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Abstract

Microbial interactions are frequently categorized according to how they affect each population in a
binary system. We aimed to determine the interaction between P. aeruginosa, S . aureus, and E . coli
in-vitro. In this experimental hospitalized patients' sputum, urine, and blood samples were used to
collect a total of 90 clinical isolates for the study in Damanhour Medical National Institute, Behira,
Egypt, followed by accurate identification and testing for antibiotic sensitivity. To examine the effect
of the supernatant of P. aeruginosa on S. aureus and E. coli determined MIC using broth microdilution
method. We also measured the activity of lasA protease by assessing the S. aureus cell lysis potential
of P. aeruginosa culture supernatants. Extraction of pyocyanin was made to determine the change
in the cell nature of S. aureus upon exposure to pyocyanin by using a scanning electron microscope
and the shape of colonies on the culture media was determined. Finally, we detect lasA, operon phz,
phzM, phzS and rhlAB genes for P. aeruginosa. P. aeruginosa showed a great impact on S. aureus
isolates resistant to different antibiotics as it facilitates their killing and may drive the normal colonies
of S. aureus into SCVs. The ability to form biofilm by S. aureus and E. coli decreased in the presence
of Pseudomonas supernatant.
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INTRODUCTION

In the previous ten years, there has
been an increasing comprehension of the most
prevalent bacterial lifestyle is the biofilm mode of
growth.! Structured, surface associated bacterial
colonies in a matrix of extracellular cells are known
as biofilms. Living in a biofilm offers protection
from hostile environment that frequently poses
risks such as mechanical stress, desiccation, and
biocides.?

In a single biofilm, different species
typically coexist in which they either enhance one
another’s fitness or compete for nutrients and
space.>* The majority of bacteria have evolved
communication techniques that work in a cell
density-dependent manner to communicate
within and between species, such as quorum
sensing, which makes use of tiny, diffusible
chemicals. In addition, many bacteria release
antibiotic components to eliminate rivals, which
are frequently also controlled by quorum sensing>®

Microbial interactions are frequently
categorized according to how they affect each
population in a binary system. The condition
of neutrality occurs when neither population is
impacted by the presence of the other. Competition
is an interaction between two populations
that hinders both populations’ ability to grow
as they fight for a nutrient. The phenomenon
known as “commensalism” happens when one
population benefits from the presence or actions
of another while the beneficiary is unaffected.
Mutualism is a type of interaction where both
populations gain something from it. It might take
the form of obligatory interactions like symbiosis,
facultative interactions like protocooperation, or
interactions that increase the output of a particular
product (synergism). Syntrophy is the name for
protocooperation in which a growth factor or
energy source is exchanged.’

Predation, in which one creature is
devoured by another, and parasitism, in which
one organism is penetrated intracellularly
by another, are examples of direct negative
interactions. Although this classification uses
a binary system, which is useful for defining
interactions, interactions in a natural community
can be complex and include mixed interactions,
in which more than one type of interaction takes

place between two species, as well as interactions
involving multiple species.”

The population densities of a Lactobacillus
sp and a Streptococcus sp have grown in continuous
culture, using whey as a substrate, were similar in
mixed cultures and individual cultures of each
species.?? Furthermore, When P. aeruginosa and K.
pneumonia were grown in a mixed-species biofilm,
neither the product (cellular and extracellular
carbon) generation rate nor the glucose to oxygen
consumption ratio changed from what was
observed for monoculture biofilms in an annular
reactor.’0

Vital link between microorganisms and
bacteria is the predation of bacteria by microbial
eukaryotes and bacteriophages food chains,>*3
and has affects across numerous contexts on
the composition and structure of the bacterial
community.* Predation is the primary reason for
bacterial death in both freshwater and marine
settings.’>® In some aquatic environments, top-
down control by predation also appears to regulate
bacterial population sizes."’

P. aeruginosa, which accounts for 16%
of nosocomial pneumonia infections, 10% of
bloodstream infections, 8% of surgical wound
infections, and 12 % of hospital acquired UTI,
is one of the four most common bacteria that
cause nosocomial infections.’®° P. geruginosa
results in bacteremia and then the death rates can
reach as high as 50% in burn wounds.?® Infection
of P. aeruginosa may be acute or chronic, as it
colonizes through the attachment by type IV pili
and flagella.?*

P . aeruginosa is a predominant cause
of lung infections and mortality in cystic fibrosis
patients, and also that infected burn patients.?*?*
Extracellular factors secreted include exotoxin A
prussic acid, phospholipases, zinc metalloprotease
(LasB), elastase (LasA), and alkaline protease.
Factors related to cell include exoenzyme S, pili,
lipopolysaccharide, type Il secretion system,
alginate, and flagella.?>2

S. aureus maintains a leading role as a
nosocomial pathogen in different countries. The
prevalence of transient and persistent S. aureus
nasal carriage varies by geographical location, age,
gender, and ethnicity. Studies have shown carriage
ranges from 9 % in Indonesia to 37 % in Mexico.”*®
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Carriage is highest amongst newborns (up
to 70 %) but steadily decreases in childhood. In
Egypt, a randomized study in Egypt on healthcare
workers in different hospital departments was
conducted to test for the effect of linezolid on nasal
and throat colonization. A total of 134 healthcare
workers were screened, and 43 (32%) were found
to be MRSA carriers (41 nasal carriers and two
nasal plus throat carriers).?

The prevalent extraintestinal E. coli
infections, UTIs are brought on by uropathogenic
E. coli (UPEC). The meningitis-associated E. coli
pathotype, which also causes sepsis, is a more
frequent source of extraintestinal infections. The
E. coli pathotypes associated with extraintestinal
infections have recently been given the name
EXPEC.3° The different pathotypes of E. coli
often belong to clonal groups that share the O
(lipopolysaccharide, or LPS) and H (flagellar)
antigens, which define SEROGROUPS (O antigen
alone) or SEROTYPES (O and H antigens).!

This work aims to determine virulence
factors of selected P . aeruginosa, S. aureus,
and E.coli isolated from different human clinical
samples then extract some extracellular substances
produced by P. aeruginosa and study their activity
against different bacterial isolates as well as
determine the interaction between P. aeruginosa
and S. aureus and E. coli in-vitro.

MATERIALS AND METHODS

Bacterial strains

A ninety clinical isolates were obtained
from the sputum, urine, and blood samples of
hospitalized patients in Damanhour Medical
National Institute, Behira, Egypt, after the
permission of the Hospital General Manager from
January to June 2018. They were examined under
aseptic conditions, for the eventual presence
of P. aeruginosa, S . aureus, and E . coli in the
Department of Microbiology and Immunology,
Faculty of Pharmacy, Damanhour University.
PAO1 P. aeruginosa strain and ATCC 25923 S.
aureus strain were conduct. The identification of P
aeruginosa isolates and E.coli were validated to the
species level by using automated Vitek 2 system
(Bio-Merieux, |* Etoile, France), while Gram-
positive isolates were subjected to a coagulase

test and catalase test after culturing on Mannitol
salt agar (Blackburn distribution, UK).

Antimicrobial susceptibility

Antibiotic discs were tested for
antimicrobial susceptibility by the disc diffusion
approach. Ampicillin (AMP,10ug), Amoxicillin/
Clavulanic acid (AMC,30ug), Azithromycin
(AZM,15ug), Aztreonam (ATM,30ug),
Cefazoline (CZ,30ug), Cefepime (FEB,30ug),
Cefoperazone (CFP,30 ug), Ceftazidime (CAZ,30ug),
Chloramphenicol (C,30pug), Ciprofloxacin (CIP, 5ug),
Clindamycin (DA,2ug), Doxycycline (DOX,30ug),
Erythromycin (ERY,30ug), Gentamicin (CN,10pug),
Imipenem (IPM, 10ug), Meropenem (MEM,10ug),
Levofloxacin (LEV, 5ug), Linezolid (LZN,30ug),
Nitrofurantoin (F,100ug), Ofloxacin (OFX,5ug),
Pipracillin/Tazobactam (TPZ,110ug), Tetracycline
(TE,30ug) Trimethoprime / Sulphamethoxazole
(TMP / SMX, 1.25 / 23.75 ug), Vancomycin (VA,
30ug) (Oxoid, UK) to all isolates. The CLSI (2020)
was used to classify the obtained values into
sensitive or moderate or resistant.

Molecular detection of the virulence genes of P.
aeruginosa

The oligonucleotide primers synthesized
by Thermo Fisher Scientific®? used for the
amplification of /asA genes (the genes responsible
for lasA enzyme formation), rhiAB gene (the
genes responsible for rhamnolipid formation )
and operon phz, phzM and phzS (responsible for
pyocyanin formation ) in P. aeruginosa by PCR
technique Table 5. P. aeruginosa isolates’ genomic
DNA was extracted by boiling.’® A 25 ul reaction
volume was used for all PCRs, with mixtures that
contained: 10 pl of PCR Master Mix reagents (2X
TOPsimple™ DyeMIX-nTaq PCR Master Mix, India),
5 pmol of the forward and reverse primersand 5 uL
of the DNA template. The PCR cycling parameters
were: Initial denaturation for 2 minutes at 95°C,
denaturation 30 seconds at 95°C, annealing at
55°C for 1 min [for lasA, rhlAB,phzM, and phzS]
and at 50°C for 1 min [for operon phz], extension
1 min at 72°C, final extension 5 min at 72°C. DNA
fragments were detected on 1% agarose gel
(GeneDireX - MB755-0100, USA) with ethidium
bromide staining.
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Quantitative determination of biofilm formation

The microtiter plate technique was
used to assess each isolate’s capacity to generate
a biofilm of E. coli and S. aureus. A 96-well
polystyrene microtiter plate was filled with 200
L of the freshly infected medium after overnight
nutrient broth cultures had been diluted 1:100 in
fresh nutrient broth. Negative control wells were
just filled with broth. Each well’s contents were
aspirated after 24 hours of incubation at 37°C, and
then each well was washed with 250 pl of sterile
physiological saline. Plates were then stained with
0.2 ml of 2% crystal violet for 5min. The extra stain
was removed by rinsing with running water. The
dye that was bound to the adherent cells was
eluted with 160 pl of 95% (v/v) ethanol after the
plates had dried by air. The optical density (OD)
was measured at 630 nm by using an automated
reader. Assays were performed in triplicate and
the average was taken.®

Determination of the effect of supernatant of P.
aeruginosa on biofilm formation

P.aeruginosa isolates were grown in MHB
at 37°C for approximately 20 h. The cultures were
pelleted and supernatants were passed through
a 0.2 um sterile filter. This was made according to
Gomes et al., technique with some modifications,
formation of biofilm by S. aureus and E. coli was
performed as individual cultures. The 96-well
polystyrene microplate was filled with 180 ul of
TSB broth, inoculated with 20 pl of individual
bacterial suspension, 50 ul of P. aeruginosa
supernatant and incubated at 35°C for 24 h. The
wells washed three times with 250 ml of distilled
water and the biofilm formation was determined
based on the ODs of bacteria films.*

Pyocyanin extraction assay from P. aeruginosa
The method of Ralli et al., 2005 was
followed with slight modifications. A 5 ml of
overnight grown liquid culture in LB broth was
inoculated into a 50 ml nutrient broth medium in
a 250 ml flask and incubated at 37°C for 24 hours.
A 5 ml aliquot was transferred to a 15 ml conical
flask and centrifuged at 1300xg for 25 minutes at
4°C. The supernatant was filtered through a 0.2
pm sterile filter and pyocyanin was extracted from
the filtered supernatant with 3 ml of chloroform
after vortexing to mix and centrifuging at 4°C for

10 minutes at 1300xg. The pyocyanin (bottom
layer) was transferred to a new 15 ml test tube
and 1 ml of 0.2N HCl was added. The mixture was
centrifuged as described above and the pink color
obtained from the extraction was transferred to
a cuvette and the absorbance was measured at
A520. Microgram quantities of pyocyanin were
calculated by multiplying the absorbance at 520nm
by 17.072.3* For the effect of pyocyanin on S.
aureus colonies, we used an agar diffusion assay in
which wells were filled with various concentrations
of pyocyanin (25, 50, and 100 pg/ml) within the
agar streaked with S. aureus.®

We use also scanning electron microscope
assay to detect the difference between SCV cells
and normal cell size. Then the size of the former
colonies after incubation for 24 hours at 37°C
was observed. The colonies grown around the
pyocyanin wells were then determined under
a scanning electron microscope to detect the
size and shape of the cells from the small colony
variants. A few of colonies of fresh culture S.
aureus isolates removed and fixed by immersing
them immediately in 4F1G (Fixative, phosphate
buffer solution ) PH=7.4 at 4°C for 3 hours. The
culture was then post fixed in 2% OsO, in the same
buffer at 4°C for 2 hours. Samples were washed in
the buffer and dehydrated at 4°C through a graded
series of ethanol. Samples of S. aureus isolates
were dried by means of a critical point method,
mounted using carbon paste on an AL- stub and
coated with gold up to a thickness of 400 A in a
sputter—coating unit (JFC-1100 E). Observations
of cells morphology in the coded isolates were
performed in a Jeol JSM- 5300 scanning electron
microscope operated between 15 and 20 KeV.**

Staphylolytic enzyme effect on S. aureus culture

LasA protease activity was measured by
determining the ability of P. aeruginosa culture
supernatants to lyse S. aureus cells. Briefly, an
overnight culture of S. aureus was boiled for 10
min, followed by centrifugation for 10 min at
10,000X g. The resulting pellet was re-suspended
in 10 mM Na,PO, (pH 7.5) to an optical density at
(OD600 nm) of approximately 0.8. An overnight
culture of P. aeruginosa was centrifuged at 10,000X
g for 10 min to pellet the cells, and then the
supernatant was passed through a 0.2-um pore-
size filter for sterilization. A 100 ul aliquot of the
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supernatant was then added to 1ml of S. aureus
suspension. LasA activity results in clearance of
the suspension (reduced turbidity), indicative of
S. aureus cell lysis, as measured by the D600 at 2,
6, 10, 14, 18, 22, 26, 30, 45, 60, 90, 120 min.%®

Effect of P. aeruginosa supernatanton S. aureus
and E . coli susceptibility to antibiotic killing
Supernatant was prepared as mentioned
before, 5 ml of culture was pre treated with 0.5 ml
sterile supernatant and returned to the incubator
for a further 30min. A 30min pre-exposure was

Table 1. Antimicrobial susceptibility test for P. aeruginosa
isolates using antibiotic discs

P. aeruginosa
(Total no. = 42)

Sensitive Intermediate Resistant
Amikacin [AKN] 14 4 24
Aztreonam [ATM] 23 3 16
Cefepime [FEP] 15 7 20
Ceftazidime [CAZ] 22 5 15
Ciprofloxacin [CIP] 15 0 27
Gentamicin [CN] 13 8 21
Imipenem [IMP] 24 7 11
Levofloxacin [LEV] 14 2 26
Meropenem [MEM] 22 4 16
Ofloxacin [OFX] 10 11 21
Pipracillin/Tazobactam 23 3 16

[TPZ]

Table 2. Antimicrobial susceptibility test for S. aureus
isolates using antibiotic discs

S. aureus
(Total no. = 42)

Sensitive Intermediate Resistant
Amikacin [AKN] 15 6 7
Azithromycin [AZM] 4 4 20
Chloramphenicol [C] 13 3 12
Ciprofloxacin [CIP] 3 8 17
Clindamycin [DA] 20 3 5
Doxycycline [DOX] 7 5 16
Erythromycin [ERY] 6 7 15
Gentamicin [CN] 3 5 20
Linzolide [LNZ] 28 0 0
Tetracycline [TE] 2 6 20
Trimethoprim- 10 3 15
sulfamethoxazole
(TMP/SMX)
Vancomycin [VA] 18 6 4

routinely used as we attempted to emulate
the situation in vivo. Antibiotics [ciprofloxacin,
gentamicin, and vancomycin] were 2-fold serially
diluted with sterile distilled water. Microtiter
minimal inhibitory concentration tests were done
according to the standard technique (CLSI 2020).
MICs were determined using the microdilution
method. Briefly, approximately 5 x 10° CFU
were incubated with varying concentrations of
ciprofloxacin, and gentamicin for S. aureus and
E. coli, while incubation of S. aureus only with
varying concentrations of vancomycin in a total
volume of 200 pl MHB in a 96-well plate. Where
indicated, 34 ul MHB was replaced with sterile P.
aeruginosa supernatant. MICs were determined
following incubation at 37°C for 24 h.*”

RESULTS

Identification of clinical isolates

The identification of the 90 isolates
revealed that 42 P. aeruginosa, 28 S. aureus, and
20 E. coli.

Antimicrobial susceptibility testing

The antibiotic susceptibility of the E.
coli, S. aureus, and P. aeruginosa isolates were
determined by the disc diffusion method using
different antibiotics. Every S. aureus isolate
was susceptible to vancomycin. P. aeruginosa
was resistant to tested antibiotics as follows:

Table 3. Antimicrobial susceptibility test of E. coli using
antibiotic discs in (mm)

E. coli
(Total no. = 20)

Sensitive Intermediate Resistant

Amikacin [AKN] 13 3 4
Amoxicillin/ clavulanic 5 2 13
acid [AMC]

Cefazoline [CZ] 4 5 11
Cefepime [FEP] 4 1 15
Cefoperazone [CFP] 6 0 14
Ciprofloxacin [CIP] 3 3 14
Gentamicin [CN] 10 1 9
Imipenem [IMP] 20 0 0
Levofloxacin [LEV] 8 1 11
Meropenem [MEM] 20 0 0
Nitrofurantoin [F] 9 4 7
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imipenem (26.2%), meropenem (38.1%),
gentamicin (50%), amikacin (57.1%), aztreonam
(38.1%), ciprofloxacin (64.2%) and ceftazidime
(35.7%) as in Table 1. All S. aureus isolates
were sensitive to linezolid (100%) and reported
percentages of resistance to other antibiotics
as follows: gentamicin (71.4%), erythromycin
(55.6%), chloramphenicol (42.8%), cotrimoxazole
(53.5%), tetracycline (71.4%), doxycycline (57.1%),
clindamycin (17.8%), erythromycin (53.5%),
levofloxacin (55%), ciprofloxacin (60.7%) and
vancomycin (14.2%) as in Table 2. The resistance

of the E . coliisolates listed as follows: imipenem
(0%), meropenem (0%), amoxicillin/clavulanic
acid (65%), amikacin (20%), nitrofurantoin (35%),
gentamicin (45%), ciprofloxacin (70%), levofloxacin
(55%) and cefepime (75%) as shown in Table 3.

Molecular detection of lasA, rhlAB, operon phz,
phzM and phzS of P. aeruginosa isolates by using
conventional PCR

The five virulence genes were detected
in 31 P. aeruginosa isolates by conventional PCR
technique using the previously mentioned primers

d L L T T T LTl

Figure 1. Agarose gel showing PCR amplicons of lasA gene with a size 514 bp in P. aeruginosa isolates. All lanes

were positive samples

operon phz

Figure 2. Agarose gel showing PCR amplicons of operon phz with a size 448 bp in P. aeruginosa isolates. All lanes

were positive samples, except the first lane

Figure 3. Agarose gel showing PCR amplicons of phzM gene with a size 875 bp in P. aeruginosa isolates. All lanes

were positive samples
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and thermal cycling conditions in the materials
and methods section. All 31 isolates were positive
for lasA, rhIAB, phzM, and phzS genes, and only
one isolate was negative for operon phz while the
other 30 isolates were positive for it as shown in
Figure 1-5.

Biofilm formation and the effect of pseudomonal
supernatant on biofilm formation

When the biofilm forming ability of
our clinical isolates was investigated using the

microtitre plate method, most S. aureus isolates
were weak biofilm formers (44%) and moderate
biofilm formers (52%). However, E.coli isolates
were (33%) weak biofilm formers, and about
(40%) were moderate biofilm formers while strong
biofilm formers were (26.7%) as in (Table 4). After
the addition of P. aeruginosa supernatant to the
isolates of S. aureus or E. coli biofilm formation
ability decreased. Also, the effect of P. aeruginosa
supernatant on S. aureus isolates and changed
in biofilm formation by these isolates. Results

Figure 4. Agarose gel showing PCR amplicons of phzS gene with a size 664 bp in P. aeruginosa isolates. All lanes

were positive samples

Figure 5. Agarose gel showing PCR amplicons of rhIAB gene with a size 151 bp in P. aeruginosa isolates. All lanes
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Figure 6. The effect of P. aeruginosa supernatant on biofilm formation of 25 S. aureus isolates
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Table 4. Biofilm formation by S. aureus and E.coli with and without P. aeruginosa supernatant

S. aureus S. aureus & E. coli E. coli &
supernatant supernatant
No. % No. % No. % No. %
Non-biofilm former 1 4% 7 28% 0 0 0 0
Weak biofilm former 11 44% 18 72% 5 33.3% 8 53.3%
Moderate biofilm
former 13 52% 0 0 6 40% 7 46.7%
Strong biofilm former 0 0 0 0 4 26.7 % 0 0
Total 25 100% 25 100% 15 100% 15 100%
0.6 -
0.5
0.4 +
| E. coli

Optical density

= E. coli with P. aeruginosa

supernatant

~
—
s

Isolates E.coli

£ -
6 F
£7 '—-'_

€8

£l _——
£15 _—

[=] Q

[a] - N

£ - |
£
£
&4
£11

B
£10
£3 -'

Figure 7. The effect of P. aeruginosa supernatant on biofilm formation of 15 E. coli isolates

Figure 9. SEM image showed the size of SCV cells of S.
aureus isolate at magnification power 60000x (cell sizes
range from 500-700 nm)

Figure 8. SEM image showed the size of the normal cell
of S. aureus isolate at magnification power 60000x (cell
sizes range from 800-900 nm)
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showed that 4% of S. aureus isolates were non-
biofilm former, while 44% of S. aureus isolates
were weak biofilm former and 52% of S. aureus
isolates were moderate biofilm former. After the
addition of P. aeruginosa supernatant to S. aureus
isolates, 28% of S. aureus became non-biofilm
former and the rest 72% became weak biofilm
former as shown in Figure 6,7.

Effect of Pyocyanin on S. aureus colonies

The assay detects the effect of pyocyanin
extracted from P. aeruginosa with different
concentrations (25, 50, and 100 pg/ml) on S.
aureus colonies formation, in which P. aeruginosa
supernatant derived S. aureus to form SCVs near
to the well that was filled with P. aeruginosa

Table 5. Primers used in conventional PCR

supernatant compared to far colonies which
appear to be normal and zone of inhibition around
the wells with high concentrations (50 and 100 pg/
ml). Upon comparing the size of normal cells with
SCV cells using the scanning electron microscope
technique as shown in Figure 8,9, we found that
the diameter of SCV cells is smaller than normal
cells. This explains the effect of pseudomonal
products on the metabolism and growth of
staphylococcal cells.

Staphylolytic activity on the culture of S. aureus

All tested isolates showed a decrease in
optical density within 120 minutes, this means
that the Staphylolytic enzyme produced by
P. aeruginosa showed a great effect on S. aureus

Gene  Direction Amplicon Primer sequence Ref.
size (bp)

Las A F 514 5\ CGCCATCCAACCTGATGCAAT 3\ (76)
R 5\ AGGCCGGGGTTGTACAACGGA 3\

rhlAB F 151 5\ TCATGGAATTGTCACAACCGC 3\ (70)
R 5\ ATACGGCAAAATCATGGCAAC 3\

Operon F 448 5\ CCGTCGAGAAGTACATGAAT 3\ (77)

phz R 5\ CATAGTTCACCCCTTCCAG 3\

phzM F 875 5\ ATGGAGAGCGGGATCGACAG 3\ (74)
R 5\ ATGCGGGTTTCCATCGGCAG 3\

phzS F 664 5\ TGCGCTACATCGACCAGAG 3\ (77)
R 5\ CGGGTACTGCAGGATCAACT 3\

S2

(S. aureus)

—

—g==2all isolates

Optical Density
o 0 O O O O O © O
= N W s U O N 0w

0 10 20

30 40 50 60 70

T T T T T T T T
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Figure 10. The mean optical density for 26 isolates of S. aureus after the addition of P. aeruginosa supernatant
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isolates with different degrees of reduction in
optical density, about 57.7% of isolates show a
reduction in OD higher than 50%, about 30.8%
of isolates show reduction lower than 40% in OD
while only 5 isolates show percentage higher than
70% reduction in OD as shown in Figure 10.

Determination of MIC of Ciprofloxacin,
Vancomycin and Gentamicin on S. aureus isolates

Vancomycin, gentamicin, and
ciprofloxacin MIC measurements against isolates
revealed that 80% of isolates were ciprofloxacin
resistant, and 20% were intermediately. After the
addition of the supernatant of P. aeruginosa to

ciprofloxacin, 62.5% of resistant isolates became
sensitive, while 37.5% were still resistant but
showed lower MIC than ciprofloxacin alone,
the 20% intermediate strains became sensitive
after addition of supernatant of P. aeruginosa to
ciprofloxacin as shown in Figure 11. In the test of
MIC to vancomycin to S. aureus strains 20% were
resistant, 60% were sensitive while 20% were
intermediate sensitive. After the addition of the
supernatant of P. aeruginosa all S. aureus isolates
became sensitive as shown in Figure 12. Finally,
we tested isolates of S. aureus against gentamicin,
70% of them were resistant to gentamicin, while
30% showed intermediate sensitivity. After the
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addition of the supernatant of P. aeruginosa all
intermediate sensitive isolates became sensitive,
while 42.9% of resistant isolates were still resistant
and the remaining 57.1% of resistant isolates
became sensitive, all these results are shown in
Figure 13.

Determination of MIC of Ciprofloxacin and
Gentamicin on E. coli isolates

Determination of MIC of ciprofloxacin
and gentamicin showed that 100% resistant
to ciprofloxacin. After addition of supernatant
of P. aeruginosa to ciprofloxacin, 100% of

resistant isolates were still resistance but showed
lower MIC than ciprofloxacin alone as shown in
Figure 14. Also, we tested isolates of E. coli to
gentamicin, 100% of them were resistant to
gentamicin alone. After addition of supernatant
of P. aeruginosa all isolates were still resistant
but showed lower MIC than ciprofloxacin alone
as shown in Figure 15.

DISCUSSION

One of the most common nosocomial
pathogens to be isolated in our hospitals is
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Figure 13. The MIC of gentamicin against 10 S. aureus isolates with and without P. aeruginosa supernatant
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P. aeruginosa, so healthcare professionals need to
be informed about the rising rate of nosocomial
microbial resistance and the effective use of
antibiotics to treat such infections.3®

Organisms having innate resistance to
that antibiotic class, organisms with acquired
resistance to antibiotics, and susceptible organisms
all contribute to the evaluation of an antibiotic’s
spectrum of activity. The therapeutic usage of
antibiotics initiates the most crucial resistance
mechanisms. Due to the pressure of natural
selection brought on by the presence of antibiotics
in the bacterial living environment, antibiotic
resistance is a form of evolution. Contrary to
their adaptability, bacteria only have a small
number of mechanisms for developing resistance
to different antibiotics: altering the target
molecule so that it is no longer recognised by the
antibiotic, producing bacterial enzymes that alter
the antibiotic molecule, or preventing antibiotic
takeover by lowering bacterial cell permeability or
by the development of active efflux systems. The
simultaneous utilisation of the aforementioned
pathways may lead to a phenotype that is
resistant to particular antibiotic classes. But the
emergence of antibiotic-resistant strains is due to
chromosomal DNA alterations (vertical evolution)
or the acquisition of foreign genetic material
(horizontal evolution).*

1200 -

1000

[ng/ml]

MIC

In the current study, the resistance of
P. geruginosa to some B-lactam antibiotics was as
follow imipenem (26.2%), meropenem (38.1%),
ceftazidime (35.7%) and aztreonam (38.1%).
In contrast to our results, Kirecci et al., studied
patterns of P. aeruginosa strains that were
obtained from different clinical isolates’ antibiotic
susceptibility and reported higher percentages of
resistance than ours against imipenem (100%),
meropenem (100%) and ceftazidime (82.7%) 2.
Also, Bertrand et al., reported the resistance
results as follow: ceftazidime (21.5%), aztreonam
(38.7%) and imipenem (26.9%). While Brown et al.,
reported that resistance of P. geruginosa to tested
antibiotics in Jamaica and the results listed were as
follow: ceftazidime (19.6%) and imipenem (9.8%).
On the other hand, Orrett et al., reported antibiotic
resistance survey of P. aeruginosa isolated from
clinical sources and the results listed were as
follow: ceftazidime (20%), aztreonam (9.8%) and
imipenem (0%).%°

In Egyptian hospitals Saied et al.,
studied the pathogens that cause nosocomial
bloodstream infections have antibiotic resistance
in university hospitals and reported the resistance
of P. aeruginosa as follow: imipenem (23.5%),
aztreonam (70.6%) and ceftazidime (76.5%).*

In our study, we tested ciprofloxacin
antibiotic as an example of quinolones to
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Figure 15. The MIC of Gentamicin against 10 E. coli isolates with and without P. aeruginosa supernatant
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P. aeruginosa and the resistance was (64.2%).
While Kirecci et al., reported that resistance was
(73.3%).38 In the contrary, Bertrand et al., reported
the resistance was (38.3%).° While Brown et
al., reported that resistance of P. aeruginosa
was (23.5%).%2 Orrett et al., reported the least
resistance to ciprofloxacin (11.8%).% Like our
results, in Egyptian hospitals Saied et al., reported
the resistance was (64.7%).

Finally, we tested the resistance of
P. aeruginosa to gentamicin and amikacin and
it was (50%) and (57.1%) respectively. Like our
results Kiregci et al., reported that resistance
was gentamicin (54.7%) and amikacin (62.7%).3®
Bertrand et al., reported that resistance to
amikacin was (22.8%).%° Compared to our results,
Brown et al., reported that resistance to amikacin
was (0%) and gentamicin (21.6%).%> On the other
hand, Orrett et al., reported the resistance
to amikacin was (2.5%).®* While In Egyptian
hospitals Saied et al., reported that resistance was
gentamicin (70.6%) and amikacin (52.9%).4

In our study, all S. aureus isolates tested
for susceptibility to some antibiotics as follow:
linezolide as an example of oxazolidinone and
its resistance was (0%). While when we tested
the susceptibility to gentamicin as an example
for aminoglycosides the resistance was (71.4%).
In the contrary, Onwubiko et al., reported that
resistance was (7.6%).* Similarly, Ayepola et al.,
reported that resistance of S. aureus to gentamicin
was (4.6%).*> While in Egyptian hospitals, EL Kholy
et al., reported that the resistance was (57%).4
And the same result reported by Saied et al., that
gentamicin resistance was (56%).*

In this study, we tested S. aureus isolates
susceptibility for tetracycline and doxycycline and
the resistance results were as follow (71.4%) and
(57.1%) respectively. On other hand, Onwubiko
et al., reported the resistance to tetracycline
was (68.8%).** While in Cairo, Egypt, EL Kholy
et al., reported that resistance of S. aureus to
doxycycline was (30%).¢ On the other hand Saied
et al., reported that resistance to tetracycline was
(80%).4

In our study, we tested ciprofloxacin
antibiotic as an example of quinolones to S .
aureus and the resistance was (60.7%). Similarly,
Saied et al., reported that resistance was (56%)

1) In comparison to our results, Onwubiko et
al., reported that the resistance was (31.1%)
“4_ Furthermore, in Cairo, Egypt, EL Kholy et al.,
reported that resistance was (49%).* Moreover, we
use erythromycin as an example of macrolide and
the resistance was (53.5%). Similarly, Onwubiko et
al., reported the resistance was (47.6%).* Likewise,
in Egyptian hospitals, EL Kholy et al., reported that
resistance was (49%).¢ While Saied et al., reported
that resistance of S. aureus to erythromycin was
(48%).%

In this study, the resistance of S. aureus
to chloramphenicol was (42.8%). Similarly, EL
Kholy et al., reported that resistance was (47%)
“46) While Onwubiko et al., reported that the
resistance was (38.1%).** In the current study,
we tested the resistance of S. aureus to
cotrimoxazole was (53.5%). Likewise, Saied et
al., reported that resistance was (48%).** In the
contrary, Onwubiko et al., reported that the
resistance was (84.5%).** Similarly, Ayepola et
al., reported that resistance was (84.3%).> We
tested S. aureus susceptibility to levofloxacin as an
example of quinolones; the resistance was (55%).
In contrast to our results, Ayepola et al., reported
that resistance was (5.5%).*° S. aureus resistant to
clindamycin in our study was (17.8%). While, EL
Kholy et al., reported that resistance was (36%).%
In comparison to our results, Saied et al., reported
that resistance of S. aureus to clindamycin was
(44%).%* In this study, the resistance of S. aureus
to vancomycin was (14.2%). While EL Kholy et
al., reported that all isolates were sensitive to
vancomycin.* Also, Saied et al., reported that all
isolates were sensitive to vancomycin.*

Antibiotic use in humans and other
animals places selection pressure on pathogenic
and commensal bacteria, leading to the formation
and spread of resistant strains, which is what
causes antimicrobial resistance in E. coli.*’ In
the current study, we tested E. coli isolates for
antibiotic susceptibility and use imipenem,
amoxicillin/clavulanic acid and cefepime as
examples for B-lactams and the resistance was
(0%), (65%) and (75%) respectively. On the other
hand, Abozahra et al., reported that resistance
was imipenem (70%) and cefepime (100%).% In
contrast to our results, Kahlmeter et al., reported
the E. coli resistant to amoxicillin/clavulanic acid
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in Austria in 2008 was (8.9%).% Similarly, in the
same study, the resistance in Greece in 2008 was
reported as (4.3%).%°

Our present work recorded that we
tested the resistance of amikacin and gentamicin
as examples of aminoglycosides and the results
was (20%) and (45%) respectively. On the other
hand, Abozahra et al., reported the resistance
of amikacin was (7%) and gentamicin (14%).4®
And in comparison, to our results, in Egyptian
hospitals, Saied et al., reported resistance to E.
coli as follows: amikacin (40.9%) and gentamicin
(68.2%).%* We select ciprofloxacin and levofloxacin
to represent quinolones in our study and the
results of resistance were as following ciprofloxacin
(70%) and levofloxacin (55%). In contrast to our
results, Abozahra et al., reported the resistance
to levofloxacin was (7%).% Likewise, Kahlmeter
et al., reported the resistance to ciprofloxacin in
Austria in 2008 was (4.1%) and in Greece in 2008
(5.7%).% Finally, the resistance of E. coli was tested
to nitrofurantoin it was (35%). On the other hand,
Delisle et al., reported that E. coli resistance was
(4.6%).%° Similarly, Kahlmeter et al., reported the
resistance to E. coli in Austria in 2008 was (8.9%)
and in Greece in 2008 was (0%).%°

Biofilm enhances the adhesion of
bacteria to surfaces and shields them from
the host immune system and antimicrobial
treatment.>! Bacterial biofilm is often associated
with long-term persistence of organisms in
various environments as it increases the bacterial
resistance to antibiotics.3?> Among the most
bacterial causes of both community-acquired
and hospital-acquired illnesses is S. aureus. The
capacity of this bacterium to establish a biofilm,
a multicellular population that is challenging to
eliminate with host defences or antibiotics, on
catheters and other indwelling devices, is one
factor contributing to the widespread nature of
infections caused by this disease.>?

In this study, (44%) of S. aureus were
weak biofilm former, (52%) were moderate biofilm
former and (4%) were non-biofilm former. Similarly,
Di Ciccio et al., tested the biofilm formation by
S. aureus on polystyrene surfaces and reported
that, (44%) of S. aureus biofilm former were weak
producer, (44%) of them were moderate producer
and (12%) were strong producer.>® In comparison
with El-far et al., they reported that (28%) of their

isolates were intermediate biofilm former and
(72%) of them were strong biofilm former.>

P. aeruginosa supernatant containing
rhamnolipids has a great effect on biofilm
formation in other bacterial strains, as they
inhibit adhesion of competing bacteria and
promote biofilm dispersal. According to the
Pseudomonas strain and carbon source many
different rhamnolipid homologs are produced. In
our study, after addition Pseudomonas aeruginosa
supernatant containing rhamnolipids to S. aureus
biofilms, (51.3%) reduction occurred in biofilm
formation. Likewise, Rodrigues et al., reported that
(33.8%) reduction occur in their S. aureus isolates
after addition of rhamnolipids.>

In contrast, do Valle Gomes et al.,
reported that after addition of rhamnolipids for 12
hours on S. aureus biofilms, the biofilm formation
was reduced to (67.8%,58.5%) according to the
(1%, 0.25%) concentration respectively.®®

The current work shows isolates of E.coli
showed biofilm formation results were as follow:
(53.3%) of the isolates were weak biofilm former,
while (46.7%) of them were moderate biofilm
formers. On the other hand Abozahra et al.,
reported that (40%) of their E.coli isolates were
non-biofilm former, (24.3%) were weak-biofilm
former, (32.8%) were moderate-biofilm former
and (2.8%) were strong-biofilm former.*® Elsayed
et al., reported that the biofilm formation in E.coli
isolates were as follows: (23.42%) of E.coliisolates
were non-biofilm former, (21.7%) were weak-
biofilm former, (10.8%) were moderate-biofilm
former and (44%) were strong-biofilm formers.>®
This prevalence of biofilm formation among E coli
isolates may be due to the major factors associated
with uro pathogenic E.coli virulence as fimbrial
adhesives, which enhance durability and stimulate
innate host responses by mediating attachment to
specific receptors.>’

In our study, after addition of Pseudomonas
aeruginosa supernatant containing rhamnolipids
to E. coli biofilm, (23.4%) reduction in biofilm
formation occurred. In contrast, Bhattacharjee et
al., reported that (55 fold) reduction occurred to
their E.coli isolates.*® While Shen et al., reported
that rhamnolipids showed (~60%) reduction in the
biofilm formation of E.coli isolates.>®

Pyocyanin produced during Pseudomonas
biofilm formation, enabling P. aeruginosa to
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successfully compete with other bacteria and even
fungi, through blocking the oxidative respiration
and inhibiting growth of them.®® In this study we
use agar diffusion assay to show the effect of
pyocyanin with different concentrations (25, 50
and 100 pg/ml) on S. aureus colonies and cells then
confirming the results by using scanning electron
microscope. We found that S. aureus colonies
became smaller [SCVs] and zone of inhibition was
formed around the well containing pyocyanin at
high concentrations (50 and 100 pg/ml).

Biswas et al., studied the effect of
presence of P. aeruginosa with S. aureus and
the ability of S. aureus to convert into SCVs
and reported that at concentration 100nM of
pyocyanin, colonies become smaller and dispersed
and at concentration more than that 200nM of
pyocyanin, zone of inhibition surrounded by a
zone of SCVs was observed. Noto et al. studies
shows the resistance of S. aureus to pyocyanin and
found that at higher concentrations, pyocyanin
nearly completely inhibited S. aureus growth,
with growth being reduced at low concentrations.
Despite being typically more tolerant to low
quantities of pyocyanin, the SCVs were sensitive
to higher concentrations of pyocyanin, with near
complete inhibition of growth at (24 pg/ml). In
contrast to our results, Leanse et al., reported
that pyocyanin potentiate the antimicrobial blue
light killing of MRSA, after addition of (6.25 pg/
ml) of pyocyanin to MRSA biofilm, the viability
of MRSA reduced by 2.84 log10 than 1.28 logl0
by antimicrobial blue light only. Increasing
the concentration of pyocyanin to (25 ug/
mL), improved the antimicrobial effects most
dramatically with a 3.62 log10 CFU reduction.

P. aeruginosa secretes a staphylolytic
endopeptidase known as LasA protease or
staphylolysin that lyses S. aureus cells by destroying
pentaglycine in their cell walls.® It breaks down
peptide bonds in proteins or peptides that include
Gly-Gly pairs, and just like lysostaphin, it lyses
staphylococci by breaking down pentaglycine
cross-links in the peptidoglycan of S. aureus cells.
Numerous S. aureus strains can be destroyed by
LasA protease, and in vitro experiments have
demonstrated that it can stop S. aureus cells from
growing.

The majority of isolates in the current
study (57.7%) showed low level of staphylolytic

activity (>30% staphylolysis) and (19%) of isolates
showed very high staphylolytic activity (>70%
staphylolysis). In comparison to our results, Eid et
al., studied certain virulence factors’ phenotypic
and genetic characterization in P. aeruginosa
strains isolated from different clinical sources in
Mansoura University Hospitals and reported the
majority (65%) of isolates manifested low levels of
staphylolytic activity (< 10% staphylolysis). While,
higher staphylolytic activity (> 20% staphylolysis)
was detected in tested strains. During the study
of Radlinski et al., on the effect of staphylolysin in
treatment of MRSA endophthalmitis he reported
that (27.7%) of isolates showed high level of
staphylolytic activity (>70 % staphylolysis) and
about (22.2%) of isolates manifested low level of
staphylolytic activity (<10 % staphylolysis).%”

Regarding the MICs of vancomycin,
gentamicin and ciprofloxacin for S. aureus, we
found that most of S. aureus (80%) were resistant
to ciprofloxacin, (70%) of them were resistant
to gentamicin and only (20%) of them resistant
to vancomycin. After addition of P. aeruginosa
supernatant to all isolates, we reported the
following results: only 30% of S. aureus isolates
were still resistant to ciprofloxacin, 30% of them
were resistant to gentamicin and all (100%) S.
aureus isolates became sensitive to vancomycin.
On the other hand, Radlinski et al., reported that
the majority of P. aeruginosa supernatants were
antagonistic towards ciprofloxacin killing and
dramatically potentiated vancomycin killing of S.
aureus, resulting in (100-1,000) times more killing
than the control culture.?” On the other hand,
Girard et al., reported that all isolates (100%)
were sensitive to ciprofloxacin and also all of
them (100%) were sensitive to gentamicin and
vancomycin.®

The MIC for E. coli revealed that
ciprofloxacin and gentamicin were completely
resistant to all of the E . coli isolates. After
addition of P. aeruginosa supernatant, all (100%)
E . coliisolates were still resistant to ciprofloxacin
and gentamicin. As opposed to, Fasugba et al.,
reported that urinary E . coli isolates between
2009 and 2013 were (6.8%) resistant against
ciprofloxacin and (5.2%) were resistant against
gentamicin 2. On other hand, Chamoun et al.,
reported that resistance of E. coli isolates to
gentamicin between 2011 and 2013 was (31.2%)
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and resistance to ciprofloxacin was (27.8%).5

Proteolytic enzymes and pyocyanin have
become key characteristics linked to P. aeruginosa
pathogenicity because of their variety of biological
functions. In the present study, we reported that
all 31 (100%) tested P. aeruginosa isolates were
to have lasA genes. On other hand, Galdino et al.,
reported that (85.42%) of tested P. aeruginosa
isolates were evidenced to have /asA gene.5* While
Finnan et al., reported that /asA gene was positive
in (29.4%) of P. aeruginosa isolates.%

On other hand, Fazeli et al., during
the studying multidrug-resistant P. aeruginosa
virulence gene profiles obtained from hospital
infections in Iran, reported that P. aeruginosa
isolates that give positive results for /asA gene
were as follow: (26%) of isolates were positive.®
In contrast, Pournajaf et al., reported that /asA
gene was positive in (26.6%) of total isolates.®’
While Najafi et al., reported that /asA gene was
positive in (30%) of total isolates.®® On other hand,
Mapipa et al., reported that /lasA gene was positive
in (55.5%) of total isolates.®

In the present study, we reported that
all 31 (100%) tested P. aeruginosa isolates were
evidenced to have rh/AB gene. Sabharwal et al.,
reported that rh/AB gene was found to be positive
in 50% of strains.”” On other hand, Ertugrul et
al., studied some P. geruginosa virulence genes
of isolates from diabetic patients, he reported
that rhIAB gene was evidenced in (100%) of all
isolates”. Nahar et al., classified P. aeruginosa
isolates into gentotypes 1, 2 and 3. His results
were as follow: rhIAB gene was positive in (64.29%)
of genotype 1 isolates, positive in (100%) of all
isolates of genotype 2 and 3.72 By contrast, Berber
et al., reported that rhIAB gene was evidenced in
(96.2%) of all isolates.”™

In the present study, we reported that
all 31 (100%) tested P. aeruginosa isolates were
evidenced to have phzM and phzS genes, and only
one isolate lacked operon phz, while the other 30
(96.7%) isolates were evidenced to have this phz
operon.

On other hand Haghi et al., reported
that phzM gene was evidenced in (45.1%) of
isolates and phzS gene was in (27.9%) of isolates.”™
Contrary to our findings, Pournajaf et al., reported
that phzS gene was positive in (64.3%) of total
isolates.®” While, Abd El-Baky et al., reported that

operon phz was evidenced in (80%) of isolates,
(40%) of isolates were positive for phzS gene while
(73.3%) of isolates were positive for phzM gene.”®

CONCLUSION

Pseudomonas aeruginosa has a great
effect on S. aureus and E. coli in vitro; this effect
varies from species to another depending on the
species and extracellular secretions produced.
P. aeruginosa showed great impact on S. aureus
isolates resistance to different antibiotics as it
facilitates their killing and may drive the normal
colonies of S. aureus into SCVs. When S. aureus and
E. coliwere exposed to Pseudomonas supernatant,
their capacity to form biofilm decreased.
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