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A B S T R A C T

Diabetic foot ulcer infections (DFIs) are one of the most complicated diseases worldwide. DFIs are a significant
public health concern and may lead to high rates of amputations. The complications of DFIs depend on clinical
characteristics of the patients, drug susceptibility and virulence factors of bacteria. Acinetobacter baumannii is
one of the virulent pathogens which causes DFIs. The present study was conducted to compare the virulence
factors of A. baumannii strains isolated from diabetic and non-diabetic foot ulcer infections (non-DFIs). The
virulence factors such as cell surface hydrophobicity (CSH), gelatinase activity and biofilm formation were
tested. Confocal laser scanning microscopy (CLSM) was adopted to monitor the biofilm architecture. Out of 480
cases tested, 70 patients were infected with A. baumannii. Biofilm formation was detected in 31.43% of the
isolates. We found a significant difference in the biofilm formation and CSH in isolates from the patients with
DFIs and non-DFIs (P< 0.05). The study reveals that various virulence factors can cause A. baumannii induced
DFIs, suggesting that these bacteria could be a potential biomarker for the frequent and endangering infections
in patients with type 2 diabetes mellitus.

1. Introduction

Diabetes mellitus is a non-communicable disease worldwide and has
an estimated prevalence of 7.7% cases by 2030 (Whiting et al., 2011). It
is expected that almost 25% cases of type 2 diabetes mellitus patients
experience diabetic foot ulcer infections (DFIs) during their lifetime
(Sargen et al., 2013; Al-Rubeaan et al., 2015). Patients with diabetic
foot ulcers have more than 10 fold risk of infection compared to non-
DFIs (Lavery et al., 2006; Amin and Doupis, 2016). Acinetobacter bau-
mannii is a rare colonizer in human skin and one of the most common
causative agents of DFIs (El-Din et al., 2014). The prevalence of

A. baumannii infection in DFIs varies from 11.1% to 33% (Col et al.,
2004; McIntosh and Earnshaw, 2009; Bali et al., 2013). A. baumannii is
one of the important human pathogens and a significant cause of hos-
pital-acquired infection especially in immune-compromised patients
(Almasaudi, 2018). The over usage of antibiotics in health care sectors
resulted in emergence of the multidrug-resistant bacterial strains
(Chandra et al., 2017); especially prevalence of drug resistant gene
producing A. baumannii (El-Din et al., 2014).

The recent reports highlighted that patients with DFIs have a high
risk of A. baumannii infection compared to non-DFIs (Karmaker et al.,
2016; Khan et al., 2018a). The factors that helps in the survival of
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A. baumannii strains include biofilm formation, cell surface hydro-
phobicity, pellicle formation, serum bactericidal activity, siderophore
and gelatinase production (Beceiro et al., 2013; Murali et al., 2014,
Khan et al., 2018b). Among the various virulence factors, biofilm for-
mation is the main cause of many chronic infections especially in DFIs
(Banu et al., 2015), urinary tract infections and kidney stones (Manzoor
et al., 2017, 2018a, 2018b, 2018c, 2019).

The biofilms may contribute to the ineffective penetration of anti-
biotics into the DFIs due to developing antiphagocytic properties within
the matrix of biofilm which can facilitate the intercellular commu-
nication, altered gene expression and horizontal gene transfer in bac-
teria (Murali et al., 2014; Beceiro, et al., 2013). Gelatinase is a protease
that is capable of hydrolyzing gelatin which may lead to necrotisis of
tissue (Cevahir et al., 2008; Khan et al., 2018b). On the other hand, cell
surface hydrophobicity (CSH) facilitates the bacterial adhesion of the
host individuals (Costa et al., 2006). It has been hypothesized that
patients with DFIs may have a high degree of variation in virulence
factors which may contribute to non-healing ulcers and amputation.
This study was conducted in order to understand the level of virulence
factors (biofilm formation, CSH, and gelatinase production) among A.
baumannii strains isolated from the patients with DFIs and non-DFIs.

2. Material and methods

A prospective study was conducted in the Department of General
Surgery at a tertiary care hospital in Mangalore, India. The study was
approved by the institutional Ethical Committee (Reg. No.-YU2016/
172) of Yenepoya (Deemed to be University) and written informed
consent was obtained from each patient. Among the 480-foot ulcer

patients screened, 280 patients had DFIs and 200 patients were non-
DFI. We selected 35 isolates from each group according to Meggit’s
Wagner grading (0 to I graded and age < 20 years patients excluded)
(Oyibo et al., 2001), International world group of diabetic foot (IWGDF)
grading (0–1 grade eliminated) or PEDIS grading (Lipsky et al., 2012)
and inhabited with A. baumannii only.

2.1. Sample collection and bacterial identification

Pus and tissue samples were collected from the patients and pro-
cessed as per CLSI guidelines (CLSI, 2016). The samples were then in-
oculated on Blood agar and MacConkey agar, and the plates were in-
cubated at 37 °C overnight and the growth was monitored. Each isolates
were identified by Gram staining followed by standard microbiological
procedures. All of the strains were further identified by BD Phoenix 100
systems (Becton Dickinson, USA) (Prashanth and Badrinath, 2000;
Shabeena et al., 2018; Manzoor et al., 2018d).

2.2. Biofilm formation

Biofilm formation was quantified using the method reported earlier
with slight modification (Christensen et al., 1995; De Breij et al., 2009;
Dheepa et al., 2011; Babapour et al., 2016; Khan et al., 2018c). Briefly,
overnight cultures of A. baumannii were diluted to 1:20 with fresh
trypticase soya broth (TSB). 200 μL of these mixtures was transferred to
the 96 well microtiter plates (Hi-media, India). The plates were in-
cubated overnight at 37 °C and wells with only TSB broth served as
control. After incubation, the supernatant was discarded and washed
with phosphate buffered saline (pH: 7.2). The plates were further dried
and 200 μL of absolute ethanol was added to each well and kept for
15min incubation at room temperature. After incubation, ethanol was
discarded and plates were dried. 0.1% (w/v) of hucker’s crystal violet
solution was added to each well and incubated at room temperature for

Table 1
Correlation of cell surface hydrophobicity in Acinetobacter baumannii strains
among DFIs and non-DFIs isolates.

Cell Surface
Hydrophobicity

DFI (n= 35) Non-DFI
(n= 35)

Hydrophobic
> 70% Strong 32/35(91.43%) 07/35(20%) P- value
> 30–70% Moderate 2/35(5.71%) 20/35(57%) χ 2= 36.19,
Hydrophilic < 30% 1/35 (2.86%) 08/35(23%) df= 2,

p<0.00001

Chi-square (χ 2) test: P-value =<0.05, df= degree of freedom; DFI:Diabetic
foot ulcer infections; Non-DFI:Non-diabetic foot ulcer infections.

Table 2
Comparison of biofilm formation, cell surface hydrophobicity and gelatinase
production among DFI and non-DFIs isolates.

DFIs (n=35) Weak Moderate Strong

Biofilm Formation 05/35 (14.29%) 19/35 (54.28%) 11/35 (31.43%)
CSH 1/35 (2.86%) 2/35 (5.71%) 32/35 (91.43%)
Gelatinase Production 0 0 12 (34.29%)

Non-DFIs (n=35) Weak Moderate Strong

Biofilm Formation 10/35 (28.57%) 22/35 (62.86%) 03/35 (8.57%)
CSH 08/35(23%) 20/35 (57%) 07/35 (20%)
Gelatinase Production 0 1/35 (2.86%) 4/35 (11.43%)

CSH:cell surface hydrophobicity; DFI:Diabetic foot ulcer infections; Non-DFI:
non-diabetic foot ulcer infections.

Fig 1. (a & b) Percentage of biofilm formation in clinical isolates of
Acinetobacter baumannii strains isolated from diabetic and non-diabetic foot
infections.
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15min. Subsequently, the plates were washed with PBS thrice and
dried. Stain was reolubilize in 160 μL of 33% glacial acetic acid. Ab-
sorbance at 630 nm was measured after the addition of glacial acetic
acid (initial) and after decanting (final) using a multimode microplate
reader (FluoSTAR omega, BMG Labtech, Germany).

The qualitative analysis of the biofilm architecture was performed
using Confocal laser scanning microscopy (CLSM) as described earlier
(LewisOscar et al., 2015). Briefly, A. baumannii biofilms were allowed
to grow on glass pieces (1× 1 cm), placed in 6-well polystyrene plates
(Greiner Bio-One), and incubated at 37 °C for 24 h. Following the in-
cubation; the biofilms was observed under CLSM (Carl Zeiss, Germany).

2.3. Cell surface hydrophobicity

The CSH was quantified as described by Costa et al. (2006) with
certain modification. Briefly, overnight cultures of A. baumannii in
nutrient broth was washed with phosphate buffer (pH 7.4) and re-
suspended at a turbidity of 0.4 (OD660 nm). Aliquots of 2.5mL of cul-
tures were mixed with 1mL of xylene and vortexed thoroughly. The
tubes were incubated for 20min at room temperature to allow for the
separation of mixtures into two phases. The aqueous phase was col-
lected in a separate tube, and the turbidity was recorded at 660 nm. The
hydrophobicity index (HI) was calculated using the following equation

= ×HI A control A test
A control

100660 660

660

Where,A660 control= optical density of the strains before xylene
treatment.A660 test= optical density of the strains after xylene treat-
ment.

The strains were considered as strongly hydrophobic when the hy-
drophobicity index was> 70% and hydrophilic when the hydro-
phobicity index was< 30%.

2.4. Gelatinase activity

The gelatinase activity of the isolates was calculated as described
earlier (Cevahir et al., 2008; Khan et al., 2018b). Briefly, the isolates
were cultured in Brain heart infusion broth and incubated at 37 °C for
18 h. After incubation, a loopful of young culture was inoculated onto
Luria Bertani agar containing 3% gelatin (30 g/L) and incubated over-
night at 37 °C. The plates were then cooled at 4°C for 5 h. The ap-
pearance of turbid halo (opacity around growth) considered as positive
for gelatinase production. Pseudomonas aeruginosa (PAO1) and A. bau-
mannii ATCC 19606 were used as positive and negative control re-
spectively.

Fig. 2. CLSM showing weak biofilm formation in clinical isolates of Acinetobacter baumannii strains isolated from diabetic foot infection.
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2.5. Statistical analysis

Statistical analysis was performed using SPSS software version 23.0
(SPSS Inc., Chicago, IL). Data was expressed in frequency and percen-
tage. Chi-Square test was used for comparing the virulence factors among
DFIs and non-DFIs. p < 0.05 was considered as statistically significant.

3. Result and discussion

A total of 70 (14.58%) isolates of A. baumannii were obtained from
480-foot ulcer patients. There were 57 (81.4%) males and females 13
(18.6%) in the study, DFIs patients had comorbidities/associated dis-
eases with hypertension, retinopathy, ischemic heart disease, and ne-
phropathy. DFIs patients are immunodeficient during infection of A.
baumannii which increases virulence factors such as biofilm formation
which acts as an anti-phagocytosis barrier that prevents penetration of
antibiotics (He et al., 2015; Qi et al., 2016). Host immune system does
not respond after prolonged hospital stays Hence, A. baumannii pro-
duces extended spectrum β-lactamase, metallo-β-lactamase, and be-
comes multidrug-resistant compared to non-DFIs.

Based on the OD reading the isolates were classified as strong
[OD>0.350], moderate (OD between 0.200 - 0.350) or weak (OD
0.041 - 0.200) biofilm producers. Among the isolates from DFIs,
31.43% showed positive biofilm formation, 91.43% showed positive
CSH and 34.29% showed positive for gelatinase activity. While 8.6%,
20%, and 14.3% from non-DFIs showed positive biofilm formation, cell
surface hydrophobicity and gelatinase activity respectively (Tables 1

and 2). Murali et al. (2014) reported that biofilm formation was found
in 39.13% in patients with DFIs which were in accordance with our
reports. Another study reported by Zubair et al. (2011) showed that, in
DFIs 40% of the isolates exhibited weak biofilm formation and 60%
isolate showed strong biofilm formation. Similarly, in a recent report by
Vatan et al (2018), 40.8% and 59.3% of isolates were weak and strong
biofilm producers respectively. Chi-square test showed a significant
difference between DFI and non-DFI infections (p < 0.05) (Fig. 1). The
biofilm architecture among the weak, moderate and strong biofilm
producers is depicted in Figs. 2–4. Most common factors which influ-
ence biofilm production are nutrient availability, outer membrane
proteins adhesions, bacterial pili, and flagella (Gaddy and Actis, 2009).
Biofilm formation may render leukocytes inefficient by developing anti-
phagocytic activity (He et al., 2015).

In the present study, the isolates were classified as strong [hydro-
phobic> 70%], moderate [> 30–70%] and weak [hydrophilic<
30%] based on CSH activity. We found a significant difference in the
CSH activity among DFI and non-DFI patients (p < 0.05). CSH among
A. baumannii has been demonstrated to be one of the essential factors of
bacterial adhesion (Almasaudi, 2018). The comparison of biofilm for-
mation and CSH in DFIs and non-DFIs is indicated in Table 2. A study
reported by Costa et al. (2006) showed that majority of the clinical
isolates exhibited higher hydrophobicity. In addition, another report by
Pour et al. (2011) suggested that strong hydrophobicity was found in
44% of the clinical isolates. In the present study, the strong CSH was
found in patient with necrotizing fasciitis, abscess, osteomyelitis and
gangrene. In non-DFIs, strong CSH isolates were found in patients with

Fig. 3. CLSM showing moderate biofilm formation in clinical isolates of Acinetobacter baumannii strains isolated from diabetic foot infection.
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abscess and necrotizing fasciitis. However, to the best of our knowl-
edge, this was the first study reporting the higher prevalence of viru-
lence factors among DFIs isolates compared to non-DFIs patients.

Gelatinase production is also associated with inflammation, con-
tributing to virulence in patients with DFIs (Cevahir et al., 2008). Ge-
latinase production facilitates to break down subcutaneous tissue in
foot ulcer infections (Harrington, 1996). In the present study, gelatinase
production was found in 34.29% DFIs isolates (Table 3). The appear-
ance of a turbid halo (opacity around growth) was considered as po-
sitive for gelatinase production (Fig. 5). Our previous reports indicated

that gelatinase activity was exhibited in 38.09% of ESBL isolates among
DFIs (Khan et al., 2018b). Among non-DFIs isolates, 14.29% were ge-
latinase producers. Table 4 shows the distribution of A. baumannii from
different infection site in non-DFI isolates. Cevahir et al. (2008) and
Valli and Gopinath (2016) reported that 14% and 40% of gelatinase
production was found among the patients with non-DFIs respectively.

4. Conclusion

DFIs are a significant public health concern worldwide due to the

Fig. 4. CLSM showing strong biofilm formation in clinical isolates of Acinetobacter baumannii strains isolated from diabetic foot infection.

Table 3
Distribution of A. baumannii strains from different infection site in DFI isolates.

Infection site Cell surface hydrophobicity Biofilm formation Gelatinase Activity

DFI(N=35) Weak Moderate Strong Weak Moderate Strong Production

Cellulitis 1 1 1 1 3 0 0
Abscess 0 1 9 1 9 4 5
Necrotizing fascitis 0 0 15 1 4 2 4
Gangrene 0 0 3 1 2 1 1
Osteomyelitis 0 0 4 1 1 4 2

Total 1 2 32 5 19 11 12
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socio-economic burden. Biofilm formation, CSH, and gelatinase pro-
duction were found higher in isolates from patients with DFIs compared
to non-DFIs. Virulence factors especially biofilm formation, CSH and
gelatinase production play a vital role in the pathogenesis of A. bau-
mannii infections. Combination of these virulence factors may facilitate
necrotizing fasciitis, osteomyelitis, gangrene, and abscess in the site of
infection. Furthermore, new experimental approaches are warranted to
develop and evaluate novel therapeutic strategies for dealing with A.
baumannii infections among DFIs and non-DFIs patients.
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