Journal of Entomology and Zoology Studies 2021; 9(2): 287-294

N
=
v
-

Journal of Entomalagy and Zoology Studies

Available online at www.entomoljournal.com

E-ISSN: 2320-7078
P-ISSN: 2349-6800
www.entomoljournal.com
JEZS 2021; 9(2): 287-294
© 2021 JEZS

Received: 04-01-2021
Accepted: 06-02-2021

FC Beihroki

Department of Veterinary Public
Health and Epidemiology, College
of Veterinary Sciences & AH,
Central Agricultural University,
Selesih, Aizawl, Mizoram, India

Devajani Deka

Department of Veterinary Public
Health and Epidemiology, College
of Veterinary Sciences & AH,
Central Agricultural University,
Selesih, Aizawl, Mizoram, India

TK Dutta

Department of Veterinary Public
Health and Epidemiology, College
of Veterinary Sciences & AH,
Central Agricultural University,
Selesih, Aizawl, Mizoram, India

Ralte L

Department of Veterinary Public
Health and Epidemiology, College
of Veterinary Sciences & AH,
Central Agricultural University,
Selesih, Aizawl, Mizoram, India

TC Tolenkhomba

Department of Veterinary Public
Health and Epidemiology, College
of Veterinary Sciences & AH,
Central Agricultural University,
Selesih, Aizawl, Mizoram, India

E Motina

Department of Veterinary Public
Health and Epidemiology, College
of Veterinary Sciences & AH,
Central Agricultural University,
Selesih, Aizawl, Mizoram, India

JM Rao

Department of Veterinary Public
Health and Epidemiology, College
of Veterinary Sciences & AH,
Central Agricultural University,
Selesih, Aizawl, Mizoram, India

Corresponding Author:

Devajani Deka

Department of Veterinary Public
Health and Epidemiology, College
of Veterinary Sciences & AH,
Central Agricultural University,
Selesih, Aizawl, Mizoram, India

Molecular detection of Enterococcus with special
reference to Enterococcus faecalis from water
sources and its antimicrobial resistance

FC Beihroki, Devajani Deka, TK Dutta, Ralte L, TC Tolenkhomba,
E Motina and JM Rao

Abstract

The present study aimed at phenotypic and genotypic detection of Enterococcus and E. faecalis from
different water sources and its antimicrobial resistance pattern. A total of 280 numbers of water samples
were collected from five different types of sources viz. river, spring, stream, runoff and recreational pool
in Aizawl district, Mizoram. Enterococcus and E. faecalis in water samples were detected phenotypically
and genotypically by detection of tuf and sodA gene, respectively. The E. faecalis strains were evaluated
for in vitro antibiotic sensitivity profile by disc diffusion and minimum inhibitory concentration assay
against a panel of 14 antibiotics. The overall prevalence of Enterococcus was found to be 56.78%
contributing to 71.66% in river, 68.33% in run-off, 63.33% in stream, 51.66% in spring and 15% in
recreational pool water. The overall prevalence of E. faecalis was 42.14% contributing to 58.33% in
river, 50% in stream, 46.66% in runoff and 41.66% in spring water. The E. faecalis strains were 100%
sensitive to vancomycin and highest resistant to nalidixic acid (87.28%). High prevalence of
Enterococcus and E. faecalis in different water sources indicates the faecal contamination of water from
various animal and human wastes. Even though vancomycin resistant enterococci (VRE) is of great
concern globally, present study revealed otherwise.

Keywords: Enterococcus, Enterococcus faecalis, molecular detection, water sources, antimicrobial
resistance

Introduction

According to the World Health Organization (2017), contaminated drinking water is estimated
to cause 485,000 diarrhoeal deaths each year. It has caused 10,738 deaths in India over five
years to 2017 [, Contamination of water sources with pathogenic bacteria leading to illness is
a major concern especially in developing countries /. Lack of clean water and sanitation
promotes the spread of microbes and some of which can be resistant to antimicrobial
treatment. The release of antibiotics into environmental water also contributes to the increasing
risk of antibiotic resistant bacteria ' 371, However, monitoring of all pathogens in water is not
possible economically and technologically, alternatively E. coli and enterococci have been
used as faecal indicators in water > 2. As enterococci are members of the intestinal
microbiota of healthy humans and animals they can be released into surface water and soil by
human and animal faecal material, so environmental water often contains enterococci. Though
considered generally harmless, currently Enterococcus have become an important nosocomial
pathogen, predominant species being E. faecalis and E. faecium which cause about 90% of
clinical infections and they are ranked the third and fourth most prevalent human pathogens
worldwide & 7> 34, Enterococci are intrinsically resistant to b-lactams, cephalosporins and
aminoglycosides. Furthermore, they can acquire resistance to other antibiotics including
quinolones, macrolides, etc. Therefore, treatment of enterococcal infections is hindered by the
development and spread of antimicrobial resistance. Resistance to antimicrobials of last resort,
such as vancomycin, further impairs the control of enterococcal infections ['8 7. 34 Rapid
detection of enterococci in the environment and their antimicrobial resistance pattern is of
paramount importance in reducing the spread of multi-drug resistant Enterococcus to human.
Mizoram is the southernmost landlocked hilly state in Northeast India with heavy rainfall. The
present study aimed to detect the contamination of different water environments in Aizawl, the
most populous district of Mizoram, by Enterococcus/E. faecalis and its antimicrobial

resistance pattern.
~ 287~


http://www.entomoljournal.com/

Journal of Entomology and Zoology Studies

Materials and Methods

Collection of water samples

A total 280 numbers of water samples were collected from
five different types of sources viz. river water(60), spring
water (60), stream water (60), urban/ hospital runoff water
(60) and recreational water (40) in Aizawl district, Mizoram
for a period of one year by adopting appropriate aseptic
measures.

Phenotypic detection of Enterococcus and E. faecalis

The isolation and identification of Enterococcus from water
included three principal steps namely enrichment in
Enterococcus Presumptive Broth (EPB), selective culturing
on Enterococcus Confirmatory Agar (ECA) and presumptive
identification by Gram’s staining and biochemical tests
namely negative catalase reaction, esculin hydrolysis on Bile
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Esculin Agar as well as growth in 6.5% NaCl as per the
method described by Facklam and Collins. 1989 ['8], From the
presumptive Enterococcus isolates, E. faecalis was identified
based on sugar fermentation such as mannitol (positive),
sorbitol (positive) and arabinose (negative).

Molecular detection of Enterococcus and E. faecalis

All the phenotypically positive Enterococci isolates were
processed for bacterial lysate (DNA template) preparation
using boiling and snap chilling method. The DNA template
was used for amplification of Enterococcus genus specific
(tuf) gene and E. faecalis species specific (sodA) gene by PCR
assay (Ke et al., 1992) 1. The PCR confirmed Enterococci
isolates were subjected to detection of E. faecalis by PCR
using species specific sodA gene (Ahmed et al., 2012)
(Table 1).

Table 1: Oligonucleotide primers used in PCR for detection of Enterococcus (tuf gene) and E. faecalis (SodA gene)

Target gene Primer sequence [

Product size Reference

Tuf

F: TACTGACAAACCATTCATGATG
R: AACTTCGTCACCAACGCGAAC

112bp Ke et al. (1999) 24

Soda

F: ACTTATGTGACTAACTTAACC
R: TAATGGTGAATCTTGGTTTGG

360bp Ahmed et al. (2012) B

A PCR mixture of 25 pl was preparedin 0.2 ml thin PCR tube
containing PCR master mix (2X) (12.50 pl), forward primer
(1 pb), reverse primer (1 pl), DNA template (4 pl) and
nuclease free water (6.5 pl). The thermal cycling conditions
used for amplification of DNA included initial denaturation
(95 °C for 4 minutes), denaturation (95 °C for 45 seconds),
annealing (55 °C for 1 minute), extension (72 °C for 1 minute)
and final extension for one cycle (72 °C for 7 seconds) for 30
cycles.

About 5ul of amplified PCR product was mixed with 2ul of
6x gel loading dye and analysed by agarose (1.5%) gel
electrophoresis using 1x TAE buffer (pH 8.0) and ethidium
bromide was added to the gel upto a final concentration of
0.5pg/ml. DNA ladder (100bp) was used as reference to
compare the size of amplified products. Electrophoresis was
carried out at80 V/60 mA and the gel was visualised under
UV transilluminator (Alpha Imager) and documented by gel
documentation system (Alpha imager).

Detection of antimicrobial resistance profile of E. faecalis
strains

All the PCR confirmed E. faecalis strains were subjected to in
vitro antibiotic sensitivity testing by disc diffusion method [
against a panel of 14 antibiotics namely amikacin, ampicillin,
ciprofloxacin, chloramphenicol, doxycycline, erythromycin,
gentamicin, kanamycin, nalidixic acid, nitrofurantoin,
norfloxacin, streptomycin, tetracycline and vancomycin as per

Clinical Laboratory Standard Institute (CSLI) guidelines
(2019) 1291, The vancomycin resistant E. faecalis strains in disc
diffusion assay were further subjected to minimum inhibitory
concentration (MIC) by agar dilution assay (CLSI, 2018) [,

Statistical analysis
The findings of the present study were analysed by Chi square
test (SPSS version 20) using the method of Snedecor and
Cochran (1994) [38],

Result and Discussion

Out of the 280 samples collected from different water sources
of Aizawl district, Mizoram, (India) namely river, spring,
stream, urban/ hospital runoff and recreational water, 163
(58.21%) Enterococcus isolates were presumptively identified
by phenotypic method. The presumptive Enterococcus was
found to be highest in river water (71.66%) followed by
runoff water (70.00%), stream water (63.33%), spring water
(55%) and recreational pool water (17.50%). Out of 163
presumptive  Enterococcus  isolates, 159  (97.54%)
Enterococcus strains were confirmed genotypically (tuf gene)
(112bp) and the Enterococcus isolates were highest detected
in river water and stream water (100%, each) followed by
runoff water (97.61%), spring water (93.93%) and
recreational water (85.71%). Enterococcus was detected
lowest in recreational water (Table 2 and Figurel).

Table 2: Detection of Enterococcus by phenotypic and molecular method in water samples from different sources from Aizawl district,

Mizoram.
Phenotypic method Molecular method
Sl. Cultural method Biochemical method No. of phenotypically| No. of samples positive
No Types of water samples| No. of | No. o_f _samples No._o_f culturally| No. o_f _samples positive samples for Enterococcus (tuf
samples positive for |positive samples| positive for analysed for PCR gene) by PCR
analysed | Enterococcus analysed Enterococcus
1 Spring water 60 61.66(37)° 37 55. 00 (33)2 33 93.93(31)2
2 Stream water 60 83.33(50)® 50 63.33 (38)? 38 100.00(38)?
3 River water 60 86.66(52)? 52 71.66 (43 )2 43 100.00(43)?
4 Runoff water 60 83.33(50)® 50 70.00 (42)? 42 97.61(41)2
5 | Recreational pool water 40 25.00(10)¢ 10 17.50 (7)° 7 85.71(6)?
Total 280 71.07(199)* 199 58.21(163) * 163 97.54(159) NS
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From the 159 PCR positive Enterococcus strains, overall 58 from spring, stream, river and runoff water sources both in
(37.66%) and 118 (74.21%) strains were identified as E. biochemical and PCR analysis. Enterococcus faecalis was not
faecalis in biochemical and PCR (sodA) assay, respectively. detected from recreational water (Table 3 and Figure2).

Detection of E. faecalis did not vary significantly in water

Table 3: Detection of E. faecalis by sugar fermentation test and PCR from different water sources in Aizawl district, Mizoram

No. of PCR positive No. of isolates positive for E. No. of isolates positive for E.

Sl No, Types of water samples Enterococcus isolates|faecalis by sugar fermentation test| faecalis (sodA gene) by PCR Chi value
1 Spring water 31 40.00(12)? 75.75(25)? 11.33**
2 Stream water 38 41.66(15)2 78.94(30)? 12.26**
3 River water 43 42.86(18) 81.39(35)? 14.21**
4 Runoff water 41 32.50(13)2 68.00(28)? 10.98**
5 | Recreational pool water 6 0 0
Total 159 37.66(58)NS 76.62(118)NS 47.74**

Fig 1: Agarose gel electrophoresis showing PCR amplicons of tuf gene (112 bp); M: 100bp ladder; L1: Positive control; L2: Negative control;
L3 to L6 : Positive sample

L1 L2 / genotypically detected Enterococcus from river, waste water

and faeces of domesticated mammals, birds and wildlife by
detection of genus-specific 16S r-RNA gene. Alipour et al.
= e (2014) ™ detected E. faecalis (68.60%) from the river and
900bp $60bp coastal water by detecting sodA gene whereas Veljovic et al.
(2015)“9 detected enterococci strains from lake, rivers and
springs by amplification of 16S r-RNA gene and E. faecalis by
detection of sodA gene.

Prevalence of Enterococcus and E. faecalis
The overall prevalence of Enterococcus was found to be
56.78% contributing t071.66% in river water, 68.33% in run-
off water, 63.33% in stream water, 51.66% in spring water
. » oresis showing PCR ambli od and 15% in recreational pool water from Aizawl district,
e o s Wy ool Mizoram. The prevalence of Enterococcus was sigificanty
L5 and L6 : Positive sample lower (P<0.05) in recreational water than the other water
sources. The overall prevalence of E. faecalis from different

Similar to the present finding, Iweriebor et al. (2015) 2! and water sources was 42.14% contributing to 58.33% in river,
Adeniji et al. (2020) [ also detected enterococci from 50% in stream, 46.66% in run off and 41.66% in spring water
wastewater and beach coastal water, respectively by detecting (Table 4 and Figure 3).

genus-specific tuf gene. Lanthier et al. (2010 and 2011) [25 261

Table 4: Prevalence of Enterococcus and E. faecalis in different water sources from Aizawl district, Mizoram.

No. of [No. of samples positive % of No. of samples positive % of
SI. No. |Types of water samples| samples | for Enterococcus (tuf | prevalence for | for E. faecalis (sodA |prevalence for
analysed gene) by PCR Enterococcus gene) by PCR E. faecalis

1 Spring water 60 31 51.66% 25 41.66°
2 Stream water 60 38 63.33% 30 502
3 River water 60 43 71.662 35 58.33?
4 Runoff water 60 41 68.33a 28 46.66°
5 Recreational pool water 40 6 15b 0 0

Total 280 159 56.78" 118 42.14NS
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Fig 3: Prevalence of Enterococcus and E. faecalis in different water sources from Aizaw! district, Mizoram

Furtula et al. (2013) 1 and Alipour et al. (2014) ™ had
reported 100% prevalence of Enterococcus from surface
water sites and river water in Canada and Northern Iran,
respectively. From Kerela, India, Peter et al. (2012) 32
reported 74% prevalence of Enterococcus from wells, bore
wells, bottled water and chlorinated hospital drinking water
supply. Furtula et al. (2013) 7] recorded 10.71% prevalence
of E. faecalis from intensive poultry farming area in Canada.
These findings indicated that there might be faecal
contamination of the water sources from animal and human
sources and the level of contamination might vary depending
on the rate of faecal discharge in the water sources in the hilly
state. The small animal and vegetable farming system in the
slope hills might be the source of the faecal contamination of
water courses. The contamination of water sources might also
be caused by other factors such as household and workshops
waste, waste and sewage from hotels and houses which might
be discharged into water. The differences in the prevalence
could also be due to the different sampling sizes and
geographical locations. (Alipour et al., 2014) [,

The prevalence of Enterococcus and E. faecalis was found to
be highest in river water which might be because river water
ultimately collects all the urban and rural wastes including
agricultural and industrial wastes leading to higher level of
contamination. In river water, E. faecalis (64%) was the most
prevalent species followed by E. faecium (24%) in Ganga
river, India as reported by Lata et al. (2009) 1. Kuntz et al.
(2003) 24 and Lanthier et al. (2011) 281 reported 56% and
36.40% prevalence of E. faecalis of all Enterococcus species
isolated from river in Atlanta, USA and Canada, respectively.
Alipour et al. (2014) ™ reported that most prevalent
Enterococcus species from river water was E. faecalis
(66.70%) followed by E. faecium (23%) in Northern Iran.
However, the prevalence of Enterococcus and E. faecalis was
significantly (P<0.05) lower in recreational pool water which
could be due to the periodic treatment of the pool water by
replacement and chlorination. Wei et al. (2017) *2 and Xie et
al. (2018) 3 reported 32.30% and 16.49% prevalence E.
faecalis in spring water, respectively from China while 50%
prevalence were reported from ground water in Mid-Atlantic
Region, U.S by Micallef et al. (2013) B4, Spring water is
generally safer than other environmental water sources;
however, it is likely to be contaminated through the topsoil
unless the surrounding land area is protected. Irrespective of
the spring originating from shallow or deep rock layers,

contamination with animal excreta due to small, unorganized
livestock and poultry farming in different strata of hills and
extensive human activity around the springs in Mizoram
might cause higher prevalence of E. faecalis than reported in
other studies. The high rain fall in the study area (254 cm per
annum) might also contribute to higher contamination of
spring water.

Similar to the present finding, Sapkota et al. (2007) [0
reported that E. faecalis was the predominant (72.86%)
Enterococcus species in stream water from Maryland, USA
whereas Luczkiewicz et al. (2010) 8 reported E. faecium
(68.60%) followed by E. faecalis (21.60%) in stream water
from Poland. This is indicative of regional difference in
species distribution of Enterococci in water sources. Varela et
al. (2013) M reported higher prevalence (75.38%) of E.
faecalis in runoff water (hospital effluent and urban waste) in
Portugal than the present finding. lweriebor et al. (2015) [2%
reported 57% E. faecalis from municipal and hospital waste
water in South Africa.

The present finding also indicated that E. faecalis is a
predominant species among the Enterococcus spp. in different
water sources as they are abundantly present in the microbiota
of human and animals. In general, the spatial heterogeneity of
Enterococcus seems to be introduced via different point and
non-point sources like urban sewage, clinical and industrial
discharge, agricultural runoff and stormwater route.

Antimicrobial sensitivity and resistance profile of E.
faecalis

The E. faecalis strains were significantly (P<0.05) higher
sensitive to vancomycin (100%) and ampicillin (91.52%) than
nitrofurantoin  (85.59%) and chloramphenicol (83.90%),
doxycycline (79. 66%) and tetracycline (71.18%). However,
the E. faecalis strains showed lower sensitivity to
nitrofurantoin, chloramphenicol, doxycycline and tetracycline
without significant variations among them. The resistance
pattern of E. faecalis strains did not vary significantly among
nalidixic acid (87.28%), streptomycin (86.44%), amikacin and
kanamycin (83. 90%, each). However, resistance of E.
faecalis strains to these four antibiotics were significantly
(P<0.05) higher than tetracycline (16.95%), gentamicin
(12.71%), ampicillin, ciprofloxacin and norfloxacin (6.78%,
each), erythromycin (5.93%), doxycycline and vancomycin
(0.00%) (Table 5, Figure 4).
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The E. faecalis strains from spring and stream water were
sensitive (100%) to vancomycin followed by ampicillin (92%
and 92. 85%, respectively) while the strains from spring and
stream water were highest resistant to amikacin (84%) and
kanamycin and nalidixic acid (86.66%, each), respectively.
The strains from river water were 100% sensitive to
vancomycin, nitrofurantoin, tetracycline and doxycycline
followed by ampicillin (94.29%), and chloramphenicol
(85.71%) whereas the strains were highest resistant to
streptomycin and nalidixic acid (100%, each) followed by
kanamycin (94.29%) and amikacin (88.58%).The runoff
water strains showed highest sensitivity to vancomycin
followed by chloramphenicol and nitrofurantoin (96.43%,

http://www.entomoljournal.com

each), ampicillin (92.85%) and highest resistant to
streptomycin (96.43%) followed by amikacin (89.29%),
nalidixic acid (85.71%), kanamycin (75%) and others.
However, the E. faecalis strains were sensitive to vancomycin
in MIC even at the lowest concentration of 0.0625 pg/ml
although 4.23% strains were resistant in disc diffusion assay.
All the 118 E. faecalis strains isolated were resistant to one or
more antibiotics in a range of 1 to 9 numbers of antibiotics
with significantly (P<0.01) higher resistance to 4 numbers of
antibiotics than the other resistance patterns. The strains
showed significant differences (P<0.05) in sensitivity and
resistance patterns among the different water sources to all the
antibiotics except amikacin, ampicillin and vancomycin.

Table 5: Antibiotic sensitivity and resistance pattern of E. faecalis strains isolated from different water sources in Aizaw! district, Mizoram

SI.No. | Antimicrobial agent Spr(inng ;/\Slter Str(e(irg\é\gater Rive(?3 ;\;ater Run(-r?if2 \é\;ater (NT:E‘:;)
! Amikacin (AK) FS{ 82:888)1) 7133.'3343((242)) 82:;1; g)l) 818.'27;(%)) 88éf187s9((190s9))h"“85
| ooy |20 | mee | uan | use e
3 | Chioramphen-icol (C) ; 83:888)1) 70.08(21) 85.7(1) (30) 96.4((3) @7 813.128((2?&28
T o e o
| oowyoeine 00y |5 SO0 | somtesr | io0GF | o7 | sy
6 Erythromycin (E) Fse 8.000(2)ab gg;(%*?c (())c 18.17; ((é))a g.'gs(éggi
| v |3 SO i | ey | suy | sae
8 Kanamycin (K) | 76.03(19) 8%?32((226)3) 94.28(33) 72%)?)((221) 8??.'39(;;)9’\‘)5“5
9 | Nalidixic Acid (NA) Fsz 72.08(18)b 8(?.?67(%% 100(235)a 85.710(24)ab 8%22 ((f()JZS)*
0 | Nuotaomornqun) (5] B0 [ sl [ misr | sesen | mwior
| notominey |3 509 |ty | wwE | amg | as o
12 Streptomycin (S) ; 8?)13883)) 6%%77((223) 10 (()35) 96.4(3)‘(27) 83'24((?0';13
o | e [ 3]S0S e | o | e
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Fig 3: Antibiogram of E. faecalis strains isolated from different water sources

~291~



http://www.entomoljournal.com/

Journal of Entomology and Zoology Studies

Similar to the present findings, earlier studies have reported
that nalidixic acid, a quinolone, is ineffective against Gram
positive bacteria including Staphylococcus aureus and E.
faecalis (Bhargavi et al., 2010) . Kimiran et al. (2006) 12
had reported 100% resistance of E. faecalis from sea water to
nalidixic acid in Turkey. Bhargavi et al. (2010) [¢ reported the
88.90% resistance to nalidixic acid in urinary enterococcal
isolates in Southeast part of India. The E. faecalis strains
showed lower resistance to fluroquinolones namely
ciprofloxacin and norfloxacin while Peter et al. (2012) (2
reported 64% resistance of E. faecalis to ciprofloxacin from
wells, bore wells, bottled water and chlorinated hospital
drinking water in Kerela, India. Macedo et al. (2010) ?°! and
Xie et al. (2018) 3 reported resistance 45% and 25.50% to
ciprofloxacin in E. faecalis strains of stream and spring water
from Portugal and China, respectively. Enterococci are
intrinsically resistant to low level aminoglycosides. High
resistance of E. faecalis strains to aminoglycosides namely
streptomycin, kanamycin, amikacin and gentamicin were
recorded. Lata et al. (2009) 1%l reported variable resistance of
E. faecalis to ampicillin (20%), streptomycin (65%) and
gentamicin (40%) in from Ganga river, India. Peter et al.
(2012) B4 found 64% resistant E. faecalis strains to
gentamicin from well water and bore well in Kerela, India and
much higher resistance (97.82%) to streptomycin from Port
Blair Bay, India was reported by Meena et al. (2015) B9,
Veljovic et al. (2015) ! found E. faecalis strains resistant to
gentamicin (55%), streptomycin (98%) and kanamycin (90%)
from river and spring water from Belgrade, Serbia. However,
Xie et al. (2018) 3 observed lower resistance in E. faecalis to
gentamicin (19.20%), kanamycin (14.90%) and streptomycin
(12.80%) from spring water in China. The resistance of E.
faecalis strains were found to be 16.95% and 4.24% to
tetracycline and doxycycline, respectively. Lata et al. (2009)
(28T and Alipour et al. (2014) B observed variable resistance of
E. faecalis to tetracycline accounting 14. 50% and28.60%
from river in Thailand and Northern Iran, respectively while
Iweriebor et al. (2015) 1 and Xie et al. (2018) * reported
100% and 93.60% resistant E. faecalis strains to tetracycline
from hospital wastewater and spring water in South Africa
and China, respectively. The resistance of E. faecalis to
ampicillin was lower (6.78%) although the antibiotic is
commonly used in human and animals. Comparatively higher
resistance of E. faecalis to ampicillin was recorded by Lata et
al. (2009) ?Tand Xie et al. (2018) % from Ganga river, India
(20%) and spring water (10.60%) in China, respectively.
Macedo et al. (2010) B% and Rathnayake et al. (2011) [
found that E. faecalis strains from spring water in Portugal
and river water in Australia were sensitive to ampicillin.
However, higher resistance of E. faecalis to ampicillin
(82.14%) was reported from well water isolates in Kerela,
India by Peter et al. (2012) (2,

Lower resistance of E. faecalis strains to erythromycin
(5.93%), nitrofurantoin (3.40%) and chloramphenicol (1.96%)
was recorded. However, higher resistance of E. faecalis
strains to erythromycin were recorded from Ganga river, India
(Lata et al., 2009) [?8. |weriebor et al. (2015) 21 reported
higher resistance of E. faecalis strains to erythromycin (80%)
in hospital wastewater from South Africa. Macedo et al.
(2010) I reported that E. faecalis strains from spring water
were sensitive to nitrofurantoin in Portugal. Variable
resistance pattern of E. faecalis strains to chloramphenicol
from different drinking water sources (14.29%) and river
water (34.30%) were reported from India and Northern Iran

http://www.entomoljournal.com

by Peter et al. (2012) B2 and Alipour et al. (2014) B,
respectively whereas Veljovic et al. (2015) ! and Macedo et
al. (2010) 9 reported that E. faecalis strains from spring
water and river water in Belgrade, Serbia and Portugal were
sensitive to chloramphenicol.

Five numbers (4.24%) of E. faecalis strains resistant (4.24%)
to vancomycin in disc diffusion method were found to be
sensitive in MIC by agar dilution assay. Similar to the present
findings, Cupakova et al. (2003) 1% reported that all E.
faecalis strains from wastewater in Czech Republic were
found to be sensitive in MIC by microdilution method.
Veljovic et al. (2015) 2 also reported that all the resistant
strains in disc diffusion assay from river and spring water in
Serbia were found to be sensitive in the micro dilution assay.
Sapkota et al. (2007) 61 reported the 0.25-64ug/ml MIC to
vancomycin in E. faecalis strains of surface and ground water
from Maryland, USA which was below prescribed breakpoint
i.e.32ug/ml by agar dilution assay. Similar to the present
findings, vancomycin sensitive E. faecalis strains from spring
water were reported by Macedo et al. (2010) ?°1 and Xie et al.
(2018) 3 from Portugal and China, respectively. Low level
of resistance to vancomycin was reported by Alipour et al.
(2014) ™ (4.20%) from river in Northern Iran; however, Lata
et al. (2009) 27 reported 16% resistance of E. faecalis strains
to vancomycin in Ganga river, India.

Antimicrobial resistance occurs naturally over time, usually
through genetic changes. Misuse and overuse of
antimicrobials are the main drivers of antimicrobial resistance
alongwith the lack of access to clean water, sanitation and
hygiene for both humans and animals, poor disease
prevention and control in health care facilities and animal
farms, lack of awareness and enforcement of legislation. The
variations in the antimicrobial resistance pattern of E. faecalis
strains to different antibiotics might be due to the different
water sources, different geographical locations, species
variations of Enterococcus, choice of antibiotics etc. (Wei et
al., 2017) . Antibiotics are excreted from humans and
animals due to poor absorption in the intestines and reduced
degradation in the body and they are discharged into sewage
and animal waste which plays a major role in the distribution
of antibiotic resistant bacteria in the environment (Meena et
al., 2015) 3%, Thus, not only regulation of antibiotic use but
also prescribing of other broad-spectrum antimicrobials
should be carried out in medical and veterinary practice to
decrease the colonization with MDR E. faecalis in the study
area.

Conclusion

The sensitivity to vancomycin and lower resistance of E.
faecalis from different water sources against gentamicin and
ampicillin seemed to be favourable from clinical point of
view as the resistance against these antibiotics reduces the
therapeutic possibilities in enterococcal infections in human.
Detection of comparable antibiotic resistant E. faecalis strains
from river water and runoff water indicates that a more
integrated water management and monitoring system is vital
for the community.
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