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Abstract

Objectives: The aim of this study was to detect the existence of developments in resistance to biocide of
Pseudomonas aeruginosa resist of colistin and in multi-drug resistance Klebsiella pneumonia in the hospital
environment. Materials and Methods: The study included 25 isolates of K. pneumoniae and 30 isolates of
P. aeruginosa. Isolated from different clinical and environmental samples in Baghdad hospitals. Antibiotic
sensitivity tests and their susceptibility to multiple antibiotic resistance and sensitivity tests were studied for
the most commonly used antiseptics at the preventive level (benzalkonium chloride). The test was carried
out using the micro dilution broth method, following Institution of Clinical and Laboratory Standards
guidelines, PCR was performed for detection of blaypy;, blagyy , blacrx » gacC/D, gacAEland gacE beta
lactamase and antiseptic genes. Results: A high rate of multiple resistance to the most used antibiotics
was observed, so the rate of resistance to all antibiotics that was used was 16.0% of P. aeruginosa and 4%
of K. pneumoniae possesses comprehensive resistance to all antibiotics that were used and the resiste of
colistin in P. aeruginosa was 36% .The prevalence of ESBLs was 36.0% and 48.0 % of Paeruginosa and
K.penomoniea respectively ,in addition to their strong ability to form biofilms 80 % in Paeruginosa and
94% in k.pneumoniea and their ability to resist Antiseptics . The percentage of resistance to antiseptic of
benzilkonium chloride showed the highest concentration of P.aeruginosa was 33.3% and K. pneumoniae
37.5% . The result of ESBL and antiseptic genes detection clarify, the percent of production genes were
(10%), (40%) blaTEM; (6.66%),(56%)blagy 5(33%),(64%) blacrxm 5(70%),(44%) gacC/D; ( 80% ),(56%)
qacAE1 in Paeruginosa and K.pneumoniea respectively and no any isolate carried gacE gene. production of
extended spectrum P-lactamase genes in addition to their strong ability to form biofilms 80 % in p.aeroginosa
and 94% in k.pneumoniea and their ability to resist a antiseptics . The percentage of resistance to antiseptic
of benzilkonium chloride showed the highest concentration of P. aeruginosa was 33.3% and K. pneumoniae
37.5%, the result of beta lactamase and antiseptic genes detection clarify PCR was performed for detection
of blapgy, blagyy » blacrxa» gacC/D, gacAEland gacE beta lactamase and antiseptic genes . Conclusion:
Our observations indicate that there is a significant correlation between the ability of bacteria to resist
multiple antibiotics in addition to their ability to resist the most commonly used antiseptics, due to their
physiological nature and increased virulence factors.
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Introduction

Hospital infectionrepresents one of the most common
challenges facing health systems in the developed world
such as Health Care - Associated Infection (HCAI) as
the number of hospitals which acquired infections (HAI)
is increasing dramatically worldwide, especially due to
the emergence of multidrug-resistant bacteria (MDR)
. MDR isolates spread is easily observed in hospitals

settings, and are seen specially in a patient while under
medical care in a hospital or other healthcare facility.
This infection can occur during health care provision for
other illnesses and even after patients have discharged
the disease, an occupational infection may form among
medical personnel 2. There are two types of bacteria that
are common in nosocomial and respiratory infections,
Klebsiella penumoniea and Pseudomonas aeruginosa
that most often cause human nosocomial infections
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G, K. penumoniea and P. aeruginosa have the ability
to form biofilm on medical devices, such as catheters
and ventilators. In some cases, pneumonia is excessive
and very violent and can spread and affect healthy
people #, causing life-threatening and often community-
transmitted infections, along with pyogenic liver
abscess, meningitis, necrotizing fasciitis, endometriosis,

and acute pneumonia .

Colistin is a perfect antibiotic against Gram-negative
bacteria, the most important of which is Pseudomonas
aeruginosa °. Where it is effective against the outer
membrane of bacteria that are negative for the Gram
stain, specifically anionic lipopolysaccharide (LPS) ’.
Of concern is the high rate of resistance to pseudomonas
aeruginosa to colistin 8, as this is explained by the
bacteria’s possession of two main mechanisms of
resistance to colistin in Gram-negative bacteria,
mutation and adaptation, as the resistance resulting
from mutations is the increase in gene expression on the
reflux pumps, Adaptive is the ionic change of the ions
components present in the cell membrane °.

Antiseptics and disinfectants are widely used
in hospitals and other healthcare settings to prevent
infection and reduce the chances of contracting
diseases and epidemics '°, despite the widespread use
of disinfectants, a high rate of microbial contamination
has recently been observed. This may be due to
the development of multiple virulence factors and
resistance to both antibiotics and disinfectants due to its
ability to adapt to the indiscriminate use of near-lethal
concentrations of disinfectants 1.

K. pneumoniae and P. aeruginosa are dangerous
micro-organisms, capable of growing on solid, non-
porous surfaces, in addition to their possession of multi
virulence factors, the most important of which is their
ability to form biofilms There is a wide range of active
chemical agents (or “biocides”) in these products,
and many have been used for hundreds of years for
sterilization, disinfection and preservation '2.

Biocides have a wider range of effect compared
to antibiotics, as antibiotics have specific intracellular
targets in addition to their specialization, while biocides
have comprehensive and non-specific effectiveness.
Nevertheless, the widespread use of disinfectants has
led to pathogens acquiring resistance factors that may
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be common with antibiotic resistance and what is known
as cross resistance 3. It is important to note that many
of these biocides can be used alone or with a variety of
products, which differ widely in their activity against
microorganisms '2. Antiseptics differ according to their
effectiveness towards the vital cell. Some of them target
cell membranes, plasma membranes, nucleic acids,
or they may be oxidizing agents. Therefore, hospital
disinfection has a major role to play in controlling health
care-related '*. Disinfectants play an essential role in
controlling infection and preventing the transmission of
infectious pathogens in hospitals 3. The aim of the study
is to detection the antiseptic resistance genes and the
extent of their prevalence in multidrug resistant clinical
and environmental bacterial isolates in hospital.

Materials and Methods
Samples Collection:

Fifty-five samples were collected from clinical and
environmental sources, 30 isolates of Pseudomonas
aeruginosa and 25 isolates of Klebsiella pneumoniae,
initially diagnosed in hospitals. The samples included
swabs for burns, wounds, urine, sputum, and swabs from
intensive care rooms, operating rooms, main operating
rooms, patient halls, and the children’s protection
hall, in addition to swabs for fluid withdrawal devices,
endoscopes, surfaces and sinks for preterm infants,
which were collected during the period from July to
October 2019.

Bacterial Isolates:

based
characteristic of the colonies that included colony shape,

Primary diagnosis on morphological
texture, color and edges dependently on bacterial growth
on the MacConky agar and blood agar. All isolates were
identified using conventional biochemical tests and vitek
2 system.

Antibiotic Susceptibility Test:

The susceptibility of isolates to different antibiotics
was tested using the Kirby-Bauer disk diffusion method
following the Clinical and Laboratory Standards Institute
guidelines '®. Using antibacterial agents included:
gentamicin (GM), amoxi clav (AUG), amikacin (AK),
ceftriaxone (CRO), levofloxacin (LEV), deoxycycline

(DXC), piperacillin tazobactam (PTZ), ceftazidime
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(CAZ), cefazolin (KZ), aztreonam (ATM), tetracycline
(T), cefepim (EFEP) and colistin (CO). The bacterial
culture was carried out using Muller-Hinton agar
medium (Himedia, India) and the bacterial suspension
prepared with a dilution standard corresponding to the
McFarland standard, after which the cultivated plates
were incubated at 35 ° C for eighteen hours.

Detection ESBLs by using Vitek-2 system :

Detection Phenotypic of ESBLs producing isolates
were also done by Vitek-2 system by using sensitivity of
antibiotic test Number (AST-GN69) card according to
the manufacturer’s instructions.

Detection of Biofilm formation by Micro titer plate
assays:

In this study, isolates of P. aeruginosa and K.
pneumoniae were examined for their ability to form
biofilms. A micro titer plate was used according to the
method described by !7 , '8, Twenty ul of the bacterial
suspension was taken from an overnight culture to
inoculate the micro titer wells containing 180 pl of Brain
Heart Infusion (BHI) broth with 1% sucrose. Thus, the
control wells which contained 200 pl of BHI broth with
the bacterial suspension. Then the micro titer plate was
closed and covered with Para film during incubation at
37 ° C for twenty-four hours. Unlinked bacterial cells
were surely removed by washing the wells three times
with PBS (pH 7.2), then kept at room temperature for
fifteen minutes in order to dry, then 200 pl of crystal
violet (0.1%) was added to the wells for a period of
time. Fifteen minutes. After removing the crystal violet
solution, the wells were washed three times with PBS
(pH 7.2) to remove the unbounded dye and allowed to
dry at room temperature, after which 200 pl of 95%
ethanol was used for the purpose of extraction. And in
Final, the optical density value of each well is deducted
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by an ELISA reader at 630 nm absorption degree.

Determination of Minimal Inhibitory Concentration
(MIC) for chemical antiseptics:

Fill all wells in a 100 pl micro titer plate of BHIB
, after that 100 pl of activated isolates suspension after
adjusting turbidity to 1 x 10® cfu / ml as 0.5 McFarland
with normal saline is added to the wells in a micro
titer plate. and then the detergent concentration is then
diluted using the two-prong dilution method until we
obtain a series of dilutions with pre-added BHIB from
high to low concentration distributed in wells (A to H) in
wells (1-10). The row of wells A12- H12 is considered
as a positive control. Whereas (A11 - H11) which is a
passive control. After incubation for 18 hours at 37 ° C,
add 60 pl of resazurin sodium to each well in the dish
and leave it for (2-4) hours in the incubation to observe
the color change '°.

Molecular detection of B-lactamase and antiseptic
genes using PCR technique:

All isolates were submitted to PCR technique to
detection for ESBLs and antiseptic genes; blapy, blagyy
, blacrx v » gacC/D, gacAEland gacE by using Specific
primers (table 1) 2°. DNA of isolates were extracted by
using a commercial purification system (Genomic DNA
Purification Kit) and PCR was used to amplify genes.
PCR mixture was set up for each gene alone in a total
volume of 25 pl included 12.5ul of Go Taq Green Master
Mix, 1.5 pl of each primer (10 picomole/ pl) and 4 pl of
template DNA. The volume remaining was completed
with sterile nuclease free water PCR products were
detected by agarose gel electrophoresis. A DNA marker
(Promega/USA) was run with each gel, and the genotype
was determined by the size of the amplified produce
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Table 1: The sequences of ESBL and antiseptic primers used in this study

. Sequences .
Primer (3m5) Product size (bp) Reference
F:GGCTTTTCAAAATTTATACCATCCT
D 24 idhu et al., (2002
qacC/ R: ATGCGATGTTCCGAAAATGT ? Sidhu et al., (2002)
F: AATCCATCCCTGTCGGTGTT
qacAE1 155 Zou et al., (2014)
R:CGCAGCGACTTCCACGATGGGGAT
F: AAGTAATCGCAACATCCG
E 24 z 1, (2014
dac R: CTACTACACCACTAACTATGAG 6 ouctal, (2014)
F-ATGAGTATTCAACATTTCCGTG
blaTEM 861 Szabo et al., (2005)
R-TTACCAATGCTTAATCAGTGAG
- F-ATTTGTCGCTTCTTTACTCGC 051 Szabo et al (2005)
a R-TTTATGGCGTTACCTTTGACC zabo et al
F- CGCTTTGCGATGTGCAG
blaCTX-M 544 Szabo et al., (2005)
R- ACCGCGATATCGTTGGT

Results and Discussion

In this study 55 samples were collected from clinical
and environmental sources. All samples were transferred
to the laboratory by transport media, then cultured on
MacConkey agar and blood agar and incubated for
18-24 h at 37 °© C. Then the isolates were diagnosed
and confirmed by using a VITEK-2 pressurized
system according to the manufacturer’s instructions
(Biomerieux / France). The study included resistance of
these isolates to antibiotics and antiseptics in addition
to their possession of virulence factors and their ability
to form biofilms 2!. Klebsiella pneumoniea is a type of
Gram-negative bacteria and can cause different types
of health care-related infections. Klebsiella infection
usually occurs among patients who are receiving
treatment for other conditions. Patients whose care
requires devices such as ventilators (ventilators) or
intravenous tubes for drugs and urinary catheters 22,
Patients who take long courses of some antibiotics are
more likely to develop a Klebsiella infection?3. Antibiotic
susceptibility testing was performed P. aeruginosa and

K. pneumoniae isolates, results showed that isolates
(36%) of P. aeruginosa were resistant to colistin, all
isolates were resistant to amoxiclav, tetracycline and
doxycycline (100% each). In addition, 46% of the P.
aeruginosa isolates were resistant to gentamicin and
to tazobactam. In K. pneumoniea, the percentage of
resistance to gentamycin was 20% and to tazobactam
28%. cefazolin and aztreonam 90% of P.aeruginosa and
in K.pneumoniea rate of resist to aztreonam was 64%
and in Cefazolin was 72%and the same percentage that
was in the case of ceftazidime. And about the resistance
rate in the pseudomonas, it was 50%, for amikacin
resistance 40% of P.aeruginosa isolates and 16% for
K.pneumoniea isolates, and for levofloxacin resistance
was 53% for the P.aeruginosa isolates and 36 % for
the K.pneumoniea isolates, and the cefepime resistance
was 46% in all isolates. K. pneumoniae showed greater
resistance to ciprofloxacin 63% in P.aeruginosa and
68% in K. pneumoniea as shown in the table 2 .

During the past decade, observe increasing in rates of
antimicrobial resistance has been recognized worldwide,
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and an increased frequency of MDR isolates has also
been demonstrated in clinical environment samples.
Where the term drug resistance was applied to isolates
for which no treatment options were available 2.

It has been observed during this study that the
bacteria communities follow different strategies in
antibiotic resistance, which may be physiological or
genetic. In terms of clinical isolates, they gain resistance
to multiple antibiotics due to patients being exposed
to long periods of treatment with these antibiotics, in
addition to the irregular use and irregular concentrations
of these antibiotics, which led to a gradual adaptation
of pathogens to generate defenses against them and
one of the most important of these methods is refluxes
pumps one of the most important means of multiple

antibiotic resistance 2,

While isolates taken from
hospital environment and medical devices that indicate
contamination of the hospital environment and medical
devices with microbes have multiple resistance to
antibiotics as their resistance to antibiotics varies
according to the source of contamination 2. If the source
of contamination is from the soil, which is the home of
bacterial isolates where they acquire self-resistance to
antibiotics produced by other bacterial types present in
the soil, and the other source is medical waste, which
is similar to clinical samples that come from infected

patients 2>

In this study, the bacterial isolates showed their
ability to produce extended spectrum beta lactamase
included (36.0%) of P.aeruginosa isolates and (48.0%)
of K.pneumoniae isolates were ESBLs produced. This
is in line with the study where included (42.30%) of
P. aeruginosa isolates were positive for ESBLs, and in
another study by 2’ showed that (46.2%) of K. pneumoniae
isolates were positive for ESBLs. This is consistent with
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what we have reached, and in a comprehensive study
made by 2% it was shown that (50%) of Klebsiella sp
were positive for ESBLs.

P. aeruginosa and K. pneumoniae were from clinical
and environmental sources as MDR and have ability
to biofilm form biofilm was assessed by a micro titer
plate. The results showed that 80% of P. aeruginosa and
96% of K. pneumoniae were production biofilms, The
results were consistent with the results of other studies,
in study by 2’ results showed (85.63%) of P. aeruginosa
producing biofilms. We have shown the similar study
reported by Hassan and other 393! K. pneumoniae
(64.7%) as high or medium productive biofilms and
40 isolates (35.3%) were identified as poorly produced
biofilms. Saifi et al. 3> Reported that the majority of
K.pneumoniae (93.6%) were biofilms and only 6.4%
were not biofilms , The percentage observed of biofilm
formation in clinical samples increased significantly
compared to environmental samples. These differences
in levels of formation biofilm in clinical samples may
be the result of repeated use of drugs, also with high
period duration of antibiotic treatment, and excessive
use of drugs in the animal and poultry industry that is
consumed by humans.

It is worth mentioning that the incorrect use of
disinfectants and detergents and the increase of mutagenic
bacteria in today’s industrial life. As isolation of clinical
source has some selectivity in the formation of biofilms,
which is related to the presence of proteins necessary
for the growth and biofilms formation associated with
the outer membrane, and we note that these membrane
proteins need time to adapt to the conditions. It can
be seen that the surrounding environment conditions
provided in the clinical samples are suitable for them
and do not need to be adapted.
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Table 2: Antibiotic Susceptibility of P.aeruginosa and k.penumoniea

e . Percentage of resistance ( %) in Percen‘tage of resistatnce

NO. Antibiotic 19 e ( %) in .k.penumomea
isolates
1 Amoxi-clav 30ug 100 100
2 Ceftazidim 30 pg 50 72
3 Tazobactam 30 pg 46 28
4 Ceftriaxone 10 pg 63 68
5 Deoxycycline 10 pg 100 100
6 Amikacin 10 pg 40 16
7 Cefepim 10 pg 46 46
8 Tetracyclin 30 pg 100 100
9 Aztreonam 30 pg 90 64
10 Levofloxacin 10 ug 53 36
11 Cefazolin 30 pg 90 72
12 Gentamycin 10 pg 64 20
13 Colistin 10 pg 36 0

Antibiotic resistance and biofilm formation among hospital pathogens is a risk that is difficult to eliminate over
time. Producing lactamase and spread among bacterial pathogens adversely affects the possibilities of antibiotic
therapy, which is worth noting biocides play an important role in preventing and controlling hospital-acquired
infections. The lowest antimicrobial agent for the minimum inhibitor concentration (MIC) is usually tested, and
the purpose of this test is to study and find out the sensitivity of bacteria to the antiseptic and to know the lowest
concentration that may affect them 3. The results of the study showed the minimum inhibitory concentration (MICs)
for (Benzalkonium chlorid), were 33. 3% of P. aeruginosa and 37.5% of K. pneumoniae isolates had MIC 40000
pg/ml (4% ) , whereas 62.5% of P.aeruginosa and 50% K. pneumoniae isolates had MIC 20000 pg/ml (2% ), while
66.6% of P.aeruginosa and 62.5 % K. pneumonia isolates had MIC 10000 pg/ml (1%).fig.1

100.00%

50.00%

0.00%

4% 2%

concentration of Benzalkoninm Chlorid

1%  0.50%

B PAEROGENOSA
B K PENUMONIEA

Figure (1): Dilution to concentration of Benzalkonium Chlorid
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The emergence of this resistance is related to the
ability of bacteria to adapt to these antiseptics through
the acquisition of virulence factors represented in the
formation of the cell wall and reflex systems, in addition
to their acquisition of antiseptic resistance genes, which
may have close relationship with the antibiotic resistance
genes, and this resistance has increased specifically in
the recent times. by using disinfectants with near-fatal
concentrations of the microbe, it gave the opportunity to
coexist and develop for resistance and survival 34,
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By using PCR The results of detection of extended
spectrum B- lactamase and antiseptic genes showed the
presence of gacAE shows in (80%) of P.aeruginosa
and in (56.0%) of K pneumoniae isolates; gac C/D
shows in (70.0%) of P.aeruginosa and in (44.0%) of
K.pneumoniae; bla -rx in (33.0% ) of P.aeruginosa and
in (64.0%) of K.pneumoniae isolates; bla gy, in (6.66%)
of P.aeruginosa and in ( 56.0%) of K.pneumoniae ; bla
teMm Shows in (10.0%) of P. aeruginosa and in (40.0 %)
of K.pneumoniae and no any isolate carried gac E genes
, as shown in the table 3.

Table 3: Percentage of ESBLs and gac genes in Bacterial species

Bacterial species No. Clinical isolate No. Environmental isolate Genes %
16 11 qacA E 80

13 8 qac C/D 70

P.aeruginosa 5 5 bla CTX 33
0 3 bla TEM 10

1 1 bla SHV 6

14 2 qacA E 56

10 1 qac C/d 44

K.pneumoniae 16 1 bla CTX 64
9 1 bla TEM 40

14 0 bla SHV 56

In a study conducted in Iraq by ° revealed that all P.
aeruginosa isolates (100%) carry bla -y, Bokaeian et a/
36 stated that the percentage of bla 1\ gene was (100%)
in P.aerugenosa Iran . Mohamed et al 3’ reported that
(90%) of K.pneumoniae isolates carried bla 1), and bla
crx genes respectively in Egypt, and another study was
conducted in Egypt, and ® reported that the percentage
of bla cpx. 18 (53.3%) in K. pneumoniae isolates in a
The study by 3° found that the percentage of the bla 1y,
gene is 71.7% and the bla ~rx gene is 99.2% in K.
pneumoniae isolates. Excessive, semi-fatal and intense
use led to the emergence of bacterial isolates that are
clearly resistant to the dangerous concentrations of
disinfectants that are not only resistant to antibiotics.
Special genes responsible for host activities such as
multiple flow systems and the possibility for these genes
to be transmitted between bacterial strains through direct
contact or via mobile plasmids *°.

Hilal ef al. #' revealed that gacEA1 and gacE gene
replication and their association with antibiotic and
biocide resistance in Pseudomonas aeruginosa isolates
in Egypt. It was found that the percentage of gacEl
gene was 57.8% in MDR isolates and 13.4% in bacterial
isolates. Sensitive to several drugs, while the secreted
mucilage was only present among the multidrug- resistant
P. aerugenosa, while conducted by Amazonian 2014 in
a study Maliocytes by #?, the percentage of quaternary
ammonium complex resistance genes (QACs) in P.
aeruginosa was (14.28% ) Contained the gacC / D gene
while the gacEA1 gene was 100%

In another study by 4, the gacEA1 gene was detected
in 48% of an isolate. Eighty-eight percent of the poly-
resistant isolates carried the gacEA1 gene, while 35% of
the non-resistant isolates were positive for this gene, and
multiple resistance was well correlated with its presence.
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Among the isolates tested, more than one study has been
reported on K. pneumoniae by **; Abu Zayd and Ames
in the UK showed that susceptibility to disinfectants was
decreased due to the presence of the gacAE1 and cepA
genes.

Conclusion

Our observations indicate a significant correlation
between the ability of bacteria to resist many antibiotics
in addition to their ability to resist the most common
antiseptics due to their physiological nature and
increased virulence factors, noting the high incidence
of pseudomonas aeruginosa against colistin and the
emergence of multiple antibiotic resistance isolates of
Pseudomonas aeruginosa and Klebsiella Pneumonia
and high incidence of genes responsible for beta-lactam
resistance and antiseptic resistance .
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