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The epsA associated biofilm formation attributes to potent virulence in the drug resistant strains of Acinetobacter baumannii. This
study is aimed to molecularly characterize the epsA gene among the multidrug resistant clinical isolates of A. baumannii and to
assess the frequency of the same in different drug resistant groups. To detect the biofilm formation among the selected MDR strains
of A. baumannii, semi-quantitative adherent bioassay was performed using crystal violet staining method. Further PCR amplification
was done to screen the presence of epsA gene with further sequencing of the amplicons. Pearson’s correlation analysis was done to
check the correlation of the occurrence of epsA gene with drug resistant strains (p-value<0.05). 58.9%, 31.5% and 0.9% of the strains
were recorded as high grade, low grade and negative biofilm formers under biofilm assay. The epsA gene was observed in 14 MDR
strains (19.17%) of A. baumannii with an amplicon size of 451bp. Co-occurrence of epsA gene was 100% in B-lactam, cephem and
folate resistant strains followed by 71.4% among aminoglycosides, 57.1% against carbapenems and 14.2% in fluoroquinolone and
efflux pump mediated resistant strains. The findings of the study suggest the co-occurrence of epsA gene mediated biofilm formation
among the multidrug resistant strains of A. baumannii. Further studies on the same helps in designing new vaccines and drugs for

the prevention and treatment of 4. baumannii infections.
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Acinetobacter baumannii is a ubiquitous gram-negative
and non-fermentative bacillus which causes a variety
of diseases in humans. It exists mainly in health care
settings such as hospitals and is recognized as one of the
six dreadful nosocomial pathogens by the World Health
Organization. Severe systemic complications linked with
A. baumannii among hospitalized patients in intensive care
units are associated with various infections like urinary
tract infections, pneumonia, endocarditis, post-operative
wound infections and septicemia have been recognized
globally (Mayers et al. 2017; Matar 2018). The ability of
A. baumannii to survive in the hospital setting is attributed
with its biofilm formation. Initiation and formation of
biofilms contributes to virulence in A. baumannii, as they
were recognized as bacterial communities which enclosed
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in a matrix of extracellular material like DNA, proteins and
polysaccharides (Ketter 2015; (Ramirez et al. 2021).

Additionally, the biofilm of A. baumannii promotes the
survival rate in both biotic and abiotic surfaces through its
cell adhesiveness (Biswas and Rather 2019; Gonzalez et
al. 2021). A. baumannii is grouped as one of the ESKAPE
organisms that is Enterococcus faecium, Staphylococcus
aureus, Klebsiella pneumoniae, A. baumannii, Pseudomonas
aeruginosa, and Enterobacter spp., that pose a global threat
to human health and a therapeutic challenge to researchers
due to the constant emerging of increasing resistance to
drugs (Kyriakidis et al. 2021).

A. baumannii infections account for >2% of all healthcare-
associated infections in the Asia and the Middle East of
which ~45% of all isolates are considered to be MDR, a rate
up to four times increased when described in relation to other
Gram-negative pathogenic organisms, such as P. aeruginosa
and K. pneumoniae (Harding et al. 2018). Many phenotypes
and genotypes vary in the expression of biofilm initiation,
progression or development and distortion attributing to



the virulence in A. baumannii. This is due to the different
forms of the gene operons associated with the biofilm
formation such as ompA, csu, csg, ptk, bap, epsA, kpsmlI
etc (Ahimou et al. 2007; Costerton et al. 2014). Amidst
many genes, it is a known fact that epsA gene encodes for
extracellular polysaccharide biofilms in A. baumannii. eps
A based biofilms were also detected in many other bacteria
resulting in the aggregation of the bacterial cells (Costerton
et al. 2014; Chakravarty 2020).

These polysaccharide lines on the surface of 4. baumannii
organize into moderate to strong biofilms rendering
effective protection for the bacterium to survive in harsh
environments (Ghasemi et al. 2018). A recent study has
documented its 95% occurrence among the drug resistant
strains of A.baumannii (Zeighami et al. 2019). As an
outcome of these statistics, the infections induced by
carbapenem-resistant 4. baumannii has been categorised
in the critical group of all bacteria as a global threat to
human health by WHO for prioritizing research and
evolution of new antimicrobial treatments (Vazquez-
Lopez et al. 2020). With this background, assessment on
the correlation of the occurrence of epsA gene among
the multi-drug resistant clinical isolates of A. baumannii
would be a timely investigation as it is not so vivid in
many studies from South India. Not much studies are
documented related to the epsA based biofilm formation in
the strains of hospitalized patients. This study is thus aimed
to molecularly characterize epsA gene among the clinical
isolates of A. baumannii with further comparative genomic
assessments of the sequenced amplicons of the epsA gene
(Vranceanu et al. 2020).

The formation of the biofilms by the drug-resistant strains
was investigated by culturing the cells in 96-well flat-
bottomed microtiter plates as described earlier (Kouidhi
et al. 2010). The detection of biofilm formation by semi-
quantitative adherence assay was carried out in triplicates
for each strain, with 200ul of the fresh broth culture in
trypticase soy broth (HiMedia, Mumbai, India) with 0.25%
glucose (w/v). The plate was incubated at 37°C /24 hrs
with negative control (broth + 0.25% glucose) and positive
control (known biofilm forming strain of A. baumannii
earlier detected). 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/5 min and the plates were dried. Finally,
all the wells were stained with 100pl of 1% w/v crystal
violet solution (HiMedia), for 5 mins. Excess stains were
removed by washing with distilled 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<OD570<1) or negative
(OD570<0.1) (Avila-Novoa et al. 2019).

73 different groups of drug-resistant strains of 4. baumannii
isolated in our earlier studies were maintained at -80 °C in
80% / 20% (v/v) glycerol in LB medium in our repertoire,
and were retrieved by incubating at 37 °C for 24 hrs.

Chromosomal DNA was extracted using the Qiagen DNA
extraction kit in accordance with the manufacturer’s
instructions (Inchai et al. 2015). The extracted genomic
DNA was stored in -20 °C until further use. For the
amplification of epsA, the PCR reaction mixture [15 ul]
was prepared by adding 7.8 pl of 2x master mix [Taraka,
Japan] in 5.6 pl of double distilled water with 0.31 pl of 100
pmol/ml concentration of the specific Primer and Primer
[Eurofins Genomic India Pvt Ltd, Bangalore] of epsA
genes. To the master mix 1 pl of the DNA was added and
the amplification was carried out with PCR condition of
55°C as annealing temperature for 35 cycles in Eppendorf
thermocycler, Germany.

Using Big-Dye terminator cycle sequencing kit and 3730XL
Genetic Analyzer the amplicon product of epsA were
bidirectional sequenced. The obtained sequences of F and
R primers were aligned using Bioedit Sequence Alignment
Editor v7.2.5 which were subjected to BLAST (Basic Local
Alignment Search Tool) for nucleotide similarity search.
With the help of ClustalW software version 1.83 for DNA
multiple sequence alignment using default parameters the
sequences were aligned. For analyzing epsA sequences
of A. baumannii strain WCHABO005078 (CP027246.2),
A. baumannii strain KC526901.2 and A. baumannii strain
11W359501 (CP041035.1) were used as templates.

Correlation of epsA with multidrug resistance; Semi
quantitative adherent bioassay for biofilm formation showed
58.9% (43/73) under high grade, 31.5% (23/73) under
low grade and 0.9% (7/73) to be negative. Amidst the 43
strains of high-grade biofilm formers all were multidrug
resistant (100%; 43/43) exhibiting resistance against more
than 3 classes of the antibiotics tested followed by 91.3%
(21/23) under low grade biofilm formers. Under the negative
biofilm formers, only one strain was drug resistant. Pearson
correlation analysis yielded positive value suggesting
the correlation of the occurrence of epsA gene with drug
resistant strains (p-value<0.05).

From the screened 73 genomes of multi-drug resistant
strains of 4. baumannii, 19.17% (n=14) showed positive
amplicons for the epsA gene associated with biofilm
formation (Figure 1). Correlation of epsA occurrence was
high (100%; 14/14) in the resistant groups of beta-lactam
inhibitors (piperacillin and tazobactam), cephalosporins
(ceftazidime, cefepime, ceftriaxone, ceftriaxime) and
folate drugs (co-trimoxazole). It was followed by 71.4%
(n=10/14) aminoglycosides (amikacin and kanamycin)
and 57.1% (8/14) occurrence among the strains resistant to
carbapenems (doripenem, meropenem and imipenem). The
least occurrence was observed with 14.2% (2/14) among
the strains resistant to fluoroquinolones (ciprofloxacin and
levofloxacin) and efflux pumps (tetracycline, doxycycline
and minocycline) drugs (Figure 2). None of the control
susceptible strains have shown positive for epsA gene.
Figure 3 and 4 show the sequence chromatogram and the
multiple sequence alignment of the epsA amplicon.
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In recent years, A. baumannii is considered as a potent
nosocomial pathogen and in the past decade there has been

a high prevalence of multidrug resistant clinical isolates
in hospitalized patients, ranging from 21-95% (Zhang et

al. 2016).

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

Gene of target

epsA

Primer details

Annealing temp | Amplicon size

AGCAAGTGGTTATCCAATCG

ACCAGACTCACCCATTACAT

Figure 1: Electropherogram of epsA gene product of size
451bp in lane 1 and 2 with marker ladder of size 100bp
(M)

55 451 bp

Figure 4: Partial sequence alignment of epsA 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 (*).

1 2 M
Ke526981.2:4. baunanni i «e--TTACCABACTCACCCATTACATAATITICTEGTTTTET 38
9220_247_3 PCR_EPSA_EPSAF  TAAAGCAGCTGGGCARAACTCTTGCTCAAGTGAACCEAGAATTACACA---—-GTCARCT 55
CPR27246,2:4, baunanni ~TARAGCAGC TERCARAACTC TTGCTCAAGTBAACCGAGAATTACACA-----GTCAACT 54
CPR41835. 114, bauanni ~TAAAGAGCTGECARAACTCTTGCTCAAGTGAACCGAGRATTACACA -+ GTCAACT 54
KC526981,2:4, baumannii COTGTGCTGACATAARTTGTGTCATTTGATTETACTARAAGTTTATETAATEAATARCCT L]
0220247 3 PCR_EPSA_EPSAE TGCTAGATTCTTAAMMAATCCABATGTAATCGTACCTTACTA--TCITATOABGGACAS 113
€PO27246. 21 baunannii TGCTAGATTCTTARAAAATCCAGATGTAATCGTACGTGTACTA TCTTATGAGRGACAS 112
CPR41035,1:4, baunanni TACTAGATTCTTAAAAATCCAGATATAATCGTACGTATACTA--TCTTATBAGGACAG 112
KC526981.2:4. baunanni i GCTTTTIC = TAACTCARTTGTATTTAAGTTATANGTAATGCCATTACGAATAGTTA. 156
8220_247_3_PCR_EPSA_EPSAF COCTTTTCCETTCAAGECAGLGTCATARAAGETGEACKATTC TACTTAAGTEATCAACCA 173
€P027248 . 214, baumannii COCTTTTCCOTTCANGOCABEETCATARAAGGTGOACAATTC TACTTARGTGATEAACEA. 172
CPO41835.1:4. baunanni CGCTTTTCCETTCAAGACAGCGTCATARMGGTGEACRATTCTACTTARGTGATCANCCA. 172
KC328981.2:4. baumannii ATGTABGTATTATCACCTTTATCCATTACTCCTCCCGCAAGACCTARAGCTGCATATACA 218
3 . N B228_247 3 _PCR_EPSA_EPSAF GTGAGTATATATECAGCTTTAGGTCT TOCEAGAGGAGTALCOOAT ALAGATEACRATACC 233
Figure 2: Frequency of epsA gene among different groups CPO2T24€.2:4. baumanni GTGAGTGTATATECAGCTTTAGGTCTTGCGOGACCACTANCORATARAGATGACAATACE 232
of antibiotic resistant strains of 4. baumannii CP41035.1:4. baumanni i GTGAGTGTATATGCAGCTTTAGETCTTGCGAGAGEAGTAACGRATARMBTRACAATACC 232
KC526881,2:4. baunanni i CTCACTAGTTGATCACTTAAGTAGAATTGTC-CACCTTTTATGACGCTRCTTGACGEA 275
m 10034 1001\& 8228_247_3_PCR_EPSA_EPSAF T AT T TCAT TG TAATGECATTACTTATARCTTARATACAATTGAGTTAGAANA - 82
CPB27245.2:4. baumannii T AT TR TCAT T O TAATGGECATTACTTATARC T TARATACAATTGAGTTAGAANA - 281
€PO41835.1:4. baumanni i TACATTCAACTCATTCCTARTGOCATTACTTATAACTTAAATACAATTGAGTTAGAAM - 291
! 71A0%
g 8 KC526981.2:4. baumannii AAAGCECTOTCC T AT AAGATAGTACACETACGATTACATCTGEATTTTTTAAGAATCT 335
1 e $220_247_3_PIR_EPSA_EPSAE === AGCAGGTTATTCAT ==+ 34
E o €Pa27248. 214, baumanni i <=« AGCAGGTTATTCAT -- e
CP241035,1:4, baunanni § -=-RGCAGGTTATTCAT -+~ EPE
KC526991,2:4, baunanni § AGCAAGTTGACTGTGTANTTCTCOTTCACTTGAGCARGA- - -GTTTTGOCAGETGCTTT 382
8228_247_3_PCR_EPSA_EPSAF A AR TGACACAATTTATETCAGCACACGAGARAACCAGRRAATTTATGTAATGEETE 384
r €P827248 . 2:4. baumanni HACCAAATGACACAATTTATGTCAGCACACAGRAMACCABARAATTTATETARTGGGTE 383
CP841835.1:4. baumanni i HACCAAATGACACAATTTATGTCAGCACACGAGRAMACCAGARAATTTATETAATGGATE 383
Wikcis e v
L
KC526991.2:4. baumannii Aenrn . 393
0220247 3 PCR_EPSA_EPSAF  AMGTCTGGTAA 385
CPB27245.2: A, baunannii AGTCTEGTAA- ELH
. X €Pe41635.1:4. baumannii AGTCTEETAA- 393
Figure 3: Partial sequence chromatogram of epsA gene from :

the amplicon of A. baumannii

Assessment on its virulence properties in harsh environmental
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niches is highly attributed to its ability of biofilm formation.
"1‘_1.:"1 Biofilm associated bacteria is generally associated
with two properties namely, the increased synthesis of
exopolysaccharides and the development of antibiotic
resistance. Increased production of these extracellular
polysaccharides (EPS) in A. baumannii produces a
protective environment causing difficulty in antibiotic
penetration leading to the development of resistance
(Lewis 2001; Haiby et al. 2010). The spread of antibiotic
resistance is by the ability of the bacterial pathogen to
transfer genes horizontally and is commonly associated
with biofilm formers (Ghasemi et al. 2018). Amidst
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various biofilm associated genes. epsA is considered as a
potent contributor for its correlation with drug resistance
as the exopolysaccharide layers can influence the entry of
antibiotics (Donlan and Costerton 2002; Leclercq et al.
2013; Tchuinte et al. 2019; Bavelaar et al. 2021).

Thus, the present investigation is undertaken to molecularly
assess the same and its correlation of its occurrence among
the multi-drug resistant strains in hospital environments. A
strong positive correlation of epsA and biofilm formation
had already been documented, and in various other studies
its contribution ranged from 30.2% respectively ( Russo
et al. 2010). The role of epsA in the biofilm formation on
abiotic surfaces also reveal the existence of 4. baumannii
amidst various disinfectants and antimicrobial agents aiding
in the transfer of resistance genes with the participating
strains too (Sung 2018). Many studies reporting the
confirmation of its association with the biofilm formation
in nosocomial environments, the biofilm formation assay
performed in the present study with the routine crystal violet
staining method graded the strains as high- and low-grade
biofilm formers. The high frequency of epsA observed in
the present study hypothesizes that it would have aided 4.
baumannii to survive and persist in the hospital habitats,
as the gene was detected by PCR from the clinical isolates
of the same. This data is again a key fact that this sort
of identification of the 4. baumannii virulence factors
periodically would offer more effective ways to eradicate
them from the biotic and abiotic surfaces of the hospitals
(Kongthai et al. 2021).

Our reports correlate with similar earlier studies associated
with the presence of epsA genes in drug resistant clinical
isolates of 4. baumannii. Highest frequency of 95% epsA
gene among MDR strains of A. baumannii was reported
from Iran. In a similar study by Assaad et al. (2021) had
documented 60% of the multi-drug resistant isolates of A.
baumannii showing positivity for epsA (Zeighami et al.
2019; Asaad etal. 2021). In a study by Kongthai et al. (2021)
30.2% of the biofilm producers were epsA positive and were
also multidrug resistant (Kongthai et al. 2021). In the same
study, 86.2% epsA gene positive strains were multi drug
resistant and the resistance ranged from 50% to 80% against
different classes of antibiotics viz., piperacillin, cefixime,
ciprofloxacin, levofloxacin, ceftazidime, gentamicin,
ticarcillin and imipenem. In a study by Safari et al. (2015)
38% of the isolates encoded epsA gene with strong biofilms
(Safari et al. 2015). In a similar study conducted by Sung
et al 30% of the multi-drug resistant clinical isolates of
A. baumannii showed the presence of epsA (Sung 2018).
The present study also documents the frequency of epsA
gene in different groups of antibiotics routinely employed
against A. baumannii in hospital set-ups globally (Pompilio
et al. 2021).

Results of the study showed high correlation of epsA with
beta lactam, cephems and folate resistant isolates, and may
be related to the presence of epsA gene in all the resistant
isolates. This is higher when compared to the study by
Badave et al. (2015) where the epsA positive strains were
55.5% resistance to ampicillin and 42.6% resistance to
piperacillin (beta lactams), 52.08% were resistant to

ceftazidime, and 50% were resistant to ciprofloxacin.
In contrast, a study in South India, biofilm positive
Acinetobacter showed resistance to both ceftazidime (95%)
and cefepime (95%) (Badave 2015; Zeighami et al. 2019;
Asaad et al. 2021).

The same study also had documented epsA positive
biofilm formers showing 85% resistance to ciprofloxacin.
Carbapenem resistance in A. baumannii is based on the
production of carbapenemases or synergistic effects
between carbapenemases, porin modifications or loss or
modification of the penicillin-binding proteins (Towner et
al. 1991; Poirel and Nordmann 2006). In our study, epsA
mediated biofilm formers showed on 57.1% resistance to
carbapenem group of drugs which is correlating with the
study conducted by Zeighami et al. (2019), where 100%
of isolates showed resistance to imipenem and this result
is consistent with observations reported from various
parts of the world which explain the high risk of failure
of carbapenem treatment in A. baumannii infections but
yet another study showed only 38.4% were resistant to
imipenem (Rahbar et al. 2010; Peerayeh and Karmostaji
2015; Badave 2015; Saffari et al. 2017).

Overexpression of efflux pumps had been postulated to be
a first step towards the development of a MDR phenotype
in bacteria and most of them lead to the resistance to
tetracyclines. A strong association of epsA genes was
observed in the present study with 14.2% of the strains
showing resistance against the cycline group of drugs.
The present study observed the correlation of epsA genes
with 100% resistant strains of drugs involved with folate
pathway with the lowest occurrence of 14.2% among the
strains resistant to fluoroquinolones. Similarly, correlation
of epsA occurrence (71.4%) in aminoglycoside resistant
strains of A. baumannii, correlates with the earlier study
with 70% frequency and higher when compared to 53.4%
amikacin resistant isolates in an another study (Bambeke
et al. 2000; Piddock 2006; Kongthai et al. 2021).

The findings of the present study investigated the presence of
biofilm-forming epsA gene among the clinical isolates of A.
baumannii. In spite of the effective infection management,
it's thus alarming to note the augmented prevalence of
biofilm-associated epsA gene among the multidrug-resistant
clinical isolates of A. baumannii. Thus, it would be timely
to suggest the periodical monitoring of the hospitals and
laboratories for the presence of epsA mediated biofilm
producing resistant groups of 4. baumannii. This would also
aid in designing new vaccines and drugs for the prevention
and treatment of 4. baumannii infections.
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