Research Article
THE INTERNATIONAL JOURNAL OF
BIOLOGICAL RESEARCH (TIJOBR)
ISSN Online: 2618-1444
Vol. 3(2) Jan-March 2020.,61-74; 2020
http://www.rndjournals.com

Detection of Bla (Bic) Bla (Gim) Tem-116 Metallo Beta Lactamases Gene In
Pseudomonas Aeruginosa From Cancer Patients
Nida andlib1, Muhammad Farhan1*, Basit Zeeshan1, Summiyan Nizamuddin2
1Faculty of Life Science, University of Central Punjab Lahore
2Shaukat Khanum Memorial Cancer Hospital& Research Center
*Corresponding author: farhanlatif6242@gmail.com
__________________________________________________________________________________________

ABSTRACT
The study was conducted for the detection of beta lactamase genes which includes TEM-116, bla GIM
and bla BIC in multi drug resistant Pseudomonas aeruginosa from cancer patients. These genes play the most
significant role in multi drug resistance. In this study, we used the disc diffusion method for the determination
of antibiotic resistance against seven antibiotics and PCR technique for the detection of genes. The results
showed that the P. aeruginosa isolates were resistant against Sulfamethoxazole/Trimethoprim (SXT) 84%,
Ciprofloxacin (CIP) 48%, and Ceftozane/Tezobactum (CT) 76%, Cefipime (FEP) 80%, Ceftazidime (CAZ) 36%,
Amikacin (AK) 30%, Levofloxacin (LEV) 28%. The PCR results showed that 46 (92%) isolates were positive for the
TEM-116 and no isolate was positive for BIC and GIM genes. These results revealed high emergence of resistance
in TEM-116 of P. aeruginosa isolates studied. This is the first report showing detection of TEM-116 resistant
gene against P. aeruginosa in cancer patient from Pakistan. The study might be helpful in understanding the
molecular basis of antibiotic resistance in P. aeruginosa from cancer patients.
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Introduction
Pseudomonas genus is very large, 120 species were discovered which included in to the genus
pseudomonas. The species is present in all over and they cause infections in animals and plant and most
importantly they cause infection in human (Ahmed et al., 2016). The identification of Pseudomonas very easy
due to the production of pigment on agar medium such as fluorescent pigment, blue green pigment which is
named as pyocyanin and pyoverdine which is a yellow green pigment (Bashir et al., 2011). It is the most popular
which cause disease in humans due to its nature because it naturally exists in to the environment (Bonomo et
al., 2006). The Pseudomonas is an opportunistic pathogen, and it causes hospital acquired infection in immune
compromised patients (Charrakh et al., 2016). When the normal body functions are disrupted, including
damaged epithelial barriers decreased neutrophil production, and the use of medical devices.
P. aeruginosa is very famous for its ability to causing respiratory tract infection. It also has an ability to
become permanent resident in the air ways of cystic fibrosis patient and in the result of Pseudomonas cause the
chronic lung infection, lungs did not perform function decline in performance, due to this the morbidity and
mortality rates are increased (Faghri et al., 2014). It is also very famous because it is a causative agent of hospital
acquires pneumonia in the immune compromised patient. The colonization of P. aeruginosa in to the respiratory
tract is due to the contamination of equipment’s and the transmission from the other patients. Pseudomonas is
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very easy to isolate from hospital equipment’s because it has ability to survive in biofilm (Dumas et al., 2006).
During the surgery P. aeruginosa also caused urinary tract infection. The catheterization processes the hospital
acquired It causes urinary tract infection (Ganju et al., 2015).
The Phenomenon of resistance is very important. Many bacteria develop the resistance against the
antibiotics in clinical therapy. Resistance development is very dangerous in cancer patient or the patient which
are suffering from the life-threatening diseases. Now a day’s resistance is increasing among several gramnegative pathogens which cause some serious hospital acquired infections which includes P. aeruginosa
because extended spectrum beta-lactamases production in Enterobacteriaceae. The multi drug resistances
strains cause many problems associated with log hospital stay increase the health care cost and also increase
the mortality (Pai et al., 2001). Antibiotic resistance is one of the major issue effects on the human health various
factors play the significant function in the increase of resistance such as the increase use of antibiotic, the factors
related to the patient, unnecessary prescription by the doctors, especially young adults prefer the selfmedication. So due to the over dose and the need less utilize of broad-spectrum antibiotics are the chief factor
of multi drug resistance (Khan et al., 2014).
Infection due to the multi drug resistant P. aeruginosa is increasing all over the world. It causes
nosocomial infection. It causes infection in the cancer patient, the patient which is suffering from leukemia.
Multi drug resistant P. aeruginosa associated with the mortality and morbidity. The infection in the cancer
patient due to its life threatening and sometime also cause death (Toval et al., 2015).
The prevalence of Multi drug resistant bacteria is increasing worldwide. It causes the major problem in
those patients which are suffering from cancer or the patient those are in intensive care unit. The infection of
multi drug resistance in those patient mortality and morbidity occur. It causes so many complications in the
treatment. Multi drug resistant P. aeruginosa most commonly causes ventilator associated pneumonia and that
condition is very dangerous for the patient (Teixeira et al., 2016). Many types of multi drug resistant bacteria
causes the hospital acquired diseases. Multi drug resistant P. aeruginosa is very famous due to this property. It
mainly causes the infection in cancer or cystic fibrosis patient (Shah et al., 2015). Many cancer types develop
multi drug resistance against the chemotherapy drugs by performing multi drug resistant mechanism and this
is the major important factor plays an important role in failure of chemotherapy. It shows effect on blood cancer,
tumor, breast cancer, lung cancer or gastro intestinal cancer. When the bacteria are multiplying in to the blood
it is defined as bacteremia. The state of bacteremia in immune compromised patient or the patient which are
suffering from blood cancer is very dangerous. The problem is increase in frequency of multi drug resistant
bacteria. Multi drug resistant P. aeruginosa show the resistant by using low permeability of its cell wall, efflux
pump and due to the mutation of the gene and it have an ability to accept resistant gene from other bacteria
through plasmid transmission (Souli et al., 2008). Due to the increase of multi drug resistant in P. aeruginosa
causes infection in cancer patient.
Cancer also develops the ability of multi drug resistant against the traditional therapies. It became very
dangerous bacteria so cancer requires further research and the new ways of treatment (Hammami et al., 2011).
Many methods are developed how to care the cancer patient and with that the new development of
antimicrobial which are more effective as compared to the old one. Cancer patient which are suffering from
malignancies are at on risk to infection of multi drug resistant P. aeruginosa because the use of invasive devices
(Picao et al., 2009). When the microorganism shows the resistant to at least the three antibiotics family it
become multi drug resistant. P. aeruginosa show the resistant to all type of antibiotics so that the reason behind
the importance of multi drug resistant P. aeruginosa (Strateva et al., 2009).

Types of Antibiotic Resistance
P. aeruginosa develop the many resistance mechanism as a consequence of genetic events e.g. mutation
in chromosome or horizontal gene transfer of resistant gene. Many other Mechanism involve efflux pump, low
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permeability of cell wall, porins loss. The use of different kind of Antibiotic is the leading risk factor for Multi
drug resistant P. aeruginosa acquisition (Mahmoud et al., 2013).
P. aeruginosa DNA is consisting of 5567 genes encoded in 6.26Mbp. The addition of other gene is due to
the phenomenon of horizontal gene transfer. The transfer of genes is due to the transmission of plasmid. It is
the major factor to develop resistant against the all major antibiotics. Multi drug resistant P. aeruginosa shows
the antibiotic resistant to all type of antibiotic families. In the bacterial cell wall synthesis penicillin binding
protein that is also called transpeptidases involved in this process. The many type of antibiotics penicillin,
Carbapenems, monobactams and cephalosporin’s are known as beta-lactam antibiotic. Multi drug resistant
bacteria are those which show resistant to at least three antibiotics but P. aeruginosa show the resistant to
almost all of them (Shah et al., 2015).

Materials and Method
This research was conducted in the period of six month. I have collected 150 different types of samples
e.g. blood sample, urine sample and nasal sample from the patients which are cancer diagnosed patient from
Shaukat Khanum Memorial Cancer Hospital and Research Centre. After sampling I have appropriately labeled
all the samples and these samples are straight away transported to the research laboratory of the Department
of Microbiology of University of Central Punjab Lahore for further processing.
After collection and immediately after transportation these samples are processed for further
procedure. For the inoculation of samples nutrient agar was used which is firstly autoclaved and then all the
sample were streak under sterile conditions. After labeling the samples these plates were placed in the
incubator on a growth condition which is 24 hours at 37oC. Then After 24 hour’s Petri plates were checked.
First of all, the growth of the samples is recognized on the basis of bacterial colony type, colony
morphology and on the basis of macroscopically characteristics.
The gram staining is used to explore the microscopic characteristics of bacteria.
First step in the gram staining is put the drop of water on the slide the bacterial colony picked and made the
smear on slide. Then heat the slide on a lamp for fixation. Initially put the crystal violet on a slide for one minute
then washed with the distilled water. After this put the gram iodine on a smear for one minute and very carefully
washed with distilled water. Decolorizer flooded on the slide. After decolorization the counter stains safranine
used for 45 second.

Biochemical characterization:
After identification with the gram staining further some biochemical test was performed for
confirmation of isolates with analytical profile index.

Oxidase Test
Oxidase is an enzyme which is produced by bacteria to use in bacterial transport chain. Tetramethyl-pphenylenediamine reagent tends to oxidize by cytochrome c Oxidase and give the intuition of purple color under
indophenols sign of positive test. No color production indicates the negative result.
The tetramethyl-p-phenylenediamine dihydro chloride flooded on a filter paper. Filter paper was
moistened with the sterile distilled water. Then the bacterial colony streak on a filter paper. Then wait for 10 to
30 sec blue color indicate the positive result
The antimicrobial susceptibility test is used for the evaluation of antibiotics efficacy out which specific
antibiotic a specific bacterium is sensitive to. In this test many antibiotics are used like
Sulfamethoxazole/Trimethoprim (SXT), Ciprofloxacin (CIP), and Ceftozane/Tezobactum (CT),
Cefipime (FEP), Ceftazidime (CAZ), Amikacin (AK), Levofloxacin (LEV). Different types of methods are used for
the evaluation of susceptibility in this research disk diffusion method was used.
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Disk diffusion method is most commonly used to conclude the resistance of bacteria to antibiotics in
clinical laboratories. In this technique the impregnated antibiotic disc placed on a Muller-Hinton agar. In this
method Muller-Hinton agar was used. To get ready this medium take flask in which take distilled water to one
liter. Then added 30-gram Mueller-Hinton agar in distilled water and stirred it with magnetic stirrer.
Then autoclave the medium at 121˚C for 15-20 minutes. Then permitted it to cool so that it can be simply
poured into Petri plates. Also used autoclaved Petri plates to avoid contamination. Then agar poured in to the
Petri plates and wait for solidification of agar.
First of all, pick the colony and streak on the Petri plate with the help of cotton swab. Repeat this practice for
distribution of culture. Wait for 3 to 5 minutes and then placed antibiotics on the inoculums. Faintly pushed disc
with forceps so that it became attached to inoculated organism. Discs used were of
Sulfamethoxazole/Trimethoprim (SXT), Ciprofloxacin (CIP), and Ceftozane/Tezobactum (CT), Cefipime (FEP),
Ceftazidime (CAZ), Amikacin (AK), Levofloxacin (LEV), Picked another disc and placed it on agar at a distance of
24 mm to avoid overlapping of zones. After placement of disc incubate the Petri plates at 37˚C for 24 hours.
After incubation zone of inhibition was observed
For DNA extraction colonies of bacteria are used. Take one ml of distilled water in the test tube and add
the colony of bacteria in it then boiled for 10 minutes in the water bath. After boiling centrifuge the tube at
1000rpm for five minutes. For the purpose of PCR five micro litter of supernatant were used. In the second
method for the DNA extraction microwave oven used to heat the bacterial colonies for 10 second followed by
the centrifugation. Similarly, 5 μl of the supernatant were used for the PCR.

3.7 Prime Used in PCR
1. TEM-116
TEM-F TCGGGGAAATGTGCG
TEM-R TGCTTAATCAGTGA GGCACC
2. Bla (GIM)
GIM-F TCGACACACCTTGGTCTGAA
GIM-R AACTTCCAACTTTGCCATGC
3. Bla (BIC)
BIC-F TATGCAGCTCCTTTAAGGGC
BIC-RTCATTGGCGGTGCCGTACAC

PCR:
PCR was performed on all the DNA samples extracted using the methods. Two micro liters of the DNA
were mixed with 10 μl of pre-aliquoted ReddyLoad PCR Master Mix containing 1.25 units of Taq DNA
polymerase, 75 mMTris-HCl (pH 8.8), 20 mM (NH4)2SO4, 1.5 mM MgCl2, 0.01% (v/v) Tween 20, 0.2 mM of each
of the four deoxynucleotide triphosphates (dATP, dCTP, dGTP and dTTP) and 100 pmol of each of the primers.
The expected sizes of PCR products for the two sets of primers were 445 and 401 base-pairs (bp). For primers,
the PCR mixture was incubated for ﬁve minute at 95 °C as an initial denaturation step, followed by initial DNA
release and denaturation at 948C for 5 min, followed by 36 cycles of 948C for 30 s, 528C for 40 s and 728C for
50 s, followed by a single, ﬁnal, elongation step at 728C for 5 min.

Gel Electrophoresis
For the DNA size separation, the typical lab procedure is gel electrophoresis for the purification and
visualization. In the agarose gel electrophoresis, the negative charger DNA moves towards the positive charge
electrode by using electric field. The shorter fragment moves quickly as compared to the longer ones. By use of
gel electrophoresis we can determine the accurate length of the DNA by comparing with DNA ladder consisting
of a fragment of DNA with known lengths.
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2.0% Agarose
For the preparation of 2% gel add 4.0-gram agarose in the 200 ml of 1X TBE buffer in a 600 ml beaker.
After adding the agarose heat the beaker on a hot plate until the agarose is dissolved. Confirm that the agarose
is dissolved. Add 15ul ethidium bromide in it. Then poured it in to the tray. After solidification load the samples
in to the wells. After loading the samples turn on the electric field at 120 volts for 30 min

Results
Sample’s Collection
A total of 150 samples of Cancer patients were collected from different wards of the Shaukat Khanum
Memorial Hospital and Research Centre for the present research. 150 samples include blood samples, urine
samples and Nasal samples from different patients.
On the basis of lab tests of Blood, Urine and Nasal it was found that all of the 150 samples were positive
for different pathogens. The Out of these 150 samples we separate the 50 positive samples of P. aeruginosa.
And out of these 50 samples 25 blood samples were positive with P. aeruginosa 10 urine
samples are positive with P. aeruginosa and 15 nasal samples are positive with P. aeruginosa.

Prevalence on the basis of Cancer Type
Prevalence of P. aeruginosa on the basis of Cancer type shows different variation as shown
in Table: I. MDR P. aeruginosa shows prevalence in all type of cancer.
Table: I P. aeruginosa Percentage in different type of cancer patients

Type of Cancer

Positive Samples

Prevalence

Lung Cancer

12

24%

Breast Cancer

15

30%

Liver Cancer

13

26%

Blood Cancer

10

20%

Isolation and Identification
P. aeruginosa grown, on Nutrient agar and CLED agar show Colonies are surrounded by bluish green coloration
-hemolytic colonies  . Pale yellow colonies i.e. non lactose fermenters On CLED media pigments are more
obvious P. aeruginosa able to grow at temperatures as high as 42 degrees. Pseudomonas growth on Nutrient
media shown in Fig: 4.6 and the growth on CLED media shown in Fig.
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Gram’s staining
P. aeruginosa is rod-shaped gram-negative bacteria. P. aeruginosa shows the pink color under the
Microscope. Gram negative rods are pink in color shown in Fig.

Biochemical Characterization
Biochemical tests were used for the confirmation and characterization of the isolates. Following
biochemical tests were performed to confirm the P. aeruginosa.
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Oxidase Test
Oxidase test is also conducted for the confirmation of bacteria on the basis of Oxidase which is a type
of enzyme produce by bacteria which is used in electron transport chain. P. aeruginosa Oxidase positive as
shown in Fig: 12.

Antimicrobial Susceptibility Testing
Antimicrobial susceptibility tests are utilized to figure out which particular antibiotics a specific
microscopic organisms or growth is sensitive to. In this test various antimicrobial drugs like
Sulfamethoxazole/Trimethoprim (SXT), Ciprofloxacin (CIP), and Ceftozane/Tezobactum (CT), Cefipime (FEP),
Ceftazidime (CAZ), Amikacin (AK), Levofloxacin (LEV), are used to cure patient’s infection. The method used in
present research for this purpose was disk diffusion method. In the results different antibiotic shows the
different sensitive or resistant pattern as shown in Fig.
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In this test P. aeruginosa shows antimicrobial drugs resistant against Sulfamethoxazole/Trimethoprim (SXT)
84%, Ciprofloxacin (CIP) 48%, and Ceftozane/Tezobactum (CT) 76%, Cefipime (FEP) 80%, Ceftazidime (CAZ) 36%,
Amikacin (AK) 30%, Levofloxacin (LEV) 28%as shown in Table: II.
Table: II Percentage of Antibiotic Resistance

Antibiotic

Code

Resistant Sample

Sensitive Sample

Percentage
Resistance

Sulfamethoxazole

SXT

42

08

84%

Ciprofloxacin

CIP

24

26

48%

Ceftozane

CT

38

12

76%

Cefipime

FEP

48

02

96%

Ceftazidime

CAZ

18

32

36%

Amikacin

AK

15

35

30%

Levofloxacin

LEV

14

36

28%

of

*R=Resistant; S=Sensitive
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Figure: 23 Percentage of Antibiotic Resistant

Detection of Genes
TEM 116 is detected in P. aeruginosa from 46 samples in cancer patients as shown in Fig: 4.25.
1

2 3

4 5 6 7

8 9 10

Figure: 24 Detection of TEM 116 genes

Lane 1
Lane 2
Lane 3
Lane 4
Lane 5
Lane 6
Lane 7
Lane 8
Lane 9
Lane 10

Ladder
Positive control
TEM-116 Positive
TEM-116 Positive
TEM-116 Positive
TEM-116 Positive
TEM-116 Positive
TEM-116 Positive
TEM-116 Positive
Negative Control

TEM 116 detected from 23 blood samples 14 nasal samples and 9 urine samples as shown in Fig.
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Figure: 26 Detection of TEM 116 in different samples

GIM and BIC is not detected in P. aeruginosa from all the samples as shown in fig 28.
Figure: 27

1

2 3 4

5 6 7

8

Figure: 28

9 NNo detection of BIC genes
No detection of GIM gene
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7 8

Discussion
The aim of this research was to isolate the multi drug resistance P. aeruginosa and the detection of resistant
gene from clinical samples of cancer patient. Fifty positive samples were obtained. The prevalence of P.
aeruginosa in this study 33% showed that P. aeruginosa may potentially be significant in causing infection in
cancer patient. The highest prevalence of P. aeruginosa found in blood sample was 50% in comparison with
urine sample which was 20% and the prevalence of nasal sample was 30% and the high prevalence relates to
the results obtained in a study by (Pagani et al., 2004). Cancer is a problem in a medical field because due to the
low immunity and compromised host defense microorganism has an idol condition to cause the disease. Multi
drug resistance strains responsible for hospital acquired diseases, especially in the population at risk most
commonly patient with cancer. MDR P. aeruginosa cause the major problems in cancer or cystic fibrosis patient
(Khan et al., 2014). The prevalence of P. aeruginosa in blood sample indicates that it poses a high risk in causing
bacteremia in cancer patient. The intermediate prevalence of P. aeruginosa in nasal sample indicate that it may
be transmitted through the physical content bacteria may be easily transmitted. The low prevalence in urine
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samples indicate that P. aeruginosa cause lesser urinary tract infection in cancer patient.P. aeruginosa is
resistant to the majority of detergents and disinfectants (Mansour et al., 2013) the patient with low immunity
and with compromised host defense at high risk of infection. The cross contamination with the hospital isolates
plays the major role in causing nosocomial infections. The elevated prevalence of P. aeruginosa 50% may be
due to the multi drug resistance strains present in hospitals (Hammami et al., 2011). The study reveals that the
use of broad-spectrum antibiotics plays a most important role in the development of resistance against the
antibiotics. There is a requirement to develop the antimicrobial and disinfectant which act on a biofilm
formation and inhibit the biofilm formation (Hassuna et al., 2015). The prevalence of Pseudomonas in men was
34% in women was 46% and in child was 20%. A research reveals that the prevalence in males was higher than
in females. The high prevalence in males could be due to males not being as particular as women in terms of
hygiene.
In the antibiotic susceptibility pattern it was found that P. aeruginosa which produce the TEM 116 shows
the maximum resistant to all commercially available antibiotics .In this study P. aeruginosa shows antimicrobial
drugs resistant against Sulfamethoxazole/Trimethoprim (SXT) 84%, Ciprofloxacin (CIP) 48%, and
Ceftozane/Tezobactum (CT) 76%, Cefipime (FEP) 80%, Ceftazidime (CAZ) 36%, Amikacin (AK) 30%, Levofloxacin
(LEV) 28% .
The best antibiotics which are used against the infection of multi drug resistant gram-negative bacteria
are carbapenem. In current years, the countries which are seriously facing the problem of antibiotic resistance
Egypt are one of them (Mahmoud et al., 2013). In the present research resistance is high against all the
commercially available antibiotics among P. aeruginosa isolated from the Shoukat Khanam Memorial Hospital
and research center. The prevalence of resistance against Meropenem is 68% and the resistance against the
Imipenem is 92%. The high rate of carbapenem resistance indicates the less treatment option in Hospital. This
is due to the increase in antibiotic usage in the last past years due to this the bacteria modify the mechanism of
resistance. In many other developing countries, the situation is same the resistance is on the increase (Picao et
al., 2009). Among gram negative bacteria the P. aeruginosa and Acenitobacter shows the high level of resistance
against the Imipenem which is 37.03% the study was conducted by (Ganju et al., 2015). Mahmoud et al., 2013
conducted a research on a P. aeruginosa and reported that the 33.3% isolate resistant to Imipenem. In the
countries which are located in a middle east Imipenem resistance is on the increase. In the Saudi Arabia the
resistance against the Imipenem is 38.57% reported in 2011 (Mohamed et al., 2011). According to the European
surveillance system in six different European countries the carbapenem resistance is reported about 25%. The
highest resistance against the carbapenem reported in Greece which was 51% (Souli et al., 2008)). The Bacteria
has different type of enzyme which plays an important role in the resistance.
In the nosocomial infection’s resistance against the beta lactam antibiotics create a major problem which
may lead to the increased mortality and morbidity and also prolonged the hospital stay. The bacteria produced
the ESBL which is an extended spectrum beta lactamases enzyme is the basic principle mechanism of resistance
against the beta lactam antibiotics. TEM family has shown diversity in prevalence and in the world wide
distribution .IN TEM family, the first reported type of TEM was TEM 116 in Korea (Ghazwi et al., 2012). One
study has reported the both TEM 116 and SHV-2a in P. aeruginosa in France. In this current research TEM-116
was the most commonly detectable gene among P. aeruginosa. The prevalence of TEM-116 gene among P.
aeruginosa was 92%. The result of previous studies supports the findings of our research. Previous studies
demonstrate that the TEM is the most commonly prevalent gene among the P. aeruginosa and (Ullah et al.,
2017). In all over the world TEM gene is associated with the hospital outbreaks due to the MBL producing P.
aeruginosa (Ullah et al., 2017). In our study, 46 isolates are positive with the TEM gene and the no isolates are
positive with BIC and GIM. These play a most significant role in multi drug resistance.
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Conclusion
In this current research the high resistance reported in multi drug resistance P. aeruginosa in cancer
patient. The prevalence of TEM-116 in P. aeruginosa is also on the increase in isolates from cancer patient.
These findings are considered beneficial in understanding the mechanism involved in development of antibiotic
resistance in P. aeruginosa.
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