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Abstract

Background: Understanding of the biological factors responsible for prevalence and persistence of Acinetobacter baumannii in hos-
pital settings is critical to prevent and control the corresponding nosocomial infections.
Objectives: This study was conducted to investigate whether the biofilm-forming ability is associated with the emergence of differ-
ent antibiotic resistance phenotypes [multidrug resistance (MDR)/extensively drug resistance (XDR) and non-MDR] of A. baumannii.
Methods: The capacities of biofilm formation in 80 clinical A. baumannii strains isolated from hospitalized burn patients in Bushehr,
Iran, were assessed using the crystal violet staining.
Results: The statistical analysis of the relationship between biofilm-forming ability and antibiotic resistance phenotypes among all
clinical A. baumannii strains using one-way ANOVA test indicated that biofilm formation capacity of non-MDR A. baumannii isolates
was significantly higher than that of MDR and XDR ones (P < 0.001), suggesting an inverse relationship between biofilm formation
capacity and the acquisition of MDR/XDR phenotypes. Major international clonal types (ICI and ICII) also exhibited such a significant
relationship (P < 0.0001). However, the investigation of A. baumannii IC variants showed no significant relationship between these
phenotypes.
Conclusions: Given that non-MDR A. baumannii isolates in major IC types were observed to form a strong biofilm compared to
MDR/XDR ones, it seems that biofilm may play a key role in the persistence and survival of A. baumannii isolates with an inadequate
level of antibiotic resistance. Furthermore, the results showed that the relationship between biofilm and antibiotic resistance phe-
notypes might be affected by the IC types (major IC types or IC variants).
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1. Background

Acinetobacter baumannii is one of the most common
causes of nosocomial infections. The high emergence rates
of multidrug resistance (MDR) and extensively drug resis-
tance (XDR) among A. baumannii isolates have led them to
be considered as one of the top seven pathogens posing
threats to medical and health systems (1, 2). In addition to
antibiotic resistance, biofilm formation is another charac-
teristic leading to the survival of A. baumannii in the pres-
ence of antibiotics and high stresses (1-3). It was revealed

that the difference in biofilm formation capacity among
international clonal (IC) types of A. baumannii could affect
the spreading of this microorganism (4).

Conflicting results have been reported by several previ-
ous studies on the relationship between biofilm-forming
ability and antibiotic resistance phenotypes (MDR/XDR
and non-MDR) of A. baumannii. Some studies revealed a di-
rect relationship between biofilm formation capacity and
the acquisition of MDR/XDR phenotypes, whereas others
indicated an inverse relationship (5-7). Accordingly, there
appears to exist not enough studies for precise assessment
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of the association between the antibiotic resistance and
biofilm formation phenotypes, necessitating further in-
vestigations. In addition, as mentioned above, biofilm for-
mation capacity could be different among A. baumannii IC
types; thus, the relationship between biofilm and antibi-
otic resistance phenotypes may be affected by IC types (ma-
jor IC types or IC variants). Accordingly, the comparison of
the biofilm-forming ability of major IC types and IC vari-
ants in relation to antibiotic resistance phenotypes can be
helpful in the precise understanding of the association be-
tween biofilm and antibiotic resistance phenotypes. How-
ever, such comparison was not performed in previous stud-
ies. In this study, the association between these pheno-
types was examined in major IC types and IC variants.

2. Objectives

The present study was conducted to investigate the po-
tential relationship between antibiotic resistance pheno-
types and biofilm formation capacity and the impact of IC
types on this relationship in clinical A. baumannii isolates.

3. Methods

3.1. Ethics Statement

The present research was approved by the ethics com-
mittee of Bushehr University of Medical Sciences (code
number: B-92-15-18).

3.2. Bacterial Strains

Totally, 80 clinical A. baumannii strains were isolated
from the burn wound of the hospitalized patients in the
burn unit of a medical center complex in Bushehr, Iran.
The clinical strains were determined and validated as A.
baumannii using the API20NE system (bioMerieux, Marcy-
l’Etoile, France) and multiplex PCR for the gyrB cluster, re-
spectively (8).

3.3. Molecular Typing Methods

Acinetobacter baumannii major IC types and IC variants
were determined using three-locus multiplex PCR dou-
ble assay, as explained previously (9). Moreover, MLVA-8
scheme developed by Pourcel was used to genotype the A.
baumannii isolates (10). To determine MLVA-clusters, the al-
lele profiles were distinctively investigated by the molecu-
lar evolutionary genetics analysis (MEGA) software version
4.0. (http://www.megasoftware.net).

3.4. Antimicrobial Susceptibility Test

The minimum inhibitory concentration (MIC)
of amikacin, ampicillin-sulbactam, cefotaxime, cef-
tazidime, cefepime, ceftriaxone, ciprofloxacin, gentam-
icin, piperacillin, ticarcillin, imipenem, meropenem,
piperacillin-tazobactam, tobramycin, tetracycline,
minocycline, and trimethoprim/sulfamethoxazole was
determined using Etest strips (Liofilchem, Italy) and the
results were interpreted according to the CLSI guidelines
(11). Clinical A. baumannii isolates were categorized into
XDR, MDR, and non-MDR according to the international
expert proposal for interim standards guidelines (12), as
follows: XDR was defined as acquired resistance to ≥ 1
agent in all but ≤ 2 categories, MDR as resistance to ≥ 1
agent in ≥ 3 antimicrobial categories and, non-MDR as
resistance to 0 - 2 antimicrobial categories.

3.5. Assessment of Biofilm Formation Capacity

The biofilm-forming capacity was quantified using the
crystal violet staining technique in triplicates and at three
independent replicates, as previously defined (6). Briefly,
after overnight culture of A. baumannii on nutrient agar,
one colony was isolated and suspended in Luria Bertani
(LB) broth (Himedia, India). A 200-µL 0.5 McFarland sus-
pension was incubated in each well of a 96-well plate at
35°C. After 48 hours, the culture medium was removed and
the wells were washed three times with dH2O. Following
incubation with 1% crystal violet dye (200 µL/well) at 25˚C
for 20 mintues, the wells were washed twice with dH2O and
dried. Finally, 95% ethanol (200µL/well) was added and op-
tical absorbance was measured at 550 nm (Thermo Scien-
tific GmbH, Driesch, Germany). The reference A. bauman-
nii ATCC 19606 strain and LB medium were considered as
positive and negative controls, respectively. In the present
study, an OD550 value greater than the negative control
was defined as biofilm positive. Strains with OD550 values
higher than the negative control and less than the refer-
ence strain were used to describe weak biofilm producers,
while a D550 value greater than the reference strain was
considered as robust biofilm producers.

3.6. Growth Rate Analysis

The growth rate of 20 isolates (including 10 strong and
10 weak biofilm formers) was compared with that of A. bau-
mannii ATCC19606 as the reference strain (13). Overnight
cultured isolates were diluted 1:100 in LB medium and in-
cubated at 37°C with shaking at 200 rpm for 24 hours. the
bacterial growth was assessed every hour by measuring the
OD600 values. All tests were performed in triplicate for
each strain.
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3.7. Statistical Analysis

The chi-square test was used to compare the categor-
ical variables. Optical densities were exhibited as means
± standard deviations (SDs). To compare optical densi-
ties between non-MDR, MDR, and XDR isolates, the One-
Way ANOVA test was used. The statistical analysis was per-
formed by using SPSS version 22.0 (SPSS Statistics, Inc.,
Chicago, IL, USA). In all statistical tests, P < 0.05 was con-
sidered significant.

4. Results

4.1. Identification and Antimicrobial Susceptibility of Clinical A.
baumannii Isolates

All 80 clinical strains were determined and validated
as A. baumannii using the API20NE system and multiplex
PCR for the gyrB cluster, respectively. Antimicrobial suscep-
tibility profiles of all A. baumannii isolates are presented
in Figure 1. The highest susceptibility was found to col-
istin (100%), followed by tigecycline (94%), minocycline
(73%), and tetracycline (51%). The resistance rates against
the other study antimicrobials, except for cephalosporins
(which were higher than 80%), were lower than 60%. Of
the 80 A. baumannii isolates examined, 77 isolates exhib-
ited resistance to at least one antibiotic. 33 and 17 isolates
(41% and 21%) showed the XDR and MDR phenotypes, re-
spectively. The remaining 34% exhibited the non-MDR phe-
notype.

4.2. Identification of International Clonal Types and MLVA Geno-
types

Overall, the majority of the isolates were IC-variants
(43%), followed by ICII (35%) and ICI (23%) (Figure 2). MLVA
analysis (at 100% similarity cutoff) revealed that each iso-
late had a unique MLVA type (MT) and all isolates were
grouped into 14 distinct clusters (named A-N) (at 80% al-
lelic similarity). Forty-one percent of all ICI isolates were
assigned to cluster A (the largest cluster, n = 27), while 92%
(n = 23) of the cluster B (n = 25) members belonged to ICII.
Of the 25 cluster B isolates, 21 isolates showed the non-MDR
phenotype. The majority of the IC-variants were assigned
into cluster N (100%), followed by cluster F (72%) and clus-
ter A (55%).

4.3. Biofilm Formation Capacity

The OD550 mean (± SD) for the reference strain A. bau-
mannii ATCC19606 (positive control) and LB medium (neg-
ative control) was 0.46 ± 0.04 and 0.060 ± 0.01, respec-
tively. All clinical A. baumannii isolates were found to de-
velop biofilm and 45 (56%) isolates were strong biofilm for-
mers compared to the reference strain. There were no sig-
nificant differences in bacterial growth between the weak

and strong biofilm producers of A. baumannii (Figure 3),
indicating that the difference in biofilm development was
not related to the bacterial growth rate.

4.4. The Relationship Between Biofilm Formation, Antibiotic Re-
sistance Phenotypes, and International Clones

As shown in Figure 4A, 76% of the isolates belonging
to IC variants exhibited the XDR phenotype while 39% of
the ICI and none of ICII isolates showed this phenotype.
Indeed, our analysis revealed that IC-variants (76%) were
found to be more frequent among XDR isolates compared
to ICI and ICII types (P < 0.0001). The prevalence of non-
MDR phenotype was significantly higher among ICII iso-
lates (approximately 90%) compared to IC variants (15%)
(P < 0.01). This phenotype was not found among ICI iso-
lates. As shown in Figure 4B, 27 (90%) non-MDR isolates
were strong biofilm producers whereas only 35% and 21%
of MDR and XDR isolates were able to form strong biofilms,
respectively. Indeed, the prevalence of non-MDR pheno-
type was significantly higher among strong biofilm form-
ers than among weak ones (P = 0.001).

Figure 4C shows that the majority of the isolates in the
ICI clone were able to form weak biofilms (61%). The fre-
quency of strong biofilm formers was significantly higher
in ICII and IC variant isolates (93% and 65%, respectively)
compared to ICI isolates (P < 0.01).

Besides, the statistical analysis of the relationship be-
tween biofilm-forming ability and antibiotic resistance
phenotypes among all clinical A. baumannii strains using
one-way ANOVA test indicated that biofilm formation ca-
pacity of non-MDR A. baumannii isolates was significantly
higher than that of MDR and XDR ones (P < 0.001) (Table 1),
suggesting an inverse relationship between biofilm forma-
tion capacity and the acquisition of MDR/XDR phenotypes.
Investigation of the relationship between biofilm-forming
ability and antibiotic resistance phenotypes among A. bau-
mannii major IC types (ICI and ICII) also exhibited such a
significant relationship (P < 0.0001) (Table 2). Despite the
high prevalence of XDR phenotype (76%) among IC vari-
ants, 65% of them were strong biofilm producers (Figure
4A and 4C). The investigation of IC variants showed no sig-
nificant relationship between the acquisition of MDR/XDR
phenotypes and biofilm-forming ability (P = 0.09) (Table
3). It seems that the relationship between antibiotic resis-
tance phenotypes and biofilm formation capacity could be
different among IC types.

5. Discussion

In recent years, there has been an increasing num-
ber of reports on infections by broad-spectrum resistant-
A. baumannii worldwide, especially those involving burn
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Figure 1. Antibiotic resistance rates of all A. baumannii strains in this study

Table 1. The Ability of A. baumannii Isolates to form Biofilm in Relation to Antibiotic
Resistance Phenotypes

Resistance Phenotype N OD550a P Value

Non-MDR 30 1.02 ± 0.1

< 0.001MDR 17 0.37 ± 0.04

XDR 33 0.22 ± 0.01

Abbreviations: MDR, multidrug resistant; XDR, extensively drug-resistant.
aThe mean optical density at 550 nm, values are presented as mean ± SD.

Table 2. The Ability of A. baumannii Major IC Types (ICI and ICII) to form Biofilm in
Relation to Antibiotic Resistance Phenotypes

Resistance Phenotype N OD550a P Value

Non-MDR 25 1.22 ± 0.06

<
0.0001MDR 14 0.25 ± 0.01

XDR 7 0.17 ± 0.08

Abbreviations: MDR, multidrug resistant; XDR, extensively drug-resistant.
aValues is presented as mean ± SD.

Table 3. The Ability of A. baumannii IC Variants to form Biofilm in Relation to Antibi-
otic Resistance Phenotypes

Resistance Phenotype N OD550a P Value

Non-MDR 5 0.69 ± 0.02

0.09MDR 3 0.49 ± 0.03

XDR 26 0.38 ± 0.11

Abbreviations: MDR, multidrug resistant; XDR, extensively drug-resistant.
aValues is presented as mean ± SD.

wounds (14-16). Similarly, a high prevalence of such iso-
lates was reported from Iran by our two previous studies
(17, 18). Previous studies have demonstrated an increas-
ing trend in the emergence of XDR strains over the last
decade in Iran, raising a cause for concern (17-19). Our find-
ings revealed that the majority of the isolates belonging to
ICII type showed a non-MDR profile and had a significantly
higher capacity to form biofilms compared to IC variants
and ICI type. Accordingly, higher biofilm-forming ability
appears to be a possible reason for the higher prevalence
of ICII compared to IC variants, despite the higher rate of
XDR phenotype in the IC variants.

Conflicting results have been reported by several previ-
ous studies on the relationship between biofilm-forming
ability and antibiotic resistance phenotypes (MDR/XDR
and Non-MDR) of A. baumannii (5-7). Accordingly, there ap-
pears to exist not enough studies for the precise assess-
ment of the association between these phenotypes, neces-
sitating further investigations. As mentioned above, the
previous study revealed that biofilm formation capacity
could be different among A. baumannii IC types (4); thus,
investigation of the relationship between antibiotic resis-
tance and biofilm phenotypes among IC clones can pro-
vide precise results. However, such comparison was not
performed in previous studies. In this study, the associa-
tion between these phenotypes was compared in major IC
types and IC variants.

Together, in this study, the evaluation and compar-
ison of biofilm-forming ability between non-MDR and
MDR/XDR among all clinical A. baumannii strains revealed
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Figure 2. Dendrogram of genetic diversity of A. baumannii isolated from burn pa-
tients by MLVA, biofilm formation, international clone, and resistant phenotypes.
Abbreviations: MDR, multidrug-resistant; XDR, extensively drug-resistant; N, non-
MDR; IC, international clone; Biofilm formation: S, strong; W, weak.

that most non-MDR isolates tended to develop stronger
biofilms compared to MDR/XDR, suggesting an inverse re-
lationship between multidrug resistance and biofilm for-
mation capacity. Bacterial growth was not different be-
tween weak and strong biofilm producers, confirming that
the difference in biofilm development was not related to
the bacterial growth rate. It seems that susceptible isolates
have an inherent tendency to develop stronger biofilms.

In agreement with our findings, two previous studies re-
ported a negative relationship between biofilm formation
ability and antimicrobial resistance phenotype in A. bau-
mannii (5, 6). Consistent with our findings, their results
provided evidence that the ability to develop biofilm may
be a crucial determinant in the survival of susceptible or
non-MDR bacteria. However, another study indicated a sig-
nificant association between high biofilm-forming ability
and high level of antibiotic resistance (7). Investigation of
the relationship between biofilm-forming ability and an-
tibiotic resistance phenotypes among A. baumannii major
IC types (ICI and ICII) also exhibited such a significant re-
lationship. However, the assessment of this association
among IC variants showed no significant relationship be-
tween these phenotypes. It seems that the relationship be-
tween antibiotic resistance phenotypes and biofilm forma-
tion capacity could be different among IC types.

5.1. Conclusions

In spite of individual differences among the isolates,
investigation of all clinical A. baumannii isolates showed a
negative association between the acquisition of MDR/XDR
phenotypes and biofilm formation capacity in A. bauman-
nii. These findings warrant a set of research to investi-
gate the potential mechanisms to get an adjustment be-
tween biofilm formation capacity and antimicrobial resis-
tance acquisition. Given that such a significant relation-
ship was found among A. baumannii major international
clonal types (ICI and ICII) but not among IC variants, the re-
lationship between biofilm and antibiotic resistance phe-
notypes may be affected by IC types (major IC types or IC
variants).
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Figure 3. Growth rate analysis of strong and weak biofilm former A. baumannii against ATCC 19606.

Figure 4. Association of resistance phenotype with IC clonal types and biofilm formation index. A, Comparison of frequency of non-MDR, MDR and XDR isolates according to
their IC clonal types; B, Comparison of the frequency of weak (W), and strong (S) biofilm forming A. baumannii isolates according to their IC clonal types; C, Comparison of the
frequency of weak (W) and strong (S) biofilm formers among non-MDR, MDR, and XDR isolates. The analysis included semi-quantitative measurements of the strength of A.
baumannii isolates according to the biofilm formation indices (*P < 0.01).
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