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ABSTRACT

Introduction and Aim: The ability of Acinetobacter baumannii to form biofilms on biotic and abiotic surfaces is
regulated by several pathogens’ virulence factors, and this is thought to be at the root of the bacteria's resistance to
antibiotics. We hope to learn how temperature, pH, and iron concentrations influence the development of biofilms
in A. baumannii isolated from COVID-19 and non-COVID-19 individuals, and which genes are relevant for
biofilm formation and antibiotic resistance.

Materials and Methods: Eight strong adherent isolates of A. baumannii from respiratory tract infection Iraqi
patients (4 from COVID-19 and the other from non-COVID-19 just respiratory patients) had been used in this
study which conducted from 10/1/2021 to 10/2/2022. The antibiotic sensitivity of all isolates was determined using
the VITEK-2 system. The biofilm associated genes OXA-51, bap, Chaperone Usher (CsuE) and Integron-1, was
detected using PCR. Isolates of A. baumainni were put through a battery of tests to determine whether they
possessed the capacity to produce robust biofilms under a wide range of both physical (temperature, pH) and
chemical circumstances.

Results: A. baumannii showed that all isolates were multidrug resistant and positive for the biofilm genes studied.
Effect on temperature on biofilm formation showed at 44°C biofilm formation was significantly lower than that at
37°C (mean differences of 0.178000 (t= 8.355, df:3, P=0.004) and 0.204000 (t=26.521, df:3, P=0.000)
respectively). The adhesion factor value in the COVID-19 positive and negative groups decreased significantly
because of the pH change. Iron concentration of 60 uM significantly lowered biofilm formation among COVID-19
group and non-COVID-19 group.

Conclusion: A. baumanni are multidrug resistance isolates with a capacity to form biofilms. The ability to form
biofilms by A. baumannii is strongly influenced by physical and chemical factors.
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INTRODUCTION vigorous biofilm growth caused by A. baumannii (4).

. h hospitali he i . Class | integrons are found across the MDR A.
atients who are hospitalized to the intensive baumannii strain population in high numbers (5).
care unit are at a significant risk of contracting

an infection caused by Acinetobacter Alterations in the environmental conditions, both
baumannii. A significant death rate is associated with physically and chemically, have an effect not only on
this illness, particularly in patients who are being the phenotypic characteristics of microorganisms but
treated in the intensive care unit (ICU). Poor outcomes also on the expression of critical functions in bacteria.
are made worse by poor medication and restricted The formation of biofilm is heavily influenced by a
therapeutic possibilities (1). A.baumannii can colonize variety of environmental factors, such as temperature,
and produce biofilm on both biotic and abiotic osmolality, concentration of ferrous iron, availability
surfaces because it encodes a wide variety of of nutrients, quality of materials where biofilms are
virulence genes that contribute to chronic and generated, light, and ambient acidic conditions. A.
persistent infections, antibiotic resistance, and the baumannii biofilm formation can also be affected by
ability to colonize and form biofilm on these surfaces the surface's hydrophobicity and the amount of

(2). The CsuA/BABCD chaperone-usher pili system is oxygen it contains (6).
responsible for the synthesis of the biofilm-associated

protein (Bap), which is a surface-adhesion protein. Infections caused by A. baumannii have just recently
This protein plays a key role in the start and been found in patients with COVID-19. These patients
maturation of biofilm (3). The presence of class-D are given antibiotics with a broad range as a
OXA carbapenemase genes has been linked to the precaution, which increases the likelihood that they
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will develop multidrug-resistant (MDR) bacteria.
Pneumonia, which can be caused by a ventilator, can
be contracted using mechanical ventilation (7). A.
baumannii that was isolated from respiratory infected
patients (both COVID-19 and non-COVID19) was
studied to identify the genes that are responsible for
biofilm  formation and antibiotic  resistance.
Additionally, the effects of physicochemical changes
on biofilm formation were investigated. These
changes included temperature, pH, and various
concentrations of iron.

MATERIALS AND METHODS
Bacterial isolates

Eight A. baumannii isolates were kindly provided by
Educational Laboratories (Medical City) in Baghdad,
which were isolated between January 2021 to
February 2022 from respiratory sickness patients with
positive Covid-19 infection or without Covid-19
infection. Each individual isolation was a potent
biofilm producer. The VITEK 2 system validated the
identification of A. baumannii. Susceptibility to
antibiotics was tested using the VITEK 2 system.

Detection of antibiotic resistance and biofilm
formation genes

The OXA-51 for bacterial genetic identification of A.
baumannii and for antibiotic resistance, the Bap gene
for biofilm, the Chaperone Usher (CsuE) for biofilm
and motility, and the integron class 1 (mobile gene)
for antibiotic resistance were performed on the eight
isolates.

DNA extraction and quantification

To recover DNA from each of the eight bacterial
isolates, a Genomic DNA Purification Kit was utilized

(Promega, USA). To determine how much DNA was
taken out of the sample, a Quantus Fluorometer was
utilized. To acquire an accurate reading of the DNA
concentration, 1 pl of the sample DNA was mixed
with 200 pl of the diluted Quantifluor Dye. After this
mixture was swirled, it was allowed to sit at room
temperature for 5 minutes.

Identification of genes OXA-51, bap, csuE, and
integron 1

DNA extracted was used in the identification of the
OXA-51, bap, csuE and integronl genes by
polymerase chain reaction (PCR). Table 1 contains a
listing of the amplification primers for each gene, as
well as the size of the product that was obtained. The
polymerase chain reaction (PCR) was performed
using the thermocycler (Thermo Fisher Scientific,
USA) and the thermo cycling settings specified in
Table 2.

Physicochemical effects on biofilm formation
Temperature and pH

In this experiment, different A. baumannii isolates
were subjected to biofilm formation tests on microtiter
plate wells after being incubated at temperatures of
28, 37, and 44 °C for 24, 48, and 72 hours respectively
in Luria Bertani broth. Similarly, the impact of pH on
this bacterium's biofilm-forming abilities was
investigated by adjusting the pH of Luria Bertani
broth with 1% hydrochloric acid (HCL) or 2% sodium
hydroxide (NaOH) and following the protocol for the
microtiter plate assay as described by Badmasti et al.,
(8). The PCR was applied in diagnosis of related
genetic disease (9-11) and different pathogenic
microorganisms (12-14)

Table 1: Primers sequences used in this study

Primer | Primer sequences (5--3") Annealing | Product | Ref.
Name temp. (°C) | size(bp)
OxA-51 | F: TAATGCTTTGATCGGCCTTG 54 353 bp 4)
R: TCGATTGCACTTCATCTTGG
Intl -1 F: CAGTGGACATAAGCCTGTTC 59 160 bp (5)
R: CCCGAGGCATAGACTGTA
Bap F:-TGCTGACAGTGACGTAGAACCACA | 60 184 bp (8)
R:TGCAACTAGTGGAATAGCAGCCCA
CsukE F:GGCGAACATGACCTATTT 57 580 bp (15)
R: CTTCATGGCTCGTTGGTT
Table 2: PCR Program used in molecular study
Stage Temperature (time)
Initial denaturation | 95°C (5 min)
Denaturation 95°C (30 sec)
Annealing 54, 57, 59 or 60°C (30 sec) | 30
Extension 72°C (1 min) cycles
Final extension 72°C (7 min)
Hold 10°C(10 min)
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Effect of ferric chloride concentrations on biofilm
formation by A. baumannii

Microtiter plates were used by Davis et al., so that
they could study the formation of A. baumannii
biofilm being affected by five different concentrations
of ferric chloride: 20 uM, 40 uM, 60 uM, 80 uM and
100 uM (16). The bacteria were grown quickly on a
modified M9 medium that included 0.2% glucose and
0.2% amino acids. The medium was used for a brief
amount of time. After adding 20 uM, 40 uM, 60 uM,
80 UM, and 100 uM of ferric chloride, M9's adhesion
was tested at each of those concentrations.

Statistical analysis

We utilized SPSS (version 26) and STATISTICA for
data entering, verification, and analysis respectively
(version 12). For the qualitative data, descriptive
statistics such as frequency distribution tables,
numbers, and percentages were used, but for the
guantitative data, the mean, standard deviation, and
range were applied. Either Student’s unpaired t-test, or
the Fisher Exact test was used to analyze the data and
determine whether there were statistically significant
differences between the groups (a substitute for the
Chi-square test). Throughout the entirety of the
inquiry, a P-value of 0.05 was employed as the

threshold for determining whether the results were
statistically significant (17).

RESULTS

A. baumannii identification
susceptibility testing

The VITEK-2 system identified A. baumannii
bacterial isolates and determined which antibiotics
worked against the eight isolates. All isolates
examined exhibited substantial antibiotic resistance.
The isolates were resistant to piperacillin-tazobactam
(PTZ), piperacillin, trimethoprim-sulfamethoxazole
(TS), cefepime, cefazidime, ciprofloxacin (CIP),
ticarcillin, and ticarcillin-clavulanate (TIM), however
they were more sensitive to colistin (12.5% vs.
87.5%).

and antibiotic

Identification of biofilm associated genes in A.
baumannii

The results of PCR technique for the eight strong
biofilm formation A. baumannii isolates showed that
all isolates have blaOXA-51-Like genes (carbapenem
resistance genes), integron 1 gene and Bap gene
(biofilm association protein) and seven isolates to be
positive for CSuk gene (Table 3, Fig. 1).

Table 3: Distribution of genes in A. baumannii isolates in the study

Genes A.baumannii strains positive for
gene isolated from patients tested
Covid-19 +ve Covid-19 —ve
(n=4) (n=4)
OX51 4 (100%) 4 (100%)
Bap 4 (100%) 4 (100%)
CSUE 4 (100%) 3 (75%)
Integron 1 4 (100%) 4 (100%)
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Fig. 1: Amplification of Acinetobacter baumannii genes fractionated on 1.5% agarose gel electrophoresis
and stained with ethidium bromide. M: 100 bp ladder marker, NC: negative control.
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Physical and chemical effects on biofilm formation
Effect of temperature and pH

In terms of physical environmental effects on biofilm
formation of the eight A. baumannii bacterial isolates,
significant differences were found in comparison to
standard biofilm (37° C) among those isolated with
positive Covid-19 infection or those without Covid-
19. The mean values at 44° C were significantly lower
than those at 37° C (0.58550 0.053507 vs. 0.40750
0.0142201) with significant mean differences of
0.178000 (t= 8.355, df: 3, P= Similarly, the mean
values at 44° C for non-covid-19 group was
significantly lower than those at 37° C (0.52575
0.041995 vs. 0.32175 0.027476), with significant
mean differences of 0.204000 (t= 26.521, df: 3,
P=0.000). However, no significant differences were
observed when the temperature was reduced to 28° C,
whether in the groups with or without Covid-19
infection (P> 0.05; Table 4).

Significant differences were identified among both
groups at pH 5 comparison to standard for biofilm
formation by A. baumannii isolated from Covid-19
positive and negative groups (0.58550 + 0.053507 vs.
0.26150 =+ 0.022249) with significant mean
differences of 0.324000 (t= 13.847, df: 3, P= 0.001),
and (0.52575 £ 0.041995 vs. 0.25900 + 0.032833)
with significant mean differences of 0.266750 (t=
7.707, df: 3, P=0.005) (Table 4).

Likewise, at a pH of 9 the adhesion factor value
significantly decreased than that of standard for both
with or without Covid-19 infection groups (0.58550 +
0.053507 vs. 0.30875 £ 0.051299) with significant
mean differences of 0.276750 (t= 11.383, df: 3, P=
0.001), and (0.52575 + 0.041995 vs. 0.32550 +
0.032399) with significant mean differences of
0.200250 (t= 11.369, df: 3, P= 0.001) respectively
(Table 4) (Fig. 2)

Table 4: Comparison of adherence among A. baumannii isolates (n=8) following exposure to
varying range of temperature and pH

Physical Covid-19 groups

exposure Covid-19 positive (n=4) Covid-19 negative (n=4)

medium | Mean + SD Mean Significance® Mean + SD Mean Significance

difference? difference

37°C 0.58550 + 0.053507 | 0.178000 | t=8.355, df: 3, 0.52575 +0.041995 | 0.204000 | t=26.521, df: 3,

44°C 0.40750 + 0.0142201 P=0.004 0.32175 + 0.027476 P=0.000

28°C 0.56675 + 0.062297 | 0.018750 | t=0.919, df: 3, 0.53575 + 0.056358 | -0.010000 | t=-0.875, df: 3,
P=0.426 P=0.446

HCL 0.26150 +£ 0.022249 | 0.324000 | t=13.847,df: 3, | 0.25900 + 0.032833 | 0.266750 | t=7.707,df: 3,
P=0.001 P=0.005

NaOH 0.30875 +£0.051299 | 0.276750 | t=11.383, df: 3, | 0.32550 £ 0.032399 | 0.200250 | t=11.369, df: 3,
P=0.001 P=0.001

a: Mean difference from standard value (37°C), ®: One-sample t-Test.

Covid_19: Yes

.

A_ 37°C 44 °C 28°C HCL (ph-5) NaOH (ph-8)
Covid_19: No
0.
B . 37°C 44 °Cc 28°C HCL (ph-5) NaOH (ph-9)

Fig. 2: Comparison of Means of A. baumannii adherence following exposure to temperature and
pH changes among A: Covid-19 positive group; B: Covid-19 negative group
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Effect of varying concentration of ferric chloride
on biofilm formation

The propensity of A. baumannii isolates to produce
biofilms on exposure to various amounts ferric
chloride (FeCls) was examined. Strains isolated from
individuals infected or uninfected with COVID -19
were found to differ significantly. The mean values at
concentration of 40 uM and 60 uM were significantly
lower than that of standard among COVID-19 group
(0.58500 + 0.133854 vs. 0.29900 + 0.055444) (t=
6.487, df: 3, P= 0. 007) and (0.58500 + 0.133853 vs.
0.25000 * 0.059939) (t= 8.655, df: 3, P=0.003) with
significant mean differences of 0.0286000 and
0.3335000 respectively. On the other hand, significant
differences among non- COVID -19 group were
identified at concentration of 20 pM, as its mean value

was significantly lower than that of standard (0.55975
+ 0.127573 vs. 0.40625 + 0.072990) with significant
mean differences of 0.153500 (t= 3.732, df: 3, P=
0.034). Similarly, the mean values at the concentration
of 60 uM and 80 uM were significantly lower than
that M9 (0.55975 + 0.127573 vs. 0.28575 + 0.078360)
(t= 3.549, df: 3, P= 0.038) and (0.55975 + 0.127573
vs. 0.31500 + 0.036231) (t= 3.766, df: 3, P= 0.33)
with significant mean differences of 0.274000 and
0.244750 respectively. However, the mean values at
concentration of 20 uM, 80 uM, and 100 uM among
COVID -19 infection group, and the mean values of
40 uM and 100 puM among non- COVID-19 infection
group showed no significant differences from standard
(P > 0.05) as shown in Table 5 and Fig. 3.

Table 5: Comparison of adherence among A. baumannii isolates (n=8) following exposure to varying
concentration of Ferric chloride

Chemical Covid-19 groups

exposure Covid-19 positive (n=4) Covid-19 negative (n=4)

medium | Mean + SD Mean Significance® | Mean + SD Mean Significance

(FeCls) difference? difference

M9 0.58500 + 0.133853 | 0.140250 t=2.878, df: 3, | 0.55975 + 0.127573 | 0.153500 | t=3.732, df: 3,

20 uM 0.44475 + 0.046743 P=0.064 0.40625 + 0.072990 P=0.034

40 pM 0.29900 + 0.055444 | 0.0286000 | t=6.487,df: 3, | 0.31925 + 0.036628 | 0.240500 | t=3.189, df: 3,
P=0.007 P=0.050

60 uM 0.25000 + 0.059939 | 0.3335000 | t=8.655, df: 3, | 0.28575 + 0.078360 | 0.274000 | t= 3.549, df:3,
P=0.003 P=0.038

80 uM 0.35925 + 0.028999 | 0.2225750 | t=3.086, df: 3, | 0.31500 £ 0.036231 | 0.244750 | t=3.766, df: 3,
P=0.054 P=0.33

100 pM | 0.39550 + 0.012662 | 0.189500 t=2.733,df: 3, | 0.37125 + 0.056647 | 0.188500 | t=2.786, df: 3,
P=0.072 P=0.069

a:Mean difference from standard value (M9), °: One-sample t-Test

A: =

20 M

Covid_19: Yes

40 pm

60 pM 80 M 100 pm

:

Covid_19: No

=

ﬁg@

20 pM

02
B: )

40 pm

60 pM 80 pM 100 pM

Fig. 3: Comparison of means of A. baumannii adherence following exposure to varying Ferric chloride
concentrations among A: Covid-19 positive group; B: Covid-19 negative group
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DISCUSSION

The isolates in this study were confirmed as
A.baumannii based on the detection of the
carbapenem- hydrolyzing (blaOXA-51-Like) gene
which has been used as a simple and reliable way to
identify A. baumannii (4). The study showed the A.
baumannii isolates (n=8) isolated from Covid-19
positive and negative individuals to be multi drug
resistant (MDR). In general, the diagnosis of Covid-19
done by PCR and CT-scan techniques (18-20).

A. baumannii multidrug resistance and the production
of biofilms have both been linked to several genes.
(21). Some of the MDR and biofilm determinants
identified for A. baumannii include the Bap (biofilm-
associated protein), Csuk (Chaperone Usher protein)
and mobile Integron class 1 genes (22). All strains
that were strong biofilm formers in this study were
also positive for the presence of the bap and csuk and
integron class 1 genes, which further confirms these
strains to be biofilm formers. In A. baumannii.
chaperone-usher pili is used in attachment and
invasion, biofilm formation, cell motility and transport
of proteins and DNA across membranes (23) while the
integrons, which are mobile DNA elements integrate
into the resistance gene cassettes, leading to resistance
phenotypes (22).

The physiochemical (temperature, pH, Ferric chloride
concentration) effects of biofilm formation by
A. baumannii were also investigated in this study.
Significant variations were found between isolates
isolated from COVID -19 positive infections or those
without, compared to the normal biofilm 37°C. No
significant difference was observed with the
temperature decreasing to 28° C, between the COVID
-19 groups (P>0.05). A. baumannii biofilm
development was somewhat improved when incubated
at ambient temperature (28° C) as opposed to at 37°C
in few of the isolates, which is agreement with a
previous study (24). Our study also observed that the
biofilm formation significantly decreased when the
temperature was increased to 44° C. As regards to pH
changes it was observed as with other bacteria
A. baumannii also preferred a pH of 7.0 to form
biofilms. An increase and decrease in pH levels led to
the inhibition of biofilm formation which agrees with
earlier research (25), wherein it was recorded that
A. baumannii isolates showed maximum biofilm
formation between pH 6.0-7.0 (26). This is essential
because treating surfaces, such as catheters or
indwelling medical devices, with alkaline solutions or
cleansers may minimize the chance of bacterial
colonization and subsequent infections due to biofilm.

Data obtained in this study also showed that iron
chloride (ferric chloride FeCls) inhibited biofilm
formation in all five concentrations studied (Table 3).
Our results agree with earlier studies, where it has
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been shown that iron enhances biofilm formation with
increasing concentrations altering the biofilm activity
from strong to weak (27).

CONCLUSION

It has become increasingly difficult for antimicrobial
drugs to combat isolates that form biofilms, prompting
the creation of novel therapeutic strategies.
Temperature, acidity, alkalinity, and high iron
concentrations are physical and chemical factors that
affect biofilm formation. These factors play a
significant regulatory role in antibiofilm activity,
which helps to prevent infection associated with
medical equipment that is brought on by biofilms.
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