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Abstract
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Introduction:
Carbapenems is on second line therapy of multidrug resistant Pseudomonas aeruginosa infections and
are the last defense line in critical infections Enterobacteriaceae family but Carbapenems resistance is
increased so there are some problems when Carbapenems resistance is increased. Therefore, a new
study about carbapenem resistance is necessary.
Materials and Methods:
This study collected 196 isolated bacteria of Pseudomonas aeruginosa and Enterobacteriaceae family
from Hospitals patient of Tehran and evaluates them by phenotypic and biochemical methods. Also,
the researcher studies the disk diffusion method and use it to determine antibiotic sensitivity of all
bacteria according to the CLSI standard table.
Results:
From the total of 196 bacteria collected, the resistance to Meropenem is %39.79 and Imipenem is
%45.91 and 30.10 percent to Meropenem and Imipenem resistance so that the percent resistance of
bacteria is as follows: Pseudomonas aeruginosa resistance to Meropenem is %39.62 and Imipenem is
%43.39. Meropenem and Imipenem resistance in Enterobacteriaceae family are as follows:
Salmonella resistance to Imipenem and Meropenem is %0 and %50, Citrobacter koseri the resistance
to Imipenem and Meropenem %0 and %50, Citrobacter freundii Meropenem resistance of %28.57 and
Imipenem %28.57, Escherichia coli resistance to Meropenem %39.70 and Imipenem %47.05,
Klebsiella oxytoca resistance to Meropenem %46.6 and %40 Imipenem and Meropenem resistance
Klebsiella pneumoniae %34.14 and Imipenem %53.65, respectively.
Conclusion:
There is an increasing resistance to Meropenem and Imipenem antibiotics in treatment of
Pseudomonas aeruginosa and Enterobacteriaceae family in our country. Hence, it should be properly
and reasonably use these antibiotics.
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Introduction
Carbapenems are the most successful type
of β-lactam antibiotics that contain a betalactam ring in their chemical structure.
These bactericidal antibiotics act by
inhibiting the peptidoglycan synthesis of
bacterial cell walls in the cross-linking of
peptidoglycan chains as the last synthetic
stage of bacterial walls. Carbapenems
include imipenem and meropenem as
major medications with extensive and
stable effectiveness compared to β-lactam
antibiotics, and are used to treat drugresistance particualry in gram-negative
bacteria. Although carbapenems were not
affected by bacterial resistance, an
increasing acquired resistance to these
antibiotics has recently caused problems
(1).
In fact, antibiotic resistance in bacterial
pathogens has turned to a serious threat to
humans and affected hospitalized patients
across the world (2-3). Furthermore, the
changes in the microbial flora caused by
antibiotics trigger bacterial and fungal
opportunistic invasions, causing the rapid
dissemination of multidrug resistant
bacteria to emerge as a serious public
health concern (4).
The mechanisms of resitance to
carbapenems include the production of the
hydrolyzing β-lactamase and reduced
access of antibiotics to the active site of
penicillin-binding proteins (PBPs) caused
by mutations. Nevertheless, the most
effective mechanism against β-lactam
antibiotics is production of β-lactamases
by
gram-negative
bacteria,
which
inactiavtes
β-lactam antibiotics by
hydrolizing the β-lactam core. In addition,
genes contributing to this resistance can be
found on nuclear or plasmid chromosomes
(5).
According to the Ambler classification, βlactamases are divided into four main
classes including A, B, C and D, with the
A, B and D classes being carbapenemhydrolyzing. The A and D classes include
serine carbapenemases while B encompass
zinc-mediated β-lactamases (6).
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Pseudomonas aeruginosa emerged in the
mid-twentieth century as a major
nosocomial pathogen. This opportunistic
gram-negative bacterium constitutes the
third most common cause of nosocomial
infections and the second cause of burn
infections (7). Reports suggest a 50%
mortality rate in patients afflicted by this
bacterium, which is highly resistant to
various types of antibiotics (8-9). Strains
of Pseudomonas aeruginosa seem to
present multidrug resistance to antibiotics
such as imipenen as the second-line
treatment for the associated infections
(10). The Enterobacteriaceae are abundant
in nature and can be found in animals,
particularly mammals, human’s intestine,
contaminated vegetables and some food
products. The high incidence of infections
caused by these bacteria manifests itself in
5-10% of inpatients, 30-40% of septicemic
patients and over 70% of those with
urinary tract infections (11). Carbapenems
are the last-line defense and treatment for
serious infections caused by these
pathogens. The resistance of the
Enterobacteriaceae to carbapenems can
thus be alarming for the treatment of
infections caused by these organisms (12).
Although the Hodge test is a quick
carbapenemase detection technique with
high sensitivity and specificity that can be
effective on the preliminary Carbapenemase assessments, possible false
negatives should be considered (13).
Given the effectiveness of Carbapenems
on the treatment of infections caused by
Pseudomonas
aeruginosa
and
the
Enterobacteriaceae, the present study was
conducted to investigate the necessity of
being aware of the prevalence of resistance
to
Carbapenems
in
Pseudomonas
aeruginosa and the Enterobacteriaceae
isolated from clinical specimens.
Materials and Methods
The present descriptive cross-sectional
study was condcuted to investigate the
pattern of resistance to Carbapenemas in
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the specimens of the Enterobacteriaceae
and Pseudomonas aeruginosa isolated
from patients presenting to Shariati
Hosptial and Imam Khomeini Hospital in
Tehran, Iran. Sampling was conducted in
February-June 2014. Clinical samples
included wounds (20.4%), urine (63.2%)
and blood (16.4%) and those suspected of
being
contaminated
with
the
Enterobacteriaceae and Pseudomonas
aeruginosa were collected and classified
based on gender and age of the subjects
and then transferred to the microbiology
laboratory.
The
colonies
were
macroscopically and microscopically
investigated for identification. The
samples collected were cultured in blood
agar and MacConkey's agar and incubated
for 24 hours at 37 ◦C. The bacteria were
preliminarily detected by investigating the
colonies in terms of size, shape, color,
hemolysis and pigments followed by
diagnostic tests such as Simmons Citrate
Agar, MRVP, TSI and SIM. The
specimens were then identified using the
table of biochemical reactions of the
Enterobacteriaceae and Pseudomonas
aeruginosa and ultimately approved using
gram stain under microscopes.
The disk diffusion test was used based on
Mueller-Hinton Agar and the halo
diameter of the growth inhibition zone was
accurately measured in mm and compared
with the CLSI standard table to report the
sensitivity of 196 specimens of the
Enterobacteriaceae and Pseudomonas
aeruginosa to antibiotics including
imipenem (10 µg), ceftazidime (30 µg),
meropenem (10 µg), cefotaxime (30 µg),
piperacillin (100 µg), ticarcillin (75 µg),
aztreonam (30 µg), gentamicin (10 µg),
amikacin (30 µg), ofloxacin (5 µg) and
levofloxacin (5 µg). These bacteria had
been identified using biochemical tests.
The turbidity of the bacterial suspension
was adjusted to be equivalent to the 0.5
McFarland (1.5×108 CFU/ml). A sterile
swab was used to perform streak culture
three times on the plate containing the
Mueller-Hinton medium. The disks were
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taken out of freezers and placed on the
culture medium surface and fixed in place
using forceps one hour later. The plates
were then incubated for 24 hours at 37 ◦C.
An accurate ruler was used to measure the
halo size of the growth inhibition zone in
mm and the results were reported as
sensitive, semi-sensitive and resistant
based on the associated table of standards.
The Hodge test:
This test was performed based on the CLSI
procedure. The bacterial suspension
turbidity was adjusted to equal 0.5
McFarland using the E. coli ATCC 25922
standard method. The 1:10 concentration
of the bacterial suspension of E. coli
ATCC 25922 was based on the 0.5
McFarland in the Mueller Hinton Broth
medium. The streak culture of the
suspension was conducted with a 1:10
concentration using a sterile swab on the
Mueller Hinton Agar medium. The culture
was dried for 3-5 minutes at room
temperature. A meropenem disk (10 µg)
was placed on the plate center and the
bacteria studied in terms of containing
Carbapenemases were linearly cultured
from the meropenem disk edge at the
center towards the plate edge and then
incubated for 24 hours at 35 ◦C. The
growth inhibition halo of positive control
samples were then compared with the
studied samples to detect positive cases in
the Hodge test. Samples confirmed to
produce Carbapenemases were identified
as being resistant to meropenem and
imipenem based on the Hodge test.
The results obtained from the present
research were statistically analyzed in
SPSS16 using descriptive statistics.
The authors committed themselves to
observing all research ethical principles
and confidentiality of the information.
Results
A total of 196 bacteria were isolated from
the clinical samples. Male samples
comprised 122 (62%) cases and female
ones 74 (38%), suggesting a high

Pars Journal of Medical Sciences, Vol.14, No.4, Winter 2017

10

Evaluation of Carbapenemase resistance in Pseudomonas

Tahmineh Ebrahimzadeh Shiraz et al

Enterobacteriaceae, the resistance to
meropenem
and
imipenem
was
respectively as follows: Salmonella 0%
and 50%, Citrobacter koseri 0% and 50%,
Citrobacter freundii 28.57% and 28.57%,
Escherichia coli 39.70% and 47.05%,
Klebsiella oxytoca 46.6% and 40% and
Klebsiella pneumonia 34.14% and 53.65%
(table 1). The highest resistance was
observed in the collected samples against
amikacin (94%), followed by gentamicin
(92%) and piperacillin (91%), while the
lowest resistance was associated with
levofloxacin (68%) (Table 3).
According to the Hodge test, the growth of
the
study
bacteria
(Pseudomonas
aeruginosa and the Enterobacteriaceae)
cultured was compared with that of the
bacteria (Escherichia coli) which was
sensitive to the antibiotic disk of
meropenem or ertapenem, and the growth
inhibition halo of the clover leaf of the
sensitive
bacteria
confirmed
the
production of Carbapenemases by the
study bacteria (Figure 1).

proportion of presenting men compared to
women. The highest prevalence of positive
cases was respectively observed in the age
group of 70-80 years (33.17%) and 30-40
years (14.3%) and the lowest was reported
in 90-100-year-old group (1.5%) (Diagram
1).
Of the 196 study samples, the highest
relative frequency of resistance to
Carbapenems was respectively associated
with Escherichia coli (34.69%) in the
Enterobacteriaceae,
Pseudomonas
aeruginosa (28%), Klebsiella pneumoniae
(20.9%), Klebsiella oxytoca (7%),
Citrobacter freundii (3.5%), Citrobacter
koseri (3%), Salmonella (2%) and Proteus
mirabilis (1%) (Table 1).
In terms of antibiotic resistance, 36.22%
were found to be meropenem-resistant and
45.91% imipenem-resistant. Moreover,
30.10% were resistant to both meropenem
and imipenem (Table 2); the resistance to
meropenem and imipenem was found to be
respectively 39.62% and 43.39% in
Pseudomonas
aeruginosa.
In
the
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Diagram 1: Relative frequency of age groups in all samples
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Table 1: Relative frequency and resistance to meropenem and imipenem in the study bacteria
Bacteria
Klebsiella

pneumonia
oxytoca

Escherichia coli
Citrobacter
freundii
koseri

Relative frequency

Resistance to meropenem

Resistance to imipenem

20.9%
7%

34.14%
46.6%

53.65%
40%

34.6%
3.5%

39.70%
28.57%

47.05%
28.57%

3%

0%

50%

Salmonella
Pseudomonas aeruginosa

2%
28%

0%
39.62%

50%
43.39%

Proteus mirabilis

1%

0%

0%

Table 2: Resistance of all the samples to Carbapenems reported as sensitive, resistant and semi-sensitive
Resistant to Carbapenems
Resistant to
meropenem

Resistant
to
imipenem

36.22%

45.91%

Resistant to
both
meropenem
and
imipenem
30.10%

Semi-sensitive to
Carbapenems
SemiSemisensitive to sensitive to
meropenem imipenem

18.87%

13.77%

Sensitive to Carbapenems
Sensitive to
meropenem

Sensitive
to
imipenem

41.32%

40.30%

Sensitive to
both
imipenem
and
meropenem
27.04%

Table 3: Resistance of all the samples to other antibiotics reported as sensitive, semi-sensitive and resistant
Antibiotic
Ceftazidime

Resistant
80%

Semi-sensitive
11%

Sensitive
9%

Cefotaxime
Piperacillin
Ticarcillin
Aztreonam
Gentamicin
Amikacin
Ofloxacin
Levofloxacin

71%
91%
76%
79%
92%
94%
74%
68%

5%
3%
8%
16%
8%
4%
14%
9%

24%
6%
16%
5%
0%
2%
12%
23%

Figure 1: A typical performed Hodge test
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Discussion
As of the introduction of antibiotics, recent
years have witnessed their indiscriminate
use which caused plasmid-mediated
resistant strains to emerge and disseminate
among gram-negative bacteria and
therefore bring about numerous problems.
According to the US Centers for Disease
Control and Prevention, Pseudomonas
aeruginosa is the fifth major nosocomial
pathogen among hospital microorganisms
and accounts for 10% of hospital-acquired
infections. Bacteriological studies found
imipenem to be the most effective
antibiotic,
particularly
in
critical
conditions,
for
the
treatment
of
Pseudomonas infections; the widespread
use of imipenem has, however, increased
the bacterial resistance to it (14).
Carbapenems are the mainstay of treatment
for gram-negative bacterial infections
which tend to acquire resistance to widely
effective antibiotics. The emergence of
resistance to Carbapenems in the
Enterobacteriaceae, as the most common
cause of human bacterial infections, can
seriously jeopardize the treatment (15).
Of 196 bacterial specimens collected,
including Pseudomonas aeruginosa and the
Enterobacteriaceae, 36.22% were found to
be resistant to meropenem, 45.91% to
imipenem and 30.10% to both meropenem
and imipenem. Pseudomonas aeruginosa
presented a resistance of 39.62% to
meropenem and 43.39% to imipenem. The
resistance of the Enterobacteriaceae to
meropenem
and
imipenem
was
respectively as follows: Salmonella 0% and
50%, Citrobacter koseri 0% and 50%,
Citrobacter freundii 28.57% and 28.57%,
Escherichia coli 39.70% and 47.05%,
Klebsiella oxytoca 46.6% and 40% and
Klebsiella pneumonia 34.14% and 53.65%.
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Altoparlak et al. (2005) found 30.8% of
120 Pseudomonas aeruginosa isolates
collected from Turkish patients with burn
infections to be resistant only to imipenem
(16). Moreover, the study conducted by
Yoo et al. (2012) in South Korea showed
that 244 (37.8%) of 644 strains of
Pseudomonas aeruginosa were resistant to
imipenem (17), which is lower than the
figure reported in the present study.
In studies respectively conducted in Tabriz
and Tehran, Iran, Nahaei et al. (2006) and
Shahcheraghi et al. (2008) reported a 2%
and 6% resistance to imipenem in
Pseudomonas
aeruginosa
(18-19),
suggesting lower resistance to imipenem
compared to the present research and
indicating the emergence of antibiotic
resistance.
Akhavan-Tafti et al. (2013) respectively
found a 66% and 74% prevalence of
resistance to meropenem and imipenem in
180 Pseudomonas aeruginosa specimens
isolated from burn wounds in Yazd, Iran
(20). In addition, Doosti et al. (2013)
reported a prevalence of 62.8% (n=44) for
resistance to imipenem in 70 clinical
isolates of Pseudomonas aeruginosa in
Zanjan, Iran (21). The pattern of resistance
to imipenem seems to vary depending on
the drug consumption pattern in different
cities and countries.
Mohajeri et al. (2011), who studied the
frequency of Escherichia coli in urine
samples in Kermanshah, Iran, found a
100% sensitivity to imipenem in 200
Escherichia coli samples isolated from
urinary tract infections (22). Abdollahi
Kheirabadi et al. reported an 11.1%
resistance to imipenem in 234 Escherichia
coli strains isolated from patients in Fasa,
Iran (23). Furthermore, the study
conducted by Shokri et al. (2015) in
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Isfahan, Iran, respectively suggested a
3.3% and 8.9% resistance to Carbapenems
in 300 clinical strains of Escherichia coli
and Enterobacteriaceae (24). The present
study, however, suggests higher prevalence
and thus increasing antibiotic resistance in
the bacteria compared to the studies cited.
Rastegar Lari et al. (2011) used a
phenotypic approach and found 19
(54.28%) in 35 Klebsiella pneumoniae
isolates of burn patients in Tehran, Iran to
be resistant to Carbapenems (25), which is
fairly consistent with the present study. It
is worth noting that the diverse bacterial
species studied in the present research,
including Pseudomonas aeruginosa and the
Enterobacteriaceae
(Salmonella,
Citrobacter koseri, Citrobacter freundii,
Escherichia coli, Klebsiella oxytoca and
Klebsiella pneumonia), has paved the way
for obtaining more accurate results as to
the prevalence of antibiotic resistance to
imipenem and meropenem in the region.
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Conclusion
The results obtained in the present study
and similar ones suggest an increasing
resistance in Iran to meropenem and
imipenem,
as
the
treatment
for
Pseudomonas
aeruginosa
and
Enterobacteriaceae. These antibiotics are
therefore recommended to be properly and
rationally restricted so as to reduce
antibiotic resistance.
Conflicts of Interest
The authors declare that there are no
conflicts of interest regarding the
publication of this article.
Acknowledgement
The authors would like to express their
sincere gratitude to Hadi Rezaei Yazdi,
Assistant Professor at Jahrom University
of Medical Sciences, and all students and
friends who helped conclude this study.

References:
1. Dugal S, Fernandes A. Carbapenem hydrolysing
metallo-beta-lactamase:a review, Int J Curr Pharm
Res 2011;3:9-16
2. Green VL, Verma A, Owens RJ, et al. Structure of
new delhi metallo-beta-lactamase 1(NDM-1). Acta
Crystallogr Sect F Struct Biol Cryst Commun 2011;
67(10):1160-4
3. Fernandez A, Pereira MJ, Suarez JM, et al.
Emergence in spain of multidrug-resistant
enterobactercloacae clinica isolate producing SFO-1
extended-spectrum beta-lactamase. J Clin Microbiol
2011; 49(3):822-8
4. Diene SM, Bruder N, Raoult D, et al. Real-time PCR
assay allows detection of the new delhi metallo-beta
lactamase (NDM-1)-encoding gen in france. Int J
Antimicrob Agents 2011; 37(6):544-6
5. Livemore DM, Brown DF. Detection of betalactamase-mediated resistance. J Antimicrob
Chemother 2001; 48:59-64
6. Ambler RP. The structure of beta-lactamases. Philos
Trans R Soc Lond B Biol Sci 1980; 289(1036):32131
7. Mirsalehian A, Nakhjavani F, Bahador A.
Prevalence of MBL producing Pseudomonas

aeruginosa isolated from burn patients. Tehran Univ
Med J 2011: 68(10): 337-44
8. Poole K. Efflux-mediated multiresistance in Gramnegative bacteria. Clin Microbiol Infect 2004 Jan;
10(1):12-26
9. Estahbanati HK, Kashani PP, Ghanaaatpisheh F.
frequency of Pseudomonas aeruginosa serotypes in
burn wound infections and their resistance to
antibiotics. Burns 2002; 28(4):340-8
10. Livemore DM. Multiple mechanisms of
antimicrobial resistance in Pseudomonas aeruginosa:
our worst nightmare? Clin Infect Dis 2002;
34(5):634-40
11. Hawkey PM. Identification of Enterobacteriaceae.
In: Stephen Gillespie, Peter M Hawkey.
Principles and practice of clinical bacteriology. John
Wiley & Sons, Chichester; 2006:341–443.
12. Tato M, Morosini M, García L et al..
Carbapenem heteroresistance in VIM-1-producing
Klebsiella pneumoniae isolates belonging to the same
clone: consequences for routine susceptibility testing.
J Clin Microbiol 2010; 48(11):4089–4093.

Pars Journal of Medical Sciences, Vol.14, No.4, Winter 2017

14

Evaluation of Carbapenemase resistance in Pseudomonas

13. Samra Z, Bahar J, Madar-Shapiro L, et al. Rapid
detection of Carbapenem resistant Entrobacteriaceae.
J Clin Microbial 2008; 48(9):3110-11
14. Gailiene G, Pavilonis A, Kareiviene V. The
peculiarities of Pseudomonas aeruginosa resistance to
antibiotics and prevalence of serogroups. Medicina
(Kaunas, Lithuania) 2006; 43(1):36–42.
15.Carvalhaes CG, Picao PC, Nicoletti AG, et al.
Clover leaf test (modified Hodge test) for detecting
carbapenemase production in Klebsiella pneumoniae:
be aware of false positive result. J Antimicrob
Chemother 2010; 65(2):249-51
16. Altoparlak U, Aktas F, Celebi D et al.. Prevalence
of metallo-β-lactamase among Pseudomonas
aeruginosa and Acinetobacter baumannii isolated
from burn wounds and in vitro activities of antibiotic
combinations against these isolates. Burns 2005;
31(6):707–710.
17. Yoo JS, Yang JW, Kim H M, et al. Dissemination
of genetically related IMP-6-producing multidrugresistant Pseudomonas aeruginosa ST235 in South
Korea. Int J Antimicrob Agents 2012; 39(4):300–
304.
18. Nahaei M, Bohloli Khiavi R, Asgarzadeh M, et al.
Antibiotic Resistance and Plasmid Profiles of
Pseudomonas Aeruginosa Strains Isolated from InPatients of Sina Hospital-Tabriz . J Ardabil Univ
Med Sci 2007; 7(1):90-98 (persian).
19. Shahcheraghi F, Nikbin VS, Shooraj F, et al.
Investigation of blaIMP-1, blaVIM-1 and bla SPM-1
MBL genes among clinical strains of Pseudomonas
aeruginosa isolated from Imam Khomeini Hospital,
Tehran, Iran. Pejouhandeh 2009; 14(2): 67–72.

Tahmineh Ebrahimzadeh Shiraz et al

20. Akhavan-Tafti F, Eslami G, Zandi H, et al.
Prevalence of bla VIM , bla IPM and bla NDM MetalloBeta-Lactamases
Enzymes
in
Pseudomonas
Aeruginosa Isolated from Burn Wounds in Shahid
Sadoughi Burn Hospital in Yazd. J Isfahan Med Sch
2014; 31(263): 1955-64 (persian).
21. Doosti M, Ramazani A, Garshasbi M. Identification
and characterization of metallo-β-lactamases
producing Pseudomonas aeruginosa clinical isolates
in University Hospital from Zanjan Province, Iran.
Iran Biomed J 2013; 17(3):129.
22. Mohajeri P, Izadi B, Rezai M, et al. Assessment of
the frequency of Extended Spectrum Beta
Lactamases Producing Escherichia coli Isolated from
Urinary Tract Infections and its Antibiotic Resistance
Pattern in Kermanshah. J Ardabil Univ Med Sci
2011; 11(1):86-94
23. Abdollahi Kheirabadi S, Najafipour S, Kafilzadeh
F, et al. Evaluation of Drug Resistance Pattern of
Escherichia coli Strains Isolated from Fasa Vali-eAsr Hospital Patients . J Fasa Univ Med Sci 2013;
2(4):273-278 (persian).
24. Shokri D, Mobasherizadeh S, Norouzi Baruq M, et
al. Isolation and Identification of Carbapenemase
KPC Producing Strains of Enterobacteriaceae and
Determination of Their Antibiotic Susceptibility
Patterns. J Isfahan Med Sch 2013; 31(248):12471256 (persian).
25. Lari AR, Azimi L, Rahbar M, et al. Phenotypic
detection of Klebsiella pneumoniae carbapenemase
among burns patients: first report from Iran. Burns
2013; 39(1):174–176.

Pars Journal of Medical Sciences, Vol.14, No.4, Winter 2017

15

