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ABSTRACT

Foley catheters are most widely employed in treating urinary tract infection (UTI) during and post-surgical operations. Different
isolates of gram-negative bacteria causing UTI were identified and their susceptibility to several antibiotics of different groups was
studied. The ability to adhere to catheter surface/biofilm formation was investigated. The effect of the antibiotics as biofilm inhibitors
were studied at their sub minimal, minimum, and double the minimum inhibitory concentration (MIC). The results showed variable
resistance patterns; the highest resistance was shown by amoxicillin (70%) and the most effective ones were meropenem (MEM; 90%)
and ciprofloxacin (CIP; 80%). Enterococcus faecalis was sensitive to the high concentration of MEM with MIC of 278 pg/ml, Pseudomonas
aeruginosa was sensitive at 556 ug/ml of MEM, while Escherichia coli and Salmonella typhi were sensitive to CIP at MIC of 2.171 ug/ml.
The study of the ability of the bacteria to adhere and biofilm formation on catheter showed different abilities, Morganella morganii and
Pseudomonas aeruginosa showing the highest activity. The use of the antibioticc MEM and CIP inhibited the biofilm growth in all bacteria
at MIC and sub MIC for CIP except for Aeromonas hydrophila, and MIC and sub MIC for MEM on Pseudomonas aeruginosa. Mixing the MIC
concentrations of both MEM and CIP showed a strong effect on the eradication of biofilm in all the bacteria.
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less sensitive to antimicrobial therapy."®! Most antibiotics have

Introduction low efficacy against biofilm and have adverse effects. The close

attention paid to biofilms is due to the prevalence of this form

L. . . of microbial symbiosis both in the natural environment and in
Foley catheters are commonly employed in indwelling urinary

. . . . industrial systems.P! Biofilms are one of the most common
catheters and have an essential role in the relief of urinary

. e . . . . forms of bacteria in most natural conditions.!®®! Biofilms are
retention and alleviation of urinary incontinence in the post-

. i . . communities of microorganisms, which are embedded in self-
surgical procedures.!"! Unfortunately, polymeric medicals are

produced extracellular polymeric substances.!”’ The prominence

susceptible to be colonized by microorganisms causing
of biofilms for human health has stimulated the efforts to

infections and hurting patients’ health. I”

. . . . . - . recognize the mechanism of biofilm formation to open a new
The microorganisms implicated in catheter association urinary

. : ) is of customizi highly effecti inst bacteri
tract infections (CAUTIs) are found on catheters predominantly axis of customizing measures ghty: eHechve agamst bactera

. . 1 . d their biofilm f 10 Biofil tect bacteria fi
in the form of biofilm, a structure providing them with a an cir brohim - forms toliims - protect bacteria - from

. . . . traditional antibiotics by representing a mechanical barrier and
protective environment and making them more virulent and

also reducing bacterial metabolism within the biofilm.['"
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Website: www.japer.in E-ISSN: 2249-3379 resist many biocides. Thus, biofilm formation inhibiting and

decreasing microbial binding is a promising antimicrobial

trend.I"! Contamination is a common reason for indwelling

. . - medical failure." The microbial colonization in the
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The impregnation, combination, or coating of several
antibiotics examined and various factors could affect their
efficacy. For example, the formulation and physicochemical
affinity between the antibiotics and the polymers has been
shown to drastically modify the length and rate of antibiotic

[16]

release Antimicrobial ~ straitening causes reducing

biomaterial infections and considerations 7],

Considering the feasibility of materials selection or modification
on controlling adhesion and biofilm formation, the potential
antibiotic inhibition of bacterial adhesion and biofilm formation
and eradication at MIC concentration and the synergistic effect

between them was evaluated as the aim of this research.

Materials and Methods

1. Selection of the Isolates

Morganella morganii, Pseudomonas aeruginosa, Escherichia coli 1,
Escherichia coli 2, Klebsiella pneumoniae, Aeromonas hydrophila,
Salmonella typhi, Enterobacter clocae, Enterococcus faecalis, Proteus
mirabilis were the isolated bacteria from urinary tract infection.
These bacterial species were identified using standard
microbiological procedures including Gram staining, colonial
morphology, catalase test, cytochrome oxidase reaction,
motility, and other biochemical tests, which were carried out

based on Bergey's manual.I'®!

2. Determination of antibiotic susceptibility:

The evaluation of susceptibility of bacteria to antimicrobial
agents was performed according to CLSI, and the standard
Kirby-Bauer disc diffusion method was used for the antibiotics
listed in Table 1. The antimicrobial resistance of the isolate was
investigated. In this method, antibiotic discs were used. The
discs were placed on a Muecller-Hinton agar plate (Oxoid)
inoculated (0.5) McFarland standard inoculated with 1.5X10%
CFU/mL of test microorganism. The zones of inhibition were
determined according to Clinical and Laboratory Standards

Institute guidelines.!"*"

Table 1. Antibiotics that are used for the sensitivity test.

Antibiotics CO:;;:OF Abbreviation Producing company
Meropenem 10 ug MEM Mast diagnostics (UK)
Gentamicin 10 mcg CN Bioanalyse(turkey)
Amoxicillin 25 mcg AX bioanalyse(turkey)
Trimethoprime 10 mcg TMP bioanalyse(turkey)
Ciprofloxacin 10 mcg CIP bioanalyse(turkey)
Cefotaxime 30 mcg CTX bioanalyse(turkey)
Nitrofurantoin 100 mcg F bioanalyse(turkey)

3. In vitro adhesion of bacteria to Nelaton
catheter:

The catheter was cut to ca. 0.5 cm’ fragments in Petri dishes.

Adhesion to catheter was investigated in vitro by TTC (2,3,5-

triphenyltetrazolium chloride).”” The bacterial suspensions

were standardized to 0.5McFarland standard in sterile PBS
(phosphate-buffered saline)!'* >l and incubated with catheter for
2h (35-37 °C).

4. In vitro determination of biofilm formation
by bacteria on Nelaton catheter:

The capacity of the formation of biofilm by isolates on the
catheter was studied in vitro by TTC. Standardized bacterial
suspensions (0.5 McFarland standard) in MHB were incubated
with 0.5 cm? catheter for 24 h at 35-37°C. Non-adherent cells
were eliminated by careful rinsing of catheter fragment with
sterile PBS and then re-suspended in fresh MHB. One drop of
1% TTC was added and incubated overnight. Biofilm formation
was determined by red formazan precipitates on the catheter
surface and in the medium. The minimal antibiotic
concentration that eradicated the mature biofilm was

determined visually by the lack of red formazan precipitates.*”

5. Invitro effect of antibiotics on adhesion and
biofilm formation by bacteria on Nelaton
catheter:

This assay was based on the TTC method described above. In

cach experiment, several concentrations of antibiotics were

used (0.5MIC, MIC, 2MIC). (I) Standardized bacterial
suspensions in sterile PBS containing relevant antibiotics were
incubated with the catheter at 35-37°C. A drop of 1% TTC was
added and incubated overnight at 35-37°C. (II) Bacterial
suspensions in MHB containing antibiotics were incubated with
the appropriate picce of the catheter for 72h at 35-37°C. Then,
the medium was changed and the catheter was washed. A drop

of 1% TTC was added and incubated overnight at 35-37°C. (III)

Mature 72-h biofilms were incubated in the presence of

antibiotics for 24h at 35-37°C. The minimal concentration of

antibiotic that eradicated mature biofilm was determined by
inhibition of red formazan precipitation, both on catheter

surface and in the medium.

Impregnation:

Briefly, catheter segments (0.5 cm in length) were impregnated
with a mixture of ciprofloxacin (0.5MIC, MIC, 2MIC) and
Meropenem (0.5MIC, MIC, 2MIC) for an additional 24h. post
impregnation,  catheters  were  air-flushed,  dehydrated
overnight, washed, and dried again. Also, controls were tested

for comparison.”’ All assays were done with three replicates.

Results and Discussion

1. Antibiotic susceptibility:

Table 2 shows the antibiotic susceptibility and Table 3 shows
susceptibility patterns for bacterial species used in this study.
High resistance patterns were observed against the used
antibiotics except for meropenem with amoxicillin (70%)
followed by cefotaxime, gentamicin, and trimethoprim (50%).
The lowest resistance was against meropenem with 90%

sensitivity followed by ciprofloxacin (80% sensitivity). Results
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revealed that infections are difficult to treat and require
complex multi-drug treatment strategies, particularly when

biofilms are poly microbial 1%

Table 2: Inhibition zones of antibiotic sensitivity test (mm).

Bacterial species MEM CTX AX TMP F CIP CN

E. coli I 50 0 0 0 16 25 10
E. coli 2 40 0 0 0 28 18 12

A. hydrophila 40 30 0 30 30 30 20
K. pneumonize 20 1 0 0 20 9 1
Ps. aeruginosa 38 9 0 17 0 40 26
P. mirabilis 14 19 8 8 16 34 14
E. clocoae 28 7 0 28 10 36 0
M. morganii 44 24 0 20 16 34 18
E. feacalis 55 18 38 0 36 30 8
S. typhi 40 33 35 3530 30 14

Table 3: Antibiotic susceptibility patterns.

Bacterial species MEM CTX AX TMP F CIP CN

E. coli 1 N R R I N R

E. coli 2 S R R S I R

A. hydrophila S S R S S S
K. pneumoniae S R R R S R R
Ps. aeruginosa S R R S R S S
P. mirabilis I I R R I S I
E. clocoae S R R S R S R
M. morganii N S R S I N S
E. feacalis S I S R S S R
S. typhi S S S S S S I

CAUTIs were mainly caused by gram-negative bacteria resistant
to common antibiotics. For this reason, research should be done
on CAUTIs including effective prevention, and understanding
of antimicrobial resistance mechanisms, and the expansion of
new antibiotics for patient safety.”” Therapy combination is
suggested as a novel strategy to maximize the antimicrobial
efficacy against pathogens and suppress the spread of resistance.
¢ Unfortunately, developing new antibiotics faces many
challenges.  Alternative approaches to control bacterial

infections are urgently required. 17

2. Determination of MIC value:

In this study, meropenem and ciprofloxacin were chosen to
detect their effects on adhesion and biofilm formation and
determination of MIC value (as shown in Tables 4 and 5). For
CIP the highest MIC value was for E. coli 1 and Salmonella typhi
and for MEM the highest MIC value was for Morganella morganii.
The organisms that caused CAUTIs were gram-
positive/negative bacteria and yeasts and were capable of
adhering to surfaces and forming biofilms. Plank tonic or free-
floating biofilm can be found in the urothelium, prostate stones,
and implanted foreign bodies. The biofilm protects the bacteria

from exposure to innate immune defenses and antibiotic

treatments, thus promotes the diffusion of drug resistance

markers and other virulence factors.!?®!

Table 4: MIC values for CIP.
1 2 3 4 5

[e)}
~
[}
Nel

o = E - -
EEE E E E £ E E
. : 3 3 3 O O3 el = ES ES
Bacterial species 2 2 & S = n
« " n Iy > -
0 9 o o Y R 5 o <
;h N M o : d ) Y
e T =R S o S R
E. coli 1 +
A. hydrophila +
Ps. aeruginosa +
M. morganii +
E. faecalis +
S. typhi +

Stock solution: 1gm in 10 ml D.W.

Biofilms require dynamic preventive and control measures.
Biofilm research will lead to a better understanding of the
disease process and will subsequently lead to the development
of new prevention and treatment options. A perfect approach
will include a combination of antibiofilm molecules, with an
anti-bacterial effect, active at sub-inhibitory concentrations to
reduce the risk of developing resistance and with low toxicity
for the host cells.**

Table 5: MIC values for MEM.

1 2 3 4 5 6 7 8
- = = 2 % F E I
EE EEE S E E
. } >~ S Y O3 = = 3 S
Bacterial species = = = =3 v ~
o w0 o n ~ ~ > 2
n N ™ N : ” o 0
L - R T .
E. coli | +
A. hydrophila +
Ps. aeruginosa +
M. morganii +
E. faecalis +
S. typhi +

Stock solution: 1gm in 10 ml D.W.

Table 6 shows different results about bacterial ability to adhere
to catheter segments after 24 hrs. Morganella morganii showed a
strong ability to adhere, followed by E. coli 1. Pseudomonas had a
moderate ability to adhere. The other bacterial species had a
low ability to adhere to catheter segments, except E. coli 2
which showed no ability to adhere. These results were
according to the red color of formazan formed after the

addition of TTC on catheter surface and medium.?*!

Table 6: Adhesion results (formation of formazan after

24 hours).
Bacterial species Adhesion
E. coli 1 ++
E. coli 2 -
A. hydrophila +
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K.pneumoniae +
Ps.aeruginosa ++
P. mirabilis +
E. clocoae +
M. morganii +++
E. faecalis +
S. t)’phi +

Table 7 shows various results of bacterial ability to form a
biofilm. E. colil, Pseudomonas aeruginosa, Proteus mirabilis,
Enterococcus clocoae, Morganella morganii, Enterococcus feacalis, and
Salmonella typhi had an excellent capacity to form biofilm after
three days of incubation with the addition of fresh media every
24 hr, while other bacterial species had moderate ability to
form biofilm according to the appearance of red formazan
precipitate on catheter segments. Tetrazolium salts have been
used previously to study cell growth and biofilm formation in
various bacterial models.P% If bacteria win the competition, the
implant surface would eventually become covered by biofilm,

and tissue cell functions will be impaired by bacterial toxins.P'!

Table 7: Biofilm formation after three days.

Bacterial species Biofilm formation

E. coli 1 S+

E. coli 2 44

A. hydrophila ++

K. pneumoniae ++
Ps. aeruginosa 444
P. mirabilis +++
E. clocoae A+
M.morganii 4+
E. faecalis 4+t
S. typhi S+

Strong biofilm forming(+++), Moderate (++), Weak biofilm forming(+)

We chose six bacterial species from the bacteria under study
according to their sensitivity to MEM and CIP. The effect of
0.5MIC, MIC, and 2MIC for both antibiotics was studied on the
ability of bacterial adhesion (Tables 8 and 9). The chosen
concentrations showed a high ability to inhibit bacterial
adhesion on catheters segments (Figures 1). Also, the bacterial
species lost their ability to adhere after soaking catheter
fragments in the MIC values for both antibiotics together.

Tables 10 and 11 show the effect of 0.5MIC, MIC, and 2MIC
for both antibiotics on the eradication of formed biofilm. 2MIC
value showed high efficiency to prevent biofilm formation for
all studied bacterial species as shown in tables for both
antibiotics. The results of MIC values were similar in effect
except for A. hydrophila which retained the ability to form
biofilm when using CIP and Ps. aeruginosa when using MP. Also,
0.5MIC value for CIP did not affect A. hydrophila's ability to

form a biofilm. The same results were observed with 0.5MIC

value for the effect of MEM on biofilm formation ability of Ps.

aeruginosa and M. morganii.

Table 8: Adhesion results for CIP and impregnation.

CIP MP
Bacterial species 2MIC MIC Y2 MIC
MIC+ MIC
8.687 4.343 2171
E. coli 1 - -
u/ml u/ml u/ml
A, hdeohil 69.5 34.75 17.375
- drephia u/ml ) u/ml i u/ml
278
139 69.5
Ps. aeruginosa u/ml - -
u/ml u/ml

34.75 17.375 8.687

M. morganii -
u/ml u/ml u/ml
E " 278 139 69.5
+Jaccalis u/ml ) u/ml ) u/ml )
S tvobi 8.687 4.343 2.171
-t u/ml ) u/ml ) u/ml )

(-) No growth and clearance of the medium

Table 9: Adhesion results for MEM and impregnation.

CIP MP
Bacterial species 2MIC MIC V> MIC
MIC+ MIC
) 139 69.5 34.75
E- coli 1 w/ml~ p/ml ) u/ml
278 139 69.5
A h hil. - -
ydrophila u/ml u/ml u/ml
» ) 139 69.5 34.75
. aruginosa u/ml - u/ml - u/ml
u . 17.375 8.687 4.343
. morganii Wl u/ml , o/l
o 556 278 139
E. faecalis wml T /ml R /il
S vohi 139 69.5 34.75
-op w/ml~ p/ml ) u/ml

(-) No growth and clearance of the medium.

The results revealed that mixing MIC values of both antibiotics
and soaking the catheter segments is highly effective in
eradication and prevention of biofilm formation after three days
of incubation with changing the media and washing catheter
segments without the appearance of formazan red color after
adding TTC at the end of third-day. The combination of
antibiotics with dispersal agents is a promising alternative
strategy to treat biofilm-forming infections. Indeed, increasing
antibiotic susceptibilities observed with dispersal agents.

Causative pathogens and antibiotic resistance concerning
resistance profile among biofilm-producing bacterial strains,
Meropenem, and Ciprofloxacin are good therapeutic options.
Catheterization under aseptic condition, frequent catheter
change, early treatment of urinary infection, and proper patient

education on catheter hygiene are some of the methods."**!
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Table 10: Biofilm eradication results for CIP MIC and

impregnation.
Bacterial CIP  MEM
2MIC MIC s MIC
species MIC+ MIC
E coli 1 8.687 4.343 2.171
s ol u/ml u/ml ) u/ml
69.5 34.75 17.375
j - + +
A. hydrophila u/ml u/ml u/ml
» . 278 139 69.5
5. aeruginosa wml w/ml - u/ml
u L3475 17375 . 8.687
- morgantt u/ml u/ml u/ml
. 278 139 69.5
E. faecalis wml w/ml - /il
S hi 8.687 4.343 2.171
e w/ml u/ml ) p/ml

Table 11: Biofilm eradication results for MEM MIC and

impregnation.
i;czirei:l MIC MIC BMIC e e
E. coli 1 Pl /3511 - 5/9;] ST
A. hydrophila “2/7ri1 - “1/3:1] B 5/9nfl
Ps. aeruginosa “1/3:11 - 5/9131 * itlzj "
M. morganii 1:};715 - 1/65.3 B 1/3 :j *
E. faecalis ps/sril - “2/7:]] B p1/31r911
- 139 695 347s
u/ml u/ml u/ml

(-) No growth and clearance of the medium.

Figures 1: Biofilm eradication result of E. faecalis. A: The
control tube (The catheter and bacteria forming biofilm with
the appearance of red color due to formazan forming after
addition of TTC); 1: Tube containing 556u/ml meropenem; 2:
Tube containing 278u/ml meropenem; 3: Tube containing

139u/ml meropenem.

Conclusions

The results of the study showed variable resistance patterns to
the selective antibiotic and the most effective ones were
meropenem (MEM; 90%) and ciprofloxacin (CIP; 80%).

Morganella morganii and  Pseudomonas aeruginosa showed the

highest activity to adhere and biofilm formation on catheter
among the studied bacterial species which had different abilities
in mixing the MIC concentrations of both antibiotics. MEM and
CIP revealed a strong effect on the eradication of biofilm in all
the bacteria.
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