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Abstract: Enterococci are ubiquitous pathogens commonly present in gut microbiota in humans/animals that can able to form
biofilms which leads to increased antimicrobial resistance. As the treatment of drug resistant Enterococci associated infections is
difficult to treat and the mortality rate is rapidly increasing among clinical settings. The present study is aimed to investigate the
antimicrobial resistance pattern, virulence genes activation and biofilm forming ability of Enterococcus species isolated from
hospital wards in Kerala, India. From January 2018 to March 2019, we collected 100 samples and detected 93 Enterococci
isolates which were confirmed by Gram staining and biochemical assay tests. Ability of the isolates to produce biofilms were also
studied. In total of 93 enterococci strains, Enterococcus faecalis (85%) was observed as predominant species. Many isolates
exhibited multidrug resistance; in particular, 91.30 % isolates of E. faecium and E. faecalis were resistant to five antibiotics.
Notably, E. faecalis (88.6%) is more resistant against vancomycin than E. faecium. And, we detected | |virulence genes and |5
antibiotic resistance genes in the tested isolates. E. faecium had exhibit higher level of biofilm formation than E. faecalis. This is
the first report to exhibit hospital wards (ICU wards) as reservoir for multidrug resistant enterococci with potential of virulence
and biofilm formation. It may ease to transmit the organism from environments into humans. This study provides some useful
data about enterococci and suggesting that a regular maintenance of aseptic condition and patients surveillance is needed to
control the pathogenesis of Enterococci from hospitals.
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1. INTRODUCTION

Nosocomial infections/health care associated infections
(HAl)are considered as a major threat worldwide. World
health organization reported that ~ 1.4 million people have
suffered from nosocomial infections/HAI and about 80,000
deaths occurred every year. The antibiotic resistance
patterns of each isolates were detected by Kirby-Bauer disk
diffusion method and were assessed by clinical laboratory
standards institute, CLSl, 2021'. The low income
countries/highly populated nations like India are reservoir for
HAI compared to developed countries. In India, | in 4
patients is suffered from HAI. The effect of HAI comprises
prolonged hospital stay, severe illness and an economic
burden experienced by health systems?. The primary
causative agents of HAI globally are known as ESKAPE
pathogens includes Enterococcus faecium, Staphylococcus
aureus, Klebsiella  pneumoniae, Acinetobacter ~ baumannii,
Pseudomonas aeruginosa and Enterobacter species since the
antibiotic resistance is common’. Enterococci is a Gram-
positive bacterium naturally distributed in the gut microbata
of humans and animals*. Enterococci are able to survive in
extreme conditions like acidic/alkaline pH, high salt
concentrations and wide range of temperature (10 to 45
°C)°. Based on the review, the twelve Enterococci species
are vulnerable to humans, of these Enterococcus faecalis is a
primary pathogen followed by Enterococcus faecium. The
moderate level of infections caused by Enterococcus
gallinarum,  Enterococcus  rdffinosus, Enterococcus — avium,
Enterococcus casseliflavus, Enterococcus pseudoavium,
Enterococcus malodoratus, Enterococcus mundtii, Enterococcus
durans and Enterococcus hirae®’. Enterococci species are
gradually increasing their resistance mechanism against
various group of antibiotics such as beta-lactam, tetracycline,
vancomycin, chloramphenicol etc. Enterococci species are
majorly causing urinary tract infections, wound site
infections, surgical site infections, endocarditis, bacteraemia,
neonatal sepsis, catheter associated infections and strangely
cause meningitis®. Unfortunately, many of the (mentioned
above) infections are caused by pathogens with high-level
resistance to numerous antimicrobial drugs, including,
ampicillin, vancomycin, penicillin, methicillin, tetracycline,
gentamicin, streptomycin and clindamycin®. In recent years,
WHO declared vancomycin resistant Enterococci (VRE) as a
severe global threat in ICU wards and general ward patients.
Enterococcal meningitis is a rare complication of
neurosurgery. Up to 90% of enterococcal infections in
humans are caused by E. faecalis’. The majorities of the
remaining are caused by E. faecium. The ability of E. faecalis to
tolerate or adapt to harsh environments may act as an
advantage over other species. Sensitive strains of this
bacterium can be treated with Ampicillin, pencillin &
vancomycin. UTl can be treated specifically with
Nitrofurantoin even in case of vancomycin resistance'®. An
important feature of enterococcus is the high level of intrinsic
antibiotic resistance. Some enterococci are intrinsically
resistant to beta lactam based antibiotics and many
aminoglycosides. Acquired resistance and virulence traitsare
usually transposon or plasmid coded and are transferable.
But intrinsic resistance is based on chromosomal genes,
which are typically non — transferable''. Wide spread
emergence and dissemination of ampicillin & Vancomycin
resistance in E. faecalis would significantly confound a
therapeutic dilemma.'? In the last two decades, particularly
virulent strains of enterococcus that are resistant to
Vancomycin (Vancomycin Resistant Enterococci or VRE) have
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emerged in nosocomial infections'®. Several studies have
documented that the hospital wards majorly cause
enterococcal infections. Enterococcal colonization on biotic
and abiotic surfaces can stay for prolonged time'“. Thus, the
present study was investigated to determine antimicrobial
resistance pattern of enterococci isolates collected from
hospitalized wards in Sunrise Institute of Medical Sciences
(SIMS)  Kerala, |India. The study on phenotypic
characterisation and drug resistance pattern of the pathogen
will help to design the antibiotic stewardship. The study on
colonisation mechanisms like biofilm production will also help
to prevent the development of such colonisation in hospital
setting.

2, MATERIALS AND METHODS
2.1  Study design and area

The study was conducted at Sunrise Institute of Medical
Sciences (SIMS), Kerala, India between January 2018 and
March 2019. This study was reviewed and approved by the
institutional ethical committee of Sunrise Institute of Medical
Sciences (SIMS/IEC/02/2022).

2.2 Sample collection

The clinical specimens were collected from the hospital
wards, ICU and surgical wards of Sunrise Institute of Medical
Sciences and the specific sampling articles includes hospital
beds, sheets, curtains, screen, surgical tools, and cottongauze
cloth. During the sampling process sterile cotton swabs were
used to scrap, and then placed them into |0 mL aseptic
tubes. The collected samples were stored with ice packs and
later shipped them to the laboratory within 24 h of collection
for isolating bacteria.

2.3 Bacterial culture

The collected samples were placed into 10 ml of aseptic
tubes containing BHI broth and incubated at 37°C for 24 h.
The enriched culture was inoculated into enterococci
selective Bile Esculinazide agar plates. One colony was
selected for each sample.

2.4 Bacterial species identification by morphology
and Biochemical test

Active bacterial species were identified by microbiological
morphology test methods (Gram-staining, microscopic
analysis and motility test) and biochemical tests.

2.5 Gram staining

The overnight bacterial cultures were subjected to perform
Gram staining method as described earlier's. One drop of
bacterial cultures was smeared the sterile glass slides and stained
with crystal violet and kept for 60 sec. After, addition of
decolourization agent to remove the excess stain, the smear was
washed gently with running water and allowed to dry. Then
secondary stain safranin was added. The safranin stained slides
were washed with gentle running water after 30 seconds and
dried. The bacterial groups were visualized by light microscope.

2.6 Light microscopy

The overnight bacterial cultures were subjected to evaluation
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of the bacterial morphology by light microscope®. The gram
stained smears were visualized under the light microscope at
100X magnification.

2.7 Biochemical analysis
2.7.1 Catalase test

The 16 hr old bacterial cultures were smeared on a sterile
glass slide and added 3 % H,O, drop by drop and allowed to
react for 30 sec. Then the presence and absence of bubbles
formation were recorded'®.

2.7.2 Indole test

The tryptone broth was dispensed into the tubes and
sterilized. The test organisms were inoculated into the tubes
and one was left uninoculated as control. The tubes were
inoculated at 37 °C for 48h. After incubation Iml of
KOVAC’s reagent was added to all the tubes including
control. The tubes were shaken gently and allowed to stand
for 1-2 min. The tubes were observed for formation of
cherry red ring'®.

2.7.3 Salt tolerance assay

The selected colonies were picked and inoculated into BHI
broth supplemented with 6.5% sodium chloride and
bromocresol purple as a pH indicator. The test tubes were
incubated at 37 °C for 24 h".

2.7.4 Citrate utilization test

The 18 h bacterial cultures were streaked on Simmons
citrate agar slants and incubated for 24 — 48 h at 37°C. After
incubation, the colour changes were recorded'®.

2.7.5 Bile esculin assay

The selected colonies were picked and inoculated the slant
of the bile esculin medium with an S-shaped motion. The test
tubes were incubated at 37 °C for 24 h'°,

2.7.6 Litmus milk decolourization test

Overnight bacterial cultures were inoculated into skim milk
media (contains: skim milk, litmus, sodium sulphite and pH
6.8) and incubated at 37°C for seven days. The changing
colour observation was recorded".

2.7.7 Arginine hydrolysis test

Overnight bacterial cultures were inoculated into | ml of BHI
media with argine amino acid and the test tubes were
incubated at 37°C for ten days. The modified colour changes
have been observed'’.

2.7.8 Maotility assay

Motility behaviors of the isolates were evaluated by motility
assay. Briefly, 3ul of | OD of overnight grown isolates
culture was inoculated at the centre of Swimming agar plates
(tryptone | % (w/v), NaCl 0.5, agar 0.3; g/100 ml) then plates
were incubated at 37 °C for 24 h and migration movement
was then recorded'®.
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2.8 Determination of antibiotics susceptibility (by Disc
diffusion method)

The antibiotic sensitivity test of clinical isolates was assessed
by disk diffusion method and assessed the antibiotic
resistance pattern by CLSI guidelines. The disk diffusion assay
was performed in brain heart infusion agar (BHI). The
overnight cultures of all clinical isolates were sub-cultured in
BHI broth until to reach the turbidity of 0.5 Mcfarland (I x
108 CFU/ml) standards. The sterile cotton swabs were used
to uniformly spread the isolates on the agar plates.The
known antibiotics discs such as gentamicin, ciprofloxacin,
ampicillin, penicillin, erythromycin, streptomycin, imipenem,
vancomycin,  clindamycin, bacitracin B,  norfloxacin,
tetracycline, carbenillin and clarithromycin  (Hi-Media,
Mumbai, India) were placed over the swabbed plates and
incubated at 37 °C for 24 h. After incubation, the zone of
inhibition was measured at mm scale'”.

2.9 Determination of minimum
concentration of Vancomycin

inhibitory

MIC was determined by micro-broth dilution test using
sterile 96-well microtitre plates. Antibiotic stock solution
was prepared by dissolving vancomycin powder in sterile
distilled water, and the concentration was adjusted to 512
pg/ml. A 1:10 dilution of 0.5 McFarland Standard was used;
50 pl each of antibiotic dilutions and organism suspension
were mixed and incubated at 37 °C for 24 hrs. The highest
dilution which inhibited growth was considered MIC. MIC
232 ug/ml was considered to be indicative of resistant
isolates™.

2.10 Phenotypic identification of virulence traits
2.10.1 Hemolytic Activity

For hemolytic activity, fresh culture of clinical specimens
were streaked on Columbia agar plates containing 5% (w/v)
sheep blood and incubated for 48 h at 37 °C. Blood agar
plates were examined for signs of 8-hemolysis (clear zones
around colonies). E. faecalis ATCC 29212 were used as a
positive control for 8-hemolysis assay?*'.

2.10.2 Gelatinase tests

Gelatinase activity of the clinical specimens were assessed by
previous described method®'. GelE-positive colonies on
gelatine medium were surrounded by a turbid halo after 2
days of incubation at 37 °C. To measure the hydrolyzed
gelatine in the agar plates, 0.5-1.0 mL of Frazier solution
(mercuric chloride, 15.0 g; hydrochloric acid (37%), 20 mL;
distilled water, 100 mL) was poured on the surface of the
medium to precipitate the unhydrolyzed gelatine. E.
faecalis ATCC 29212 was used as a positive control.

2.10.3 DNase tests

DNase activity was tested using DNase agar medium. The
plate was inoculated with the appropriate strain by streaking
a thick line of inoculum across the plate. After incubation at
37°C for 24-48 h, the surface of the DNase test agar plate
was flooded with Toluidine Blue solution. DNase activity is
indicated by a pink zone surrounding growth. The color of
the medium remains unchanged if the test is negative. S.
aureus ATCC 6538 was used as a positive control®'.
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2.10.4 Lipase Tests

Briefly, the isolates were inoculated in MLB (tryptone 1%;
0.5% yeast extract; 0.5% NaCl) agar supplemented with
2.0 g/L of CaCl2 and 10 g/L of Tween-80. Plate was incubated
at 37 °C for 24-48 h. A positive reaction was indicated by a
clear halo around the colonies. S. aureus ATCC 6538 was
used as a positive control™.

2.10.5 Biofilm Formation

Biofilm assays were performed according to the guidance of a
reported method®. First, the purified Enterococcus colonies
were resuspended in 10 mL of Tryptic Soy Broth (TSB)
supplemented with 1% glucose, incubated at 37 °C for 18-20
h. Then, for each strain tested, 20 ml of bacterial suspensions
were transferred to three wells of sterile 96- well
polystyrene microtiter plates containing 180 ml of TSB
supplemented with 1% glucose. E. faecalis (ATCC 29212) was
used as the positive control, and 200 ml of broths (TSB with
1% glucose) were used as the negative control. The
microtiter plates were incubated for 24 h at 37 °C, washed
with sterile phosphate-buffered solution (PBS), dried at 28
°C, and stained with crystal violet for 30 min. The wells were
washed twice with sterile deionized water and dried. Crystal
violet dye bound to adherent cells was resuspended in 150
mL of 99% ethanol. The OD readings from respective wells
were determined at 570 nm??*, Each assay was determined
three times.

3. RESULTS
3.1 Sample collection and the species of Enterococci

In this study, a total of 100 non — duplicated fresh specimens
were collected from the Sunrise Institute of Medical Sciences.
Of which 93 enterococci were identified. Among the
enterococci (n= 93) E. faecalis (84.94 %), E. faecium (12.90 %),
E. rdffinosus (1.07 %) and E. avium (1.07 %) were noted to be
common and E. faecalis was predominant (Table 1). In addition
to the conventional methods. The Automated Microbiology
System Vitek 2 from Biomerieux was also employed to
confirm the isolates of Enterococcus spp.
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3.2  Antimicrobial susceptibilities
isolates

of Enterococcal

The percentage pattern of Antimicrobial resistance of
Enterococci isolates were given in Table. |. It was observed
that most of the test enterococci isolates were resistant
against  conventional  antibiotics groups such as
aminoglycosides, carbapenems, glycopeptides, lincosamides,
macrolides, B-Lactam, quinolones, polypeptides and others
groups.

3.3 Detection of vancomycin resistant strains

The E. faecium and E. faecalis isolates were resistant to
vancomycin and other isolates E. raffinosus and E. avium were
susceptible to vancomycin. The E. faecium 12 isolates and E.
faecalis 75 isolates were resistance to vancomycin. The
resistance pattern of the isolates against various antibiotics
are illustrated in Table .2

3.4  Physiological test

The results showed the presence of different enzymatic
virulence activity such as hemolysis, gelatinase, DNase and
lipase activity. The maximum level of hemolysis activity was
exhibited by E. faecium (71 %). Gelatinase enzymatic activity
was exhibited by E. faecium (68%) followed by E. faecalis
(32%). And DNase activity was observed in58 % of E. faecium
strains followed by E. faecalis (17. 6%.) Lipase activity was
exhibited by E. faecium strains (43.7%) only. The obtained
results are showed in Table 3.

3.5 Detection of biofilm formation

Biofilm formation of the Enterococci isolates were
asfollowed; non-formers, 40/93 (43 %), weak formers, 16/93
(17.2 %), moderate formers, 25/93 (26.8 %) and strong
formers, 6/93 (6.4 %). 47/93 (50.5 %) of isolates were biofilm
formers. Biofilm formation of the tested E. faecalis (82 %) was
statistically significant higher than that of E. faecium (48 %)
strains (p< 0.001). The Enterococcus species biofilm
formation was shown in Figure | and in Table 4.

Fig I. Biofilm activity of Enterococci isolates
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Table | Numbers of isolates of Enterococcal
species from hospital wards

Percentage of rate

84.94 %

12.90 %

1.07 %

Species Isolates
E. faecalis 79
E. faecium 12
E. raffinosus |
E. avium I

1.07 %

Retrospective data of the isolates obtained from clinical specimens

Table 2 Antibiotic resistance profile of Enterococcus species by Kirby-Bauer disc diffusion method

Antibiotics E. faecium E. faecalis E. raffinosus E. avium No. (%) isolate
N=12 N=79 N=I N=I Total no.
Gentamycin 10 70 0 0 86 %
Streptomycin I 69 I I 88.1 %
Imipenem 9 69 I 0 84.9 %
Vancomycin 12 75 0 0 93.5 %
Clindamycin 12 72 I I 924 %
Erythromycin Il 68 0 0 84.9 %
Clarithromycin 12 69 0 0 87 %
Ampicillin 12 79 I I 100 %
Penicillin 12 75 0 0 935 %
Nitrofurantoin 10 70 0 0 86 %
Ciprofloxacin 10 70 0 0 86 %
Levofloxacin 12 71 0 0 89.2 %
Tetracycline 12 77 0 0 95.6 %
Linezolid 10 69 0 0 84.9 %
Tegicyclin 8 68 0 0 81.7 %

Antibiogram of the various isolates which explains the percentage of resistance.

Table 3 Phenotypic virulence factors of Enterococci isolates

Strains Hemolysis Gelatinase activity DNase activity Lipase activity
Alpha Beta Nill
E. faecium  8/12 (66.6 %) - 4/12 (33.3 %) 9/12 (75 %) 7/12 (58.3 %) 5/12 (41.6 %)
E. faecalis 0/79 (0%)  0/79 (0 %) - 22/79 (27.8 %) 12/79 (15.1 %) -
E. raffinosus 0/1 (0 %) 0/1 (0 %) - - - -
E. avium I1/1 (100 %) - - - - -
Presence of various virulence factors in four strains isolated
Table 4 Detection of enterococci species biofilm-forming strength
Species Weak Moderate Strong Non-former No. (%) isolate
N=17 N =27 N=6 N =43 Total no.
E. faecium 4 5 0 12 (12.9 %)
E. faecalis 13 22 41 79 (84.9 %)
E. raffinosus 0 0 | 1.07 %
E. avium 0 0 | 1.07
The strength of biofilm produced is described in terms of percentage
4. DISCUSSION E. faecalis®. But in contrast to an early reported study®, the

Enterococci are an exclusive pathogen of humans/animals,
and the rapid increase in enterococci resistance against
antibiotics leads to increasing the mortality and morbidity in
clinical settings’. The present study investigated the
prevalence of enterococci and their antimicrobial resistance
patterns isolated from the hospital wards including ICU that
possess high risk for enterococci colonization in health care
centre including Sunrise Institute of Medical Sciences, Kerala,
India. Multidrug resistant E. faecium cause invasive infections,
not only E. faecium, E. faecalis also cause nosocomial
infections®. But the available data reveal that E. faecium
caused a large number of nosocomial infections compared to

predominant isolates obtained from the present study were
E. faecalis (84.94 %) followed by E. faecium (12.90 %) while E.
rdffinosus and E. avium observed with (1.07 %) (Table. I). And
the findings were comparable to the distribution of
enterococcal species in other studies in other studies by**?
which says E. feacdlis is the most prevalent species in clinical
infections, approximately 80 - 90%. The present study
showed that E. faecalis is the predominant enterococci
species followed by E. faecium, which is in contrast with a
previous study from the Egypt recorded that E. faecium as a
dominant species followed by E. faecalis®. A total of 15
antibiotics groups were used to detect the enterococci
antimicrobials susceptibility. The enterococci isolates has the

L-90



ijlpr 2022; doi 10.22376/ijpbs/lpr.2022.12.2.L.86-92

ability to resist against penicillin and ampicillin. Besides, E.
faecium was less susceptible than E. faecalis to B-lactam
antibiotics, as enterococci cell wall shows low affinity to
penicillin binding proteins®. The present study also exhibited
a similar observation. E. faecalis resistance rate was lower
than the E. faecium. The result was compared with previous
study’ which also documented that E. faecalis has lower
resistance than the E. faecium against ampicillin. Although E.
faecium and E. faecalis isolates were resistant to penicillin
which is similar level of resistance reported from the
previous study®. In accordance with Mathai, 1994 we also
found a high rate of High level aminoglycoside resistant
(HLGAR) strains. Approximately 35% of isolates were
HLGAR. Similar reports were obtained from other studies in
India before®'. Even though the vancomycin resistance (VRE)
incidence rate is low, the emergence of VRE is to be
considered very seriously. The antibiotic resistance pattern
for VRE isolates of our study reveals that the 50% of them
were resistant to teicoplanin also. This is a significant pattern
to be studied as most of the earlier studies showed lower
teicoplanin resistance®’. Biofilm formation is an important
virulence factor, which is responsible for causing severe
infections and improvise pathogenesis colonization on any
environment. Several studies clearly documented that
enterococci were able to form biofilms®®. In this context,
the enterococcal biofilm forming ability detection was
required to be done and was found that 57 % (121/212)
enterococci isolates was able to form biofilms. Among them,
E. faecium isolates showed higher level of biofilm formation
compared to E. faecdlis. In contrast, previous study recorded
that E. faecalis was the dominant species in forming biofilms
and virulence genes than E. faecium®, the present findings
indicated that E. faecium has domination in biofilm production
over E. faecalis. In Sardinia, ltaly, biofilm production was
identified among 87% of E. faecalis clinical isolates and 16%
of E. faecium clinical isolates®, but in contrast we found that
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