
than 100 collection centers with a wide geo-
graphical distribution in Pakistan. The lab is re-
ceiving approximately 19,000 clinical samples
for culture and sensitivity testing, annually. In
this study, data of 7521 samples was collected
retrospectively with a case control study design
from April to October, 2012. For each case, de-
tails were collected about patient’s age, gender,
site of infection and city. 
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Identification of Isolates
All clinical samples except urine were cul-

tured on 5% sheep blood, chocolate and Mac-
Conkey agar. Urine samples were cultured on
CLED Agar. Pseudomonas isolates were identified
by routine clinical microbiology methods. Pseu-
domonas aeruginosa were identified by the pro-
duction of pyocyanin on Mueller Hinton agar. 

Antimicrobial Susceptibility Assay
Antimicrobial susceptibility testing was car-

ried out using the modified Kirby-Bauer disc dif-
fusion method according to National Committee
for Clinical Laboratory Standards (NCCLS) 3. The
antibiotic discs were obtained from Oxoid (Ox-
oid limited, UK). The zone diameters were inter-
preted as sensitive and resistant according to
NCCLS standards. This study included 10 differ-
ent antibiotics for susceptibility testing of Pseu-
domonas isolates. Two additional antibiotics
were used for Pseudomonas spp. isolated from
urinary tract infections (UTI). A total of 12 an-
timicrobials from different groups were used.
Cephalosporins used were cefepime (FEP) (30
µg) and ceftazidime (CAZ) (30 µg). Antimicro-
bials from aminoglycosides included amikacin
(AK) (30 µg), tobramycin (TOB) (10 µg) and
gentamicin (CN) (10 µg). One β-lactam/β-lacta-
mase inhibitor combination piperacillin/tazobac-
tam (TZP) (110 µg) and three generations of flu-
oroquinolones (i.e. 3rd generation levofloxacin
(LEV) (5 µg), 2nd generation ciprofloxacin (CIP)
(5 µg) and ofloxacin (OFX) (5 µg), and 1st gen-
eration norfloxacin (NOR) (10 µg) were used.
Out of all fluoroquinolones used, norfloxacin
and ofloxacin were tested in urinary tract infec-

Culture Site
Total number Positive for

%
of samples Pseudomonas spp.

Urogenital specimens 4764 79 1.66
Respiratory source 377 41 10.88
Pus 1139 75 6.58
Ear swab 70 10 14.29
Brain source 286 4 1.40
Wound swab/secretion 278 19 6.83
Ascitic fluid 183 2 1.09
Throat swab 122 8 6.56
Cvp tip 153 6 3.92
Milk 6 1 16.67
Synovial fluid 52 0 0.00
Peritoneal fluid 20 0 0.00
Others * 71 11 15.49

Table 1. Distribution of samples from different sites with samples positive for Pseudomonas isolates. *Different
body fluids, shunt tips, pancreatic pseudo-cyst fluid, suction catheter tip, tissue.

tions (UIT) only. Two carbapenems, imipenem
(IMP) (10 µg) and meropenem (MEM) (10 µg)
were tested. Intermediate susceptibilities were
considered as resistant in this study. Non-dupli-
cate clinical isolates were reported in this study.

Statistical Analysis
The data were compared by using a Chi-

square test with IBM SPSS software, version 20.
Analysis was performed on the cross-tabulated
values of the presence of the resistant/suscepti-
ble isolates. A value of P < 0.05 was considered
to be statistically significant.

RESULTS
Data of 7521 samples were analyzed over a

period of 6 months and among them Pseu-
domonas sp. was identified in 256 of the sam-
ples. These isolates were 3.4% of total clinical
samples submitted for culture and sensitivity
testing, showing the prevalence of Pseu-
domonas infections. The total numbers of sam-
ples from different sites with samples positive
for Pseudomonas isolates are shown in Table 1. 

The majority of Pseudomonas isolates were
obtained from respiratory, urogenital and pus
samples. The respiratory samples included spu-
tum, bronchial washing, tracheal secretion, ETT
tip, pleural fluid and bronchial lavage. Urogeni-
tal samples included urine, urine catheter tip
and HVS (high vaginal swab). Brain samples in-
cluded CSF and brain abscess. The relative inci-
dence rate was significantly higher in milk
(16.6%), ear (14.2%) and respiratory samples
(10.9%). Demographic distribution of clinical
samples collected for culture and sensitivity test-
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ing is shown in Fig. 1, that showed that isolates
are from all over the Punjab province but major-
ity are from the Lahore.

The incidence rate of Pseudomonas was sig-
nificantly higher in males as compared to fe-
males (149 and 107, respectively). The distribu-
tion of positive cases significantly varies in dif-
ferent age groups in both genders shown in Fig.
2. The incidence rate was higher in males be-
tween the age of 50 and 60 years (26.1%), while
same in males and females between the age of
20 and 30 years.

Resistance of isolated Pseudomonas sp. to
various individual drugs was evaluated. The

Figure 2. Age wise distribu-
tion of Pseudomonas infec-
tions in both genders. 

Figure 1. Demographic Distribution of clinical sam-
ples.

percent resistance/sensitivity to tested antimicro-
bial drugs is shown in Fig. 3. A total 0.4% of all
samples were resistant to all tested drugs. None
of isolates was sensitive to all drugs. In third
generation of cephalosporin, resistance rate was
71% for ceftazidime. Significant numbers of
Pseudomonas isolates (35%) were found to be
resistant to fourth generation of tested
cephalosporin (cefepime). Among aminoglyco-
sides, resistance rate was higher for tobramycin
(87%) followed by gentamicin (50.8%) and
amikacin (46.8%). A significant proportion (19%)
of Pseudomonas isolates showed resistance to
carbapenems. 13% and 57% of the isolates
showed resistance to tazocin and fluoro-
quinolones, respectively. About 95 % of isolates
showed resistance to drugs used for urinary
tract infections. 

Resistance of isolates to different antimicro-
bials showed variation with respect to source of
isolation Table 2. In general isolates from brain
and ear infections, pus and respiratory track
sources were more resistant than the isolates
from other sources. 

DISCUSSION
Appropriate antibiotic administration is pre-

requisite for the treatment of serious Pseu-
domonas infections. The resistance of Pseu-
domonas sp. to antibiotics has been increased
significantly over the past years and thus need
to be evaluated to have a clear perception of
clinical outcomes of different therapeutic op-
tions 4. A large number of samples were collect-
ed from Lahore city, this prevalence is not true
indicator of high rate of Pseudomonas infec-
tions. This reflects lack of awareness and facili-
ties in other areas of Punjab to adequately ad-
dress infections and inappropriate antibiotic
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treatment without antibiotic susceptibility test-
ing. This is significantly contributing to the de-
velopment of resistant in life threatening
pathogens.

In this study, resistance rate to different an-
timicrobials was evaluated. The high resistance
reflects poor outcomes associated with these
drugs. The alarming situation is the rapidly in-
creasing resistance to cefepime and ceftazidime
which is may be due to synthesis of extended
spectrum β-lactamases by these pathogens 5.
The resistance to aminoglycosides has also in-
creased significantly in past decade 6. The resis-
tance rate varied between different aminoglyco-
sides and was highest for tobramycin. Resis-
tance to gentamicin was found to be associated
with resistant to tobramycin (p < 0.001). Al-

Brain Ear
PUS

Respiratory Urogenital
Others

Infections Infection Source pecimens

Number of samples 4 10 76 41 79 46

Drug R S R S R S R S R S R S

Cefepime (FEP) 0 100 30 70 35.5 64.5 34.1 65.9 35.4 64.6 41.3 58.7
Ceftazidime (CAZ) 75 25 70 30 71.1 28.9 78 22 67.1 32.9 71.7 28.3
Imipenem (IMI) 0 100 0 100 13.2 86.8 19.5 80.5 16.5 83.5 37 63
Meropenem (MEM) 0 100 0 100 13.2 86.8 19.5 80.5 19 81 39.1 60.9
Amikacin (AK) 0 100 30 70 23.7 76.3 34.1 65.9 25.3 74.7 41.3 58.7
Gentamicin (CN) 25 75 50 50 48.7 51.3 41.5 58.5 40.5 59.5 60.9 39.1
Tobramycin (TOB) 25 75 50 50 51.3 48.7 43.9 56.1 46.8 53.2 65.2 34.8
Levofloxacin (LEV) 25 75 50 50 60.5 39.5 58.5 41.5 54.4 45.6 58.7 41.3
Ciprofloxacin (CIP) 25 75 50 50 60.5 39.5 58.5 41.5 55.7 44.3 58.7 41.3
Ofloxacin (OFX) (For UTI only) 25 75 50 50 60.5 39.5 61 39 55.7 44.3 58.7 41.3
Norfloxacin (NOR) (For UTI only) 0 0 0 0 0 1.3 0 0 39.2 21.5 0 0
Piperacillin /Tazobactam (TZP) 25 75 0 100 10.5 89.5 19.5 80.5 7.6 92.4 23.9 76.1

Table 2. Antibiotic resistance patterns of P. aeruginosa against different antibiotics isolated from different
sites.Values show percentages in respective samples.

Sample source

Figure 3. Incidence of resis-
tance in Pseudomonas to
antimicrobial drugs.

though majority of the isolates (71 %) were sen-
sitive to amikacin, but still the resistance rate is
higher than result of a similar studies (21%) con-
ducted by 7, that depicts the challenges of rapid-
ly increasing resistance to therapeutic choice of
aminoglycosides in future. 

The resistance rates against tazocin and car-
bapenems seems to be consistent with pub-
lished literature 2,8. However for carbapenems,
the resistance rate (19%) was found to be signif-
icantly higher as compared to similar studies
conducted in 2010 by Anjum & Mir 7. This
showed considerable differences in susceptibili-
ty patterns according to geographical distribu-
tion. Whereas, the isolates did not show any sig-
nificant fluctuation in their susceptibility trend
against fluoroquinolones. 



Natural ability of Pseudomonas species to
rapidly acquire resistance, and increasing preva-
lence of multi-drug resistant Pseudomonas
aeruginosa need to be debated at international
level to potentiate response against fatal infec-
tions. These infections have greatly increased
mortality and hospital length of stay 9. In addi-
tion, antibiotic selection pressure on hospital-
ized patients and nosocomial nature of Pseu-
domonas infections is a big source of multi-drug
resistant Pseudomonas infections 10. Hands of
nurses, contaminated equipments and unhygien-
ic conditions pose serious threats and are rapid-
ly increasing the prevalence of nosocomial
Pseudomonas infections 11. 

In order to enhance drug development for
the treatment of multi-drug resistant Pseu-
domonas species and to develop strategies to
prevent nosocomial infections, a major source
of selection of drug-resistant strains of Pseu-
domonas species, on-going studies are neces-
sary for estimation of rate of development of
drug resistance. In addition, limiting access to
antibiotics without doctor’s prescription should
be strictly implemented. Keeping in view high
rate of development of resistance in past year,
drug resistance should be immediately focused
for adequate antibiotic treatment in future. How-
ever administration of less commonly used an-
tibacterials (e.g. colistin) for the treatment of
multidrug-resistant P. aeruginosa may be also
helpful 12.

CONCLUSION 
The present study showed that the Pseudo-

maonas is continuously updating itself against
commonly used antibiotics. There is need to use
appropriate antibiotic to cure the patient.
Imipenem and meropenem were proved to be
most effective against Pseudomonas. Further-

more, use of antibiotics in combinations is also
an efficient option. Besides treatment of Pseu-
domonas, there is need of careful administration
of antibiotics. 

REFERENCES
1. Henwood, C.J., D.M. Livermore, D. James & M.

Warner (2001) J. Antimicrob. Chemother. 47:
789-99.

2. Jung, R., D. Fish, M. Obritsch & R. MacLaren
(2004) J. Hosp. Infect. 57: 105-11.

3. Jorgensen, J.H., J.D. Turnidge & J.A. Washing-
ton (1999) Antibacterial susceptibility tests: di-
lution and disk diffusion methods, in Antibac-
terial susceptibility tests: dilution and disk dif-
fusion methods (P.R. Murray, E.J. Baron, M.A.
Pfaller, F.C. Tenover & R.H. Yolken, eds.).
ASM Press, Washington, DC, pp 1526-43. 

4. Lister, P.D., D.J. Wolter & N.D. Hanson (2009)
Clin. Microbiol. Rev. 22: 582-610.

5. Agrawal, G., R.B. Lodhi, U.P. Kamalakar, R.K.
Khadse & S.V. Jalgaonkar (2008) Indian J.
Med. Microbiol. 26: 349-51.

6. Poole, K. (2005) Antimicrob. Agents Chemoth-
er. 49: 479-87.

7. Anjum, F. & A. Mir (2010) Afr. J. Microbiol.
Res. 4: 1005-12.

8. Javiya, V.A., S.B. Ghatak, K.R. Patel & J.A. Pa-
tel (2008) Indian J. Pharmacol. 40: 230-4.

9. Giske, C.G., D.L. Monnet, O. Cars & Y.
Carmeli (2008) Antimicrob. Agents Chemother.
52: 813-21.

10. Defez, C., P. Fabbro-Peray, N. Bouziges, A.
Gouby, A. Mahamat, J. P. Daures, et al. (2004)
J. Hosp. Infect. 57: 209-16.

11. Bloomfield, S.F. (2008) Hygiene procedures in
the home and their effectiveness: a review of
the scientific evidence base. Simmons College,
Boston, MA, USA.

12. Driscoll, J.A., S.L. Brody & M.H. Kollef (2007)
Drugs 67: 351-68.

SARWAR S., SOHAIL M. & AHMED M.

1248


