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O r i g i n a l  a r t i c l e

Summary

bapAb-associated biofilm formation in Acinetobacter baumannii enhances the virulence prop-
erties and highly influences the pattern of drug susceptibility among hospitalized patients.
This study thus aims to molecularly characterize bapAb gene and to evaluate its co-occurrence
among the multidrug-resistant (MDR) strains of A. baumannii. Semi-quantitative adherent
bioassay was performed to detect the biofilm formation by 73 MDR strains of A. baumannii.
Genomic DNA was further extracted and screened for bapAb by PCR followed by sequencing
of the amplicons from representative strains. Pearson correlation analysis was performed to
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Introduction

Cross infections acquired through hospitals are com-
mon in developing countries like India, and in recent
years, many nosocomial pathogens contribute to the
exorbitant rise in mortality through various forms of
systemic infections. Amidst the commonest nosoco-
mial pathogens, Acinetobacter baumannii is a gram
negative, aerobic, multi-drug resistant coccobacillus
which has been recently categorized by the world
health organization (WhO) as one among the six
dreadful nosocomial pathogens.1 A. baumannii ranks
at top as a priority pathogen among hospitalized pa-
tients2 and seems to be commonly associated with
ventilator associated pneumonia, bacteremia, menin-
gitis, urinary tract infection and wound infection in
patients in intensive care units. Albeit, many reports
document that varying environmental niches influ-
ence the virulence of A. baumannii in hospital set-ups,
the mechanism of infection establishment being yet

not so vivid.3 It is also documented that the ability of
A. baumannii to survive in the hospital environment
is mainly attributed to its biofilm formation. Forma-
tion of biofilms contribute to virulence in A. bauman-
nii, and reports state that biofilms in A. baumannii are
bacterial communities enclosed in a matrix of extra-
cellular material composed by DNA, proteins and
polysaccharides.4 In addition, biofilm promotes the
survival rate of A. baumannii in both biotic and abiotic
surfaces through its cell adhesiveness.5, 6

In the hospital habitat, various phenotypes and
genotypes of A. baumannii, exhibit different forms of
biofilms encoded by different biofilm-associated gene
operons. Many studies have documented the contri-
bution of chaperone-usher csu fimbriae (csu locus),
polysaccharide poly-N-acetylglucosamine (pga locus),
outer membrane protein (bapAb) and biofilm associ-
ated protein (bap loci) to the biofilm formation.7–9.
With a molecular weight of 854 KDa A. baumannii bap
(bapAb) forms the major element in the initiation, col-
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check the frequency of its distribution in different groups of drug-resistant strains at a signifi-
cant p-value of <0.05. Biofilm assay showed 58.9%, 31.5% and 0.9% as high grade, low grade
and negative biofilm formers respectively. bapAb gene was observed in 14 MDR strains (19.17%)
of A. baumannii. Co-occurrence of bapAb gene was 100% among the β-lactam/β-lactamase in-
hibitors-, cephems-, carbapenems- and aminoglycosides-resistant strains followed by 85%
among fluroquinolones-, efflux pumps- and folate inhibitors-resistant strains of A. baumannii.
The findings of the study suggest the need of periodical monitoring of the frequency of bapAb
associated biofilms in MDR strains of A. baumannii, however further studies are needed to mon-
itor its association with varying the drug resistance patterns among these strains.
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onization, development and progression of biofilms
in host tissues and on in-built devices encompassing
multiple copies of repetitive elements. Similar bap’s
have been reported in many gram-positive and gram-
negative bacteria too and bapAb seems to be similar
in S. aureus.10 The role of bapAb is substantiated in bap
mutant strains of A. baumannii, where there is a de-
crease in adherence to the human cells.11 In addition,
the role of biofilm formation is often seen in higher
occurrence in MDR strains of A. baumannii.12

With this background knowledge, the correlation of
the prevalence of bapAb gene among the MDR clinical
isolates of A. baumannii would be a timely report for
periodical surveillance. This study thus intends to mol-
ecularly characterize bapAb gene among the clinical
isolates of A. baumannii and, further, to compare ge-
nomically the sequenced amplicons of the bapAb gene.

Methods

Detection of biofilm formation by semi-quantita-
tive adherence assay:
Formation of biofilm by the MDR strains was investi-
gated by culturing the cells in 96-well flat bottomed
microtitre plates, as described earlier.13 The assay was
carried out in triplicate for each strain, with 200 µl of
the fresh broth culture in trypticase soy broth (hiMe-
dia, Mumbai, India) with 0.25% glucose (w/v). The
plate was incubated at 37°C /24 hrs with negative con-
trol (broth + 0.25% glucose) and positive control
(known biofilm-forming strain of A. baumannii, de-
tected previously). After incubation the wells were
washed thrice with phosphate-buffered saline (PBS),
to remove the free cells, and the adhered bacteria
were fixed using 95% ethanol/5min and the plates
were dried. Finally, all the wells were stained with 100
µl of 0.1% w/v crystal violet solution (hiMedia), for 5
min. Excess stains were removed by washing with dis-
tilled water and the wells were dried. Optical density
was measured in the plate reader at 570 nm (OD570)
and the biofilm formation was graded as high (OD570
≥ 1), low (0.1 ≤ OD5700 < 1) or negative (OD570 < 0.1).14

Extraction of Genomic DNA:
Fresh cultures of MDR strains of A. baumannii, re-
ported in our earlier studies,15 were retrieved on Mac
Conkey agar with incubation at 37°C for 24 h from the
repertoire maintained at -80°C in 80% / 20% (v/v) glyc-
erol in LB medium. Genomic DNA was extracted from
the strains using the Qiagen DNA extraction kit in ac-
cordance with the manufacturer’s instructions and
was stored in -20°C until further use.

PCR amplification of bapAb:  
15 µl of the PCR reaction mixture was prepared by
adding 7.8 µl of 2x master mix [Taraka, japan] in 5.6
µl of double distilled water with 0.31 µl of 100
pmol/ml concentration of the specific F’primer and
R’primer [Eurofins Genomic India Pvt Ltd, Bangalore]
of bapAb gene (Table 1). PCR amplification was per-
formed by adding 1 µl of the DNA to the master mix
and the amplification was performed with the PCR
condition of 55°C as annealing temperature for 35 cy-
cles in Eppendorf thermocycler, Germany. The result-
ing PCR amplicons were examined in 1.5% agarose
gel electrophoresis containing ethidium bromide and
was visualized by gel documentation system. The
1500 bp DNA ladder was used to assess the PCR am-
plicon size.

Sequencing of the genetic determinants for ampli-
con confirmation:
bapAb gene amplicon product was bi-directionally
sequenced using Big-Dye terminator cycle sequenc-
ing kit and 3730XL Genetic Analyzer. Sequences from
forward and reverse primers were aligned using Bio-
Edit Sequence Alignment Editor v7.2.5 which were
subjected to BLAST (Basic Local Alignment Search
Tool) for nucleotide similarity search. The sequences
were aligned by ClustalW software version 1.83 for
DNA multiple sequence alignment using default
parameters. The bapAb sequences of A. baumannii
11A1314, A. baumannii CRGN064, A. baumannii N13-
03449 and A. baumannii ATCC BAA-1790 were used as
templates.
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 Gene target                   Primer details                    Annealing temp     Amplicon size
      bapAb         ATTTACCAGGATGGGCCGTG                 55                       182 bp
                         GCGCCACAACCAAGCAATTA

Primer sequence and PCR conditions to detect bapAb gene in multi-drug resistant
strains of A.baumannii.Table 1



Statistical analysis:
The data obtained were statistically analyzed using
SPSS software version 20.0 (SPSS Inc, Chicago, USA).
Pearson correlation analysis was used to check the fre-
quency of bapAb gene in different antibiotic-resistant
groups at a significant p-value of ≤ 0.05.

Results

Frequency of bapAb gene among MDR A. baumannii: 
Semi-quantitative adherent bioassay for biofilm for-
mation showed that 58.9% (43/73) of strains were
high-grade, 31.5% (23/73) low grade and 0.9% (7/73)
non-producers. Amidst the 43 high-grade biofilm for-
mers,strains all were MDR (100%; 43/43), exhibiting
resistance against more than three classes of the an-
tibiotics tested followed by 91.3% (21/23) among low-
grade biofilm formers. Among the non-producers,
only one strain was drug-resistant. Pearson correlation
analysis yielded positive value suggesting the corre-
lation of the occurrence of bapAb gene with drug-re-
sistant strains (p-value <0.05).

From the screened 73 genomes of MDR strains of
A. baumannii, 19.17% (n=14) showed positive ampli-
cons for the bapAb gene associated with biofilm for-
mation with 182 bp amplicon size (Figure 1). Figure 2
and 3 shows the sequence chromatogram and the
multiple sequence alignment of the bapAb amplicon.
Correlation of bapAb occurrence was high (100%;
n=14) in the groups of strains resistant to beta-lac-
tam/beta-lactamase inhibitors (piperazillin and
tazobactam), cephalosporins (ceftazidime, cefipime,
ceftriaxone, ceftriaxime), carbapenems (doripenem,
meropenem and imipenem) and aminoglycosides
(amikacin and kanamycin). It was followed by 85%

(n=12) occurrence among strains resistant to fluoro-
quinolones (ciprofloxacin and levofloxacin) and efflux
pumps (tetracycline, doxycycline and minocycline)
(Figure 4). Susceptible control strains of A. baumannii
yielded only 4.1% occurrence of bapAb in comparison
with the MDR strains.

Discussion

In recent years, A. baumannii is considered as a potent
nosocomial pathogen, and assessment on its virulence
properties is highly attributed to its ability of bio-film
formation.16 Amidst various biofilm-associated genes
bapAb contributes in a potent way towards biofilm
and porin formation. The role of bapAb in the biofilm
formation on abiotic surfaces also supports the sur-
vival of A. baumannii despite the presence of various
disinfectants and antimicrobial agents, thus aiding in
the transfer of resistance genes between the partici-
pating strains.17 Thus, the present investigation is un-
dertaken to molecularly assess the presence of bapAb
and the correlation of its occurrence with  multi-drug
resistance properties that inversely affect the out-
comes of nosocomial patients. In view with this, we
observed a higher occurrence (100%) of bapAb gene
with four resistant group namely, beta-lactam in-
hibitors-, cephalosporins-, carbapenems- and amino-
glycosides-resistant strains.

A strong association of bapAb and biofilm formation
had already been documented,18 and in various other
studies its contribution ranged from 30 – 92%.19,20

Many studies had also reported the confirmation of
its association with  biofilm formation in nosocomial
environments. Thus, in this study we performed a
standard biofilm formation assay using crystal violet
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Figure 1

Electrophoregram of bapAb
gene product of size 182 bp.



staining method. high grade biofilm producers were
nearly 58.9% indicating -the pathogen’s potential to
survive in harsh hospital niches. Amidst the high and
low grade biofilm formers, the frequency of bapAb was
also significant as the gene was detected by PCR and
the sequences were aligned for similarity evaluation.
This data is again a key fact that, this sort of periodical
identification of the A.baumannii virulence factors
would offer more effective ways to eradicate them

from the biotic and abiotic surfaces of the hospitals.
Our reports correlate with similar earlier studies fo-

cusing on the presence of bapAb genes in drug resist-
ant clinical isolates of A.baumannii. highest frequency
of 92% bapAb gene among MDR strains of A.bauman-
nii was reported from Iran21 and a similar study by Liu
et al., had documented 95.5% of the multi-drug resist-
ant isolates of A. baumannii showing positivity for
bapAb.22 In a study by Fallah et al., 83.2% of the biofilm
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Figure 2 Partial sequence chromatogram of bapAb gene from the amplicon of A.baumannii.

Figure 3 Partial sequence alignment of bapAb gene from the present study (Ab) with reference sequences
available in the database. The deleted regions are depicted as dashes (--), mismatch as gap ( ) and
conserved sequences as star (*).



producers were bapAb positive and were also multi-
drug resistant.23 In a study by Modarresi et al., 66% of
isolates encoded bapAb gene with strong biofilms.24

In a similar study conducted by Bardbari et al., 95.7%
of the multi-drug resistant clinical isolates of A.bau-
mannii showed the presence of bapAb.25

The present study also documents the frequency
of bapAb gene in different antibiotic-resistant groups,
including  antibiotics routinely employed against A.
baumannii in hospital set-ups globally. An earlier study
by Azizi et al., showed 66% of bapAb-positive strains
were MDR with 100% frequency in piperacillin, ce-
fixime, ciprofloxacin, levofloxacin, ceftazidime, gen-
tamicin and ticarcillin-resistant strains and 81% of
imipenem-resistant ones.26 A study from India showed
that 62.5% of the isolates were biofilm-producing and
among them 80.5% and 84.7% were resistant to
amikacin and piperacillin respectively, 25% were re-
sistant to ampicillin–sulbactam, 72.2% to ciprofloxacin,
36.1 % and 66.6% to imipenem and ceftazidime re-
spectively.27 Another study had documented 97.1%
frequency of bapAb in carbapenem-resistant A. bau-
mannii.

In our study bapAb gene was positive in all the
strains that were resistant to β-lactam/β-lactamase in-
hibitors, whereas in a study by Zeighami et al.,28 bapAb
gene was detected in 44% of the isolates resistant to
piperacillin and 40% from ampicillin–sulbactam-resis-

tant groups. In view of co-trimoxazole resistance as-
sociated with folate pathway, this study has recorded
85% of bapAb gene in contrast to the 50% of resistance
in another study.29 In addition, bapAb gene occurrence
among cephalosporin-resistant isolates was 42%
against cefepime-resistant strains with 43% of bapAb
gene positivity among ceftazidime-resistant isolates.
In addition, 42% of bapAb gene-positive strains were
resistant to tobramycin and 40% to gentamicin. In
contrast, in our study bapAb gene was positive in all
the cephalosporin-resistant strains of A. baumannii.
Greater expression of bapAb gene mediated biofilm
formation had already been documented in blaPER-1
associated extended-spectrum cephalosporin-resis-
tant strains with a significant p-value influenced by
iron concentration.

The positivity rate of 85% for bapAb gene among
aminoglycoside-resistant isolates in the present study,
correlates with the 81.7% of biofilm-producing gen-
tamicin-resistant isolates as reported earlier. In the
same study, only 66% of the strains were biofilm pro-
ducers among the gentamicin-susceptible group but
with higher frequency among the tetracycline-sus-
ceptible strains.30 The study by Zeighami et al., had
documented 50% of bapAb gene-positive strains were
resistant to doxycycline. Analysis of various other se-
quential studies on bapAb gene occurrence in amino-
glycoside-resistant strains, being mediated by efflux
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Figure 4

Frequency of bapAB gene
among different groups of
antibiotic resistant strains of
A.baumannii.



pump-based ejections, shows that the formation of
biofilm seems to influence directly or indirectly the re-
sistance patterns exhibited by A. baumannii against
the cycline group of drugs in hospital settings. In ad-
dition, we also observed 85% of bapAb gene positivity
among the levofloxacin, ciprofloxacin and co-trimox-
azole-resistant strains.

Conclusion

The findings of the present study substantiate the cor-
relation of bapAb gene in MDR strains of A. baumannii
as we have observed only 4.1% presence of the gene
among the susceptible control strains. The conglom-
eration of the cells mediated by bapAb gene on the bi-
otic and abiotic surfaces in hospitals thus assists A.

baumannii in enhancing its virulence and resistance
patterns amidst varying harsh physical and chemical
habitats. Despite the effective infection control pro-
tocols, it is so alarming to note the increased preva-
lence of bapAb gene, which supports the role of A.
baumannii as a successful nosocomial pathogen. The
present investigation further recommends the peri-
odical assessments in microbiological laboratories in
hospital settings suggesting that it could be a potent
target in designing novel drugs to combat the spread
of A. baumannii in hospital settings.
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Ο σχηματισμός βιομεμβράνης στα στελέχη Acinetobacter baumannii, σχετιζόμενος με το
γονίδιο bapAb, ενισχύει τη λοιμογόνο δράση του παθογόνου και επηρεάζει σε μεγάλο βαθμό
το φαινότυπο αντοχής στα αντιβιοτικά, μεταξύ των νοσηλευόμενων ασθενών. Η παρούσα
μελέτη στοχεύει στο μοριακό χαρακτηρισμό του γονιδίου bapAb και στην αξιολόγηση της συ-
νύπαρξής του μεταξύ των πολυανθεκτικών (MDR) στελεχών A. baumannii. Πραγματοποιήθηκε
ημιποσοτική προσκολλητική βιοδοκιμασία για την ανίχνευση του σχηματισμού βιομεμβράνης
σε 73 στελέχη MDR A. baumannii. Το γονιδιωματικό DNA εκχυλίστηκε περαιτέρω και
υποβλήθηκε σε πολλαπλασιασμό του bapAb με PCR και στη συνέχεια έγινε αλληλούχιση των
αμπλικονίων αντιπροσωπευτικών στελεχών. Πραγματοποιήθηκε ανάλυση συσχέτισης κατά
Pearson για να ελεγχθεί η συχνότητα κατανομής του γονιδίου σε διαφορετικές ομάδες
ανθεκτικών στα αντιβιοτικά στελεχών (στατιστικά σημαντικές τιμές αν p <0,05). Η ανάλυση
βιομεμβράνης έδειξε 58,9%, 31,5% και 0,9% ως υψηλής ποιότητας, χαμηλής ποιότητας και
αρνητικού αποτελέσματος σχηματιστές βιομεμβράνης, αντίστοιχα. Το γονίδιο bapAb παρατη-
ρήθηκε σε 14 στελέχη MDR (19,17%) A. baumannii. Η ταυτόχρονη εμφάνιση του γονιδίου
bapAb ήταν 100% μεταξύ των στελεχών με αντοχή σε αναστολείς β-λακτάμης/β-λακταμάσης,
κεφέμες, καρβαπενέμες και αμινογλυκοσίδες, ακολουθούμενη από 85% μεταξύ των στελεχών
A. baumannii με αντοχή στις φλουροκινολόνες, ύπαρξη αντλιών εκροής και ύπαρξη αναστολέων
φολικού οξέος. Τα ευρήματα της μελέτης υποδηλώνουν την ανάγκη περιοδικής παρακολούθησης
της συχνότητας των βιομεμβρανών που σχετίζονται με το bapAb γονίδιο σε στελέχη MDR A.
baumannii, ωστόσο απαιτούνται περαιτέρω μελέτες για την παρακολούθηση της συσχέτισής
του με τους διαφορετικούς φαινοτύπους αντοχής στα αντιβιοτικά.

Λέξεις κλειδιά
bapAb, Α. baumannii, MDR, τοξικότητα
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