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Abstract

Background: Pseudomonas aeruginosa might be converted to coccoid bacteria under antibiotic stress. Bacterial conversion would increase
resistance to antibiotics due to changes in cell wall crosslink or decreased metabolic activity. Morphology of P. aeruginosa under stress
conditions (presence of antibiotics) can be changed to elongated bacilli, U shape and finally coccoid bacteria. Results of several researches
showed that coccoid bacteria are one of the most important aspects of drug resistance. It would be the major reason for treatment failure.
Objectives:The aim of this study was to determine in vitro morphological and bactericidal effects of amikacin, meropenem and imipenem
on P. aeruginosa isolated from clinical specimens.

Materials and Methods: Eight P. aeruginosa isolates obtained from clinical samples of burned patients and standard strain ATCC 27853
were used in this study. Isolates were identified by biochemical tests and confirmed by PCR method using ITS specific primer. Minimum
inhibitory concentrations (MICs) of three antibiotics were determined by E-test method. Bacteria were exposed to antibiotics at different
concentrations. Bacterial morphology in different days was examined by specific microscope and viability of isolates was examined by
flow cytometry

Results: All used antibiotics at sub MIC concentration had capability to induce coccoid bacteria. The highest rate of induced coccoid
bacteria was 98.2% after 8 days, with contribution of imipenem and meropenem at 2 pug/mL concentration. Amikacin at 4 pg/mL
concentration induced lower rate of coccoid bacteria (55.05%). Amikacin had a strong bactericidal effect on coccoid bacteria at 8 pg/mL
concentration. Imipenem and meropenem showed very weak bactericidal effect on coccoid bacteria.

Conclusions: Induction of coccoid form of P. aeruginosa may be one of the important reasons for antibiotic treatment failure; therefore,
prescribed dose of antibiotics should be carefully managed to prevent increasing antibiotic resistance and coccoid bacteria induction.
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1. Background

Pseudomonas aeruginosa, due to production of different
virulence factors, is one of the most important causes of
many disorders such as bacteremia, burn infection and
urinary tract infections (1). Pseudomonas aeruginosa be-
cause of limited nutrition requirements and naturally
resistance against different antimicrobial agents is wide-
ly distributed in the environment. Multidrug-resistant
P. aeruginosa (MDR P. aeruginosa) is responsible for life
threatening infections, especially in burned patients. Un-
der stress conditions, such as lack of food, pH and tem-
perature changes, oxygen depletion, increased osmotic
pressure and antibiotic stress, morphology of P. aerugi-
nosa can be changed to U shape and finally coccoid bac-
teria (2,3).

During conversion to coccoid bacteria, cell size is re-
duced because of shrinkage of cytoplasmic membrane,
decreased periplasmic space and condensed DNA (4, 5).

Results of several studies showed that presence of bacte-
ria in minimum inhibitory concentration (MIC) and sub
MIC of antibiotics affected adherence, hydrophobic cell
surface and mobility (6, 7). Bacterial conversion to coc-
coid bacteria may increase resistance to antibiotics, hy-
drogen peroxide, osmotic pressure and thermal shock.
This resistance can be due to changes in cell wall cross-
link or decreased metabolic activity (2, 8-10).
Pseudomonas aeruginosa is a major threat in burn pa-
tients, because this bacterium can convert to the coccoid
bacteria under stress conditions. When environmental
conditions change to favorable, it would return to the ba-
cilli form (11-13). Various genes are involved in conversion
of bacilli to coccoid bacteria; one of the major genes are
rpos used by P. aeruginosa to survive in these conditions
by encoding different sigma factors. Sigma factor en-
coded by rpoS gene, is a positive regulator of many genes
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including those involved in the synthesis of exotoxin and
antibiotic tolerance. Studies showed that cells with mu-
tations in the rpoS gene have less ability to survive than
those without mutation in rpoS (14, 15). Due to increased
mortality rate in burned patients infected with P. aerugi-
nosa, we decided to study in vitro morphological effect
of routine antibiotics used for patients' treatment in our
hospital (amikacin, meropenem and imipenem) on P. ae-
ruginosa.

2. Objectives

The aim of this study was to evaluate in vitro morpho-
logical and bactericidal effects of amikacin, meropenem
and imipenem on P. aeruginosa isolated from clinical
specimen.

3. Materials and Methods

3.1. Bacterial Strains and Culture Conditions

In our study we used eight P. aeruginosa isolates ob-
tained from clinical samples of burned patients and stan-
dard strain ATCC 27853. Primary identification of isolates
was performed using conventional biochemical tests
as described previously. Then, presumptive identifica-
tion was confirmed by ITS (16S-23S rDNA internally tran-
scribed spacer)-PCR.

3.2. Antibiotics

The selected antibiotics were amikacin, meropenem
and imipenem (MAST, UK) according to highest con-
sumption in burn unit of the hospital.

3.3. Determination of Minimal Inhibitory Concen-
tration (MIC)

MIC for amikacin, meropenem and imipenem were de-
termined by E-test strip (Liofilchem, Italy). McFarland 0.5
standard turbidity samples were prepared and spread
on Muller Hinton agar. One E-test strip was placed onto
the surface of each cultured plate. Results after an over-
night incubation at 37°C were observed and determined
according to manufacture instruction. Results are pre-
sented in Table 1.

3.4. Induction to Coccoid Form of Bacteria

The bacilli form of fresh colonies of P. aeruginosa was
confirmed by Gram staining. Then inoculated into BHI
(Brain Heart Infusion) broth (Merck, Germany) and in-
cubated in antibiotic stress overnight at 37°C. A tube
without antibiotics was used as a control. We examined
samples each 24 hours for 10 day, by Gram staining and
observation by camera light microscopy (Digital DP 72-
BX 51, Olympus, Japan) at a magnification of x1000. We
screened 100 bacteria/field for their morphology and size
of cells. When more than 90% of bacterial coccoid were
seen, viability of them was evaluated.

3.5. Membrane Integrity and Cell Viability Assay

Bacterial suspensions in BHI broth containing 90% - 100%
coccoid bacteria were centrifuged for 10 minutes at 1000
g then washed three times with PBS (phosphate-buffered
saline pH8) ( Sigma, USA). Three microliter of propidium
iodide (PI) fluorescent stain (Sigma, USA) was added to
precipitate and incubated for 30 minutes in the dark. Flow
cytometry was performed by FAC Scan Calibur (BD, Becton
Dickinson, USA). PI is a fluorescent dye that cannot cross
the cell membrane consequently; it is only able to stain
dead cells. Forward and side scattered of cells (both in a
logarithmic setting) were measured. The red fluorescence
0f 10/000 bacteria was analyzed with FL2 plotted. The histo-
gram of gated bacteria was detected as the percent of dead
and alive cells. A suspension of fresh bacteria and killed
bacteria with hypochlorite (5%) were used as control cells.

3.6. Antibiotic Susceptibility Test for Coccoid
Bacteria

Amikacin, meropenem and imipenem antibiotics were
added to the broth culture containing 100% viable coccoid
bacteria at concentrations of 1, 2, 4 and 8 pg/mL for amika-
cin and 0.25, 0.75, 1.5, 2 and 4 png/mL for meropenem and
imipenem. After 24 hours sensitivity of viable coccoid bac-
teria to antibiotics was assessed by flow cytometry.

3.7. Statistical Analysis

Analysis of data was performed using SPSS version 20 by
one way ANOVA and Post Hoc (LSD) tests. P < 0.05 consid-
ered as statistically significant.

Table 1. MIC of Isolates

Antibiotic? Standard Strain Clinical Samples
1 2 3 4 5 6 7 8
Imipenem 1 4 2 1.5 2 2 15 2 2
Meropenem 1 4 3 2 1.5 2 2 2 2
Amikacin 2.5 6 4 4 6 4 4 4 6
3pg/mL.
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4. Results

At initiation of experiment (24 hours), 100% of bacteria
were bacilli (Figure 1 A). During the time-tested forms of
bacilli, U shape and elongated bacilli (mixed morphol-
ogy) were seen (Figure 1 B). After eight days of incubation,
populations of cells were pure coccoid bacteria (100%,
Figure1C).

Assignificant result was that all three antibiotics induced
coccoid bacteria in MIC and sub MIC. The highest rate of
induced coccoid bacteria was 98.2% after 8 days, which con-

tributed to imipenem and meropenem at 2 ug/mL concen-
tration. The rate of induced coccoid bacteria by amikacin
was 55.05% at 4 pg/mlL after eight days (Table 2).

As shown in Figure 3, analysis of viability test by flow cy-
tometry, tubes with imipenem at concentration of 2 ug|
mL had significantly the greatest population (98.2%) of vi-
able coccoid bacteria compared with amikacin (P = 0.01).
Figure 4 shows that amikacin significantly induced lower
rate of viable coccoid bacteria (55.05%).

Figure 1. Microscopic Images of Gram Stained P. aeruginosa

Microscopic images under camera light microscopy (Digital DP 72-BX 51, Olympus, Japan) showing pure bacilli form at 24 hours incubation (1A), mixed
forms, bacilli, U-shapes and elongated bacilli after exposure to antibiotics (1B) and pure induced coccoid bacteria after 8 days (1C).

Table 2. Concentration of Antibiotics That Induced and Eradicated Coccoid Bacteria Form in Clinical Isolates and Standard Strain

Antibiotic® Clinical Samples Standard Strain
Concentration of Concentration to antibi- Concentration of Concentration to
antibiotics that induced otics eradicate coccoid  antibiotics thatinduced antibiotics eradicate
coccoid bacteria bacteria coccoid bacteria coccoid bacteria
Imipenem 2 4 0.75 1.5
Meropenem 2 4 0.75 15
Amikacin 4 8 2 4
ag/mL.
Figure 2. Flow Cytometry Analysis
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Figure 3. Flow Cytometry Analysis
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Figure 4. Flow Cytometry Analysis
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Figure 5. Flow Cytometry Analysis
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Figure 6. Flow Cytometry Analysis
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Figure 5 shows bactericidal effect of imipenem at 2 x
MIC (4 pg/mL) on viable coccoid bacteria by flow cytom-
etry, in which after 2 days, 59.16% of cells were killed. Re-
sults showed (Figure 6) that amikacin at MIC and 2 x MIC
(8 pg/mL) concentration had the highest bactericidal ef-
fect on viable coccoid bacteria of P. aeruginosa (> 90%).
Treatment with MIC and 2 x MIC of meropenem was simi-
lar to imipenem result.

5. Discussion

Pseudomonas aeruginosa might be converted to coccoid
bacteria under antibiotic stress. Bacterial conversion
would increase resistance to antibiotics due to changes
in cell wall crosslink or decreased metabolic activity (2,
8-10). It would be the major reason for treatment failure.
The purpose of this study was to increase the knowledge
about the effect of antibiotics on morphological changes
of P. aeruginosa and also the effect of antibiotics on viabil-
ity of P. aeruginosa coccoid form.

One of the main observed behaviors in environmental
stress of Gram negative bacteria is cell size reduction and
change in morphology from bacilli to coccoid bacteria
(2). Rearrangement of peptidoglycan in cell wall of coc-
coid bacteria occurs and leads to size reduction (9). In the
present study, eight P. aeruginosa isolates obtained from
clinical samples of burned patients and standard strain
ATCC 27853 were investigated. Isolates were identified by
biochemical tests and confirmed by PCR method using
ITS specific primer. Bacteria were exposed to antibiot-
ics (amikacin, meropenem and imipenem) at different
concentrations and MICs of three antibiotics were deter-
mined by E-test method (Table 1). Bacterial morphology
in different days was examined by specific microscope
and their viability assessed by flow cytometry. We used
flow cytometry for bacterial viability assay because it is a
fast, easy and reliable method.

Some beta-lactam antibiotics, such as imipenem and
meropenem have affinity for penicillin-binding proteins
(PBPS) and induce changes in cell morphology, while
amikacin is protein synthesis inhibitor (6). The stresses
used in this study were antibiotics including amikacin,
meropenem and imipenem. These antibiotics were cho-
sen because of routine use for eradication of P. aeruginosa
infection in hospital burn unit. Our results showed that
all of three antibiotics could induce bacterial coccoid
bacteria. As shown in Figure 3, the highest rate of mor-
phological conversion was related to imipenem at con-
centration of 2 ug/mL (MIC) after 8 days. In this study, we
tested susceptibility of viable coccoid bacteria to three
antibiotics and showed that amikacin had the highest
bactericidal effect on these types of cells; MIC of this anti-
biotic for coccoid bacteria was 8 ng/mL (Figure 6).

It seems that protein synthesis inhibitor antibiotics
such as amikacin have appropriate bactericidal effect on
coccoid bacteria. Cefali et al. demonstrated that P. aeru-
ginosa under stress condition begin to change morphol-
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ogy from 9th day, while in our study changes occurred on
the 5th day. This difference could be due to differences in
characteristics of studied strains, the type of stress and
the type of culture medium (2). Faghri et al. performed
a similar study on Helicobacter pylori and showed that
bacteria changed to coccoid bacteria after three days in
exposure to sub MIC of antibiotics. Faghri et al. studied
Campylobacter jejuni food stress and found that morpho-
logic changes observed on day 14 (16). This difference
could be due to the type of bacteria, differences in rates
of bacterial tolerance to stress, their inherent resistance
to antibiotics and different type of antibiotics. Besnard et
al. studied C. jejuni food stress and showed that morpho-
logic changes were observed on day 14 (17).

The results of this study revealed that prescribed con-
centration of antibiotics should be carefully ordered to
prevent induction of coccoid bacteria that may increase
antibiotic resistance. Our results also showed that eradi-
cation of coccoid bacteria derived from clinical isolates
is possible by higher concentrations of antibiotics (3).
There are various methods for confirming viability and
integrity of coccoids. We used quick, unpretentious and
reliable flow cytometry method for bacterial viability
assay. Our study revealed that different antibiotics near
to MIC concentration in exposure to P. aeruginosa can
induce morphologic transformation from bacilli to coc-
coid bacteria. It is one of the main reasons for failure in
antibiotics treatment. Based on the present study results,
susceptibility testing alone may not be sufficient to deter-
mine clinical effect of antibiotics on P. aeruginosa infec-
tion. Morphological conversion should be investigated
by flow cytometry as a fast, easy and reliable method.
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