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Abstract

bacterial and anti-biofilm effect of the AZM on them.

(< 64 pg/mL) could inhibit biofilm production.

by P. aeruginosa.

Background: Cystic fibrosis (CF) is an autosomal recessive disease characterized by respiratory, gastrointestinal, and reproductive
tract problems. Patients with CF often suffer from chronic pulmonary infections due to the Pseudomonas aeruginosa, which fre-
quently ends in pulmonary exacerbations. With their anti-inflammatory, anti-virulence, and anti-biofilm properties, macrolides
such as azithromycin (AZM) play a beneficial role in the treatment of CE.

Objectives: We evaluated the ability of biofilm formation among P. aeruginosa isolates from CF patients and compared the anti-

Methods: Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of AZM against 21 P. aeruginosa
isolates from Iranian CF patients were determined. Then, we investigated the ability of biofilm formation by P. aeruginosa and also
anti-biofilm effect of AZM on biofilm producing P. aeruginosa isolates.

Results: The results showed a high level of AZM MIC (< 512 pg/mL) and MBC (< 2048 pg/mL) against P. aeruginosa isolates. Most
isolates (70%) were biofilm producers, 20% being strong producers. The AZM anti-biofilm effect showed that sub-MIC concentration

Conclusions: P. aeruginosaisolated from CF patients showed a high level of MIC and MBC for AZM that indicated a weak anti-bacterial
effect of AZM. However, AZM inhibited biofilm formation in low doses; this might lead to dangerous chronic pulmonary infection
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1. Background

Cystic fibrosis (CF) is a common multisystem autoso-
mal recessive disease, with an unknown prevalence in Iran.
However, about 1200 patients have been registered in the
Iranian CF Center Registry System so far (1). Mutation of
the cystic fibrosis transmembrane conductive regulator
(CFTR) gene that affects chloride ion channel function cre-
ates thicker and stickier mucus in the lungs, pancreas, and
other organs, resulting in cystic fibrosis. Although CF oc-
curs in numerous organs, it is mostly presented in the up-
per and lower airways, pancreas, bowel, and reproductive
tracts (1).

For many patients, pulmonary problems are the worst
in terms of symptoms, and the required treatments (1).
Meanwhile, Pseudomonas aeruginosa, an opportunistic

pathogen, is the mostimportant cause of pulmonary infec-
tion in CF patients, which mainly leads to lung destruction
and the patient’s death (2). By late adolescence, 80% of CF
patients have been already chronically infected (2).

Unique lung environment condition in CF patients
with dehydrated mucus, high osmotic pressure, and high
salt concentration, leads to alginate over-production and
results in emerging mucoid phenotypes of P. aeruginosa,
and ultimately its biofilm formation (2). Biofilm is defined
ascommunities of microbes associated with surfaces or in-
terfaces; bacteria growing in biofilm are much more resis-
tant to antibiotics and can cause lethal chronic infections
(2). Evidence suggests that biofilm formation is associated
with therapeutic failure, especially in chronic infection (3,
4). Furthermore, P. aeruginosa shows resistance to a variety
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of antibiotics via its innate and acquired resistance mecha-
nisms, so finding an effective antibiotic for its eradication
becomes very difficult (5).

In recent years, the efficacy of macrolides in P. aerug-
inosa pulmonary infection in bronchiectasis, Chronic Ob-
structive Pulmonary Disease (COPD), and CF patients have
been reported (6). Several studies have demonstrated that
macrolides through many mechanisms decrease exacer-
bations, improve lung function, and exert their beneficial
anti-inflammatory activity and anti-virulence effects (6, 7).
It has been reported that long-term daily administration
of azithromycin (AZM) significantly decreases symptoms
and inflammatory parameters and increases the survival
of CF patients suffering from chronic P. aeruginosa lung in-
fection (8). A similar effect has been reported in CF and
COPD patients with chronic P. aeruginosa infection in a con-
trolled study using AZM 250 mg/day for 3 months and then
500 mg orally three times per week, over 12 months (9).
Also, the impact of AZM on biofilm and mechanism of its
effecthas been considered, and it has been shown that AZM
prevents and abolishes the biofilm matrix through inhibit-
ing the quorum sensing, which is necessary for maturation
of the biofilm (5, 7).

Although the role of AZM as a quorum sensing in-
hibitor has been already shown, several studies have re-
ported that P. aeruginosa may be resistant to AZM by
MexCD-Opr] efflux pump during biofilm formation (5).

Furthermore, heterogeneous responses to the environ-
ment within an isogenic bacterial population could lead
to the appearance of phenotypic variants called persister
cells. P. aeruginosa strains isolated from CF patients typi-
cally show high levels of persister cells. Interestingly, the
persister cells are not genetically resistant to antibiotics
but are tolerant to high concentrations of antibiotics and
make the treatment of infection in CFlung even more com-
plicated (5,10).

2. Objectives

In the present study, we evaluated the ability of biofilm
formation in P. aeruginosa isolated from CF patients that
might associate with chronic lung infection and antibiotic
treatment failure. In CF patients, chronic lung infection of
P. aeruginosa mainly leads to lung destruction and death.
Also, we evaluated and compared anti-bacterial and anti-
biofilm effects of AZM on these isolates to demonstrate the
efficiency mechanism. To our knowledge, up to now, there
is no study on anti-biofilm effects of AZM against P. aerugi-
nosa isolated from Iranian CF patients.

3. Methods

3.1. Clinical Isolates

Of 55 CF patients registered to CF Center in Tehran Chil-
dren’s Medical Center between June and December 2018
who had a history of P. aeruginosa lung infection, 21 P.
aeruginosa isolates were clinically collected. All isolates
were maintained at-70°C in Tryptic soy broth (TSB) (Merck,
Germany) containing 10% dimethyl sulfoxide (v/v) (Sigma,
USA) before using. All ethical aspects of this project have
been complied with the principles laid down in the Decla-
ration of Helsinki.

P. aeruginosa ATCC 27853 and P. aeruginosa PAO1 were
used as the quality control for antibiotic susceptibility and
biofilm assay, respectively.

3.2. Anti-Bacterial Susceptibility Testing

Anti-bacterial susceptibility profiles of the P. aerug-
inosa isolates were determined by the disk diffusion
method according to the recommendations of the Clinical
and Laboratory Standards Institute (CLSI, 2018 ed) (11). The
antibiotic disks (MAST Diagnostics, Merseyside, UK) were
azithromycin (15 ug), ceftazidime (30 ug), ciprofloxacin
(5 pg), aztreonam (30 ug), meropenem (10 ug), and to-
bramycin (10 pg). All tests were repeated at least 3 times,
and the averages of the inhibition zones were reported.

3.3. Minimum Inhibitory Concentration Determination

The minimum inhibitory concentration (MIC) of AZM
(donated by Tehran Chemie, Iran) was estimated by the
broth microdilution method (11). Briefly, a final bacterial
inoculum of 5 x 10°® log-phase CFU/mL was used as the in-
oculum. AZM solution (10 mg/mL)was prepared by ethanol
95% dilutions of 4 - 2048 ug/mL in microtiter plates (SPL
Plastic Labware, Korea). The concentration of antibiotic re-
sulting in no visible growth was taken as the MIC. All tests
were repeated at least 3 times, and the averages of MIC val-
ues were reported. The last two columns of each microtiter
plate were used as controls (medium control and bacterial
growth control).

3.4. AZM Minimum Bactericidal Concentration Determination

The minimum bactericidal concentration (MBC) of
AZM was determined according to CLSI guidelines (11).
Briefly, from microtiter plate wells with a concentration
equal and higher than MIC, inoculated on Tryptic soy Agar
(TSA). All tests were repeated at least 3 times, and the aver-
ages of MBC were reported.
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3.5. Biofilm Assay

For biofilm assay, a flat-bottomed 96-well cell culture
microtiter plate (SPL Plastic Labware, Korea) was used. As
described previously, 100 pL of TSB medium supplemented
with 0.2% glucose was added to each well and then 100 pL
of 108 CFU/mL (24 hour P. aeruginosa culture) were inocu-
lated in each well and then were incubated at 37°C for 20
hours.

After incubation, the planktonic cells were removed,
and plates were rinsed thrice using pre-warmed (37°C)
physiological saline. The plates were dried for 15 min in a
sterile setting. Then, as supplementary 200 pL of TSB with
0.2% glucose and 50 1L of 2,3,5-triphenyl-tetrazolium chlo-
ride (TTC) solutions (0.5%) (Merck, Germany) were added
to each well, plates were incubated in the dark for 6 hours
at37°C and 150 rpm. After this period, the absorbance was
measured at 405 nm. The assay was performed in 6 repli-
cates in 2 different days for each experiment (12).

3.6. AZM Minimal Biofilm Inhibitory Concentration Determina-
tion

The minimal biofilm inhibitory concentration (MBIC)
was determined by microtiter plate and according to CLSI
guidelines (11). Briefly, after filling the wells with 100 uL of
TSB with 0.2% glucose, a sub-MIC of AZM was used for se-
rial dilutions (1- 512 pg/mL). The last two columns of each
microtiter plate were used as controls (medium control
and bacterial growth control). By using a 24-hour culture
of biofilm-producing P. aeruginosa isolates, 100 uL of sus-
pension with 0.5 McFarland standard concentration was
inoculated in each well, except medium controls, and then
were incubated at 37°C for 20 hours.

Similar to the method described above, removing
planktonic cells, washing, and drying were carried out,
and then 170 pL of TSBwith 0.2% glucose and 30 pL of 1IXTTC
solution were added to each well. Plates were incubated in
dark for 5 hours at 37°C and 150 rpm. After this period the
absorbance was measured at 490 nm. The assay was per-
formed in 3 replicates in 2 different days for each experi-
ment (12).

4. Results

4.1. Clinical Isolates

Among 21 P. aeruginosa clinical isolates, 42.54% were
collected from male patients and 57.4% from female ones.
Most of the isolates (90%) were obtained by throat swab,
and the remaining by sputum culture.
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4.2. Anti-Bacterial Susceptibility

The antibiotic susceptibility results showed a low rate
of antibiotic resistance and no MDR isolates among P.
aeruginosa isolates. Results showed only 20% resistance to
aztreonam, 15% to tobramycin, and 5% to ciprofloxacin.

The majority of the isolates (75%) showed hetero-
geneous azithromycin resistance. Heterogeneous
macrolides resistance is defined as the isolates with
colonies in the inhibition zone of erythromycin,
azithromycin, and clarithromycin disks.

4.3. AZM MIC Determination

Figure 1 shows Distribution of MIC (ug/mL) in the 21
P. aeruginosa isolates. All strains showed high resistance
to AZM expressing in high-level of MIC (64 < MIC < 512
pg/mL), indicating undesirable anti-bacterial effect.
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Figure 1. Distribution of MIC (p1g/mL) in P. aeruginosa isolates from CF patients

4.4. AZM MBC Determination

All strains showed high resistance to AZM expressed in
high-level of MBC (512 < MIC < 2048 pug/mL), indicating un-
desirable bactericidal effect. Figure 2 shows the compari-
son of MIC (ug/ml) and MBC (pg/ml) among P. aeruginosa
isolates from CF patients.

4.5. Biofilm Assay

Results showed that 70% of P. aeruginosa isolates were
biofilm producers (20% were strong-biofilm producers
and 50% moderate biofilm-forming isolates), and 30% of
them were non-biofilm producers. On the other hand,
most of the isolates produced biofilm that correlated with
chronic infection.
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Figure 2. Comparison of MIC (;+g/mL) and MBC (y1g/mL) among P. aeruginosa iso-
lates from CF patients

4.6. AZM MBIC Determination

Results showed that for biofilm-producing P. aerugi-
nosa isolates, sub-MIC concentration of AZM (8 < MBIC <
64 pg/mL) inhibited the biofilm formation. It indicates a
robust anti-biofilm effect of AZM in a low dose.

Figure 3 shows comparison of MIC (ug/mL) and MBIC
(ug/mL) among biofilm producing P. aeruginosa isolates
from CF patients.
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Figure 3. Comparison of MIC (;+g/mL) and MBIC (j+g/mL) among biofilm producing
P. aeruginosa isolates from CF patients

5. Discussion

Cystic fibrosis is a genetic, systemic, and life-
shortening disease characterized by various organ dys-
functions, mostly progressive lung disease and pancreatic
insufficiency (1). P. aeruginosa is the main bacteria as-
sociated with pulmonary disease in patients with CFE. P.

aeruginosa in biofilm is much more resistant to antibiotics
and host immune system compared to planktonic cells
that is difficult to eradicate bacteria resulting in respira-
tory failure, and finally, death (13-15). We observed that
70% of P. aeruginosa isolates produce biofilm, and 20%
were strong biofilm producers. Recently, other studies
in Iran have reported similar results (16, 17). Emaneini
et al. showed 83.5% of P. aeruginosa isolates were biofilm
producing strain amongst which 25.88% were determined
as strong biofilm producers (16). Pournajaf et al. reported
that 78.3% of all isolates were able to biofilm formation
and of which, 57.1% were strong biofilm producers (17).
The difference in rate of strong biofilm producers may
be related to the type of acute or chronic infection of CF
patients or time of infection. In our study, P. aeruginosa
was obtained from CF patients who had a history of P.
aeruginosa lung infection.

The results showed low antibiotic resistance among P.
aeruginosa isolates as well as no MDR isolates. Our anti-
bacterial susceptibility testing showed only 20% resistance
to aztreonam, 15% to tobramycin, and 5% to ciprofloxacin.
But other studies conducted in Iran, showed different an-
tibiotic resistant patterns (16, 17). Emaneini et al. reported
that less than half of P. aeruginosa isolates were deter-
mined as MDR but Pournajaf et al. reported low rates of
MDR (16,17). This difference in antibiotic resistance pattern
may be caused by the different common strains in any re-
gion and antibiotic treatment regimens.

Our findings show a high level of AZM MIC for P. aerug-
inosa CF isolates within the range of 64 and 512 g/mL, and
128 pg/mlL for P. aeruginosa PAO1 that are very similar to
other studies, indicating the undesirable anti-bacterial ef-
fect of AZM (7-19). In 2012, Lutz and et al. reported high
level of AZM MIC against P. aeruginosa CF isolates (between
32t0 4096 mg(L) (19). Another study, demonstrated a high
level of MIC (> 256 mg/L) in standard growth media (20).
Also, we observed weak bactericidal effect of AZM for P.
aeruginosa CF isolates. The MBC for P. aeruginosa CF iso-
lates was within the range of 512 < MIC < 2048 pg/mL.
This high rate of resistance can be due to multidrug-efflux
pumps that efficiently remove macrolides from the cell,
thus this bacterium being considered intrinsically resis-
tant to macrolides such as AZM (19).

In the meantime, we observed that 75% of P. aerugi-
nosa isolates showed heterogeneous azithromycin resis-
tance phenotype, i.e., subpopulations of bacteria exhibit
heterogeneous susceptibilities to a particular antibiotic
within an isogenic population. The heterogeneity of bacte-
rial cells might be the reason for the increasing resistance
to antibiotics, and mostly, it occurs in response to high
doses of antibiotics (5,10, 21).

We studied anti-biofilm effect of the AZM on P. aerug-
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inosa isolates from Iranian CF patients for the first time.
Our results demonstrated that sub-MIC of AZM could in-
hibit production of biofilm among P. aeruginosa isolates.
The MBIC results showed that for biofilm producer P. aerug-
inosa isolates, sub-MIC concentration of AZM (8 < MBIC
< 64 pg/mlL) inhibits biofilm formation. Previous stud-
ies support these results. They reported that sub-MIC of
AZM has many pleiotropic effects on P. aeruginosa, includ-
ing virulence inhibition, killing of stationary-phase and/or
biofilm-forming cells, and synergism with other antimi-
crobials and serum complement (7, 19, 22). Moreover, sub-
MIC of AZM prevents biofilm production in P. aeruginosa
isolates from urinary tract infection (18, 23). Also, the anti-
biofilm effect of AZM has been shown on other bacteria like
Haemophilus influenzae, and not just P. aeruginosa (24).

Although AZM has not been approved for the treat-
ment of infections caused by P. aeruginosa and no pub-
lished breakpoints exist for this species, various studies
have shown beneficial effect in patients with CF, COPD, and
asthma (11, 25-27). In addition, the Cystic fibrosis founda-
tion guideline and the American Pulmonary Clinical Prac-
tice Guidelines currently advocate routine use of AZM for
all CF patients aged above 6 years irrespective of chronic P.
aeruginosa infection (28). The 2018 revision of best practice
guidelines of the European CF Society states that mainte-
nance therapy with AZM can improve lung function and re-
duce pulmonary exacerbations in P. aeruginosa chronically
infected patients (29).

The main limitation of this study was expensive ma-
terials and equipments and also there were a few partici-
pants in sampling. Due to the small number of volunteer
patients for sampling, there was no difference between
those who were in the acute or chronic infection stage.
Also, among the patients participating in the sampling,
some had a history of AZM use that could affect the test re-
sults. In addition, in P. aeruginosa isolates from CF patients,
in the laboratory the antibiotic resistance might be differ-
ent from that in vivo.

5.1. Conclusion

The high rate of biofilm in P. aeruginosa isolated from
CF patients might be so disturbing. It seems the biofilm
formation associated with antibiotic resistance and treat-
ment failure; these two occurrences might lead to dan-
gerous chronic infection. So, it appears that the preven-
tion of biofilm production could reduce chronic infection.
Furthermore P. aeruginosa pulmonary infection treatment
might be achieved by using proper anti-biofilm or benefi-
cial therapies on microbial biofilm as well as appropriate
antibiotics regimen. AZM showed a high level of MIC and
MBC and a weak anti-bacterial effect on P. aeruginosa iso-
lated from CF patients.
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