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Summary
Enterococci are no more regarded as GRAS (Generally Recognized As Safe) organism and
emerging as an important source of nosocomial infections worldwide. Ecological and
epidemiological studies showed that these bacteria enter in the environment via feces and
colonize because of their high adaptability. The main contributors in pathogenesis of
enterococci are the presence of various virulent factors and antibiotic resistance genes (ARGs).
This study aimed to examine the prevalence, dissemination, antibiotic resistance and virulence
factors associated with enterococci from bulk soil (BS). Total 372 enterococcal isolates out of
500 soil samples were recovered. PCR was used to identify the isolates up to species level and
for carriage of 16 virulence genes including hospital associated marker (i.e. IS16). E. faecium
(E.fm) (77%), E. faecalis (E. fl) (10%), E. hirae (E. hr) (4%) and E. casseliflavus (E. cas) (1%)
were the major species isolated. Among the identified species, the most prevalent virulent
factor was biofilm formation (49%), followed by bacterial antagonism (13%). Gelatinase
production was only shown by E. fl isolates (81%) while beta hemolysis was shown by 5%
isolates. The efaAfs was the most dominant gene (100%), followed by gelE (78.9%), sprE
(76.3%) and esp (13%) in E. fl isolates. The E. fm carried largely efaAfm (86.8%) and acm
(50.3%) genes. Presence of entP (10%), entA (8.3%) and entB (6.9%) genes was detected
mostly in E. fm, while enlA (18%) and ef1097 (2.6%) was only detected in E. fl isolates. 50%
E. fl and 2% E. fm isolates harbored IS16, while five E. fl harbored both IS16 and espTIM genes
providing strong evidence about the presence of espTIM gene on 64kb pathogenicity island
(PAI). BOX and RAPD PCR analysis revealed high degree of genetic variation within the
species. Degree of resistance against 12 major antibiotics showed chloramphenicol as the most
effective and meropenom as the least effective antibiotic. The most prevalent antibiotic
resistance gene among the isolates was gyrA followed by ermB gene. Although none of the
isolate showed resistance against HLG, but 12% and 9% isolates carried aph (3)-IIIa and aac6aph2 genes, respectively. Presence of multiple antibiotic resistant, virulent and hospital
associated ENT in bulk soil represents a potential source for further dissemination to humans
and animals and poses potential impact on public health.
Use of antibiotics in animal husbandry and manure containing antibiotics in agricultural
practices significantly increases ARGs and resistant bacterial population in soil. Current study
found out the prevalence, antibiogram pattern and genetic relatedness of ENT from agriculture
soil (AS, n=200) of Karachi. Total 118 enterococcal isolates (76% E. fm, 17% E. fl and 3%
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each E. cas and other enterococcal species) were recovered. Antibiogram analyses revealed
high resistance level against bacitracin and kanamycin (74.5%) followed by ciprofloxacin
(51.6%). Susceptibility to two heavy metals (i.e. Cu and Zn) were also checked. 91.5% isolates
were resistant against Zn metal. 13 AS isolates were high-level gentamicin resistant (HLGR)
out of which 12 (92%) contained aac6-aph2 and ermB gene, 8 (61.5%) contained aph (3)-IIIa
gene, while gyrA, tetM, tetL and Tn916-1545 was detected in 15%, 77%, 46% and 69% isolates,
respectively. Among CL-S (n=30), majority were resistant to kanamycin (96%) followed by
gentamicin (80%) and harbored aac6-aph2 (26%), aph (3)-IIIa and parC (30%), ermB (66%),
gyrA (36%), tetL/M (50%/53%) genes. Molecular finger printing of all HLGR ENT was
analyzed by BOX, ERIC, RAPD and whole-cell proteins SDS-PAGE. ERIC PCR yielded
highest diversity, while lowest diversity was shown by SDS-PAGE. Majority of the virulence
determinants were detected in E. fl followed by E. fm. Analysis of biofilm formation by semi
quantitative 96-well plate method revealed that all the other Enterococcus spp. were biofilm
formers followed by E. fl (63%) and E. fm (51%). In contrast, majority of the adherence genes
were detected in E. fl with asa being the most prevalent (90%) and ace being the least prevalent
(40%) gene. Gelatinase and hemolysis activity was checked phenotypically. 45% E. fl were
beta-hemolytic followed by 36% E. fm. Majority of the gelatinase and cytolysin operon genes
were detected in E. fl including a variable size product of cylM. 93 (78%) isolates showed
lipolytic activity out of which 35 (29%) and 13 (11%) carried lip-fm and lip-fl genes,
respectively. IS16 gene, urease and DNase activity were not detected in any of the AS isolates.
43 (36%) isolates showed antagonism against L. monocytogenes and entA, B, P genes were
detected with frequencies of 11 (9%), 17 (14%), 26 (22%), respectively. In addition, 30 clinical
isolates were also evaluated for their pathogenic potential both in terms of antibiotic
susceptibility testing and presence of virulent factors to compare with environmental isolates
(BS and AS). In conclusion, this study reflects an eye brow raising situation about diverse
antibiotic resistant and virulent enterococcal species in both types of soil (BS and AS) which
represents a possible source for further dissemination to humans and poses potential impact on
public health. Thus, it is recommended to take practical measures and a routine surveillance
towards their eradication.
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تلخیص و ترجمہ
معانی نبقہ کو مزید محفوظ حیاتیات تسلیم نہیں کیا جاتا کیونکہ یہ دنیا بھر میں
ہسپتال سے منسلک امراض کا واضع سبب بنتا جاراہا ہے۔موحولیاتی اور
وبائیاتی علوم کے مطابق یہ جراثیم آبادکاری اور آالیش کے سبب ماحول میں
داخل ہوتے ہیں اس جرثومے کی روگزنق اور زہریلی خصلتوں کی بنیادی وجہ
اذویات کی مزاحمت ہے۔
اس تحقیق کا مقصد مٹی میں موجود جراثیم (معانی نبقہ) کے پھیالؤ ،ادویات
کی مزاحمت اور ان سے وابستہ زہریلی خصلتوں کی جانچ پڑتال کرنا تھا ۔اس
مقصد کے لئے کراچی بھر سے مٹی کے مختلف نمونے جمع کیئے گئے اور
اُنکے اندر اس معانی نبقہ کی افزائش  ،آبادکاری اور مختلف قسم کے زہریلی
صفات کا مطالعہ کیا گیا۔
کثیر ض ِد نامیہ کی مزاحمت ،زہریلی خصلتوں اور ہسپتال سے وابستگی معانی
نبقہ کو ماحول میں بشمول انسان  ،جانور اور درختوں میں پھیالؤ کا سبب
بنتی ہیں۔مزید برآں انسانی صحت پر خطرناک نتائج مرتب کرتی ہے۔
علم حیوانیات پروری اور کھاد میں ض ِد نامیہ کا استعمال نمایاں طور پر ضد
ِ
نامیہ کی مزاحمتی خصوصیات اور معانی نبقہ کی آبادی کو بڑھاوا دے رہے
ہیں۔
پیش نظر مطالعے سے معانی نبقہ کے پھیالؤ ،ض ِد نامیہ کے مزاحمتی نمونے
ِ
اور جینیاتی مماثلت اخالفات دریافت کیئے گئے ہیں۔ خالصتًا یہ کہ اس تحقیق
سے معانی نبقے کا ماحول میں پھیالؤ ،اس کی اقسام آبادکاری اور زہریلے
خصوصیات کا مطالعہ مٹی سے کیا گیا ہے۔ جس سے اس امر پر زور دیا جاتا
ہے کہ اس جرثومے ( معانی نبقہ) کو ماحول میں پھلنے سے روکا جائے ۔
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SECTION ONE
INTRODUCTION
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1.0. Chapter 1
1.1. General Introduction
Since their identification in the late 19th century, enterococci (ENT) have been studied for more
than a century particularly because of their transition from commensal to pathogenic bacteria
in the past two decades. The bacterium was named Enterococcus from the Greek word
‘enteron’ called intestine because of their habitat i.e. gastrointestinal tract (GIT) of human and
other warm-blooded animals. Results of DNA-DNA hybridization placed ENT into a unique
taxonomic entity separating into a new bacterial genus called Enterococcus from the former
Streptococcus spp. (Fig 1.1). Some characteristics are common in ENT and streptococci like
leucine aminopeptidase (LAP), hemolysis and Lancefield group D antigen production
(common to S. bovis). However, some characteristics are typical for members of the genus
Enterococcus only, i.e. growth at 6.5% NaCl and at high gall concentration, PYRase activity
and growth at high temperatures (Werner et al., 2013). ENT is a dual role player in community.
At times, it is useful but at other times it acts as a villain for humans. Production of bacteriocins
make this genus a useful tool in food preservation and fermentation industry. For instance,
‘symbioflor’ (SYMBIO PHARMA GmbH) a pharmaceutical preparation contains licensed
probiotic (specific E. fl) strain to provide strength to host immune system and also to prevent
from chronic diseases. In contrast to this, ENT are also use as an important key indicator in
various human and veterinary surveillance programs due to their preferred intestinal habitat,
robustness, ease of cultivation and their wide occurrence (DANMAP).

Figure 1.1: Phylogenetic tree with the position of the genus Enterococcus in
relation to Streptococcus and related G+ve genera (Adapted from Klein, 2003)
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1.2. Statement of the Problem
Presence of virulence determinants, antibiotic resistance and presence of associated genes
in human pathogens like vancomycin resistant ENT (VRE) have become notorious
because they confound the tools that are used to treat diseases. The situation becomes more
worse after the discovery of mobile genetic elements (MGEs) that harbored antibiotic
and/or virulence genes and transfer these into the environment via horizontal gene transfer
(HGT). No work has been reported on the occurrence and dissemination of ENT in land
area of Pakistani soil, despite the fact that soil is a potential vector of pathogens
transmission to plants, animals and humans. This is considered as a first study on the
prevalence, dissemination and characteristic features of ENT from soil of Karachi,
Pakistan.

1.3. Hypothesis of the Study
Enterococci are common inhabitant of GIT microbial consortium of warm blooded
animals. Due to this, they can be isolated from stool samples of variety of animals
including birds, mammals, reptiles etc. In this connection, soil is a major factor of
environment which meet all the fecal material either in the form of sewage sludge or solid
waste (either in form of fertilizers or in raw form). Their ability to cause opportunistic
infections in immunocompromised patients and carriage of resistance and virulent genes
prove this genus to be a problem for community. The hypothesis behind this work was to
check whether Enterococcus is present in soil of different types including bulk and
agriculture soil (AS) and whether they carry any virulent factors and antibiotic resistance
determinants (Fig 1.2).

Figure 1.2. Hypothesis of the present study.
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1.4. Aims and subsequent objectives of the study
Aim 1: To check the prevalence of Enterococcus species in the most important
environmental niche i.e. ‘Soil’.
Objectives:
-

To collect soil samples (bulk and agriculture) from all over Karachi city to
represent it as ‘Town Model System’.

-

To identify Enterococcus species from these samples by both phenotypic (plate
assay) and genotypic (molecular identification) methods.

Aim 2: To determine antibiotic resistance profile of identified Enterococcus species
isolated from soil.
Objectives:
-

To determine antibiogram potential of ENT against clinically important antibiotics
including vancomycin, ampicillin, gentamicin, ciprofloxacin, bacitracin etc. both
at their minimal and higher doses.

-

To detect the presence of genes responsible for the resistance phenotype by mPCR.

Aim 3: To detect the presence of virulence traits in ENT isolated from soil.
Objectives:
-

To determine the presence of virulence potential including production of
gelatinase, hemolysin, DNase, lipase, urease, biofilm formation and bacterial
antagonism in ENT by phenotypic methods.

-

To detect the genes responsible for these traits by mPCR.

-

To detect hospital associated marker gene (IS16 gene).

Aim 4: Molecular and protein fingerprinting.
Objective:
-

To compare the genetic and protein profile of ENT by different PCR and proteinbased methods including BOX PCR, RAPD PCR, ERIC PCR and SDS PAGE and
construction of dendogram.

Aim 5: Comparison between two types of soil and clinical ENT.
Objectives:
-

To compare the prevalence, virulence potential and antibiotic resistance profile of
ENT isolated from BS and AS.

-

To compare the virulence traits and antibiotic resistance profile of ENT isolated
from soil and clinical specimens.
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1.5. Significance
Even though soil is a potential vector of pathogens transmission to plants, animals and
humans no work has been reported on the prevalence and dissemination of ENT from
Pakistani soil (both BS and AS). The present investigation is an attempt to gain an insight
into the prevalence of enterococcal species in the soil ecosystem of Karachi - world's
largest and highly populated city, 13th largest urban agglomeration, main seaport, financial
center of Pakistan and the 4th largest metropolitan area in the world, and assess the level
of potential pathogenicity in terms of virulence and antibiotic resistance. Molecular
screening of virulence factors including; gelatinase operon (gelE, sprE, fsrA, fsrB, fsrC),
biofilm (efaAfs, efaAfm, acm, ace, asa1, agg, espTIM, ccf, eep, cpd, cob), Cytolysin (Cyt)
operon (cylLL, cylLS, cylA, cylM, cylB), lipase (lip-fm, lip-fl), enterocins (entA, B, P,
ef1097, enlA), urease, DNase, catalase (kat) along with antibiotic resistance profile
including aminoglycoside resistance genes (aac6-aph2, aph(3)-IIIa, ant(4)Ia, aac(3)-IV),
macrolide resistance (ermB), tetracycline (TET) resistance (tetM/L/S), integrase gene
(Tn916-1546), ampicillin resistance (pbp5), ciprofloxacin resistance (gyrA, parC) and
heavy metal resistance (tcrB) have been performed. Presence of IS16 gene has also been
evaluated in order to trace the route of these ENT into the environment. Moreover, a set
of 30 clinical enterococcal isolates have also been evaluated to compare the virulent
potential of indigenous and clinical enterococcal isolates. This study will also help to
establish a comparative link between BS and AS isolates with respect to their
dissemination, virulence potential and antibiotic resistance (Ab-R) patterns in soil
environment.

1.6. Account of Scientific Progress linking the chapters
The major rationale of this study was to determine the prevalence of ENT in soil
environment along with their pathogenic potential both in terms of virulence factors and
antibiotic resistance. For this purpose, both phenotypic (agar plate/96 well plate assays)
and genotypic methods (mPCR, genetic and protein fingerprinting) were employed. Our
research group has had a particular interest in the ‘Genus Enterococcus’ with respect to its
prevalence in different environments and associated pathogenic potential, especially due
to its ranking as fecal indicator bacteria (FIB) replacing E. coli from the list (Ali et al.,
2014; 2017; Zahid et al., 2017; Hasan et al., 2018; Bin-Asif et al., 2018), but this is the
first study on soil environment from Pakistan on this topic.
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This thesis consists of 4 papers, each comprising a chapter or part of chapter. Figure 1.3 is
the pictorial form showing the linkage between the aims of thesis and subsequent chapters.
Paper 1 consists of chapter 2 (part 1, 4 and 5), 3 and 5. It entitled ‘Molecular assessment
of virulence determinants, hospital associated marker (IS16 gene) and prevalence of
antibiotic resistance in soil borne Enterococcus species,’ appeared in Microbial
Pathogenesis. This paper describes the prevalence, antibiotic resistance and virulent
potential along with presence of IS16 gene (a hospital associated marker) among bulk soil
Enterococcus isolates in comparison to clinical (CL) isolates (Aims 1-4 with objectives).
Paper 2 comprises of chapter 2 (part 2 and 5), 3 and 5. It entitled ‘Molecular and Protein
Finger Printing of High-level Gentamicin Resistance ENT (HLGRE) isolated from Agro
Ecosystem of Karachi,’ submitted in Microbiological Research. This paper highlights the
prevalence and antibiotic resistance pattern along with genetic relatedness of ENT isolated
from AS in comparison to CL isolates (Aims 1, 2 and 4 with objectives).
Paper 3 comprise of chapter 2 (part 4). Describes the virulence profile of AS ENT (Aim 3
and 4 with objectives) (MS in preparation).
Paper 4 comprise of chapter 4. Describes the comparison of BS and AS in terms of
virulence potential and antibiogram patterns (Aim 5 with objectives) (MS in preparation).
Chapter 5 consists of results, discussion and future recommendations regarding the present
study.
Overall, this thesis demonstrated the utility of mPCR genotyping methods for the rapid
and sensitive characterization of ENT isolated from soil environment.
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Chapter 1.
General introduction, Hypothesis, Aims and Objectives of Thesis

Chapter 2 (Part 1-5).
Literature Review

Aim 1

Aim 2

Chapter 2.
Part 1 and Part 2*
Literature Review About Bulk and
Agricultural Soil
*Part 1 is published in Journal of
Microbial Pathogenesis.
*Part 2 is submitted in Journal of
Microbial Pathogenesis.

Aim 3

Aim 4

Chapter 3
Phenotypic and Genotypic Methods to
Identify Enterococcus spp. and
Associated Virulent and Antibiotic
Resistance Traits + Molecular and
Protein Fingerprinting

Aim 5

Chapter 4
Comparative Analysis of Associated
Virulence and Antibiotic Resistance
Traits in Enterococcus spp. from
Bulk and Agricultural Soil

Chapter 5
Results, Discussion, Conclusions
and Future Recommendations
Figure 1.3. Graphical presentation of the aims and chapters linking PhD
work
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SECTION TWO
LITERATURE REVIEW
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2.0. CHAPTER 2
2.1. Literature Review
2.1.1. Bulk Soil (Part one)
The essence of our ecosystem is the nature of soil: a very complex mixture of various types
of living and non-living matters including water, air, dead organic matter responsible for
its broad metabolic capacity. Soils have a natural input of pathogenic microorganisms from
different sources such as sewage, recipient water and fertilizers of animal origin which
may possess a threat for the community (Marti et al., 2013). Soil has an undescribed and
uneven microbial ecology in the tree of life. For instance, Verrucomicrobia and
Acidobacteria are the two most common bacterial phyla found in soil represent only 0.06
and 0.08% of all cultured bacterial isolates in the Ribosomal Database Project (RDP) and
only 0.14 and 0.08% of publicly available bacterial genomes found in Integrated Microbial
Genomes (IMG), respectively (Wang et al., 2007). Soil ecology entertains numerous
communities of pathogenic microorganisms such as Acinetobacter, Agraobacterium,
Alcaligens,

Arthrobacter,

Brevibacterium,

Bacillus,

Caulobacter,

Clostridium,

Cellulomonas, Corynebacterium, Enterococcus, Flavobacterium, Mycobacterium,
Micrococcus,

Streptococcus,

Pseudomonas,

Staphylococcus,

Xanthomonas

and

Actinomycetes (Bruinsma et al., 2002). Approximately >120,000 unique bacterial and
archaeal taxa were reported from central park soil of New York City, out of which only
15% had 16 S rRNA gene sequences matching to sequences present in reference databases
and <1% had representative genome sequence information (Ramirez et al., 2014; Brewer
et al., 2017). Microorganisms in soil are found in different physiological states called
active, living, viable, passive, dormant, dead, dying and so on and are often difficult to
differentiate among. These terms can be summarized (Table 2.1) as four physiological
states of microorganism (Blagodatskaya and Kuzyakov, 2013). It is reported that one gram
of soil may contain 1x103 to 1x 106 unique ‘‘species’’ of bacteria in general and 101 to 103
MPN (i.e. most probable number) of ENT in particular (Fierer et al., 2007). Abundance of
fecal indicator bacteria (FIB) especially ENT in AS, beach sand, temporal or sedimentary
soil have already been established, whereas some studies also confirms the ubiquity of FIB
(especially ENT) in less impacted soils (Byappanahali et al., 2012).
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Table 2.1: Physiological states of microorganism in soil (Blagodatskaya and
Kuzyakov, 2013).
Living state
Active state

The active microorganisms are involved in the ongoing
utilization

of

substrates

and

associated

biochemical

transformations. All processes are directly related to the mass of
active microorganisms driving biogeochemical elements cycling
in soil.

Potentially active

They are in physiological alertness and can switch to utilization

microorganism

of substrates within minutes to hours.

Dormant state

They do not contribute to ongoing processes currently as they
exhibit strongly reduced physiological activity, e.g., resting cells
forming spores (Gram +ve bacteria) or cysts, but can contribute
under altered circumstances. Microorganism in dormant state do
not contribute to turnover processes.

Non-living state
Dead

They include lysed cells and microbial residues. They do not

microorganism

directly contribute to any on-going process but can affect
turnover of carbon and nitrogen as a source of easily available
substrates.

2.1.2. Agriculture Soil (Part two)
Soil represents a hub for microorganisms which defines its biological health along with
chemical and physical features which are also essential for its long-term agriculture
productivity and sustainability (Arias et al., 2005). There is increasing interest in
studying soil microbe due to their role in global cycling/recycling of organic matter into
CO2, H2O, compounds of nitrogen, sulphur, phosphorus and because of their direct
relation with structure and function of soil (Bloem et al., 1997). Another concern is in
studying a relationship between use of antibiotic in animals and their occurrence in
manure or soil treated with that manure (Joy et al., 2013; Fang et al., 2014). Resistance
patterns of antibiotics in bacteria is determined by their amount of administration which
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varies and depends widely between countries and animal species. For instance, dairy
cows received less number of antibiotics as compared to meat production animals and
pigs (Enne et al., 2007; Heuer et al., 2011). With manure aging, some antibiotics degrade
or sequester in it like β-lactams and tylosin (macrolide) degrade during storage with halflives in order of days but some are transferred to soil during manure land application
(Boxall et al., 2004). Use of antibiotics in animal husbandry (especially cattle feed) is
common for health promotion, improvement in feed efficiency and reduction in the
incidence of liver abscess, foot rot, respiratory infections. However, it become
controversial because of emergence and dissemination of antibiotic resistance (Ab-R)
and subsequent risk to human health. Thus, an alternative to antibiotics, such as heavy
metals (HM) or their derivatives came in front to achieve improved animal performance
(Amachawadi et al., 2015). Copper (Cu) and zinc (Zn) are among the important HMs
use in cattle feeds at higher concentrations to obtain better growth and improve feed
efficiency. Although, at higher concentrations, Cu and Zn have antimicrobial activity
(Nehzad Fard et al., 2011). The complex mixture of biogenic components in soil is
referred to as soil organic matter (SOM). SOM accumulates over long periods of time
resulting from reprocessing of soil by microbes, movements of soil animals and different
chemical reactions. Agriculture practices affect the biodiversity and organic matter of
soil resulting in loss or disturbance of its microbial community. SOM content varies for
different types of soil. For example, the SOM content for agriculture top soil ranges from
0.1-6% (Kögel-Knabner, 2000). Knowledge about the microorganisms resides in soil is
essential for maintaining agriculture productivity.
After soil, hygienic and uncontaminated water is the main factor in cultivation of crops
(fresh produce). However, the unavailability of quality water source increases the risk of
contamination due to usage of manure polluted water (Jongman and Korsten, 2017). Like
Europe, U.S and other parts of the world, it is also a common practice in Karachi to apply
antibiotic contaminated manure into AS to cultivate leafy green vegetables across
different production systems mainly small scale as well as homestead gardens.
Therefore, antibiotics are transferred to soil. The data has been reported for
sulfamethazine, tetracycline, chlortetracycline and tylosin (Hamscher et al., 2005;
Halling- Sørensen et al., 2005; Shelver et al., 2010). Because of the scarcity of clean
water and rain, most of the small-scale farmers depend on unclear water (naddi water).
Presence of human pathogens such as Yersinia enterocolitica, Eschericha coli,
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Salmonella spp., Shigella spp. as well as opportunistic pathogens in irrigation water have
been documented in previous studies (Ahmed et al., 2014).
There is a marked increase in studying soil microbes because of their direct relation with
the health and sustainability of soil itself and crops cultivated in that soil. Moreover, AS
defines the route for dissemination of microorganisms into the environment and food
chain.

2.1.3. The Enterococcus Genus (Part three)
2.1.3.1. General Introduction
Enterococci, the Gram-positive (G+ve), catalase negative, benzidine negative, non-spore
forming and aero tolerant fermentative organisms form the second largest group of
bacteria studied with reference to microbial source tracking (MST) (Jackson et al., 2012;
Domig et al., 2003a). It is a non-filamentous microorganism but some species like E. cas
and E. gal exhibit motility by scanty flagella. They produce lactic acid [L (+)- lactic acid
enantiomer in case of glucose fermentation] by homofermentative Embden-MeyerhofParnas pathway, hence called Lactic Acid Bacteria (LAB). All the species except E. fl
(which contains lysine alanine 2-3 type) contains lysine-D-asparagine linkages with Disoasparagine as cross bridge in peptidoglycan. In view of their ability to survive adverse
environmental conditions and adaptable nature to revolutionize from low number
commensals to a predominant population of host microbiota thus creating a consequence
for pathogenesis (Staley et al., 2014). Despite being a member of normal human
intestinal flora, they are not regarded as GRAS (Generally Recognized As Safe)
organisms any more (Rathnayake et al., 2012) as some of its species have turned out to
be a major cause of nosocomial infections including hepatobiliary sepsis, urinary tract
infections (UTI), surgical wound infections, endocarditis, bacteremia and neonatal sepsis
(Elhani et al., 2014).
From a medical perspective, ENT have been recognized as an important hospital
acquired pathogen due to their ability to transfer or acquire resistance genes via
chromosomal exchange as well as plasmid or transposon. This can lead to increment in
dangerous nosocomial infections, thus limiting therapeutic options (Dadfarma et al.,
2013). This is the reason for exploitation of this genus as an important key indicator
bacterium for humans and veterinary resistance surveillance system (DANMAP).
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2.1.3.2. Association Between Enterococci and Soil
One of the most important factor influencing the productivity of our ecosystems is the
nature of soil. Soil is vital for the existence of many forms of life that have evolved on our
planet. It is a very complex mixture various types of living organisms and air, water, dead
organic matter rather than just a collection of fine mineral particles (www.geoearth.org).
As reported earlier by Guardabassi and Dalsgaard, (2004), ENT are in low numbers (<10
CFU/ml) in soil, that’s why their detection was not possible with direct plating on media
but rather by the use of selective enrichment in brain heart infusion (BHI) broth because
they require extra nutrients for growth. Chen et al (2005) isolated bacterial rods, short-rod
and cocci shapes from soil for five genera i.e. Lactobacillus, Lactococcus, Enterococcus,
Leuconostoc and Weissella and more than 10 species. Isolation of LAB from soil is not
much reported from other countries as well. However, it is quite known that the spore
forming LAB exist in soil (Suzuki and Yamasto, 1994; Yanagida et al., 1997). There are
also very scarce reports on the incidence of antibiotic resistance among ENT from soil
source (Abriouel et al., 2008).
Major areas covered by the researchers were AS, sand beaches, temporal or sedimentary
soil but recent studies confirmed that the population of FIB is relatively abundant in less
impacted soil as well (Fujioka et al., 1999). It is reported that ENT can survive longer than
other enteric bacteria under certain environmental conditions. Inactivation (up to 90%) of
ENT in cow faeces occurred in 56 days, Salmonella enterica (38 days), E. coli (48 days),
Campylobacter jejuni (6.2 days), non-enterococcal fecal streptococci (35 days) (Sinton et
al., 2007). Soil’s environment provides necessary complex nutrients and factors for the
growth, survival and adaptation of FIB (like ENT) in heterothermic habitats. It is reported
that ENT grew very few in numbers in the presence of native microbiota, but in the
presence of reduced competition and nutrients ENT grew more than 100,000-fold
(Byappanahalli et al., 2000). Other than this, soil near plant’s rhizosphere region is known
to be a likely habitat of ENT because of the availability of nutrients such as growth
promoting, and inhibiting factors, amino acids, low molecular sugars, polysaccharides and
proteins released by plant roots (Sorensen, 1997). ENT in soil contaminated with sewage
are found to persist for longer time. In addition to it, ENT can also survive in tropical soil
environments even though it has limited growth opportunities and a competitive
environment (Fujioka and Byappanahalli, 2001; Byappanahalli and Fujioka, 2004). The
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inhibition of indigenous microbial flora allows ENT not only to persist but also to grow in
these environments. In addition to the types of soil mentioned above, ENT can also
populate both fresh water and marine beach sands irrespective of seasonal trends.
Although, exposed sand harbor higher densities of ENT as compared to submerged sand.
E. fm has been reported to be the primary species associated with freshwater beach sands
(92% of confirmed Enterococcus isolates) with E. cas and E. durans also present in low
proportions (Byappanahalli et al., 2006). Presence of esp gene of E. fm in sand samples
along the coast of California suggests the presence of this species in marine beach sands
as well as human source (Yamahara et al., 2007).

2.1.3.3. Enterococcal History and Species Diversity
ENT are the natural inhabitants and essential component of intestinal microbiota of healthy
human and animals. Over 50 different species of genus Enterococcus have been described
to date (Ahmed and Baptiste, 2018). Table 2.2A and B shows species diversity and history
of Enterococcus genus, respectively.

2.1.3.4. Enterococcal Infections and Their Treatments:
Over the past few decades, members of genus Enterococcus has emerged as an important
nosocomial pathogen causing different infections. Their transformation from gut
commensal to pathogen is attributed by increasing antibiotic resistance especially
resistance to vancomycin, high-level aminoglycosides (HLA), penicillin is of interest.
Moreover, resistance to new antimicrobial agents, like linezolid, quinupristin/dalfopristin,
and daptomycin has also been emerged (Chow et al., 1997; Herrero et al., 2002). Being
more resistant than E. fl, E. fm has come out to be the leading cause of multidrug resistant
(MDR) infections in U.S. Because of its resistance to vancomycin, ampicillin and HLA,
infections caused by this species is difficult to treat. According to National Healthcare
Safety Network (NHSN) report, majority of device associated infections (for example,
central lines infections, urinary drainage catheters infection and ventilator infections) were
caused by 80% vancomycin and 90.4% ampicillin resistant E. fm (Hidron et al., 2008).
Other enterococcal species including E. avm, E. cas, E. durans, E. hr, E. raf, E. gal and E.
mun accounts for less human’s infection (Gordon et al., 1992). ENT can cause variety of
infections directly as sole cause of an infection or indirectly as a contributor in co-infection
with other microorganisms (Hoge et al., 1991).
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Table 2.2A: Species of the genus Enterococcus and their known habitats
(Adapted from Byappanahalli et al., 2012)
Group
Species
Known habitat(s)
Human pathogen
E. faecalis
E. faecalis
Human, animals, Yes
plants, insects
E.
Surface water
haemoperoxidus
Surface water
E. moraviensis
Drinking water
E. silesiacus
Animal (termite)
E. termitis
Human
E. caccae
E. faecium
E. faecium
Human, animal, Yes
plant, insect
E. durans
Human, animal, Yes
insect
E. hirae
Animals, plants
E. mundtii
Soil, plant
Yes
E. villorum
Animal (hog)
E. canis
Animal (dog)
E. ratti
Animal (rat)
E. asini
Animal (donkey)
E. phoeniculicola Animal (bird)
E. canintestini
Animal (dog)
E. thailandicus
Human,
animal
(cattle)
E. avium
E. avium
Human, animals
Yes
E. psedoavium
Human
E. malodoratus
Animal (cattle)
E. raffinosus
Human
Yes
E. gilvus
Human
E. pallens
Human
E. hermanniensis
Animal (dog)
E. devriesei
Animal (cattle)
E. viikkiensis
Animal (broiler),
plants
E. gallinarum
E. gallinarum
Human, animals, Yes
insects
E. casseliflavus
Plant, soil, human, Yes
animal
E. cecorum
E. cecorum
Animal (chickens)
E. columbae
Animal (pigeons)
Ungrouped
E. saccharolyticus Animal
(cattle),
sewage
E. aquimarinus
Seawater
E. sulfureus
Plant
E. dispar
Human
E. italicus
Animal (cattle)
E. camelliae
Plant
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Table 2.2B: Time line of Enterococci (Lebreton et al., 2014)
Year

Description

1899

Thiercelin and Jouhaud described a saprophytic coccus of intestinal origin
capable of causing infection and proposed the name ‘Enterocoque’.

1899

MacCallum and Hastings characterized a similar organism (now called E. fl)
from a lethal case of endocarditis.

1905

Gordon reported the isolation of fecal streptococci in a broth exposed to air
probably contaminated with animal feces.

1906

Andrews and Horder used the name Streptococcus faecalis to characterize an
organism of fecal origin that clot milk, like observations of MacCallum and
Hastings.

1919

Orla-Jensen reported first description of Streptococcus faecium, which differed
from fermentation patterns described for S. faecalis.

1935

Sherman and Wing described a third species called Streptococcus durans
similar to S. faecium.

1937

Sherman J. M proposed a classification scheme that separate streptococci into
four groups i.e. pyogenic, viridans, lactic and enterococcus.

1938

ENT were classified as group D streptococci.

1957

Gradual described a motile and yellow pigmented enterococcus named S.
faecium var. casseliflavus.

1961

Mundt reported the occurrence of ENT in plants and soil.

1963

Mundt classified the occurrence of ENT in animals and plants in a wild
environment.

1967

Nowlan and Deibel added Streptococcus avium to the enterococcal group.

1970

Kalina proposed the creation of taxon Enterococcus, based on cellular
arrangements and phenotypic characteristics of species in enterococcal group.

1976

Astor and Starzyk reported the distribution of group D streptococci in rivers
and streams.

1984

Schleifer and Kilpper-Balz provided genetic evidence that S. faecalis and S.
faecium were sufficiently distant from other members of Streptococcus genus
and reclassified as Enterococcus faecalis and Enterococcus faecium,
respectively.

2002

First extensive review of literature reported the existence of 23 distinct
Enterococcus species by Facklam and colleagues.
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Enterococcal infections particularly those caused by VRE are associated with
prolonged hospital stay and excess mortality. World Health Organization (WHO), in
its report published in February 2017 placed Vancomycin Resistant E. fm in the ‘HIGH
PRIORITY category in global priority pathogens list (global PPL)’ of antibiotic
resistant bacteria to help in prioritizing the research and development of new and
effective antibiotic treatments (Global PPL (WHO), 2017; Remschmidt et al., 2017).
Earlier to this, VRE was also categorized as ‘MICROORGANISMS WITH A
THREAT LEVEL OF SERIOUS’ with estimated 20,000 drugs resistant enterococcal
infections, 1,300 death tolls and 66,000 Enterococcus infections per year in United
States (CDC, Antibiotic Resistance Threats in the

United States, 2013;

http://www.cdc.gov/drugresistance/threat-report-2013/).

2.1.3.4.1. Urinary Tract Infections
UTIs including prostatitis, epididymitis and cystitis are the most common types of
infections caused by ENT. Majority of the patients includes older men as compared to
young women. Upper UTIs which leading to bacteremia was also occurred in young
men (Graninger and Ragette, 1992). According to a report presented to NHSN by
center of disease control and prevention (CDC), Enterococcus spp. account for 14.9%
of total catheter associated UTIs between 2006-2007 (Hidron et al., 2008). Moreover,
it is also reported that 15% of UTIs occur in ICU setting with VRE being the major
health care associated pathogen (Higuita and Huycke, 2014).

2.1.3.4.2. Intra-Abdominal, Pelvic and Soft Tissue Infections
ENT are often recovered as a component of mixed microbial flora from cultures of
pelvic, soft tissues and intra-abdominal infections. They rarely cause monomicrobial
infections at these sites. Enterococcal bacteremia is accompanied with intra-abdominal
and pelvic abscesses and wounds, this is the reason why many clinicians prescribe
antibiotic regimens for infections at these sites (Graninger and Ragette, 1992; Noskin
et al., 1995; Patterson et al., 1995). Moreover, ENT are frequently found in cultures
from foot ulcers, decubiti and in diabetics in association with osteomyelitis ( Higuita
and Huycke, 2014). Tigecycline, a semi synthetic, bacteriostatic in nature analogue of
TET is active against many Gram negative (G -ve) and G +ve bacteria is use for the
treatment of skin, intra-abdominal, and soft tissue infections. (Rose and Rybak, 2006).
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2.1.3.4.3. Bacteremia
Incidence of enterococcal blood stream infections are rising day by day (Suppli et al.,
2011). Increasing from sixth in 1980s, ENT are now the 2nd most common cause of health
care associated bacteremia (Hildron et al., 2008). Bacteremia is designated as a major
cause of mortality with Enterococcus spp. being the third and fourth most common
etiological agent of blood stream infections in U.S and Denmark, respectively (NNIS,
1999; Wisplinghoff et al., 2004; Schønheyder et al., 2007). Genitourinary tract, intraabdominal, biliary sources, soft tissues infections and indwelling central lines are the
common sources of bacteremia from which ENT are isolated as a polymicrobial
component (Petterson et al., 1995). Although enterococcal bacteremia occurs in patients
with underlying immunity and illnesses, it rarely effects distant organs or cause metastatic
abscesses. Usage of inappropriate antibiotics or late treatment is associated with excess
mortality (Suppli et al., 2011). However, some studies found no decrease in mortality with
appropriate antibiotic treatment (Bryan et al., 1985; Lautenbach et al., 1999), while some
studies revealed a better outcome after using appropriate antibiotics both for vancomycin
and HLGRE (Vergis et al., 2001; 2002).

2.1.3.4.4. Endocarditis
Endocarditis is one of the major enterococcal infections for which antibiotic treatment is
difficult because of enterococci’s intrinsic resistance to many antibiotics. First case report
of endocarditis with details of clinical and pathological description of a strain called
Micrococcus zymogens (Enterococcus faecalis) was published in 1899 (MacCallum and
Hastings, 1899). Since than this specie is responsible for 8-17% of all infective
endocarditis (IE) cases affecting mainly elderly patients with prosthetic heart valve,
degenerative heart valve diseases, urinogenital or GIT infections leading to bacteremia and
becoming third most frequent etiologic agent of both native and prosthetic valve IE (Bouza
et al., 2001; Murdoch et al., 2009; Dahl et al., 2013). In certain cases, dual antibiotic
therapy including aminoglycoside (preferably gentamicin) and cell-wall synthesis
inhibitor (vancomycin or β-lactam) is required for IE therapy.
American Heart Association (AHA) and European Society of Cardiology (ESC)
recommends 4 to 6 weeks of combined antibiotic treatment with success rate of 80%. Due
to nephrotoxic effects of long term aminoglycoside usage, Danish guidelines on
Page | 18

endocarditis treatment endorsed aminoglycoside usage for 2 weeks only (Dahl et al.,
2013). In case of VRE and HLGR enterococcal IE, surgery remains the only option to
remove the infected valve (Higuita and Huycke, 2014). Among Enterococcus spp., E. fl
was thought to be the most common causative agent of endocarditis infecting mostly older
persons as compared to women (Anderson et al., 2004; McDonald et al., 2005) but recently
a more problematic MDR strain of E. fm belonging to well characterized hospitalassociated clade was also identified as a cause of IE. The strains of E. fm has high
resistance against first line antibiotics (i.e. MIC >64mg/L ampicillin and vancomycin) due
to which their application in curing IE is obsolete (Galloway- Peña et al., 2012; Palmer et
al., 2012). In response to this, AHA recommends Quinopristin-dalfopristin (Q/D; 30%
streptogramin B and 70% streptogramin A) and linezolid as alternates to treat MDR E. fm
IE (Baddour et al., 2005). Infact, many reports suggest better efficacy of Q/D (24g/day)
when use in combination with imipenem, levofloxacin, doxycycline, rifampicin, high-dose
ampicillin (Matsumura and Simor, 1998; Bethea et al., 2004). Two main and critical steps
in the pathogenesis of IE are attachment to tissues and production of biofilm. Biofilm
associated proteins which facilitates occurrence of IE includes aggregation substance
protein i.e. Asc10 (Schlievert et al., 1998; 2010), microbial surface components
recognizing adhesive matrix molecules (MSCRAMM) proteins ace for E. fl (Singh et al.,
2010) and acm for E. fm (Nallaparedy et al., 2008), esp and its homolog in E. fm, espfm
(Heikens et al., 2007; 2011), endocarditis and biofilm associated pilli of E. fl i.e. ebp
(Kemp et al., 2007; Nallapareddy et al., 2011; Heikens et al., 2011). The main
complication of enterococcal IE is heart failure occurring in half of the patients. Moreover,
MDR E. fm is also an important factor in increasing epidemiology of enterococcal IE
because over 90% of E. fl are susceptible to ampicillin and vancomycin (Munita et al.,
2012).

2.1.3.4.5. Sources of Infection
Previously, it was thought that enterococcal infections generated from individual’s own
endogenous flora but rapid increase in health care associated enterococcal infections in
1980s and 1990s led to the studies which clearly demonstrated that Enterococcus was
transmitted among patients in hospital settings (Huycke et al., 1991; Boyce et al., 1994).
Most common mode of transmission of ENT via hands of health care workers (Weinstein
and Hayden, 2000). ENT are reported to persists as long as 1 hour on hands after
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inoculation and approx. four months on inanimate surfaces in absence of regular
decontamination (Noskin et al., 1995; Kramer et al., 2006). In addition to this,
transmission of ENT is also reported within medical units (D’agata et al., 2001), between
hospitals and health care settings (Moreno et al., 1995), states (Chow et al., 1993) and in
community (Trick et al., 1999).

2.1.3.5. As Indicator of Environmental Contamination:
Enterococci are ubiquitous in nature with high concentrations especially in human feces
(104-106 bacteria/gram wet weight). Due to their ability to survive in environment,
ubiquity, pronounced heat resistance, their dominance in microbial population of heat
treated foods implies them as ‘indicators of human faecal pollution/contamination’ in
water and of hand hygiene (Boehm and Sassoubre, 2014). Using ENT as indicator of
human fecal pollution can be problematic because they are also found in terrestrial and
marine animal feces (Harwood et al., 2000; Layton et al., 2010; Laukova et al., 2015;
Tejedor-Junco et al., 2015; Medeiros et al., 2016; Prichula et al., 2016; Daniel et al., 2017;
Ben Said et al., 2017), in soil and beach sand (Byappanahalli et al., 2004; Garder et al.,
2014; Halliday et al., 2014; Ali et al., 2017; Bin-Asif et al., 2018), in poultry feces (Ali et
al., 2014; Suyemoto et al., 2017; Nowakiewicz et al., 2017; Dolka et al., 2017; Hasan et
al., 2018), in birds (Colford Jr., et al., 2007) and in sewage and waste water treatment
plants (Doud et al., 2014; Daniel et al., 2017; Nishiyama et al., 2017), house flies (Doud
et al., 2014), river/fresh water (Sidhu et al., 2014; Wei et al., 2017; Daniel et al., 2017;
Ekwanzala et al., 2017), sea food (Djellouli et al., 2017; Ben Said et al., 2017) and on
plants (Byappanahalli et al., 2003; Müller et al., 2001). Host specific speciation is
suggested in many studies like E. fm and E. fl are more prevalent in human feces, while E.
cas and E. mudtii are more abundant in environmental settings such as plants (Bahirathan
et al., 1998; Wheeler et al., 2002; Ferguson et al., 2005). In contrast, different studies
showed E. fm and E. fl as major species isolated from sources other than human feces
(Layton et al., 2010; Ali et al., 2014; Ali et al., 2017; Daniel et al., 2017). Keeping these
studies in view, it is difficult to specify a single specie to a specific host.

2.1.3.5.1. As Indicator of Fecal Contamination in Recreational Water
ENT was used as indicator of fecal contamination in drinking water in the European union
(EU). According to the council of EU (EU, 1998), ENT are not permitted in 100ml sample
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of tap drinking water and 250ml sample of bottled water (Boehm and Sassoubre, 2014).
Since 1948, when the first US Public Health Service Study was conducted about
swimmer’s health on lake Michigan in Chicago, Illinios, concentrations of ‘fecal
coliforms’ were set as standard for fecal pollution indicator of recreational bathing waters.
Later, in between 80s and 90s, studies were conducted to find a more reliable organism
other than fecal coliforms as fecal indicator organism (Dufour, 1984; Cabelli, 1983). Many
studies including a meta-analysis supported an association between concentrations of ENT
and swimmer’s gastrointestinal illnesses and health in recreational fresh as well as marine
waters. Keeping in mind all these evidence, the United States (US), EU and WHO
recommended ENT to be adopted as indicator of recreational water quality and risk of
swimmer’s illness (Cabelli, 1983; Wiedenmann et al., 2005; Wade et al., 2005; Boehm
and Soller, 2012). Different methods are available for the enumeration of ENT from water
nowadays and differ from country to country. WHO designed a policy for each country to
use a specific method for enumeration of ENT. Majority were based on culture-base and
use of selective and differential media in solid or liquid form. A new standard method
based on quantitative polymerase chain reaction (qPCR) in conjunction with a hydrolysis
probe was introduced by U.S Environmental Protection Agency (USEPA) for measuring
ENT in water (United States Environmental Protection Agency, 2010). However, both the
methods are datable due to their inter and/or intra laboratory variations (Whitman et al.,
2010; Shanks et al., 2011). Criterion for ENT is different in different types of water and
protection agency. For instance, ENT must not be more than 104 CFU/100ml (single
sample standard) and 35 CFU/100ml (geometric mean standard) in marine recreational
water (USEPA, 2010). In contrast to this, ENT range limit from 100-400 CFU/100ml in
bathing water depending whether the beach is fresh or marine and whether it is rated as
excellent or sufficient (The Council of EU, 2006). Possible sources of ENT in water
includes agriculture and urban runoff, sewage, storm-water, direct input by animals via
defecation, boats, plant debris (wrack), bather shedding, polluted groundwater, soils,
sediments, and sands. Moreover, different studies showed that decaying vegetation on both
fresh and marine beaches can contain ENT (Byappanahalli et al., 2003; Imamura et al.,
2011), while sediments and soils both BS and AS also harbor ENT (Byappanahalli and
Fujioka, 2004; Mote et al., 2012; Ali et al., 2017). Correlation between concentrations of
ENT and swimmer’s health depends on whether the source of ENT is fecal or something
else? Different studies were carried out in this regard, but the results were ambiguous
(Colford Jr., et al., 2007; Boehm and Soller, 2011; Colford Jr., et al., 2012). MST using
Page | 21

animal host specific (dog, horse, human, cow, and ruminant feces) gene marker in
Bacteroidales is a popular tool for identifying sources of enterococcal contamination in
water bodies (Dick et al., 2005; Kildare et al., 2007; Shanks et al., 2008; Shanks et al.,
2009).
Environmental stress including light and dark inactivation has potential impact on ENT.
Direct damage to nucleic acids and other cellular components is contributed by sunlight
with a decay rate range between 0.1-6 per hour or catalyzes the formation of reactive
oxygen species (ROS) which can cause photooxidative damage to ENT. ENT with a
physical appearance of yellow pigments due to presence of carotenoid decay at slower rate
by photo-stress and because of ROS quenching ability of carotenoid within the cell (Fisher
et al., 2012; Maraccini et al., 2012). Decay for dark stress reported in ranges between
0.005-0.03 per hour. Causes of dark decay stress include exposure to not-suitable
temperatures, changing salinities, and deficiency of carbon and essential vitamins. ENT
can also acquire viable but non-culturable state (VBNC) in water from which they can be
resuscitated. Possible factors which induce VBNC state includes starvation and low
temperature. The resuscitation time is different for different species of ENT. For instance,
E. fl and E. hr takes 60 days for resuscitation, while E. fm revive in only seven days. Rich
medium plus embryonated chick eggs and elevated temperature help in revival of ENT
from VBNC state. Many changes in cellular structure and metabolic activities were
observed in bacteria entering VBNC state. E. fl was shown to increase cross-linking in
peptidoglycan cell-wall in its VBNC state. In addition to this, predation of ENT by
different bacterivorous protozoa including amoebas, forams, ciliates, nano-flagellates and
zooplanktons plus particle association of ENT in water was also debated in different
studies (Menon et al., 2003; Jeng et al., 2005; Boehm et al., 2005; Liu et al., 2006;
Schinner et al., 2010; Purnell et al., 2011; Mote et al., 2012).

2.1.3.5.2. As Indicator of Fecal Contamination on Hands
Transfer of pathogenic microorganism through contaminated hands are believed to be one
of the major vectors in settlement of diseases. Washing of hands is highly appreciated in
child care center, hospitals and in underdeveloped countries where proper sanitation
facilities are not available. Sources of ENT on hands includes but not limited to fecal
discharge, oral secretions (Gold et al., 1975) and soil (Ali et al., 2017). ENT are superior
to E. coli (fecal coliform) due to its prolong survival capability on inoculated clean hands
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(Pinfold, 1990) and inanimate surfaces (Kramer et al., 2006). Different studies reported
prevalence of ENT on hands. People belonging to a country with poor sanitation
facilities was shown to carry ENT in range of 1x10 3 to 1x104 CFU per 2 hands on
children under 5 years old as compared to UK, a country with good sanitation facilities
where 28% commuter’s hand were contaminated with ENT (Pickering et al., 2010;
Judah et al., 2010; Pickering et al., 2011). A positive correlation was found between
the presence of ENT and spread of infectious diseases (Pickering et al., 2010).

2.1.3.6. Extrachromosomal and Mobile Genetic Elements
Extrachromosomal elements (MGEs) are omnipresent in prokaryotes and considered
as a significant means for spreading of virulent and antimicrobial resistance genes in
pathogenic bacteria including Enterococcus spp. and Staphylococcus aureus. These
include plasmids, transposons, insertion sequences (Hegstad et al., 2010). ENT, as
carrier of a wide variety of MGEs including three conjugative systems, are responsible
for narrow as well as broad host range gene transfers (Fig 2.1).

2.1.3.6.1. Plasmids
Plasmids are common to ENT from both clinical and non-clinical (commensal) origin.
Plasmids are ‘extrachromosomal genetic elements with semi-autonomously replicating
ability’. They are involved in or encode, 1) resistance to one or more antibiotics, 2)
virulence factors, like Cyt and aggregation substances, 3) elevated resistance to
ultraviolet light and 4) bacteriocins. They are in low copy number from 1-2 copies to
>20 per cell and ranges in size 3-4 kb to >100 kb (Clewell et al., 2014). Plasmids can
be classified in many ways like for example, rolling circle replication plasmids and
theta replicating plasmids are differentiated on the basis of mode of replication. Further
classification of plasmids is summarized in Table 2.3.

2.1.3.6.2. Transposons
Transposons or transposable elements, also called ‘jumping gene’ is a DNA sequence
that can change its position within a genome. Due to this jumping, they can create or
reverse mutations and alter cell’s genetic identity and genome size. Transposons are
classified into 3 groups, i.e. (1) composite transposons, (2) conjugated transposons and
(3) Tn3 family transposons (Table 2.3). Transposons may contribute to genome
plasticity by different mechanisms. Rearrangements in plasmid and chromosomal DNA
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is mediated by homologous recombination within and between different DNA elements
(Heaton et al., 1996; Rice and Carias, 1998; Rice et al., 2005). Furthermore,
transposable element changes gene expression either through disrupting the existing
promoter, integrations in the promoter region, providing a new and more efficient
promoter or through genes by insertion within the coding region (Hegsted et al., 2010).

2.1.3.6.3. Insertion Sequence (IS) elements
Understanding of mobile enterococcal DNA pool suggests that IS constitutes majority
of MGEs in clinical enterococcal isolates. IS families which are frequently found
include IS6, IS30, IS256, IS3, ISL3, IS66, IS4, IS982, IS110, IS200/IS605, IS1380 and
IS1182. It is reported that IS16 is prevalent in hospital borne subpopulation of E. fm,
in clinical E. fl strain and as part of pRUM plasmids (Werner et al., 2011). Dependence
of enterococcal species on specific host stabilizes genome content as compared to nonhost specific in which genome plasticity is high due to changing host or finding new
ecological niche. Presence of insertion elements especially IS16 facilitates ENT in
niche adaptation by increasing the chances of fluid exchange from DNA of one
organism to another by virtue of genome plasticity (Cattoir and Leclercq 2012).
In addition to plasmids, transposons and IS, infection with bacteriophages is also a
route of disseminating or acquiring virulence factors and antibiotic resistance genes
(ARGs) which collectively make ENT resistant to multiple antibiotics (Vu and
Carvalho, 2011).

2.1.3.7. Enterococcal Genomics and Gene Regulation
Genomics is the study of genes and their related functions. Genomics involve all the
genes and their interrelationships to identify their combined influence on the
development and growth of an organism. The first enterococcal genome was sequenced
and published ten years ago and is of E. fl V583. Since then complete or draft genomes
of various enterococcal species or strains reaches hundreds in number i.e. E. fm has
820 genomes, E. fl has 550 genomes, E. hr has 32 genomes, E. cas has 29 genomes and
Enterococcus spp. has 27 genome assemblies. TABLE 2.4 summarizes the complete
information regarding genomics of enterococci. Table 2.4 is a self-designed table
(www.ncbi.nlm.nih.gov/genome).
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Table 2.3: Different types of mobile genetic elements found in enterococci (Hegstad et al., 2010)
Category

Description/characteristics

Incompatibility (Inc)
group

-Plasmids that fail to reside in the same cell i.e. they are incompatible to each other. Typically ranges between 26-50 kb. Transfer
mainly on solid surfaces and not in liquid broth.
-Constitutes a large group of enterococcal/streptococcal plasmids with broad host range including numerous G+ve genera,
multicellular Streptomyces lividans, G-ve E. coli.
-E. fl plasmid pAMβ1 (28 kb), pRE25 (50 kb) and S. agalactiae plasmid pIP501 (30 kb) are examples of this class.

Pheromone
responsive plasmids

-Self transferable (conjugative) plasmids. Transfer efficiently from donor to recipient in broth.
-Have narrow host range (commonly found in E. fl).
-pAD1, pAM373, pCF10, pRUM, RepA_N family are examples of pheromone responsive plasmids.
-These plasmids encode a response to specific peptides, which leads to expression of number of mating functions like AS.

Composite
transposons

-

Flanking copies of IS are present which aid in their intracellular mobility.
Mostly associated with high-level gentamicin resistance and vanB1-related glycopeptide resistance.
Have limited knowledge about the prevalence and distribution of composite transposons due to their highly complex,
dynamic and modular structure.

Tn3 family
transposons

-

They move intracellularly within or between different replicons through a replicative mechanism promoted by a transposase
(TnpA) and resolvase (TnpR).
They mediate high-level glycopeptide (vanA-type) and macrolide-lincosamide-streptogramin B (MLSB) resistance in ENT.

Conjugative
transposons (CTns)

-

They are referred to as integrative conjugated elements (ICEs) that encode all information necessary for their own excision,
conjugation and integration into a new host.
They are associated with resistance to tetracyclines, MLS antibiotics and vanB2-related glycopeptide resistance.
Members of Tn916/Tn1545 family comprise classical conjugative transposons with broad host range.
CTns can co-transfer other plasmids, transposons and large chromosomal fragments between strains.
Tn1549/5382 like elements are the most common vehicle for dissemination of vanB-type glycopeptide resistance in ENT.
Detection of the most common CTns associated with tetracycline, macrolide or chloramphenicol resistance revealed the
wide spread of sequences related to Tn916/1545, Tn5397, CW459TetM/Tn5801 and CTn6000 among ENT from different
sources.
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Figure 2.1: Bacterial mobile genetic elements.
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Recently many studies reported draft and/or complete genomes of ENT isolated
from animal and environmental sources (Sharma et al., 2017; Zhong et al., 2017;
Beukers et al., 2017), clinical sources (Brodrick et al., 2016; Hua et al., 2016;
Tedim et al., 2017) and biogas reactor content (Garbis et al., 2016). Majority of
the enterococcal genomes comprised of two major species i.e. E. fm and E. fl, due
to major contribution in antibiotic resistance and virulence of these species. Many
questions were answered by the wealth of genomic data on ENT. Genomics of
ENT covers topics including the development of multi locus sequence typing
(MLST) scheme to study E. fm and E. fl population structure (Palmer et al., 2014).

2.1.3.7.1. E. faecalis V583: First Complete Enterococcal Genome
The first enterococcal genome was sequenced and published ten years ago and is
of E. fl V583. V583 was chosen because it was the first VRE isolated from U.S.
it was also similar to MMH594 and representative of the CC2/ST6 lineage (Palmer
et al., 2014). One of the significant findings of V583 genome was the amoun t of
the MGEs contained in DNA approximately 25% of the genomic content is
occupied by MGEs (Paulsen et al., 2003). The MGEs include seven predicted
prophages, multiple integrated plasmids, IS elements and genomic islands (PAI),
3 extrachromosomal plasmids [pTEF1 (66.3kb), pTEF2 (57.7kb), and pTEF3
(18.0kb)] including one that encodes multiple ARGs ( pTEF1) and a vanB-type
transposon that confers vancomycin resistance (Paulsen et al., 2003; Lepage et
al., 2006; McBride et al., 2007).

2.1.3.7.2. Multi Locus Sequence Typing (MLST)
MLST is a sequencing technique used to deduce the long-term and global
epidemiology of a bacterial species. There are multiple housekeeping genes
(HKGs) present at different locations on a chromosome. Amplification and
sequencing of these HKGs are the basis of MLST technique. Although, like 16S
rRNA sequencing, MLST is different in its ability to resolve relationships at a
sub-species level and limited number of alleles to analyze. This limitation can be
overcome by comparing full genome sequences of the pathogens (Palmer et al.,
2014). MLST is advantageous as compared to electrophoresis band migration
techniques, like ribotyping and amplified fragment length polymorphism (AFLP)
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in a manner that these techniques are easily standardized, and bands of similar
distances do not travel to similar distances in gel making these techniques best
suited for studying long term or global epidemiology (Maiden et al., 1998).

2.1.3.7.3. E. faecium MLST
Understanding the molecular epidemiology and population structure of E. fm is
important because hospital acquired infections were not caused by normal gut
clones but rather by hospitalized adapted clones of E. fm which are well adapted
to thrive in the perturbed microbiota of hospitalized patients. Allelic gene
fragments of seven HKGs (atpA, gdh, ddl, gyd, purK, adk, pstS) were amplified
and given a number called barcode. This barcode is represented by sequence type
(ST). The portable database of MLST for E. fm is available (online @
http://efaecium.mlst.net/) which enables researchers to add allelic profiles for
strains collected and typed using MLST from around the world. A large cluster of
clinical E. fm isolates were named lineage C1 and later renamed clonal complex
17 (CC17) (after ST17, from where these CL isolates evolved) (Willems et al.,
2005). The isolates of CC17 cluster were ampicillin and ciprofloxacin resistant as
well as enriched in several genes of putative virulence factors , like esp,
carbohydrate metabolism and IS16 (Leavis et al., 2006; 2007; Heikens et al., 2008;
Werner et al., 2011).

2.1.3.7.4. E. faecalis MLST
Like E. fm, a MLST scheme was also designed for E. fl which relies on the
amplification of seven HKGs (aroE, gyd, pstS, gki, yqiL, gdh and xpt). Using this
system, CC9 and CC2 were found to be enriched among hospital derived strains
of E. fl. Strains relayed to CC2 lineages were β-lactamase producer, resistant to
vancomycin, and infection derived commonly designated as BVE, Bla + , Van R endocarditis (Nallapareddy et al., 2002; 2005). Different studies revealed that the
CC2, CC8, CC9 lineage isolates were enriched in acquired antibiotic resistance ,
while CC16 and CC87 lineage isolates were MDR and hospital related (Kuch et
al., 2011 ). CC2 and CC9 were rated among potential ‘High Risk’ E. fl lineages.
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Table 2.4: List of complete or draft genomes of various enterococcal species or
strains.
Sequence Data

Statistics

Enterococcus Spp.

Genome
Assemblies

Sequence
Reads

Median Total
Length (Mb)

E. faecium
E. faecalis
E. hirae
E. casseliflavus
E. mundtii
E. raffinosus
E. durans
E. gallinarum
E. saccharolyticus
E. cecorum
E. pseudoavium
E. gilvus
E. caccae
E. phoeniculicola
E. moraviensis
E. haemoperoxidus
E. pallens
E. asini
E. villorum
E. italicus
E. canis
E. thailandicus
E. ratti
E. wangshanyuanii
E. hermanniensis
E. aquimarinus
E. canintestini
E. rivorum
E. massiliensis
E. quebacensis
E. ureilyticus
E. termitis
E. ureasiticus
E. malodoratus
E. sulfureus
E. columbae
E. avium
E. dispar
E. plantarum
E. pernyi
E. rotai
E. silesiacus
E. phage Ec-ZZ2
E. phage SANTOR1
E. phage EFDG1

823
550
32
29
12
5
9
11
4
20
3
3
3
3
3
3
3
4
2
2
3
2
2
3
3
2
4
4
3
2
-

26
25
1
2
3
1
1
-

2.96583
3.01418
2.91841
3.45163
3.16221
4.21036
3.0718
3.39993
2.62127
2.32921
2.73187
4.16214
3.55191
3.91097
3.58611
3.58092
5.43745
2.57271
3.05794
2.369
2.83623
2.64625
2.48566
4.15595
2.61353
2.51243
2.71239
3.80635
2.71284
3.15884
3.47271
4.15515
3.5854
4.62713
2.30405
2.52592
4.54017
2.81292
3.1354
3.18857
3.74611
3.92176
0.04117
0.037933
0.147589

Median
Protein
Count
2848
2927
2554
3290
2783
3978
2737
3139
2541
2156
2552
3939
3175
3454
3286
3146
5106
2350
2632
2132
2653
2372
2137
4048
2466
2282
2458
3432
2550
2776
3150
3813
3212
4327
2158
2290
4344
2594
2825
2793
3253
3569
59
60
210

Median
GC%
37.9
37.3
36.8
42.7
38.3614
39.4
37.8306
40.5
37
36.4
40.1
41.4
35.8
36.4
36
35.7
40
44.8
34.95
39.3
41.9
36.7
34.3
37.2798
37.4
38.7
36.2
34.9
39.6
35.1
36.1
36.9
35.8
39.9
37.95
36.35
38.95
37.2
36
38.4
36.7
36.4
34.6
34.5
37.2
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2.1.3.8. Detection of Enterococci
Because of their presence in almost every niche of the environment, a great deal of efforts
has gone into developing methods for their detection both phenotypically and
genotypically (Domig et al., 2003). Selective solid and liquid media, like Slantez Bartley
medium (Slanetz and Bartley, 1957), Bile/Kanamycin Aesculine Azide agar, HiChromeTM Enterococcus faecium Agar Base (for soil, urine, feces, food, plants, sewage,
water supplies and animals), Hi-ChromeTM ENT Agar/Broth (for water samples), HiChromeTM VRE Agar Base (for clinical samples), HiChromeTM VRE Agar Base, modified
for differentiating E. fm and E. fl from clinical samples. MRS or Rogosa agar are used in
case the sample contains only ENT (De Man et al., 1960). ENT need several amino acids
and vitamins for their growth that’s why they cannot be grown easily in synthetic media.
Plentiful and rapid growth can be achieved in BHI broth and/or Tryptic Soy (TS) broth
(Devriese et al, 1995). Typing methods for ENT could be phenotypic, genotypic or
combination of both (Jackson et al., 2012).

2.1.3.9. Disinfection and Sterilization
Sterilization is a process carried out in health care facilities to eliminate all forms of
microbiological life. The physical and chemical methods of sterilization include dry heat,
EtO gas, steam under pressure, liquid chemicals and H2O2 gas plasma. In contrast to this,
disinfection refers to the process in which all or many pathogenic microorganisms are
eliminated (except bacterial spores). Some disinfectants can kill spores with exposure time
extending from 3-12 hours. These types of disinfectants are called chemical sterilant.
Disinfectants can be categorized into three classes; High-level disinfectants (include for
example 2% glutaraldehyde) they can kill all microorganisms except large number of
bacterial spores with shorter exposure time (like 20mins); Low level disinfectants can kill
some viruses, fungi and most vegetative bacteria in a practical period (≤10mins);
Intermediate-level disinfectants are cidal for vegetative bacteria, fungi, viruses,
mycobacteria but do not necessarily kill bacterial spores. Cleaning refers to the removal
of organic and inorganic matter (e.g. soil) either manually or mechanically using water
with detergents or enzymatic products. In contrast, decontamination removes pathogenic
microorganism from any object.
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2.1.4. Pathogenesis and Virulence associated with Enterococci (Part four)
Virulence factors are potential traits that define the pathogenesis of most infections which
involves a series of events namely, colonization, adhesion to the host’s cells, tissue invading and
resistance to non-specific defensive mechanisms. Researchers are encouraged to characterize the
factors involved in etiology of infections caused by pathogenic ENT in immunocompromised
or impaired immunity patients. Two major classes of virulent factors have been well
characterized: 1) surface factors that promote colonization in host cells, and 2) protein and
peptides secreted by ENT that damage the tissues (Chajecka-Wierzchowska et al., 2017).

2.1.4.1. Gelatinase (gelE), Serine protease (sprE) and fsr Regulator
Gelatinase is a zinc metalloprotease expressed extracellularly and hydrolyze gelatin, collagen
and casein (Mohamed and Huang, 2007). It is proved to be a full virulence factor expressed in
mouse model of peritonitis, endocarditis (Singh et al., 1998; 2005), endophthalmitis (Engelbert
et al., 2004), in nematode (Sifri et al., 2002) and in vitro translocation (Zeng et al., 2005). It is
encoded by gelE and sprE operon and expressed in regulation by a quorum sensing system
encoded by the fsr locus (Qin et al., 2001). The fsr locus (E. fl regulator) is a well characterized
locus containing fsrA, fsrB, fsrC and fsrD genes which is homologues to staphylococcal agrBCA
loci (Qin et al., 2000). A signaling peptide in fsrB liberates gelatinase biosynthesis activating
pheromone (GBAP) peptide by auto-processing and a quorum sensing system. gelE and sprE
genes are induced when GBAP accumulates from exponential to stationary phase. fsr regulon is
present above the sprE and gelE and encode a serine protease and gelatinase, respectively
(Nakayama et al., 2001). Possible molecular mechanism behind the expression of gelE and
sprE is shown in figure 2.2 (Sava et al., 2010). Epidemiological data suggests the involvement
of fsr locus and gelatinase in virulence traits, like adhesion capacity (biofilm) established by
processing of C-terminal gelatinase protein (Coque et al., 1995; Garsin et al., 2001).
fsrD encodes
Peptide lactone accumulates
Exported to extracellular space by fsrB
Sense by fsrC histidine kinase
Activation of response regulator and fsrA by phosphorylation

Phosphorylated fsrA activates expression of gelE and sprE.
Figure 2.2: Flow diagram showing the possible mechanism of gelE and sprE gene expression.
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2.1.4.2. Urease (EC 3.5.1.5)
Urease was the first enzymatic protein to be crystallized and in which the presence of
Ni+2 ions was observed. Urease hydrolyze urea, a naturally occurring substrate found in
water, soil and human body in the form of urine, stomach, sweat and blood serum. Urease
producing microorganisms are also found in soil, water and animal bodies. They belong
to either symbiotic natural flora or pathogens. Urease production is a well-defined
characteristic of facultative anaerobes from intestinal microflora (Konieczna et al.,
2012). Bacterial ureases are multimeric enzymes usually consists of two or three
different polypeptides and occur as inactive apoenzymes encoded by specific structural
genes (Mobley et al., 1995). UreE, UreD, UreG, UreF, and UreH are the accessory
genes required for urease activation. Urease is considered as a major virulent factor in
some pathogenic bacteria such as Proteus mirabilis during UTIs caused by these
bacteria. They are involved in catheter blocking, urinary stones formation, ammonia
encephalopathy, pyelonephritis, gastritis and hepatic coma (Mobley et al., 1995;
Rózalski et al., 2007). It is reported that ureolytic activity is one of the markers applied
to diagnose H. pylori infection and to monitor bacterial obliteration by drug treatment
(Bell et al., 1987). Moreover, this activity also plays role in survival of M. tuberculosis,
an etiological cause of tuberculosis which results in inflammation of lungs (Lin et al.,
2012). Urease also facilitates UTIs by increasing pH of human urine and form urinary
stones covering microorganism. Microorganisms in these stones are protected from
immune system of host and antibiotics. (Rózalski et al., 2007).

2.1.4.3. Lipase (EC 3.1.1.3)
Lipases are serine hydrolases which act on the carboxylic ester bonds in triacylglycerol
to liberate free fatty acids and glycerol under aqueous conditions (Gupta et al., 2004).
The catalytic triad of lipases is composed of Ser-Asp/Glu-His and a consensus sequence
consisting Gly-x-Ser-x-Gly is also found around the active site serine. It also contained
a characteristic α/β hydrolase fold (Nardini and Dijkstra, 1999). Lipases are enzymes of
prime importance in biotechnology due to their many-sided properties and usage in food
technology, biomedical sciences, detergents and chemical industry. Extracellular
bacterial lipases are very important tools of industries because of their easy bulk
production. They can be isolated from various plants, animals and microorganism. Major
bacterial genera which produce lipase includes Burkholderia, Achromobacter,
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Alcaligens, Arthrobacter, Bacillus, Pseudomonas and Chromobacterium (Jaeger et al.,
1994; Pandey et al., 1999; Beisson et al., 2000). Production of lipase requires, along with
a lipid source, carbon sources such as sugar alcohols, whey, casamino (mixture of amino
acids and small peptides obtained from hydrolysis of casein) and polysaccharides
(Gilbert et al., 1991a; Lotrakul and Dharmsthiti, 1997; Dharmsthiti and Kuhasuntisuk,
1998; Ghanem et al., 2000; Rashid et al., 2001). In addition to this, organic nitrogen in
form of peptone, tryptone and yeast extract and inorganic nitrogen in form of diammonium hydrogen phosphate and ammonium chloride is also required by certain
microbes (Wang et al., 1995; Khyami-Horani, 1996; Pabai et al., 1996, Oh et al., 1999;
Ghamem et al., 2000; Lanser et al., 2002; Sharma et al., 2002b). Cofactors are not
required by lipases in general but Ca 2+ and Mg2+ is reported to stimulate the production
of lipase and enhances its activity (Rathi et al., 2001). In contrast, Co 2+, Ni2+, Hg2+, Sn2+,
Zn2+ is reported to inhibit lipase activity (Patkar and Bjorkling, 1994). Lipases carry out
useful reactions including regioselective acylation of glycols and menthols,
transesterification, synthesis of peptides and esterification. Beside their role in
production of industrially important products, lipases have another face of virulence. A
study from India revealed that lipase activity was seen only in strains predominantly
causing wound infections (Biswas et al., 2014). A study about genomic and
transcriptomic analysis of pathogenic and probiotic E. fl reported that lipases play
specialized role in virulence of invasive E. faecalis as compared to non-invasive isolates
showing their role in invasive infections (Vebø et al., 2010).

2.1.4.4. Catalase (EC 1.11.1.6)
Catalase is a renowned enzyme present in all three domains of life. It catalyses the
decomposition of hydrogen peroxide (HP) to water and oxygen, protecting the cell from
oxidative damage of HP. HP is a ROS in biosphere. It is produced as a by-product in
aerobic metabolism such as in oxygen activation, in photosynthetic and respiratory
electron transport chain and as product of oxidases activity. First step of catalase reaction
is reduction of HP to water forming cationic heam radical and an oxoiron [compound 1
(FeIV═O ion)]. In the second step, dismutation is completed by the reaction of a second
HP, resulting in the release of oxygen and water. The enzyme is regenerated in the resting
FeIII state. NADPH binding catalases prevent the build-up of an in active partially
oxidized dead-end form of the enzyme called compound II (Håkansson et al., 2004).
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Catalases are of three types: Prokaryotic Mn-catalases (minor bacterial protein family),
bifunctional catalase peroxidases (not found in plants and animals and exhibit both
catalytic and peroxidative activities) and haem catalases (most abundant group found in
Archaebacteria, Eubacteria, Fungi, Protista, Animalia and Plantae). Despite catalyzing the
same reaction (2H2O2 → 2H2O + O2), all the three families differ in architecture of active
site and mode of reaction (Zamocky et al., 2008). Among G +ve lactic acid bacteria (LAB),
E. fl are unable to make porphyrin compounds, including heam groups. It exhibits catalase
activity but only when it is grown in heme containing medium (Frankenberg et al., 2002).
E. fl catalase (katA) is a homo-tetrameric protein containing only one heme group
(protoheme IX) and belongs to the group of heme containing mono functional catalases
(Baureder and Hederstedt, 2012). In the absence of heme, E. fl produces NADH peroxidase
(Npr) that degrades HP to water. Factors involve in biogenesis of catalase was not known
until Baureder and Hederstedt (2012) carried out a research in which they used two
different transposon systems to construct libraries of E. fl mutants and screened for clone
defective in catalase activity by using colony zymogram staining procedure. They
identified nine genes (in addition to katA, which codes for catalase enzyme protein)
distributed over five chromosomal loci which are important for expression of catalase
activity in E. fl. The proteins encoded by those genes have diverse functions such as NADH
oxidation and HP detoxification (npr), global regulation of RNA turnover (rnjA, srmB),
membrane transport (oppBC) and stress response (etaR) (Baureder and Hederstedt, 2012).

2.1.4.5. Hyaluronidase (EC 4.2.2.1)
These are the enzymes capable of degrading hyaluronate (Hyaluronic acid, hyaluronan)
found in several body parts, like umbilical cord, synovial fluid, cartilage, brain, muscles
and extracellular matrix (ECM) in connective tissues. Almost half of the total body
hyaluronate is found in the skin. The viscous ground substance release by the connective
tissues provides a barrier for the entry of bacteria or toxin into the body. However, ground
substance contains hyaluronate as a major component which is degraded by
hyaluronidases. Rooster’s combs and certain bacteria, like streptococci also produce
hyaluronidases (Hynes and Walton., 2000). Many pathogenic bacteria release some
extracellular products which helps them in damaging the tissue thus acting as a virulent
factor and smoothen the progress of bacterial toxin into the tissues and are commonly
named as “spreading factors”. Bacterial hyaluronidases (BH) are among some of the
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spreading factors release by certain G+ve and Gram negative (G-ve) bacteria. BH belongs
to the third type of hyaluronidases commonly called as hyaluronate lyases. They eliminate
β 1-4 linkage resulting in the production of unsaturated disaccharides by acting as endoN-acetylhexosaminidases (Hynes and Walton, 2000). Different models of E. fm trans
conjugants virulence that harbors conjugative mega plasmid have been reported (Arias et
al., 2009; Rice et al., 2009) to carried hyl gene. According to some previous studies, the
hyl gene was more prevalent in CL isolates rather than community base isolates. According
to a recent study, hyl gene is considered as a passive marker of virulence because deletion
of this gene caused no effect on mouse peritonitis model (Garsin et al., 2014; Panesso et
al., 2011).

2.1.4.6. Cytolysin (Cyt)
Enterococcus Cyt is a broad range prokaryotic and eukaryotic lysin usually plasmid
encoded. It is reported to enhance virulence of E. fl in animal models. It was originally
described as lanthionine-containing bacteriocin of G +ve bacteria (Van Tyne et al., 2013).
The Cyt operon is a part of E. fl PAI consisting of 6 genes related to toxin biosynthesis
and two promoters namely PL (involve in regulation of transcription of genes related to
toxin structure and function) and PREG (involve in transcription of regulatory genes) and
present near esp gene (Shankar et al., 2002). Like gelatinase, expression of Cyt is quorum
sensing dependent and regulated by two component systems (Haas et al., 2002). The
regulatory system of Cyt consists of two open reading frames (ORFs) namely cylR1 and
cylR2 which encodes a transmembrane protein of unknown function (cylR1) and a helixturn-helix DNA binding protein (cylR2) (Tendolkar et al., 2003). The Cyt operon is either
present on conjugative pheromone responsive plasmid such as pAD1 (Clewell, 1993) or
encoded by chromosome within 150kb PAI (Ike and Clewell, 1992; Sussmuth et al., 2000;
Shankar et al., 2002). Todd et al. (1934) conducted the first comprehensive study on
hemolysin molecule after the observation of hemolysis zones on blood agar plates
produced by E. fl. Increased virulence due to Cyt in E. fl was first described by Ike and
Clewell (1984) through dose dependent intraperitoneal injections of E. fl strains harboring
plasmid pAD1 which encodes Cyt. After this, various researchers showed the lyses of
mouse erythrocytes, macrophages, and PMNs or death of experimental animals/organism
like mouse, rabbits and C. elegans with Cyt (Ike and Clewell, 1992; Jett et al., 1992;
Miyazaki et al., 1993; Chow et al., 1993; Stevens et al., 1992; Garsin et al., 2001). Self-
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lysis of Cyt producing cells is prevented by an unknown mechanism. However, immunity
proteins or ABC transporters protects other lantibiotic producing bacteria from self-lysis
(Stein et al., 2003; 2005). In E. fl, a zinc metalloprotease and transmembrane protein, CylI
(immunity factor) is shown to protect from Cyt mediated bacterial cell death (Coburn et
al., 1999).
Despite having a virulence face, Cyt can also act as beneficiary trait for both E. fl and its
host. Possible beneficial activities might include, acting as colonization factor, providing
self-defense against something which is more harmful (probably an intestinal parasite),
facilitating nutrient acquisition from prokaryotic or eukaryotic sources, function as
signaling molecule to monitor bacterial population size and probe the environment for
target cells and last but not the least, bacteriocin activity of Cyt allows E. fl to occupy a
novel host niche which non-cytolytic bacteria cannot access (Bassler et al., 2006; Roux et
al., 2009; Van Tyne et al., 2013).

2.1.4.7. Biofilm formation
Bacterial biofilm is a cell population attached irretrievably to various abiotic and biotic
surfaces, encapsulated in a hydrated matrix of exo-polymeric substances, nucleic acids,
proteins and polysaccharides. The development of biofilm involves a complex process
comprises of 1) INITIATION: attachment and immobilization on a surface, 2 and 3)
MATURATION: microcolony formation via cell to cell interaction, 4) MAINTENANCE:
confluent biofilm formation, and 5) DISSOLUTION: development of a 3D biofilm
structure (Fig 2.3; Bordi et al., 2011; O’Toole et al., 2000). Biofilms are extremely difficult
to eradicate from living hosts due to their tolerance to heavy doses of antibiotic
(Concentrations of 10-1000 times) and resistance to phagocytosis. Due to their association
with different medical equipment, biofilm is involved in causing various diseases and
infections, like burn wound infection, chronic otitis, endocarditis and periodontal
infections (Mohamed and Huang, 2007). There are various factors which influence biofilm
production, like availability of serum, carbon dioxide, iron, pH, temperature and/or
osmolarity (Pillai et al., 2004). Many studies demonstrated that presence of glucose (in
different concentrations like 0.2-1%) in growth medium [like tryptic soya broth (TSB)]
increases biofilm production in E. fl (Baldassarri et al., 2001; Pillai et al., 2004; Tendolkar
et al., 2006). Certain studies showed that changes in salt concentrations also change
biofilm formation capacity of E. fl. In presence of 2-3% NaCl, biofilm was abolished
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without affecting the growth of bacteria. Media composition also directs the fate of
biofilm. M17 and TSB media slows down biofilm accumulation after 6-8 hours of growth.
In contrast, Todd-Hewitt yeast extract and BHI media shortly halts biofilm density after
four hours of growth. Several studies showed a correlation between biofilm formation and
gelatinase expression while other showed no supported link between the two traits
(Mohamed et al., 2004; Seno et al., 2005; Baldassarri et al., 2006; Di Rosa et al., 2006).
Capacity to form biofilm is a multifactorial process. These factors include genetic as well
as environmental and signal transduction proteins. Proteomics and genetics opened a new
door for understanding genetic factors involved in biofilm formation. Despite having much
knowledge, an in depth understanding approach is needed for a better sense of biofilm
production. Several research groups have attempted to identify additional factors which
might be involved in the process of biofilm formation in E. fl. Details of which are given
in table 2.7 (Mohamed and Huang, 2007).
Table 2.5: Genetic determinants involved in E. faecalis biofilm formation
(Adapted from Mohamed and Huang, 2007)
Gene/locus
Protein/function
atn
Autolysin
bee
Biofilm enhancer in Enterococcus/a putative cell wall-anchored
protein
bop
Biofilm on plastic surface/a putative sugar-binding transcriptional
regulator
dltA
D-alanine lipoteichoic acid/D-alanine-D-alanyl carrier protein
ligase
epbA/B/C
Endocarditis and biofilm-associated pili
ebpR
Transcriptional regulator of ebp A/B/C
epa (orfde4)
Enterococcal
polysaccharide
antigen/a
putative
glycosyltransferase involved in polysaccharide synthesis
esp
Enterococcal surface protein
etaR
Enterococcal two-component system regulator
fsrA, fsrB, fsrC
E. fl regulator/two-component quorum-sensing signal
transduction system, regulates the expression of gelatinase and
serine protease
gelE
Secretory metalloprotease gelatinase E
salA
Secretory antigen-like A
salB
Secretory antigen-like B/cell-shape determinant
srtC
Sortase C/an enzyme that anchors surface proteins to the cell wall
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Figure 2.3. Schematization of four stage universal growth cycle of a biofilm with common characteristics, including (I) initiation, (II
and III) maturation, (IV) maintenance and (V) dissolution (Adapted from Bordi and Bentzman, 2011)
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2.1.4.7.1. Enterococcal Surface Protein (esp)
Esp a putative virulent factor is found in both E. fl and E. fm. It is located on PAI at the
surface of the bacterium (Sava et al., 2010). It was initially identified in a highly virulent
gentamicin resistant strain of E. fl (Shankar et al., 1999). Esp shares global structural
similarity with Streptococcus agalactiae Rib (Wästfelt et al., 1996), S. pyogenes R28, C
alpha protein, and S. aureus Bap (biofilm associated protein) (Cucarella et al., 2001).
These similarities are restricted to a highly conserved region within the C repeat units of
Esp proteins and group A and B of streptococcal proteins of streptococci and nonrepeat
N-terminal region of Bap protein (Tendolkar et al., 2003). Bap protein from S. aureus is
associated with biofilm formation and shares a sequence and structural similarity with
Esp. Esp is also associated with E. fl biofilm formation on different surfaces, like
polysterylene plates and hospital equipment like catheters, prosthetic heart valves,
orthopedic appliances, artificial cardiac pace makers (Mohamed and Huang, 2007),
ureteral stents (Keane et al., 1994), intravascular catheters (Sandoe et al., 2003), silicone
gastrostomy devices (Dautle et al., 2003), and biliary stents (Dowidar et al., 1991).
A variant of Esp is also reported in E. fm isolates (Eaton and Gasson, 2002). E. fm esp is
predominantly present in nosocomial settings in contrast to E. fl esp which is widely
distributed among environmental strains (Willems et al., 2001; Leavis et al., 2004).
Expression of esp is affected by environmental conditions like temperature (maximum
at 37°C) and availability of oxygen i.e. under anaerobiosis (Sava et al., 2010). Several
research groups demonstrated the role of E. fm esp in pathogenesis of experimental
endocarditis, UTIs, and bacteremia. While no specific role of esp was found in
peritonitis, and colonization of GIT (Leendertse et al., 2009; Heikens et al., 2009). Role
of esp was also established by a genetic approach. In a study conducted by Tendolkar et
al (2004), esp-lacking E. fl strains produced biofilm in large amounts after successful
induction and expression of esp gene. In contrast, several studies suggest that esp is not
necessary for biofilm formation (Dworniczek et al., 2005; Ramadhan and Hegedus,
2005). Study conducted by Kristich et al. (2004) demonstrated that E. fl OG1RF
produced biofilms not only in the absence of esp and entire PAI that harbors it. In other
studies, conducted on clinical enterococcal isolates, majority of the esp-negative isolates
produced biofilms and no correlation was found among esp gene and biofilm forming
capacity (Mohamed et al., 2004; Sandoe et al., 2003).
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2.1.4.7.2. Adhesion to Collagen in E. fm (acm) and Collagen-binding
adhesion (ace)
Acm, an homolog of ace is recently identified in E. fm having same kind of domain
architecture as ace. Although it is similar to one domain of ace, acm shows much greater
similarity with S. aureus collagen binding adhesion, Cna within two domains i.e. domain
A and B (Tendolkar et al., 2003).
Ace, a collagen binding MSCRAMM on ENT, is ubiquitous among pathogenic and
commensal E. fl isolates. Ace is functionally and structurally related to the staphylococcal
Cna adhesion (Rich et al., 1999). Ace mediated binding to an ECM component type I
collagen.

2.1.4.7.3. Aggregation Substance (AS)
AS is a group of proteins encoded by pheromone-induced conjugative plasmids. AS
directed bacteria to aggregate which results in close cell contact between donor and
recipient. Several studies showed that AS mediated internalization of E. fl by cultured
human intestinal epithelial cells and increased in vitro adhesion to cultured renal tubular
cells (Kreft et al., 1992; Wells et al., 2000). Among the best studied AS proteins are Asa
I, Asp I, and Acs 10 encoded by asa1, aspI and prgB genes of conjugated plasmids pAD1,
pAD1 and pCF10, respectively, and shows >90% sequence identity (Sava et al., 2010;
Garsin et al., 2014). These proteins contain an N-terminal domain, a central domain, a
variable region and two Arg-Gly-Asp (RGD) motifs which are also found in fibronectin
and associated with integrin binding proteins (Kreft et al., 1992; Vanek et al., 1999). Apart
from their function in conjugation transfer, these RGD motifs are also involve in
eukaryotic cell binding and binding to renal epithelial cells (Kreft et al., 1992). It is
demonstrated in a study that central domain and N-terminal domain are responsible for
aggregation of Asc 10 (Waters et al., 2004). Beside its role in conjugation, AS also serves
as a virulence factor in E. fl by promoting cell-cell contact, adhesions to host cells and
ECM proteins (including thrombospondin, fibronectin, vitronectin, and collagen type I),
increased

vegetation

in

experimental

endocarditis,

resistance

to

killing

by

polymorphonuclear leukocytes (PMNs) by inhibition of respiratory burst (production of
ROS) in the macrophages, increased cell surface hydrophobicity (Tendolkar et al., 2003).
All the proteins aid in the pathogenesis of AS in E. fl, like Asa I increases adherence to
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human macrophages and renal tubular cells, Asc 10 facilitates internalization and
intracellular survival in PMNs (Vanek et al., 1999; Rakita et al., 1999; Süßmuth et al.,
2000). Both Asa I and Asc 10 increase virulence of E. fl in rabbit endocarditis model by
increasing adherence to certain ECM proteins (Chow et al., 1993; Schlievert et al., 1998).

2.1.4.8. Cell wall carbohydrates and capsular polysaccharide
Bacterial cell-wall aids in the interaction of bacteria with its external environment by
providing a complex structure, to provide the factors necessary for growth in their
ecological niche and separates the interior of the bacteria from surrounding environment
in infected host (Sava et al., 2010). In addition, bacterial capsular components also confer
resistance to phagocytosis and thus play a crucial role in pathogenesis by evading host
immune system (Tendolkar et al., 2003). Cell-wall of ENT contains peptidoglycan,
polysaccharides, proteins, lipids, lipo- proteins and glycoconjugates. Wall teichoic acid
(WTA) and lipoteichoic acid (LTA) are among the most abundant glycolpolymers found
in enterococcal cell-wall. Epa, an enterococcal polysaccharide antigen in E. fl cell-wall is
present in sera of patients suffering from systemic enterococcal infections. The epa locus
consists of epa gene cluster comprising of 17 contiguous genes (Xu et al., 2000) and 16
ORFs that encodes a polysaccharide called rhamnose-containing polysaccharides that is
wide spread among E. fl strains (Teng et al., 2009). The disordering of epa locus genes
results in low biofilm formation, lower resistance to killing by PMNs (in case of orfde4
and orfde6 genes), enterocyte translocation, (Xu et al., 2000), susceptibility to phage
infections and reduced virulence in mouse peritonitis and UTIs models. These features
showed the possible role of this carbohydrate in enterococcal pathogenicity (Xu et al.,
2000; Teng et al., 2009; Singh et al., 2009). In a serological study, E. fl strains were
grouped into four (A-D) capsular serotypes (Hufnagel et al., 2004). E. fl serotype C and D
synthesize a capsule, designated as cps, which contains nine genes (from cpsC-cpsK) and
eleven ORFs (cpsA-cpsK).

2.1.4.9. Extracellular superoxide
Superoxide is a negatively charge, anionic free radical produce by univalent reduction of
molecular

oxygen

(O2)

through

autoxidation

of

membrane-associated

demethylmenaquinone (Huycke et al., 2002). Due to its poor diffusion capability through
cell membrane, superoxide is restricted to intra or extra-cellular locations. Being a minor
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by-product of respiratory reactions (fumarate reductase in bacteria, Q cycle of cytochrome
bc1 in mitochondria or by NADH dehydrogenase), the cytosolic concentrations of
superoxide are quite small (Huycke et al., 2001). Despite its low concentration, short halflife and limited reactivity, it can be lethal sometimes because of its dismutation into HP
and production of hydroxyl radical via the Haber-Weiss reaction in presence of metal
catalyst (Fridovich, 1999). ENT produce superoxide in substantial amounts. This trait is
more closely related to E. fl isolates from blood stream (Tendolkar et al., 2003). Huycke
et al., (1996) observed the production of large amounts of superoxide by commensal E. fl
isolates. However, few other strains of ENT and Lactococcus lactis produced this trait
(Huycke et al., 1996; Winters et al., 1998).

2.1.4.10. Bacterial Antagonism
Production of bacteriocins are major pharmaco-medicinal and industrial application of
ENT. Enterococci produce a wide range of bacteriocins including enterocins A, B, I, L and
P etc. (Campos et al., 2006; Franz et al., 2007). Previous studies showed that
bacteriocinogenic LAB such as enterococcal species are common in dairy products (Khan
et al., 2010; Moraes et al., 2012) and were also isolated from municipal waste, sewage
sludge, rumen content of different ruminants and animal wastes (Laukova et al., 1997;
2001; Marekova et al., 2007; Özdemir et al., 2011).
Enterococcal probiotics are not use commonly as a component of starter culture or cocultures in foods. However, they are consumed as food supplements in the form of
pharmaceutical preparations in both humans and animals to achieve probiotic effects in
different disease conditions (Franz et al., 2011). ENT also occur in different fermented
plant products due to their tolerance to high pH and salt concentrations, for example, they
are found in fermented olives where they are reported to play a role in the breakdown of
the bitter oleuropein compound. Many definitions of probiotics were established.
Holzapfel et al., (1998) refers probiotics to ‘microorganisms which are viable and promote
a beneficial balance of the autochthonous microbial populations of the GIT’. According to
the current definition by the FAO/WHO probiotics are “live microorganisms which confer
a health benefit on the host when administered in adequate amounts” (Guidelines of
FAO/WHO, 2002). Other than probiotics, prebiotics and symbiotic are also used for health
promotion. They consist of polysaccharides which humans cannot digest (e.g. inulin,
oligo-fructose, lactulose) but can be fermented by certain bacteria (e.g. bifidobacteria) in
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the colon and utilize for selective promotion of growth for certain groups of bacteria in the
GIT. Symbiotic consist of a combination of pre-and probiotics, prebiotic promote the
growth of the probiotic component to create synergistic health promoting effects (Franz et
al., 2011).
There are two major classes of antimicrobial peptides which are heat-stable and
ribosomally synthesized. lantibiotic, belongs to class I and unmodified non-lantibiotic
belong to class II. Lantibiotic are completely absent in ENT, except Cyt and enterocin W
(Coburn and Gilmore, 2003; Cox et al., 2005; Sawa, et al., 2012). Majorly, class II
bacteriocins are present in ENT (Cotter et al., 2005). Bacteriocins from ENT can be
divided into two groups based on the origin of isolation i.e. clinical or commensals as
well as on species. For instance, hemolysin, the circular AS-48, bacteriocin 21,
bacteriocin 31 (Tomita et al., 1996) and bacteriocin 41 (Tomita et al., 2008) have
thoroughly been studied and characterized from E. fl CL isolates and bacteriocin 43
(Todokoro et al., 2006), bacteriocin 32 (Nes et al., 1996), and bacteriocin 51 (Yamashita
et al., 2011) were isolated and characterize from E. fm CL isolates. On the other hand,
many bacteriocins such as enterocin L50A/L50B (Cintas et al., 1998), enterocin Q (Cintas
et al., 2000), enterocin A (Aymerich et al., 1996; Nilsen et al., 1998), enterocin P (Cintas
et al., 1997; Kang and Lee, 2005), enterocin B and others have been isolated and well
characterized from food samples. Other sources of isolation of enterocins include waste,
feces and GIT of humans and animals and feces from healthy babies.
Second class of bacteriocins constitutes different subclasses among them class IIa is the
largest subclass. They are of particular interest because they resemble pediocins (the
bacteriocins of Pediococci) and are characterized as strong anti-listerial enterocins.
Bacteriocins belonging to this subclass are found in many species of ENT including E.
mundtii, E. fm, E. fl, E. hr, E. avium and E. durans. Class IIa enterocins are dominatingly
produced by E. fm and enterocin A is among the most potent antimicrobial peptide in this
subgroup. Munditicin KS, an enterocin produced by E. mundtii isolated from grass silage
is encoded by a 50kb plasmid pML1. Enterocin P is among the sec-dependent leader class
IIa bacteriocin. Enterocin P shares less identity with other sec-dependent bacteriocins
because it is among leader less peptide group (Ness et al., 2014).
Class IIb, the two peptide bacteriocins include enterocin 1071, enterocin C and enterocin
X. enterocin 1071 and enterocin C is encoded by 50Kb conjugative plasmid and 9Kb
conjugative plasmid pEntC1, respectively. Both enterocins were first reported from E. fl
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strains (Balla et al., 2000; Maldonado-Barragan et al., 2009). Enterocin X is composed
of two peptides EntXα and EntXβ and is produced by E. fmKUB5 strain (Hu et al., 2010).
Enterocin AS-48 is characterized under the “Circular Bacteriocin class” (González, et
al., 2000; Cobos, et al., 2001). Circular bacteriocins are synthesize with a leader peptide.
Removal of leader peptide results in the covalent linking of N-terminal residue to the Cterminal residue forming a complex structure of four or five helical bundles structured in
hydrophobic core. AS-48 was originally isolated from E. fl and called bacteriocin 21 in
some studies (Tomita et al., 1996; 1997).
The bacteriocins which are not synthesized with a leader peptide are secreted via
dedicated ABC transporter system. L50A and L50B are the two leaders less peptides of
Enterocin L50 which is produced by E. fm isolated from Spanish dry fermented sausage.
The two leaders less peptides L50A and L50B, which are encoded by plasmid pCIZ1
(50Kb) share 72% sequence identity and possess individual antimicrobial activity.
Enterocins Q and P are single leader less peptides bacteriocins encoded by the plasmid
pCIZ2 and chromosome, respectively (Cintas et al., 2000; Criado et al., 2008).
Enterocin B, a 53-amino acid and non-pediocin like bacteriocin is categorized as small
heat-stable bacteriocin. It is often expressed with enterocin A and acts synergistically
(Franz, et al., 1999; Ennahar et al., 2001). In addition, bacteriocin 32, a sec-system
dependent and mobile plasmid (pTI1) encoded bacteriocin isolated from VR E. fm strain.
It is not anti listerial but active against E. fm, E. hr and E. durans (Inoue et al., 2006).
Enterolysin A falls under the umbrella of class-III bacteriocins. It is a heat labile
bacteriocin which acts in a different way by degrading the cell-wall structure of
susceptible cells (Hickey et al., 2003; Nilsen et al., 2003). It has been suggested that the
production of bacteriocins make their producers more competitive in certain ecological
niches (Eijsink et al., 2002). Another suggested role of bacteriocin system is that it acts
as toxin-antitoxin system to increase plasmid stability so that loss of plasmid oriented
ARGs can be prevented under non-selective conditions (Ness et al., 2014).

2.1.5. Antibiotic Resistance in Enterococci (Part five)
2.1.5.1. Molecular mechanism of resistance
Enterococci ranked among the most prevalent MDR nosocomial pathogen worldwide
(Gilmore et al., 2013). They are the third most commonly isolated healthcare pathogen
(Hidron et al., 2008) because of their evolving fitness due to horizontal transfer of MGEs
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(Van Tyne et al., 2013). The increase in resistance to various antibiotics results in loss of
protection from host colonization giving an opportunity for drug resistant ENT to invade
and proliferate uncontrollably in the intestinal niche. Horizontal acquisition of antibiotics
resistance was first described in 1970s. Resistance against multiple antibiotics were
classically attributed by chromosomal mutations and extrachromosomal elements acquired
from other bacteria in the environment (Fig. 2.4). Intrinsic resistance is contributed by
efflux pumps that expel multiple kinds of antibiotics. These efflux pumps are now
considered as major contributors to MDR in bacteria (Alekshun and Levy, 2007). Many
earlier and current studies revealed that our surrounding is surely a reservoir of antibiotic
resistance bacteria (Martins da’Costa et al., 2006; Ali et al., 2014; Ali et al, 2017; Zahid
et al., 2017). Acquired resistance via gene transfer is common among the organisms of the
same genus but it has also been observed between very different genera of G+ve and Gve bacteria.

Figure 2.4. Modes of acquired resistant by mutation of target gene in the chromosome
of bacteria (Adapted from Alekshun and Levy, 2007).

2.1.5.2. Aminoglycoside resistance
Enterococci preferably inhibits mammalian gut flora (Dadfarma et al., 2013). Extensive
use or misuse of antibiotic agents leads to the acquisition of multiple resistance genes in
ENT. Resistance to high-level gentamicin was first reported in a hospital patient with
enterococcal endocarditis from France in 1979 (Lopes et al., 2005). Resistance to
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aminoglycoside modifying enzymes (AMEs) can be intrinsic or acquired. These genes
could be located on chromosomes or plasmids as well as on transposons within a DNA
(Leelaporn et al., 2008). Despite having resistance to low level aminoglycosides, severe
infections caused by ENT require combination therapy of cell wall-active agents, like
vancomycin, ampicillin, penicillin and gentamicin for their treatment (Tamanna et al.,
2014). But this combination is no more effective in cases of infections caused by HLGRE
(Choi and Woo, 2013). High-levels of resistance to gentamicin (MIC ≥2,000µg/ml) is due
the
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aminoglycoside
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and
reduces
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aminoglycosides. The aac(6’)-aph (2’’) aminoglycoside gene is reported to be present on
one of the following composite transposons i.e. Tn5281, Tn4001 and its variants, Tn924,
Tn5384, Tn5385 and Tn5405 and its variants (Werner et al., 2013). Moreover, other AMEs
including aph (2’’) Ib, aph (2’’) Ic, aph (2’’) Id and aac (6’)-Ii has also been described in
ENT (Udo et al., 2004).

2.1.5.3. Glycopeptide resistance
Glycopeptide resistance (e.g. vancomycin and teicoplanin) is mediated by the alteration of
peptidoglycan synthesis pathway in particular the substitution of D-Alanine-D-Alanine to
either D-Alanine-D-Serine (D-Ala-D-Ser) or D-Alanine-D-Lactate (D-Ala-D-Lac).
Glycopeptide cannot enter bacterial cytoplasm and restricted to the exterior of cell where
they bind to cytoplasmic membrane and inhibit the peptidoglycan synthesis (Cattoir and
Leclercq, 2012). Acquired resistance to glycopeptide in ENT is attributed by
vanA/B/D/E/G/L/M/N genotypes, while vanC contributes to intrinsic resistance in E. cas
and E. gal. Among these, vanA and vanB are the most frequent types of resistance found
in ENT. High-level resistance to vancomycin (MIC >64 mg/L) is contributed by vanA
genotype, while different levels of low resistance (MIC 16-34 mg/L) is displayed by vanB
genotype (Cattoir and Leclercq, 2012). All the genotypes stated above provide resistance
to vancomycin alone except vanA and vanD, which provide resistance to both vancomycin
and teicoplanin (Alekshun and Levy, 2007).

2.1.5.4. Macrolide resistance
These are protein synthesis inhibitors and act by binding to the 50S subunit of the
ribosome. Despite the fact that macrolides (e.g. erythromycin and Clarithromycin) are not
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use to treat enterococcal infections, resistance against them is widespread among ENT.
Acquired resistance against macrolides is due to methylation of specific adenine in the 23S
rRNA of the 50S ribosomal subunit produce by a specific enzyme leading to reduction of
binding affinity of macrolide for the ribosome (Kristich et al., 2014). This typical enzyme
is encoded by the ermB gene whose phenotype is often referred to as MLSB i.e. macrolidelincosamide-streptogramin B (Clancy et al., 1996). The mef(A) gene also called as mef(E)
gene is present in different genus like Enterococcus, Streptococcus, Micrococcus luteus,
Corynebacterium encodes an efflux protein that pumps macrolides out of the cell (Clancy
et al., 1996; Kak and Chow 2002). In ENT, this gene appears to be on conjugative elements
and mediates low level of erythromycin resistance (MIC 2 to 16µg/ml) than the erm(B)
gene (MIC > 3216µg/ml) (Luna et al., 1999).

2.1.5.5. β-lactam resistance
Bacterial growth is inhibited in a way that these antibiotics represent themselves as suicide
substrates for the D,D-transpeptidase (also called Penicillin Binding Proteins; PBPs)
which catalyzes the cross linking of peptidoglycan peptide side chains. After the encounter
with beta lactams, the PBPs are inactivated and cannot continue cell wall synthesis. ENT
are intrinsically resistant to beta lactams, but this resistance depends on the classes of beta
lactams and on enterococcal species (like E. fm is bit more resistant than E. fl). Among
beta lactams, penicillin is most effective against ENT followed by carbapenems but
cephalosporins are completely ineffective (Kristich et al., 2014). Among different PBPs,
Pbp5, has low affinity for beta-lactams and is capable of synthesizing peptidoglycan at
concentrations on which other PBPs are inhibited (Canepari et al., 1986). Due to this
reason the Pbp5 is required for both intrinsic resistance (like for cephalosporins) and as
well acquired resistance e.g. ampicillin resistance (Kristich et al., 2014).

2.1.5.6. Chloramphenicol resistance
Resistance to chloramphenicol is found to be more than 50% in ENT by physicians,
although it is not frequently use as therapeutic agents (Jones et al., 2001; Pepper et al.,
1986). Chloramphenicol acetyltransferases (cat) are the enzymes responsible for the
resistance of chloramphenicol. cat enzymes from both G-ve and G+ve bacteria share high
degree of similarity. The cat resistance genes are usually plasmid oriented but sometimes
also found on chromosomes (Pepper et al., 1987; Trieu-Cuot et al., 1993). Findings
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revealed that cat resistance genes are horizontally transferred from different genus like
ENT, streptococci and staphylocci (Kak and Chow 2002).

2.1.5.7. Tetracycline resistance
Like chloramphenicol, tetracycline is also not routinely use for enterococcal infections.
Tetracycline inhibit protein synthesis by inhibiting binding of aminoacyl tRNA with
ribosome. Tetracycline resistance genes tet(L) and tet(K) encodes large proteins that cause
resistance by active efflux of tetracycline out of the cytoplasm (Bentorcha et al., 1991;
McMurry and Levy., 2000). Tet(L), the common efflux gene in ENT is located either on
conjugative plasmid or chromosome. Resistance to tetracycline and minocycline is
encoded by tet(O), tet(M) and tet(S). Tet(M), the most common resistance gene in ENT is
usually located on chromosome but can also be found on conjugative plasmids (Kak and
Chow., 2002). A recent study from our group (Zahid et al., 2017) showed high-level
resistance against tetracycline in environmental isolates.
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SECTION THREE
MATERIALS AND
METHODS
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3.0. Chapter 3
3.1. Materials and Methods
3.1.1. Collection of Samples and Isolation of Enterococci
3.1.1.1a. Sampling site, plan and isolation of Enterococci
Karachi, the gate way of Pakistan as well as the capital of Sindh province is a mega city
situated at the coast of the Arabian Sea lying north-west of the Indus River Delta. Karachi
is divided into 18 districts by metropolitan city government (Fig. 3.1). Sampling plan
involved every district of Karachi to represent it as 'a town-model system'.

Bulk soil: 500 bulk soil (BS) samples were collected during June 2010 to December
2011. Isolation procedure of ENT from BS was followed as described by Micallef et al.,
(2013) with some modifications. Briefly, soil samples (~10gms) were collected randomly
from every district of Karachi in sterile screw capped tubes and brought to laboratory. Soil
samples were enriched in BHI broth and plated on bile aesculine azide medium. Isolated
cultures were further purified by streaking on Slantez and Bartley medium (Oxoid,
Hampshire, UK).

Agriculture Soil: 118 isolates were recovered from 200 AS samples collected from
different agricultural regions of Karachi city (e.g. Malir, Korangi, Hub, Memon Goth) in
sterile screw cap tubes during July 2014 to December 2015. Enterococci were isolated
from AS samples using the above stated protocol.

Clinical samples: 30 CL isolates (from samples of urine, blood, kidney infections and
wound secretions) were provided from different diagnostics laboratories and hospitals of
Karachi. All CL isolates were reconfirmed and purified by streaking on Slantez and
Bartley agar plates and Hi-ChromeTM medium (HiMedia Laboratories, India). Typical
composition of Slantez and Bartley Medium and Hi-Chrome medium is given in table 3.1
A and B, respectively.

3.1.1.1b. Preservation of Enterococci:
Presumptive enterococcal isolates were preserved in BHI broth containing 0.5% glucose
and 20% glycerol at -80°C.
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3.1.1.2. Principle and Interpretation of SBA:
Yeast extract and Tryptose provide the necessary vitamins, nitrogen and minerals required for the
growth of ENT. G-ve organisms are inhibited by sodium azide. Triphenyl Tetrazolium Chloride
(TTC) forms a dark red colored compound by reducing insoluble formazan inside the bacterial cell.
When the medium is incubated at 44 or 45°C, reddish maroon colonies can be considered as
presumptive ENT (Taylor and Burman, 1964; Mead, 1966).

3.1.1.3. Principle and Interpretation of Hi-ChromeTM Enterococcus faecium agar
base:
Peptone special is a source of carbon, nitrogen and essential growth nutrients. Osmotic equilibrium
is maintained by NaCl, while toxic metabolites neutralizes by corn starch. Phenol red serves as pH
indicator. Enterococcus species produces an enzyme ‘glucosidase’ which specifically cleaves the
chromogenic substrate to produced blue colored colonies. Arabinose in the medium is fermented by
E. fm. Chromogenic substrate in the medium is cleaved to produce green colored colonies along with
yellow coloration of the medium. E. fl does not ferment arabinose and therefore retains blue color.

3.1.2. Bio-safety and Security
All experimental work was performed by assuring bio-safety and security using good laboratory
practices (GLP) and in Biosafety cabinet (Class II Type A2, ESCO, Japan). All used consumables,
media and any biomaterial waste are thoroughly autoclaved (LS-2D, Rexal Ind. Ltd. Taiwan) and/or
deactivated before normal discard.

3.1.3. Cultural Characteristics, Microbial identification and Biodiversity
3.1.3.1.

Cultural Characteristics

All the isolates were subjected for growth in 6.5% NaCl at 45°C. Bile aesculine hydrolysis and
reduction of 0.1% TTC in SBA were the parameters of selection.

3.1.3.2.

Colonial Morphology

The dynamics of colony appearance was used to calculate both stochastic start of growth and
microbial growth rate by the kinetic approach (Blagodatskaya and Kuzyakov, 2013). The test isolates
(~3 µl) were grown overnight on BHI and Nutrient agar (Oxoid, UK) at 370C and their phenotypic
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biodiversity (e.g. pigmentation) with respect to each media was noted. Typical composition of
Nutrient Agar and Brain Heart Infusion agar is given in table 3.1 C and D, respectively.
Table 3.1: Typical composition of different medias use for phenotypic
identification of enterococci
A: Typical composition of Slantez and Bartley medium
Typical formula

g/L

Tryptose

20.0

Yeast extract

5.0

Glucose

2.0

K2HPO4. 2H2O

4.0

Sodium azide

0.4

Tetrazolium chloride
0.1
Agar
10.0
TM
B: Typical composition of Hi-Chrome Enterococcus faecium agar base
Typical formula

g/L

Peptone special

23.0

Corn starch

1.00

Sodium chloride

5.00

Chromogenic substrate

0.10

Arabinose
Phenol red

10.0
0.10

Agar

15.0

C: Typical composition of Nutrient Agar
Typical formula

g/L

‘Lab-Lemco’ powder

1.0

Yeast extract

2.0

Peptone

5.0

Sodium chloride

5.0

Agar
D: Typical composition of Brain Heart Infusion Agar

15.0

Typical formula

g/L

Beef heart infusion solids

17.5

Proteose peptone

10.0

Glucose

2.0

Sodium chloride

5.0

Di-sodium phosphate

2.5
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3.1.3.3. Gram staining
Gram staining is a method of bacterial staining developed by a Danish bacteriologist Hans
Christian Gram in 1884. This technique is based on the difference in the composition of
bacterial cell walls and used to differentiate between G+ve and G-ve bacteria because
identification of both types of bacteria is necessary to initiate treatment by antibiotics since
G+ve and G-ve bacteria are often treated using different antibiotics. The two principle
types of bacteria can be differentiated from one another based on the thickness of the
murein layer. G+ve bacteria have a thick cell wall that consists primarily of a 15 to 80 nm
thick layer of up to 40 individual sheets of murein. In contrast, G-ve bacteria have only a
10 to 20 nm thick layer of murein that consists of only one or a few sheets. Furthermore,
they have a second outer membrane composed of lipids that is similar to the cell membrane
on the outside of the cell wall (Fig 3.2A). Process of Gram staining is shown in (Fig 3.2B)
and followed as ideally described by (Spodzieja et al., 2017) using ready to use Gram
staining solutions (Scharlau, Spain)
A

B
2-3 mins

96% alcohol

Fig. 3.2. (A) Gram positive vs. Gram negative bacteria. (B)
Procedure of Gram staining for Gram-positive and Gram-negative
bacteria
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3.1.3.4. Catalase Test
Enterococci are catalase negative organisms, but some species are pseudo-catalase positive.
For catalase assay, test isolates were grown on nutrient agar and 5% HP (G. Abbas Scientific,
Karachi) solution was poured by dropper on each colony. Colonies which produced bubbles
on dropping of HP were considered catalase positive.

3.1.4. Identification
3.1.4.1. Preliminary Biochemical Identification
Selected soil isolates having diverse morphological and phenotypic characters were subjected
for identification step after Gram stain and hemolytic reaction tests. RapID STR kits (Remel,
USA) were used for the identification. Bacterial suspension equal to McFarland turbidity
standard #1 were mixed in inoculation fluid (as prescribed by the vendor) inoculated in the
identification kits and incubated for 4hrs at 37°C. After incubation, color change due to
different sugar hydrolysis was observed, recorded and analyzed with the help of ERIC
electronic code compendium software (RapID Remel, USA).

3.1.4.2. Genotypic Identification by Polymerase Chain Reaction (PCR)
The recent development in science and technology has transformed the application of PCR as
it was first discovered. Meant for targeted detection and huge amounts of DNA amplification,
PCR based strategies has accelerated huge scientific endeavors from diagnosis to ‘Human
Genome Project’. The process of PCR is simple, elegant and enzyme based. ‘Lets you pick the
piece of DNA you’re interested in and have as much of it as you want’, said Dr. Kary Mullis,
the discoverer of PCR (Mullis, 1990). Variety of sources can be used as template DNA for
PCR including microbes, peripheral blood, hair, skin, saliva and different tissues. PCR is a
sensitive technique because it requires only trace amounts of DNA as a starting material.
Requirement of PCR assay includes primers, template DNA, nucleotides and thermostable
DNA polymerase. Short nucleotide sequences complimentary to the target DNA are called
primers. Primers specify the exact DNA product to be amplified and serve as an extension
point for the DNA polymerase to build on. DNA polymerase links individual nucleotides
together producing PCR product or amplicon. The four bases [thymine, adenine, guanine and
cytosine (A, T, C, G)] are used by DNA polymerase to create the resultant PCR product
(Garibyan and Avashia, 2013).
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The PCR use to detect absence or presence of a specific gene is called ‘Qualitative PCR’.
On the other hand, ‘Quantitative PCR’ (real time or qRT-PCR) provides information
about the quantity of a specific DNA present in sample along with detection in real time
i.e. while it is being synthesized (VanGuilder et al., 2008). Florescent dyes and sequence
specific DNA probes are used for the detection and quantification of the product of real
time PCR. Real time PCR can also be used for quantification of cDNA after combining
with reverse transcription in which messenger RNA (mRNA) can be converted to
complementary DNA (cDNA) (Valasek and Repa, 2005).
DMSO (1-10%) increase renaturation of DNA strands and prevent nucleic acid from
depurination. It also helps in improving yields especially in long range PCRs. It also
reduces non-specific priming. In concentrations >10%, DMSO acts as an inhibitor of
PCR.
Mg+2 ions forms soluble complex with dNTPs to produce the actual substrate that the
polymerase recognizes. Mg+2 concentration depends on dNTPs concentration.
PCR components are mixed in a PCR tube (0.2ml) or 96 well plate and place in a machine
called thermocycler which has a thermal block with holes with highly precise and
controlled time dependent temperature change. The basic steps of PCR consist of
denaturation, annealing and elongation (Fig 3.4).

Figure 3.4. Schematic presentation of the PCR principle
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3.1.4.3. PCR Template
For routine PCR template DNA was prepared as describe by Champagne et al (2011).
Briefly, a single colony was grown overnight in 1ml TSB. The cells were centrifuged at
12,000 x g for 10mins (Biofuge primo R, Heraeus, Japan). The supernatant was discarded,
and the pellet was re-suspended in 200µl of molecular biology grade water. Cells were
lysed by boiling at 99°C for 15mins and placed on ice for 1min. The lysate was again
centrifuge at 12,000 x g for 5mins to pellet the cell debris and this time the supernatant
containing the DNA was transferred in a new sterile Eppendorf tube and stored at -20°C
till further use.

3.1.4.4. Primers
The success of PCR is highly dependent on specific designed small synthetic
oligonucleotides (termed as primers) that hybridize to complimentary DNA sequence.
These primers work in pair of two i.e. forward and reverse primers and anneal exclusively
to the targeted locus of DNA. There are many physical factors which define the stability
of a primer which include, Melting Temperature (Tm): The Tm of the primers used must
be similar to ensure a consistent performance. Tm is helpful in determining the annealing
temperature (Ta) and a straight forward estimation of DNA-DNA hybrid stability (Burpo,
2001). GC content: G-C pairing involves three hydrogen bonds as compared to A-T, which
has two hydrogen bonds in between. A general rule is to limit G-C content of primers
between 40 and 60% (Li et al., 1997). GC Clamp: Most primers have a G-C type
nucleotide pair (CC, GG, GC, CG) at the 3’ end. This enables the primers to hybridize
strongly or create a clamp like effect at the point of polymerization with Taq polymerase
(Lowe et al., 1990). Self-Complementarity: Self-Complementarity results in the formation
of secondary structure in the oligonucleotide or binding to another copy of itself forming
primer dimer that can extend during polymerization. In both cases, the primer is unable to
bind to target DNA. Many primer design programs prevent both the self-complementarity
by conducting a comparison between primer pairs or to reverse copy of itself to identify a
primer dimer (Burpo, 2001). Primer Length: It is a function of the competing criteria of
hybridization stability, uniqueness, and cost-minimization by seeking the shortest
oligonucleotide. It is reported that increasing primer length may also increase nucleotide
mismatch tolerance (Rubin and Levy, 1996).
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The primers used in this study for amplification of Enterococcus genus and species
along with other putative virulent factors and antibiotic resistance genes are listed in
Table 3.2, 3.5 and 3.7, respectively. All primers were synthesized by Eurofins
(Operon, USA). Stock solution of primers (100µM) was prepared in Tris EDTA
buffer [1M Tris HCl (pH 8.0), 0.25M EDTA].

3.1.4.5. Microbial biodiversity and PCR conditions for identification
Identification of all the presumptive ENT by multiplex-PCR was performed in seven
Enterococcus groups utilizing different sets of sodA gene (species specific) primers
along with 16s rDNA gene (genus-specific) primers as initially described by Jackson
et al. (2012) and modified by us (Ali et al., 2014). 1kb and ultralow DNA ladders
(Fermentas, Leon-Rot, Germany) were used as standards. The ATCC species, E.
casseliflavus 25788, E. raffinosus 49464, E. durans 6056, E. hirae 8043, E. faecium
6569 and E. faecalis 51299 (Oxoid) were used as positive controls. Master mix
consists of KAPA2G Fast HotStart ready mix (KAPA BioSystems, USA), 1.5mM
additional MgCl 2, 1.25µl of genus specific primers (16µM), 2.5µl of E. fl,
gallinarum, dispar, saccharolyticus and malodoratus primers while for the rest of all
other species, 1.25µl (16µM) of primers were used. While 1.25µl of lysate was used
as template. PCR was performed in a master cycler (ProS Eppendorf, Germany) with
the thermal conditions describe in Table 3.5A. 2% agarose gel stained with ethidium
bromide (EtBr) was used in electrophoresis at 100V for 45min and product was
visualized by UV transilluminator (UVP, UK). 1kb and ultralow DNA marker
(Fermentas, Germany) were used as standards.

4.1.4.6. Genetic typing of Enterococci
It is important to investigate genetic relationship between microbes isolated from
different sources like environmental and clinical settings. For this purpose, BOX,
ERIC and RAPD PCR were performed independently using the specific
oligonucleotide primers and conditions described elsewhere (Jackson et al. 2012;
Muñoz-Atienza et al., 2016) with some modifications described by us (Ali et al.,
2014; 2017; Zahid et al., 2017). The resulting patterns obtained from three different
Rep-PCRs were interpreted on the basis of dendogram using UPGMA and similarity
based on the Dice coefficient analyzed with GelJ software v.2.0 (Heras et al. 2015).
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3.1.4.6.1. BOX PCR:
Reaction mix consists of Dream Taq Green PCR (2X) master mix (Thermo
Scientific, Waltham MA, USA), 1.5mM additional MgCl 2 , 3.0µl of BOXA2R
primer (100µM), 2.5µl of 10% DMSO, while 2.5µl of lysate was used as template
in 18.25µl total reaction volume. PCR thermal cycler conditions are described in
table 3.5B.

3.1.4.6.2. RAPD PCR
Reaction mix consists of Dream Taq Green PCR (2X) master mix (Thermo
Scientific, Waltham MA, USA), 1.0mM additional MgCl 2 , 3.0µl of RAPD M13
primer, 2.5µl of 10% DMSO, while 2.5µl of lysate was used as template in 18.25µl
total reaction volume. 1.7% agarose gel was run at 70V for 3.5hours with 10µl EtBr
in total volume of 400ml gel. PCR thermal cycler conditions are described in table
3.5B.

3.1.4.6.3. ERIC PCR
Reaction mix consists of Dream Taq Green PCR (2X) master mix (Thermo
Scientific, Waltham MA, USA), 1.0mM additional MgCl 2 , 0.6µl of ERIC primer
(100µM), 2.5µl of 10% DMSO, 2.5µl of lysate as template and nuclease free water
was used to make up total volume of 17.45µl. 1.7% agarose gel was run at 70V for
8.5hours with 15µl EtBr in total volume of 400ml gel. PCR thermal cycler
conditions are described in Table 3.5C.

3.1.4.6.4. Whole cell protein finger printing by SDS PAGE
All AS HLGRE were grown in BHI broth for 24 hrs at 37°C. Preparations of extracts
and analysis of whole cell protein profiles by one-dimensional sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SDS-PAGE) were performed as
outlined by (Teixeira et al., 2001).
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Table 3.2. List of primers used in this study for the identification of Enterococcus sp. based on sodA gene as described by Ali et al. (2014).
Species specific primer
E. asini ATCC 700915
E. avium ATCC 14025
E. casseliflavus ATCC 25788
E. cecorum ATCC 43198
E. columbae ATCC 51263
E. dispar ATCC 51266
E. durans ATCC 19432
E. faecalis ATCC 19433
E. faecium ATCC19434
E. flavescens ATCC 49996
E. gallinarum ATCC 49673
E. gilvus ATCC BAA-350
E. hirae ATCC 8043

Primer Sequence (5’-3’)
GCA-TCA-TGA-CAA-GCA-TCA-CGC
GGC-TTT-TTG-CCT-TCA-GAT-AAA
GCT-GCG-ATT-GAA-AAA-TAT-CCG
AAG-CCA-ATG-ATC-GGT-GTT-TTT
TCC-TGA-ATT-AGG-TGA-AAA-AAC
GCT-AGT-TTA-CCG-TCT-TTA-ACG
AAA-CAT-CAT-AAA-ACC-TAT-TTA
AAT-GGT-GAA-TCT-TGG-TTC-GCA
GAA-TTT-GGT-ACC-AAG-ACA-GTT
GCT-AAT-TTA-CCG-TTA-TCG-ACT
GAA-CTA-GCA-GAA-AAA-AGT-GTG
GAT-AAT-TTA-CCG-TTA-TTT-ACC
CCT-ACT-GAT-ATT-AAG-ACA-GCG
TAA-TCC-TAA-GAT-AGG-TGT-TTG
ACT-TAT-GTG-ACT-AAC-TTA-ACC
TAA-TGG-TGA-ATC-TTG-GTT-TGG
GAA-AAA-ACA-ATA-GAA-GAA-TTA-T
TGC-TTT-TTT-GAA-TTC-TTC-TTT-A
GAA-TTA-GGT-GAA-AAA-AAA-GTT
GCT-AGT-TTA-CCG-TCT-TTA-ACG
TTA-CTT-GCT-GAT-TTT-GAT-TCG
TGA-ATT-CTT-CTT-TGA-AAT-CAG
CTG-GCT-GGG-CTT-GGC-TAG-TGA
ATA-ATC-GGT-GTT-TTA-CCG-TCT
CTT-TCT-GAT-ATG-GAT-GCT-GTC
TAA-ATT-CTT-CCT-TAA-ATG-TTG

Ta °C

Product length (bp)

(60)

365

(55)

368

(55)

288

(55)

371

(55)

284

(60)

284

(55)

295

(55)

360

(55)

215

(60)

284

(55)

173

(60)

98

(55)

187
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E. malodoratus ATCC 43197

GTA-ACG-AAC-TTG-AAT-GAA-GTG
TTG-ATC-GCA-CCT-GTT-GGT-TTT

(55)

134

E. mundtii ATCC 43186

CAG-ACA-TGG-ATG-CTA-TTC-CAT-CT
GCC-ATG-ATT-TTC-CAG-AAG-AAT

(60)

98

(60)

160

(60)

280

(60)

173

(55)

287

(60)

371

(55)

100

(55)

371

(60)

173

E. pallens ATCC BAA-351
E. porcinus/villorum ATCC 700913
E. pseudoavium ATCC 49372
E. raffinosus ATCC 49427
E. saccharolyticus ATCC 43076
E. seriolicida ATCC 49156
E. solitarius ATCC 49428
E. sulfureus ATCC 49903

TGG-CAC-CAA-ATG-CTG-GCG-GAA
TGG-TGT-AGA-AGT-AAT-TTC-AAG
TGG-TTT-CTG-ATA-TGG-ATG-CGA
GTA-ATC-GCT-AAT-TTC-TCT-CCA
TCT-GTT-GAG-GAT-TTA-GTT-GCA
CCG-AAA-GCT-TCG-TCA-ATG-GCG
GTC-ACG-AAC-TTG-AAT-GAA-GTT
AAT-GGG-CTA-TCT-TGA-TTC-GCG
AAA-CAC-CAT-AAC-ACT-TAT-GTG
GTA-GAA-GTC-ACT-TCT-AAT-AAC
ACA-CAA-TGT-TCT-GGG-AAT-GGC
AAG-TCG-TCA-AAT-GAA-CCA-AAA
AAA-CAC-CAT-AAC-ACT-TAT-GTG-ACG
AAT-GGA-GAA-TCT-TGG-TTT-GGC-GTC
TCA-GTG-GAA-GAC-TTA-ATC-GCA
CCA-AAT-GTA-TCT-TCG-ATC-GCT

Primer used in this study for the identification of Enterococcus genus based on 16SrRNA gene as described by Ali et al. (2014).
E1/E2

TCA-ACC-GGG-GAG-GGT
ATT-ACT-AGC-GAT-TCC-GG

(60)

733
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Table 3.3: Illustrations for the PCR protocol used for identification and genetic typing
by Rep-PCR of enterococci
Gene name
(Reference)

Thermal cycler conditions

A

95°C

95°C

4min

30sec

72°C

72°C

1min

7min

16SrRNA and
sodA genes for
Identification
(Jackson et al.,
2012; Ali et al.,
2014).

55°C/60°C

1min

22°C

X35
hold

BOX (Ali et al.,
2014)
and
RAPD PCR (Ali
et al., 2017)

B
95°C

90°C

5min

30sec

65°C
40°C

8min

68°C
16min

1min

4°C

X35
hold

C

94°C
3min

94°C
30sec

40°C
2min

65°C

68°C

10min

16min

ERIC
PCR
(Hasan et al.,
2018)
4°C

X40
hold
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3.1.5.
3.1.5.1.

Virulence Determinants
Phenotypic assessment

All the bacterial cultures used in phenotypic tests were adjusted in turbidity to 0.5 McFarland (1.5
x 108 CFU ml-1) as standard.

3.1.5.1.1. Gelatinase Assay
Gelatinase screening assays were performed as described by Moraes et al., 2012. Briefly, ~3µl of
test isolates were grown on nutrient agar supplemented with 3% gelatin (Oxoid, UK)
microbiological grade (Table 3.4A) and incubated for overnight at 37°C and finally overlaid with
saturated ammonium sulfate (Merck, Germany) solution. After incubation and development,
colonies having clear transparent zone of hydrolysis around them were considered positive.

3.1.5.1.2. Urease Assay
For urease production, urea agar base is used. Table 3.4B shows the typical composition of urea
agar base (Ali et al., 2017).

3.1.5.1.3. Lipase Assay
For lipase assay, tributyrin agar method was used. Briefly, enterococcal isolates were streaked on
Tributyrin agar plates and incubated at 37°C for 24-48hours. Lipolytic activity was detected by
clear zone surrounding the growth (Jaouani et al., 2015). Typical composition of lipase agar is
mentioned in Table 3.4C.

3.1.5.1.4. DNAse Assay
DNAse activity was performed as described by Barbosa et al., (2015). Briefly, DNase agar (Oxoid,
UK) supplemented with 0.05g/L of methyl green (Sigma) was used for assay. Plates were
incubated at 37°C for 24hours. Clear halo around the colonies was indicative of a positive result.
Typical composition of DNase agar is given below (Table 3.4D).

3.1.5.1.5. Hemolytic Assay
Different types of hemolysis can be screened by using Columbia agar and Trypticase soy agar
supplemented with 5% (v/v) defibrinated sheep blood (Knudtson and Hartman, 1992). Production
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of hemolytic Cyt for all isolates was checked by growing them on 5% washed human erythrocytes
on blood agar (Oxoid, U.K) plates. The plates were spot-inoculated by ~3μl of broth suspension
and incubated in the CO2 incubator for 24-48hours at 37oC. The production of Cyt(s) was observed
as clear zone of total hemolysis (β-hemolysis) around the colonies (Ali et al., 2014; 2017). Typical
composition of blood agar base is summarized in Table 3.4E.
Table 3.4: Typical composition of medias used for phenotypic determination of different virulent
factors
A: Typical composition of Gelatinase Agar
gm/L
Peptone from meat

5.0

Meat extract

3.0

Agar-agar

12.0

Gelatin powder

30.0

Peptone from meat

5.0

B: Typical composition of Urea agar base
Peptone

1.0

Glucose

1.0

Sodium chloride

5.0

Monopotassium phosphate

2.0

Phenol red

0.012

Agar

15.0

Urea

20.0

C: Typical composition of Lipase Agar
Peptic digest of animal tissue

5.0

Yeast extract

3.0

Tributyrin

10.0ml/L

Agar

15.0

D: Typical composition of DNase Agar
Tryptose

20.0

Deoxyribonucleic acid

2.0

Agar

12.0

Sodium chloride

5.0

E: Typical composition of Blood Agar Base
‘Lab Lemco’ powder

10.0

Peptone
Sodium chloride

10.0
5.0

Agar

15.0
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3.1.5.1.6. Biofilm Assay
For biofilm assay, isolates were grown in TSB with 0.5% glucose. Overnight culture was diluted
to 1:40 in fresh TSB supplemented with 0.5% glucose. 200µl of the diluted culture was added
to flat bottom polystyrene microtiter plates in triplicate and incubated for 48hours at 37oC. After
incubation, the plates were washed thrice with water automatically in plate washer (Columbus
TECAN, Männedorf, Austria) and dried in inverted position for an hour. Dried plates were
stained with 0.1% solution of safranin (Scharlau, Barcelona, Spain), washed, air dried and then
OD was measured at 490 nm in a microplate reader (Sunrise TECAN, Männedorf, Austria).
Values above 0.2 were considered as high biofilm producer. Values greater or equal to 0.1 were
considered as moderate biofilm producer and the values below 0.1 were considered as no or low
biofilm production (Ali et al., 2014).

3.1.5.1.7. Bacterial Antagonism
3.1.5.1.7.1. Spot over-lawn method
Bacterial antagonism was checked against Listeria Monocytogenes ATCC 13932 by spot overlawn method. 150µl of indicator strains was added in 100ml BHI soft agar (1%). The plates were
allowed to solidify and ~3µl of test isolates were spotted on the plate and incubated at 37oC for
24-48hours. Zone of inhibition around the colonies were considered as enterocin producer (Ali
et al., 2014).

3.1.5.1.7.2. 96-well microplate growth inhibition assay
Anti-bacterial activity of selected Bac+ (multiple bacteriocin producers) isolates [namely AS13,
AS20, AS17, AS01, AS08 and Producer (E. fm HA121, in house positive control)] was also
evaluated by 96-well microplate growth inhibition assay (Vijayakumar and Muriana, 2015).

3.1.5.1.7.2.1.

Bacteriocin preparation

Enterococcal Bac+ isolates (5ml) were propagated in TSB overnight at 37°C. After growth,
culture was centrifuge (Biofuge primo R, Heraeus Japan) at 6500rpm for 15min at refrigerated
conditions (4°C). After centrifugation, the supernatant was filter sterilized by 0.2µ pore size filter
paper (Millipore, Merck US) and aliquoted into 1mL eppendorf tubes for use in further
experiments.
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3.1.5.1.7.2.2.

Neutralization and heat pasteurization of culture supernatant

Before neutralization culture supernatants were checked for their pH. Cell-free bacteriocin
preparations were neutralized as described by (Vijayakumar and Muriana, 2015).

3.1.5.1.7.2.3.

Microplate turbidometric growth inhibition assay:

100µl of L. monocytogenes ATCC13932 was inoculated into wells of 96-well flat bottom
microtiter plate (Corning Incorporated, Costar, USA). Bacteriocin preparations (100μl) were
added and mixed by aspiration using research grade pipette. Sterile TSB and well filled with
producer strain (in house control) was used as negative and positive controls, respectively. The
96 well plate was covered by ultra clean film (sealer) to prevent evaporations and well to well
contamination. The plate was incubated at 37°C for 48hours and O.D was measured after every
6hours at 595nm. The resultant O.D was plotted against time to illustrate the anti-listerial
activity.

3.1.5.2.

PCR Based Amplification of Putative Virulence Genes

For all PCR assays (unless otherwise stated), Dream Taq Green PCR (2X) master mix (Thermo
Scientific, Waltham MA, USA) was used along with 16µM of each primer (Eurofins, Huntsville
USA) and 2µl of lysate as PCR template in a final volume of 25µl. Amplification was performed
in a master cycler (ProS Eppendorf, Hamburg, Germany). 2% agarose gel was run at 100V for
45mins for the separation of bands. All products were visualized by UV transilluminator (UVP,
UK). 1kb and ultralow DNA ladders (Fermentas, Germany) were used to access size.
For the amplification of catalase (kat) gene, PCR master mix contains KAPA2G Fast HotStart
ready mix (KAPA BioSystems, USA) (2X), 16µM of each primer and 2µl of PCR template in
a final volume of 25µl.
For the amplification of aggregation substance (agg or AP) gene, PCR master mix contains
Qiagen multiplex master mix (2X), 16µM of each primer and 2µl of PCR template in a final
volume of 25µl.
Table 3.6A-M shows the PCR protocol for amplification of putative virulence genes.
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Table 3.5. List of primers used in this study to amplify different virulence factors
Virulent
factors

Gene

Primer Sequence (5’-3’)

Product
length
(bp)

espTIM

CTT-TGA-TTC-TTG-GTT-GTC-GGA-TAC
TCC-AAC-TAC-CAC-GGT-TTG-TTT-ATC

475

Werner et al., 2011

CL1A (E. fl)

agg

AAG-AAA-AAG-AAG-TAG-ACC-AAC
AAA-CGG-CAA-GAC-AAG-TAA-ATA

1,553

Lanthier et al., 2010

P468 (E. fl)

GGC-CAG-AAA-CGT-AAC-CGA-TA
CGC-TGG-GGA-AAT-CTT-GTA-AA

353

Camargo et al., 2006

ATCC6569 (E. fm)

efaAfm

AAC-AGA-TCC-GCA-TGA-ATA
CAT-TTC-ATC-ATC-TGA-TAG-TA

735

efaAfs

GAC-AGA-CCC-TCA-CGA-ATA
AGT-TCA-TCA-TGC-TGT-AGT-A

705

asa

GCA-CGC-TAT-TAC-GAA-CTA-TGA
TAA-GAA-AGA-ACA-TCA-CCA-CGA

375

ace

AAA-GTA-GAA-TTA-GAT-CCA-CAC
TCT-ATC-ACA-TTC-GGT-TGC-G

320

ccf

GGG-AAT-TGA-GTA-GTG-AAG-AAG
AGC-CGC-TAA-AAT-CGG-TAA-AAT

542

AS25(E. fl)

cpd

TGG-TGG-GTT-ATT-TTT-CAA-TTC
TAC-GGC-TCT-GGC-TTA-CTA

782

AS25(E. fl)

cob

AAC-ATT-CAG-CAA-ACA-AAG-C
TTG-TCA-TAA-AGA-GTG-GTC-AT

1,405

AS25(E. fl)

eep

GAG-CGG-GTA-TTT-TAGTTC-GT
TAC-TCCAGCATTGGATGCT

937

AS25(E. fl)

Biofilm associated genes

acm

Reference

Positive control

Eaton and Gasson,
2001

A46 (E. fm)
P468 (E. fl)

Biendo et al., 2010
F40 (E. fl)
Duprè et al., 2003

Lanthier et al., 2010
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Gelatinase operon genes
Cytolysin operon genes
Enterocin genes

gelE

ACC-CCG-TAT-CAT-TGG-TTT
ACG-CAT-TGC-TTT-TCC-ATC

419

sprE

TTG-AGC-TCC-GTT-CCT-GCC-GAA-AGT-CAT-TC
TTG-GTA-CCG-ATT-GGG-GAA-CCA-GAT-TGA-CC

591

fsrA

ATG-AGT-GAA-CAA-ATG-GCT-ATT-TA
CTA-AGT-AAG-AAA-TAG-TGC-CTT-GA

740

fsrB

GGG-AGC-TCT-GGA-CAA-AGT-ATT-ATC-TAA-CCG
TTG-GTA-CCC-ACA-CCA-TCA-CTG-ACT-TTT-GC

566

fsrC

ATG-ATT-TTG-TCG-TTA-TTA-GCT-ACT
CAT-CGT-TAA-CAA-CTT-TTT-TAC-TG

1,343

cylLL

GAT-GGA-GGG-TAA-GAA-TTA-TGG
GCT-TCA-CCT-CAC-TAA-GTT-TTA-TAG

253

CL9-1(E. fl)

cylLs

GAA-GCA-CAG-TGC-TAA-ATA-AGG
GTA-TAA-GAG-GGC-TAG-TTT-CAC

240

-

cylM

AAA-AGG-AGT-GCT-TAC-ATG-GAA-GAT
CAT-AAC-CCA-CAC-CAC-TGA-TTC-C

2,940

cylB

AAG-TAC-ACT-AGT-AGA-ACT-AAG-GGA
ACA-GTG-AAC-GAT-ATA-ACT-CGC-TAT-T

2,020

ATCC29212 (E. fl)

cylA

ACT-CGG-GGA-TTG-ATA-GGC
GCT-GCT-AAA-GCT-GCG-CTT

688

CL9-1(E. fl)

entA

ATG-AAA-CAT-TTA-AAA-ATT-TTG-TCT-ATT-AAA-G
TTA-GCA-CTT-CCC-TGG-AAT-TGC-TCC

1,770

entB

AGA-CCT-AAC-AAC-TTA-TCT-AAA-G
GTT-GCA-TTT-AGA-GTA-TAC-ATT-TGC

126

entP

ATG-AGA-AAA-AAA-TTA-TTT-AGT-TTA-GCT-CTTATT-GG
TTA-ATG-TCC-CAT-ACC-TGC-CAA-ACC-AG

216

A94a (E. fl)

Lopes Mde et al.,
2006
AS25(E. fl)

Semedo et al., 2003

Almeida et al., 2011

-

HA121-Producer (E.
fm)
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Insertion
sequence
element gene
Catalase
gene
Lipase
gene

Ef1097

GGC-GAT-GGC-ATT-ACT-AAT-GAC-ATT-AGG
CTT-AGC-CCA-CAT-TGA-ACT-GCC-CAT-AAA-GC

408

D78 (E. fl)

enlA

CGA-TTT-CTG-TTG-TAG-GAA-CC
GTA-CAT-CTC-CAT-ATA-CTT-TTC-C

1,405

CL1A (E. fl)

CATG-TTC-CAG-CAA-CCA-GAG
TCA-AAA-AGT-GGG-CTT-GGC

547

Werner et al., 2011

CL1A (E. fl)

kat

ACC-CCG-TAT-CAT-TGG-TTT
ACG-CAT-TGC-TTT-TCC-ATC

419

Hasan et al., 2018

ATCC51299 (E. fl)

Lip-fm

TTG-AGC-TCC-GTT-CCT-GCC-GAA-AGT-CAT-TC
TTG-GTA-CCG-ATT-GGG-GAA-CCA-GAT-TGA-CC

591

Lip-fl

ATG-AGT-GAA-CAA-ATG-GCT-ATT-TA
CTA-AGT-AAG-AAA-TAG-TGC-CTT-GA

IS16

HA121-Producer (E.
fm)
Ali et al., 2017

740

ATCC29212 (E. fl)
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Table: 3.6: Illustrations for the PCR protocol used for the amplification of putative
virulence genes.
Thermal cycler Programme

Gene name
(Reference)

A

95°C

95°C

3min

30sec

55°C

72°C

72°C

gelE, sprE, fsrA,

1min

7min

fsrB, fsrC genes
22°C

1min

2006).

X35

B

95°C

95°C

5min

30sec

hold
72°C

54°C

1min

72°C

lip-fm and lip-fl

7min

genes (Ali et al.,
22°C

1min
X35

C

95°C

95°C

4min

30sec

1min

72°C

kat gene (Hasan et

7min

al., 2018)

1min

22°C

X35

D

95°C

95°C

3min

30sec

57°C

hold

72°C

72°C

cylLL, cylM, cylB,

1min

7min

cylA (Semedo et
22°C

1min
X35

E

95°C

95°C

3min

30sec

55°C

72°C

72°C

efaAfs and efaAfm

1min

7min

(Eaton and Gasson,
2001)
22°C

X35

95°C

95°C

5min

30sec

59°C
1.5min

al., 2003)

hold

1min

F

2017).

hold
72°C

58°C

(Lopes Mde et al.,

hold
72°C

72°C

espTIM (Werner et

2min

7min

al., 2011)
22°C

X35
hold
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G

95°C

95°C

3min

30sec

56°C

72°C

72°C

1min

7min

X35

95°C
3min

30sec

56°C

1min

(Biendo

95°C

5min

30sec

22°C

1.5min

95°C

5min

30sec

52°C

agg or AP gene

68°C

(Lanthier

10min
22°C

X35

95°C

2010; Duprè et al.,
2003)

1.5min

J

al.,

hold

72°C
52°C

et

7min

X35

95°C

ace and asa1 gene

72°C

1min

I

2006)

hold

72°C

95°C

gene

(Camargo et al.,
22°C

1min

H

acm

et

al.,

2010)

hold
72°C

68°C

1.5min

10min

ccf, cpd, eep, cob
genes (Lanthier et
al., 2010)

1.5min

22°C

X35
hold

K

95°C

95°C

3min

30sec

57°C

72°C

72°C

1min

7min

entP, entA, entB,
ef1097
(Almeida

1min

22°C

X35

L

95°C

95°C

5min

30sec

57°C

gene
et

al.,

2011)

hold

72°C

68°C

1.5min

10min

enlA
(Almeida

gene
et

al.,

2011)
1min

22°C

X35

M

95°C

95°C

5min

30sec

hold

72°C
56°C
1min
X35

1min

IS16 gene (Werner

72°C

et al., 2011)
7min
22°C
hold
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3.1.6. Antibiotic Resistance Profiling
3.1.6.1. Phenotypic Assessment
All susceptibility tests were conducted as per CLSI standards and recommendations (CLSI
2011) and validated at least with two different methods.

3.1.6.1.1. Agar Dilution Method
For high throughput antimicrobial susceptibility screening of ENT isolates, we used agar
dilution method. The following antibiotics were used: vancomycin (30µg/ml), ampicillin
(30µg/ml), erythromycin (50-150µg/ml), gentamicin (256-2048µg/ml), kanamycin (5001000µg/ml), bacitracin (32-512µg/ml), neomycin (32-512µg/ml), chloramphenicol
(30µg/ml), ceftriaxone (15µg/ml), tetracycline (32µg/ml), lincomycin (4µg/ml),
ciprofloxacin (4µg/ml), clarithromycin (32µg/ml) and two heavy metals including
CuSO4.5H2O (4-8mM) and ZnCl2 (4-8mM).

3.1.6.1.2. Micro Broth Dilution Method:
Selected high level gentamicin resistant enterococci (HLGRE) were also subjected to
gentamicin MIC determination (16µg/ml to 2048µg/ml) by micro-broth dilution method
(Andrews 2001). Briefly, tryptic soya yeast extract (TYSE) media (30gm TSB + 3gm yeast
extract/liter) was used for MIC determination. Each well of 96 well plate was filled with
100µl of TYSE and 99µl of highest concentration of antibiotic was added and serially
diluted to lowest concentration. Finally, 1µl of bacterial culture (equal in turbidity to
0.5McFarland’s standard) was added and mixed well. Each plate was placed at 37°C for
24hours. The well showing no visible growth was considered as lowest concentration of
antibiotic and MIC for the respective organism.

3.1.6.2. Molecular Assessment of Antibiotic and Heavy Metal Resistance
Genes
For all PCR assays (unless otherwise stated), Dream Taq Green PCR (2X) master mix
(Thermo Scientific, Waltham MA, USA) was used along with 16µM of each primer
(Eurofins, Huntsville USA) and 2µl of lysate as PCR template in a final volume of 25µl.
Table 3.8A-G shows the thermocycler programme for the amplification of antibiotic
resistance genes.
Page | 71

Table 3.7. List of primers used in this study to amplify different resistance genes
Gene

Primer Sequence (5’-3’)

Product
length (bp)

Reference

Positive control

ermB

GAA-AAG-GTA-CTC-AAC-CAA-ATA
AGT-AAC-GGT-ACT-TAA-ATT-GTT-TAC

639

Zou et al., 2011

AS25 (E. fl)

tetL

CAT-TTG-GTC-TTA-TTG-GAT-CG
ATT-ACA-CTT-CCG-ATT-TCG-G

488
Nehzad Fard et al., 2011

A146 (E. fm)

tetM

GTT-AAA-TAG-TGT-TCT-TGG-AG
CTA-AGA-TAT-GGC-TCT-AAC-AA

657

Tn916-1546

GCGTGATTGTATCTCACT
GAC-GCT-CCT-GTT-GCT-TCT

1,046

Macovei and Zurek, 2006

ATCC29212 (E. fl)

gyrA

CGG-GAT-GAA-CGA-ATT-GGG-TGT-GA
AAT-TTT-ACT-CAT-ACG-TGC-TTC-GG

241

AAT-GAA-TAA-AGA-TGG-CAA-TA
CGC-CAT-CCA-TAC-TTC-CGT-TG

el Amin et al., 1999

AS144 (E. fm)

parC

191

pbp5

AAC-AAA-ATG-ACA-AAC-GGG
TAT-CCT-TGG-TTA-TCA-GGG

779

Obeng et al., 2013

AS144 (E. fm)

aac6-aph2

CCA-AGA-GCA-ATA-AGG-GCA-TA
CAC-TAT-CAT-AAC-CAC-TAC-CG

220

aph(3)-IIIa

GGC-TAA-AAT-GAG-AAT-ATC-ACC-GG
CTT-TAA-AAA-ATC-ATA-CAG-CTC-GCG

523

ant(4)-Ia

CAA-ACT-GCT-AAA-TCG-GTA-GAA-GCC
294
GGA-AAG-TTG-ACC-AGA-CAT-TAC-GAA-CT

aac(3)-I

ACC-TAC-TCC-CAA-CAT-CAG-CC
ATA-TAG-ATC-TCA-CTA-CGC-GC

169

P153b (E. fl)

aac(3)-IV

CTT-CAG-GAT-GGC-AAG-TTG-GT
TCA-TCT-CGT-TCT-CCG-CTC-AT

286/250

P318 (E. fl)

AS25 (E. fl)
Nehzad Fard et al., 2011
P113b (E. fl)
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tcrB

CAT-CAC-GGT-AGC-TTT-AAG-GAG-ATT-TTC
663
ATA-GAG-GAC-TCC-GCC-ACC-ATT-G

van B

ATG-GGA-AGC-CGA-TAG-TC
GAT-TTC-GTT-CTT-CGA-CC

635

van C-1

GGT-ATC-AAG-GAA-ACC-TC
CTT-CCG-CCA-TCA-TAG-CT

822

van C-2, C-3

CTC-CTA-CGA-TTC-TCT-TG
CGA-GCA-AGA-CCT-TTA-AG

439

Hasman et al., 2006

ATCC29212 (E. fl)
CL1A (E. fl)

Beindo et al., 2010

ATCC6569 (E. fm)

Page | 73

Table: 3.8: Illustrations for the PCR protocol used for amplification of antibiotic and
heavy metal resistance genes.
Thermal cycler Programme

Gene name
(Reference)

A

95°C

95°C

5min

30sec

55°C

72°C

72°C

1min

7min
22°C

1min
X35

B

95°C

95°C

5min

30sec

hold
72°C

52°C

95°C

5min

30sec

55°C

95°C

5min

30sec

2011).

hold
72°C

68°C

1.5min

10min

tetM and tetL genes
(Nehzad Fard et
al., 2011)
22°C
hold

72°C

Tn916-1546
68°C

(Macovei
55°C

1.5min

10min

1.5min

95°C

95°C

5min

30sec

55°C

and

Zurek, 2006)
22°C

X35

E

(Nehzad Fard et al.,

22°C

X35

95°C

genes

5min

1.5min

D

aph(3)-IIIa

al., 2011).
1min

X35

95°C

and

ermB gene (Zou et

72°C

1min

C

aac6-aph2

hold
72°C

68°C

1.5min

10min

gyrA

and

parC

genes (el. Amin et
al., 1999)

1.5min

22°C

X35

F

94°C

94°C

2min

30sec

51°C

hold
72°C

72°C

1min

10min

vanB, vanC1 and
vanC3/C4
(Biendo

1min
X30

22°C

genes
et

al.,

2010)

hold
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G

94°C

94°C

5min

30sec

55°C

tcrB gene (Hasman

72°C

72°C

1min

10mi
n

et al., 2006)

30sec

22°C

X35

hold

F

Pbp5 gene (Obeng
95°C

95°C

3min

30sec

72°C
54°C
1.5min
X35

1.5min

68°C

et al., 2013)

10min
22°C
hold
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SECTION FOUR
RESULTS
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4.0. CHAPTER FOUR
4.1. Results (Part one)
4.1.1. Cultural characteristics, microbial identification and biodiversity
4.1.1.1. Enumeration and identification
One of the distinctive cultural characteristic of enterococci is the tetrazolium reduction test (Domig
et al., 2003a-b). Besides bile aesculine azide, Slantez and Bartley medium is use for the selective
isolation and enumeration of enterococcal isolates. Enterococci produce red color colonies on SBA
because they reduce tetrazolium chloride to formazan. All presumptive soil isolates were checked
for their growth on SBA media. All the presumptive enterococcal isolates were again streak on HiChromeTM media to identify them up to species level. E. fm remain the dominant species among the
test isolates.

4.1.1.2. Colonial morphology
Broad spectrum of phenotypic characteristics or colonial morphology was observed in this study.
BHI and NA plates were used for this purpose. Most of the isolates showed white color colony
followed by yellow, light yellow, dark yellow, yellowish white, yellowish orange, transparent and
orange pigmented color. All the CL isolates showed yellow color colonies. Likewise, on nutrient
agar, almost same pattern (as on BHI) was observed in addition to translucent and opaque and white
color colonies.

4.1.1.3. Gram staining
Enterococci are Gram positive cocci that occur singly, in pairs or as short chains (Facklam et al.,
2002). In this study, all the isolates were appeared as single, in pairs and short chain cocci in Gram
staining when observed under the microscope.

4.1.1.4. Catalase test
Enterococci are predominantly catalase negative organisms, but some are pseudo-catalase positive
as well (Devriese et al., 1995). Furthermore, heme-containing catalase enzyme is also reported in E.
fl (Frankeberg et al., 2002). In the present study, none of the isolate was found to be catalase positive.
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4.1.1.5. Species identification and biodiversity
To get insight in biodiversity, phenotypically distinct isolates (n=140) were
subjected for identification at the species level, using biochemical key of sugar
fermentation. Highly biodiverse pattern has been emerged and several species
including E. fm (20%), E. cas/mun (18%), E. avm (7%), E. dur/hr (3%), E. fl (5%),
E. raf (2%), E. avm/fl (2%), E. gal (1%) and E. mal (1%) were identified by the
biochemical method. Majority of the isolates were remained un -identified due to
the limitation of the biochemical Kit because this can only identify 8 species.
Considering identified strains alone, presence of E. fm niche in our environment is
quite distinct.

4.1.2.

Bulk Soil:

4.1.2.1. Prevalence and biodiversity
All presumptive ENT from BS and AS were further identified as Enterococcus
specie by multiplex-PCR using genus and species-specific primers (i.e. 16srRNA
and sodA genes, respectively). From a total of 500 BS samples, 372 presumptive
ENT were isolated (Fig. 3.1; 4.2A). The most prevalent specie identified was E. fm
77% (288) followed by E. fl 10% (38), E. hr 4% (16) and E. cas 1% (5). While 6.7%
(25) isolates were not identified up to species level (despite all tested) and thus
tentatively designated as other Enterococcus species (Fig. 4.1).

4.1.2.2. Assessment of virulence determinants
In-vitro expression of different virulent factors was investigated in order to evaluate
the

pathogenic

potential

of

enterococcal

isolates.

Results

were

further

complemented by multiplex-PCR detecting the presence of genes involved in the
expression of gelatinase (gel operon; gelE, sprE, fsrA, fsrB, fsrC), Cytolysin (cyl
operon; cylA, cylL L, cylM, cylL S , cylB), biofilm formation (enterococcal surface
protein; espTIM, cell-wall adhesions; efaAfs, efaAfm, adhesion to collagen; acm,
aggregation protein; agg, accessory proteins; ace/asa1, sex pheromone; cob, cpd,
eep, eep) lipase (lip-fm and lip-fl), catalase (kat), bacterial antagonism (entA, entB,
entP, ef1097), and cell-wall degrading factor (enlA).
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4.1.2.2.1. Gelatinase production and gel operon genes
A large number of E. fl 81.5% (31) isolates were found positive for gelatinase production
(Fig. 4.2E; Table 4.2). Evaluation of the genes responsible for the gelatinase activity
revealed 78.9% (30) and 76.3% (29) E. fl as positive for gelE and sprE genes, respectively
(Fig. 4.5). Other genes found in gel operon were found with frequencies of 60% (fsrA, B)
(Fig. 4.6A) and 55% (fsrC) (Fig. 4.6B; Table 4.2).

4.1.2.2.2. Urease, Lipase, catalase and DNase assay
Lipases serve to digest cellular lipids by hydrolysis of ester bonds of triacylglycerol for
the utilization of nutrients from host tissues. Results revealed that 12% (35) E. fm, 20%
(1) E. cas and 12% (3) other enterococcal species showed lipolytic activity (Fig. 4.2C;
Table 4.1). 9% (27) E. fm amplified the product of lipase gene in contrast to 23.6% (9) E.
fl which harbored lip-fl gene (Fig. 4.3; Table 4.1).
In the present study, 1.7% (5) E. fm, 10.5% (4) E. fl and 6.3% (1) E. hr were found to be
urease producers. Moreover, 8% (2/25) other Enterococcus species also revealed this
character (Fig. 4.2D). Interestingly, none of the isolates from BS were found positive for
DNase activity (Table 4.1).
Enterococcus spp. are reported to be catalase negative but some species (particularly E. fl)
is pseudo-catalase positive. We found only one E. fl to carry kat gene (Fig. 4.4).

4.1.2.2.3. Hemolysis production and cyl operon genes
Clear halo zones of beta-hemolysis were displayed by 3.4% (10) E. fm, 12.5% (2) E. hr,
5% E. fl (2) and 16% (4) other Enterococcus species (Fig. 4.2B). Genes related to Cyt
operon were also screened by multiplex-PCR strategy (Table 4.1). Results revealed that
none of the isolate amplified any gene product, while a ~253bp band of lysin component
(cylLL) was observed in all the hemolytic positive soil isolates.

4.1.2.2.4. Biofilm formation and associated adherence genes
Screening for biofilm formation revealed 49% (182) isolates as biofilm formers out of
which majority were E. fm (52%) followed by E. hr (43.7%), E. cas (40%) and E. fl
(39.4%) (Table 4.3). Majority of E. fm were found to contain efaAfm (Fig. 4.7) and acm
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(Fig. 4.10) genes [86.6% (250) and 50.3% (145], respectively. The same gene product but
specific for E. fl (i.e. efaAfs) was found in 100% (38) E. fl isolates (Fig. 4.8). Results
revealed that only 13% E. fl (5/38) from BS harbored espTIM gene (Fig. 4.9). Seven
isolates carried asa1 gene (Fig. 4.8), while only two isolates carried ace and agg genes
(Fig. 4.11). Among sex pheromone genes, majority of the isolates harbored ccf followed
by eep and cpd genes (Fig. 4.12A and B; Table 4.3).

4.1.2.2.5. Detection of direct antimicrobial activity and bacteriocin structural
genes
In the bacterial antagonism test, 11.5% (43) isolates showed inhibitory activity against
sensitive E. fm NA283 including 40 E. fm, two E. fl and one E. hr isolate. While 12.9%
(48) isolates showed antimicrobial activity against L. monocytogenes ATCC 13932
including 43 E. fm, one E. fl and four other Enterococcus species (Table 4.4). Phenotype
positive isolates were also screened for the presence of enterocin genes (i.e. entA, B, P,
ef1097). All phenotype positive isolates carried at least one enterocin gene except two
isolates which did not amplify any gene. In terms of prevalence, entP (9%) was the most
frequent followed by entA (7%) and entB (6%), while ef1097 was detected in one E. fl
isolate only (Fig. 4.13; Table 4.4). The simultaneous presence of different enterocin genes
was also observed like, co-expression of entA and entB was observed in 4% and entB and
entP were present in 3.4% BS isolates. While a combination of entA and entP was found
less frequent with only 2% occurrence. It is interesting to note that 2% (8) BS isolates were
also found to be multiple enterocin producers i.e. positive for all entA, B, P genes. Despite
being phenotypically negative for bacterial antagonism, all E. fl were also subjected for
the detection of enterolysin A gene (enlA). Interestingly, results revealed 18% (7) E. fl
from BS (Fig. 4.14; Table 4.4).
Overall, the most frequent feature of BS isolate was biofilm formation followed by
bacterial antagonism. While other virulent factors were detected in low percentages
because of low prevalence of E. fl isolates in BS (Fig. 4.15).

4.1.2.3. Hospital associated marker (IS16 gene)
Molecular assessment of all BS ENT for the presence of IS16 gene was carried out. Results
revealed that 50% (19/38) E. fl and 2% (6/288) E. fm BS isolates harbored this gene
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suggesting their origin from hospital source (Fig. 4.9; Table 4.1). It is interesting to note,
that five E. fl BS isolates harbored both IS16 and espTIM genes providing strong evidence
about the presence of esp gene on 64 kb pathogenicity island with a possible role in urinary
tract infections.

4.1.2.4. Antimicrobial resistance profile
In order to establish the anti-biogram pattern, all isolates were screened against different
available classes of antibiotics including, protein synthesis inhibitors: chloramphenicol,
erythromycin, clarithromycin, tetracycline, high-level gentamicin, high-level kanamycin
and lincomycin; nucleic acid synthesis inhibitors: ciprofloxacin, and cell wall synthesis
inhibitors: ampicillin, vancomycin, ceftriaxone and meropenem (Fig. 4.2F). Table 4.5
summarizes the resistance profile of the subjected BS isolates.
The most common resistance was observed against MER (94%) followed by LIN (87%).
23% isolates were found resistant to both CIP and HLK, while resistance to all other
antibiotics was below 20%. Interestingly, only 2.6% isolates showed low level resistance
against VAN. Regarding aminoglycoside resistance, none of the BS isolate was
characterized as HLGRE. The presence of HLGR in E. fm suppresses the synergistic action
between cell-wall synthesis inhibitors and most aminoglycosides which is essential for
treating endocarditis. Moreover, HLGR has been shown to induce resistance to almost all
clinically available aminoglycosides. This observation supports our results 23% (85) BS
isolates showed resistance to HLK. In the present study, 10% (37) isolates were found
resistant to CLR and 8% (30) against ERY. Likewise, results revealed 13.7% (51)
resistance against TET from BS isolates. Only 1% (4) BS E. fm isolates were found
resistant to CHL (Fig. 4.16).
To explain the mechanism responsible for the resistance phenotypes observed, all
Enterococcus isolates were screened by PCR for the presence of genetic determinants of
resistance to the antibiotics tested. Table 4.6 shows the antibiotic resistance gene profile
of BS isolates. Despite the fact, that none of the isolates grow on media containing
gentamicin (512 µg ml-1), results revealed that among AMEs tested, aph (3)-IIIa is the
most prevalent gene (6%) found in BS isolates followed by aac6-aph2 gene. Among the
phenotype positive erythromycin resistant isolates (n=25), only 3.5% (13) amplified the
gene product of ermB (Fig. 4.17). The ampicillin resistant isolates did not amplify pbp5
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gene primer (Fig. 4.18). We found 10.4% (39) and 11.2% (42) isolates carrying tetM and
tetL genes, respectively from 13.7% tetracycline resistant isolates (Fig. 4.19A). While
none of the isolates carried integrase i.e. Tn916-1546 (Fig. 4.19B) and tetS gene. Cooccurrence of tetL and tetM was observed in majority of BS isolates. The genes gyrA and
parC associated with ciprofloxacin resistance were present in 17.7% and 14.7% isolates,
respectively (Fig. 4.20).

4.1.2.5. Molecular typing
Molecular typing of the selected isolates was done by BOX and RAPD PCR. For BOX
PCR analysis, isolates were divided into four identified species groups and were further
evaluated based on their established virulence and antibiotic resistance profiles (Fig. 4.21).
For RAPD PCR, all E. fl isolates from both BS and clinical sources harboring IS16 gene
were selected for analysis (Fig. 4.22). Results obtained showed a wide range of genetic
variability among the isolates.

4.1.3. Agriculture Soil:
4.1.3.1. Prevalence and biodiversity
Enterococcal isolates (n=118) were recovered from 200 AS samples collected during the
study period at frequencies of 76% (90) E. fm, 17% (20) E. fl and 3% (4) E. cas and other
Enterococcus spp. (Fig. 4.23).

4.1.3.2. Assessment of virulence determinants
4.1.3.2.1 Hemolysis production and cyl operon genes
Table 4.7 shows the results of the hemolysis assay. Overall, 36.4% (43) isolates degrade
RBCs out of which majority were E. fl (45%) (Fig. 4.24). All the isolates which are positive
for phenotypic assay were screened for respective genes (cylLL, LS, A, B, M) by mPCR.
Results showed that majority of cyl operon genes were detected in E. fl, followed by E. fm
and E. cas. cylLL was the most frequent gene detected in all the species (20%) followed by
cylA (7.6%). A variable product of 300 and 1200 bp was also amplified in response to
cylM primers suggesting internal genetic heterogenicity (Fig. 4.25A and B).
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4.1.3.2.2. Urease, Lipase, catalase and DNase assay
It is interesting to note that none of the AS isolates showed urease (Fig 4.24E), DNase
and catalase activity. 79% (93) isolates showed lipase activity out of which 77% (67)
were E. fm and 94% (18) were E. fl (Fig. 4.24B). Phenotype of lipase activity was not
complimented well with genotype. Only 33 and 13 isolates of E. fm and E. fl amplified
lip gene, respectively (Fig. 4.26; Table 4.7). None of the isolate showed catalase
activity but 40% E. fl amplified the gene (kat) product of catalase (Fig 4.27; Table 4.7).

4.1.3.2.3. Gelatinase production and gel operon genes
Gelatinase production was recorded in 70% of E. fl tested, while none of the other
isolate showed this character (Fig. 4.24D; Table 4.2). Presence of phenotype was also
complimented by mPCR for gelatinase operon genes. Results showed that 55% (11)
isolates carried gelE and sprE genes (Fig. 4.28). While 50% (10) isolates carried all
genes of the operon i.e. gelE, sprE, fsrA/B/C (Fig. 4.29A and B). None of the E. fm
amplified any gene of the operon (Table 4.2). Our results are according to the findings
of a similar study conducted in Iran (Enayati et al., 2015).

4.1.3.2.4. Biofilm formation and associated adherence genes
Biofilm formation capability was determined on 96 well polysterylene plates stained
with safranin. Results revealed that 57% (64) isolates were positive for adherence assay
which includes all the other Enterococcus spp. (100%), followed by 63% E. fl and 52%
E. fm (Table 4.8). Results of phenotype test was further complimented via detection of
respective genes by PCR including efaAfm, efaAfs (cell wall adhesions expressed in
serum by E. fm and E. fl) (Fig. 4.30), espTIM (enterococcus surface protein), acm
(adhesion to collagen by E. fm) (Fig. 4.31), ace (accessory colonization factor) and
asa1 (aggregation substance) (Fig. 4.32), agg (aggregative pheromone-inducing
adherence to extra-matrix protein) (Fig. 4.33) and eep, cpd, cob, ccf (sex pheromones)
(Fig. 4.34A and B). PCR results showed that majority of the adherence genes were
detected in E. fl, while all (100%) the E. fm isolates were positive only for efaAfm and
acm genes and 13% amplified asa gene product (Table 4.8). Our results are in
agreement with the studies of Enayati et al (2015) in which majority of the E. fm
isolates carried acm gene. It is interesting to note that 85% E. fl isolates amplified
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variable products after amplification of espTIM primers (bands of 500 and 300bp
instead of actual gene product of 475 bp) (Fig. 4.35). This difference might be due to
mutation or HGT of different genes among the microorganisms.

4.1.3.2.5. Detection of direct antimicrobial activity and bacteriocin
structural genes
Antimicrobial activity of all AS isolates was also tested against L. monocytogenes
ATCC 13932 (Fig. 4.24F). As shown in Table 4.9, 36% (43) of the tested strains
comprising E. fm and other Enterococcus spp. showed direct antimicrobial activity
against the indicator strain. Results of genotyping of enterocin structural genes
revealed that majority of the tested genes were only present in E. fm isolates, while E.
fl contain only enlA gene in their genomes (Fig. 4.36A and B; 4.37).

4.1.3.2.6. Microplate growth inhibition assay
Selected isolates were also screened for antibacterial activity by microplate growth
inhibition assay against L. monocytogenes ATCC 13932 and sensitive E. fm NA283.
(Fig. 4.38 and 4.39). Differences in the results were noticed in microplate growth
inhibition assay as compared to agar spot activity assay. Results revealed that both L.
monocytogenes and sensitive E. fm NA283 grow in the presence of Bac + isolates.
Cumulatively, the most frequent feature of AS isolate was lipase production followed
by biofilm formation. Equal numbers of isolates were involved in bacterial antagonism
and hemolysin activity, while <15% showed gelatinase activity (Fig. 4.40).

4.1.3.3. Hospital associated marker (IS16)
All the HLGRE were subjected for the detection of IS16 gene which is a hospital
associated marker in order to trace the route of these ENT into the AS. Our results
revealed that none of the HLGRE amplified the gene product of IS16 (Table 4.7).

4.1.3.4. Antibiotic and heavy metal susceptibility testing
Agar dilution method was used to determine antibiotic and heavy metal resistance
profile of all AS isolates collected in this study (Fig. 4.41C and 4.24F). Among AS
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isolates (n=118), majority were found resistant to bacitracin (74%) followed by
kanamycin (61%), neomycin (45%), ciprofloxacin (36%) and erythromycin (24%).
Only five isolates (2 E. fm and 3 E. fl) were resistant to ampicillin while resistance rate
to vancomycin was very low (<1%). Results of MIC revealed that 11% (13) isolates
including 1 E. fm and 12 E. fl were resistant to high-level gentamicin i.e. MIC ≥2048
µg/ml (Fig. 4.42A; Table 4.10). Majority of the isolates were resistant to zinc chloride
(91%) followed by copper sulphate (24%). In addition, two HLGR isolates i.e. CL01
(MIC 128µg/ml) and AS01 (MIC ≥512µg/ml) were also subjected to MIC
determination (16µg/ml to 1024µg/ml) by micro-broth dilution method (Fig. 4.43).
Results of both methods were nicely complement each other.
Table 4.11 summarizes the results of molecular screening of antibiotic resistance genes
among AS isolates. Overall, gyrA was the most frequent gene found in AS isolates
followed by macrolide resistance gene (ermB). While all other genes were detected in
frequencies of ≤15%.
Moreover, 29 (24%) isolates including 14 E. fm and 15 E. fl were found multidrug
resistant (MDR), i.e. resistant to ≥3 antibiotics at a time. MDR isolates were mostly
resistant to kanamycin, erythromycin, gentamicin and ciprofloxacin. Table 4.12
summarizes the results of MDR patterns obtained for ENT from AS isolates. AS
isolates with the HLGR phenotype, 17 were found resistant to kanamycin and zinc
metal followed by erythromycin, copper metal, neomycin and ciprofloxacin.
Ampicillin resistance was attributed by only 2 isolates, while none of the HLGR isolate
was resistant to vancomycin (Fig. 4.44A; Table 4.13).
30 isolates showed resistance against high-level erythromycin. Majority of the isolates
(63%) were also resistant to tetracycline and possess tetL/M genes, while only 26%
isolates carried Tn916-1545 gene. 40% isolates were resistant to high-level gentamicin
and carried aac6-aph2 and aph (3)-IIIa genes. Almost all the isolates carried most of
the virulent determinants including efaAfm, efaAfs, gelE, sprE, cylL (Table 4.14).

4.1.3.4.1. Distribution of AMEs and other resistance genes among HLGRE
66% (12) and 44% (8) HLGRE from AS carried aac6-aph2 and aph (3)-IIIa genes,
respectively (Fig 4.45). None of the HLGRE amplified any other gene product of
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primers used in this study. 66% (12) isolates carried ermB gene (Fig 4.46) followed by
Tn916-1545 integrase gene (Fig 4.47B). Eight (8) isolates carried both aac6-aph2 and
aph (3)-IIIa genes. Six (6) isolates carried both TetM and TetL, while 4 isolates
harbored TetM alone (Fig 4.47A). Only 2 HLGR isolates amplified the gene product
of gyrA (Fig 4.48). Only positive control (ATCC E. fl 29212) carried copper resistance
(tcrB) and glycopeptide resistance (van C1, B, C3/C4) genes (Fig 4.49 A and B; Table
4.11).

4.1.3.4.2. Distribution of AMEs and other resistance genes among nonHLGRE
Among the gentamicin susceptible AS (GS-AS) isolates, six carried ant (4) Ia and aph
(3)-IIIa genes each. Moreover, majority of the GS-AS isolates harbored gyrA gene
followed by parC, TetL, TetM and ermB. Only one GS-AS isolate carried Tn916-1545
integrase gene. None of the isolate amplified gene product for copper resistance (tcrB)
and glycopeptide resistance (van C1, B, C3/C4) genes.
Overall, majority of AS isolates were found resistant to high-level kanamycin followed
by ciprofloxacin (Fig. 4.50).

4.1.3.4.3. Genetic relationship among HLGRE from agriculture soil and
clinical specimens
All the isolates which showed resistance to HLG from both AS and CL isolates were
analyzed for inter and intra species/strain similarities and differences using various
strategies. For typing by Rep-PCR, three different primers were used for the evaluation
of genetic fingerprinting. Dendrograms constructed after the UPGMA analysis showed
that these primers are different in their discriminatory powers. In addition to Rep-PCR,
another typing method based on protein fingerprinting was also used.

4.1.3.4.4. BOX PCR
BOX-PCR analysis was carried out by BOX A2R primer. The results of electrophoresis
were analyzed by constructing dendogram which showed four electrophoretic clusters.
Cluster B1 contained all the AS isolates having resistance to gentamicin, kanamycin
and erythromycin in common followed by tetracycline. Majority of the CL isolates
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were gathered in cluster B2 with two AS isolates (AS50 E.fl and AS88 E.fm) and E. fl
ATCC 29212. It is interesting to note that one E.fm isolate (AS88) with only gyrA gene
was also in this cluster. Cluster B3 and B4 contained both E. fm and E. fl from AS and
CL isolates with E. fm ATCC 6569 (Fig. 4.51).

4.1.3.4.5. RAPD PCR
Five distinct RAPD PCR groups were observed for HLGR AS and CL isolates. The
groups were primarily based on source of isolation. Groups R1, R4 and R5 contained
only AS isolates, while group R2 contained CL isolates. Only group R3 is composed
of both CL and AS isolates. Members of group R4 showed similarity to E. fl ATCC
29212. Within the main cluster, it is possible to observe different level of correlation
among the strains (Fig. 4.52).

4.1.3.4.6. ERIC PCR
The 30 isolates were also analyzed by ERIC PCR. Isolates were clustered into two
major groups i.e. E1 and E2. Group E1 contained only CL-26, while all other isolates
were clustered in group E2. Group E2 is further divided into different sub-groups (Fig.
4.53).

4.1.3.4.7. SDS-PAGE
Results of the analysis of whole cell protein profile of all AS HLGRE is illustrated in
Fig. 4.54. Majorly, the isolates were divided into two main clusters. Cluster B is sub
divided into two groups (B1 and B2). B2 comprised mainly of E. fm isolates, while all
the E. fl along with ATCCs (both 29212 and 51299) were gathered in group B1.
Cumulatively, the protein finger printing pattern is quite similar for all the isolates.

4.1.3.4.8. RAPD PCR of HLERE
RAPD analysis of high-level erythromycin resistant ENT revealed that the isolates
were divided into two main clusters named R1 and R2. R2 is further splited into four
groups (R2a, R2b, R2c and R2d). Group R2a, b and d contained E. fm isolates except
R2b which contain one E. fl AS07. Group R2c contained majorly E. fl with only 3 E.
fm isolates (AS01, AS02, AS03) (Fig 4.55).
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4.1.4. Clinical isolates
4.1.4.1. Prevalence and biodiversity
From CL isolates, only two species were detected with frequencies of 63% (19) E. fl followed
by 36% (11) E. fm.

4.1.4.2. Assessment of virulence determinants and antibiotic
resistance
Clinical isolates were also checked for the presence of genes related to virulence determinants.
Among CL isolates 20% (1/5) E. fm and 100% (7/7) E. fl carried espTIM gene. Moreover, 60%
E. fm and 100% E. fl harbored efaAfm and efaAfs genes. Interestingly, none of the clinical isolate
was positive for gelatinase trait. Even though, many previous studies reported high prevalence
of beta-hemolytic ENT from clinical origin, but we have not observed any clinical isolate
positive for this trait. This might be due to low number of isolates. Our results revealed that
100% CL isolates were found positive for enlA gene suggesting its potential role in enterococcal
virulence. None of the clinical isolate was found positive for DNase and urease activity.
Assessment of hospital associated marker (IS16 gene) revealed that all the CL isolates carried
the gene responsible for this trait.
Among CL isolates (n=30), most of them (96.6%) were found resistant to kanamycin followed
by erythromycin. High-level erythromycin resistance in CL isolates indicates the massive use of
macrolides in the treatment of broad range of infections in our society. Only 12 isolates (40%)
were resistant to gentamicin at concentrations of 512µg/ml. None of the isolate was resistant to
vancomycin and copper metal, while 13 isolates (8 E. fm and 5 E. fl) showed resistance against
ampicillin. Resistance to zinc was also showed by 23 isolates (Fig. 4.42B).
CL isolates which showed resistance to HLG were also resistant to kanamycin (11),
erythromycin (10), and zinc metal (12). Only 4 and 2 HLGR CL isolates showed combined
resistance to ciprofloxacin and ampicillin, respectively (Fig. 4.44B). All CL HLGRE were
susceptible to vancomycin and copper metal.
11 CL isolates showed resistance to high-level gentamicin (512µg/ml) out of which 8 isolates
carried aac6-aph2 gene, while 9 carried aph (3)-IIIa gene. ermB and TetM genes was detected
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in higher proportions (72%) in HLGR CL isolates followed by gyrA, TetL (54%) and parC
(45%). None of the non-HLGR CL isolates carried any AME genes, while 12 of them
complimented their phenotype by amplifying ermB gene. TetL and TetM genes were detected in
47% and 42% isolates, respectively. Low proportions (21%) of isolates carried gyrA and parC
genes.

4.1.4.3. Molecular typing
For molecular typing of CL isolates, see section 4.1.2.5.

4.2. Comparative analysis of bulk and agriculture soil ENT
isolates (Part two)
4.2.1. Prevalence and biodiversity
Regarding prevalence, E. fm was the most prevalent species isolated from both environments.
However, AS carry more E. fl than BS because of the use of bio-fertilizers and animal manure.
Moreover, E. hr was not isolated from AS soil environment (Fig. 4.56).

4.2.2. Assessment of virulence determinants
Comparative analysis of virulence determinants from both the sources revealed that AS
isolates carry more virulent factors as compared to BS isolates. Moreover, the virulent factors
are not species dependent in AS case. E. fm were equally responsible for expressing virulence
traits from AS, like E. fl. From BS, most of virulence determinants were due to the presence
of E. fl (i.e. species dependent). Lipase production was the most prevalent character found in
AS isolates followed by biofilm formation. Both hemolysin and antagonism were showed by
36% isolates. In contrast, the most striking feature of BS isolates was biofilm formation
followed by bacterial antagonism (Fig. 4.57). The phenotype of all virulent factors was fairly
complemented by their genotype in case of AS isolates. 38% of the isolates carried lip-fm gene
along with 65% isolates which carried lip-fl gene from AS. While in case of BS, all the E. fl
which showed phenotype of lipase harbored lip-fl gene (Fig. 4.58). Majority of the isolates
which showed gelatinase activity from BS carried almost all the genes of gel operon as
compared to AS (Fig. 4.59). Hemolysin activity is shown by 3.4% E. fm from BS but none of
them harbored any gene tested for this activity. In contrast, 16% E. fm from AS carried cylLL
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and 2.3% carried cylLs and cylA genes. Among E. fl, only 2.6% isolates from BS carried cylLL
gene, while 40% E. fl carried cylLL followed by cylA, cylM and cylLS and cylB from AS (Fig.
4.60).
Biofilm formation was the most dominant character of BS isolates. The phenotype was well
complimented by the genotype. Many E. fm carried efaAfm gene followed by acm. While
majority of the adherence genes were detected in E. fl isolates (efaAfs, ccf, cpd, and eep being
on top). In AS isolates, all the adherence genes were detected in higher percentages especially
efaAfm, acm (in E. fm) and asa, agg and efaAfs (in E. fl) (Fig. 4.61). Bacterial antagonism was
the second most dominant feature of BS isolates. The antimicrobial activity of these isolates
tested against two indicator organisms i.e. E. fm NA283 (in house sensitive) and L.
monocytogenes ATCC 13932. E. fm showed higher percentages of all the genes detected i.e.
entA/B/P. enlA is the most dominant gene detected in E. fl isolates, while ent ef1097 was only
detected in E. fl from BS. All the other Enterococcus spp. which showed antagonism against
L. monocytogenes also harbored entP gene from BS (Fig. 4.62). In contrast, only E. fm from
AS showed co-relation between phenotype and genotype of antagonism. All the detected
genes were present in E. fm at different proportions with entP being at the top. None of the E.
fl showed phenotype positive for antagonism activity but majority of the isolates carried enlA
gene in their genomes (Fig. 4.63). RAPD PCR analysis of all enlA positive ENT from both BS
and AS revealed genetic variations among the isolates of two sources (Fig. 4.64; Table 4.15).

4.2.3. Antibiotic susceptibility testing
Results of antibiogram analysis showed that isolates from both the sources were found equally
resistant to almost all clinically important antibiotics at different percentages. AS soil isolates
were highly resistant to bacitracin followed by kanamycin and neomycin. BS soil isolates were
highly resistant to neomycin followed by bacitracin, ciprofloxacin and kanamycin (Fig. 4.65),
being a clinically important ointment in wound or other injuries from road accidents, bacitracin
and neomycin were checked for their MICs by agar dilution method too. Results showed that
more isolates were found resistant to high-level bacitracin and neomycin from AS as compared
to BS (Fig. 4.66 and 4.67). Majority of the genes responsible for phenotype of respective
antibiotics were detected in AS isolates as compared to BS even though BS isolates were
resistant to these antibiotics (Fig. 4.68).
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Figure 3.1. Sampling strategy and areas based on "a town model system" for the collection of bulk soil samples from all over Karachi,
Pakistan.
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Figure 4.1. Percent prevalence of enterococcal species identified using multiplex-PCR analysis of Bulk soil isolates (n=372) collected
from all over Karachi, Pakistan. Insert; representative gel of multiplex-PCR of soil isolates from left to right, L-1: 1 kb DNA ladder, L2: BS03, L-3: BS27, L-4: BS58, L-5: ATCC Fl 51299, L-6: BS55, L-7: BS65, L-8: BS146, L-9: ATCC Fm 6569, L-10: BS129, L-11:
ATCC Hr 8043, L-12: BS136, L-13: Ultralow DNA ladder.
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Figure 4.2. Phenotypic identification, assessment of virulence determinants and antibiotic resistance including; (A) isolation of ENT on Slantez
and Bartley agar plate, (B) hemolytic activity on 5% human washed erythrocytes, (C) lipase activity on tributyrin agar, (D) urease activity on
urea agar, (E) gelatinase activity on 3% gelatin nutrient agar, (F) antibiotic resistance on kanamycin aesculine azide agar plates. (For details
see ‘Material and Methods’).
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Figure 4.3. Representative gel of single-PCR of Bulk Soil
isolates positive for lipase (lip-fl/lip-fm) gene. L-1: ATCC
FL29212 (positive control), L-2: BS03, L-3: BS25, L-4:
BS26, L-5: BS27, L-6: BS28, L-7: BS264, L-8: 1 kb DNA
ladder, L-9: BS06, L-10: Producer HA121 (positive
control), L-11: BS04, L-12: BS10, L-13: BS05. L-14:
BS06, L-15: BS38.
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Figure 4.4. Representative gel of single-PCR of Bulk Soil
isolates positive for catalase (kat) gene. L-1: E. fl ATCC
51299 (positive control), L-2: BS740, L-3: CL9-1, L-4:
CL1A, L-5: 1 kb DNA ladder.
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Figure 4.5. Representative gel of multiplex-PCR of Bulk Soil isolates positive for gelatinase (gelE) and serine protease
(sprE) genes. L-1: *A94a (positive control), L-2: BS25, L-3: BS26, L-4: BS27, L-5: BS28, L-6: BS29, L-7: BS31, L8: BS49, L-9: BS58, L-10: BS60, L-11: BS63, L-12: BS77, L-13: BS90, L-14: BS120, L-15: BS133, L-16: 1kb DNA
ladder.
*A = E. fl poultry air isolate
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Figure 4.6 (A). Representative gel of multiplex-PCR of bulk soil isolates positive for gelatinase operon (fsrA and
fsrB) genes. L-1: *AS25 (positive control), L-2: BS25, L-3: BS26, L-4: BS27, L-5: BS28, L-6: BS29, L-7: BS31,
L-8: BS49, L-9: BS60, L-10: BS58, L-11: 1kb DNA Ladder.
(B). Representative gel of single-PCR of bulk soil isolates positive for gelatinase operon (fsrC) gene. L-1: 1kb
DNA Ladder, L-2: *AS25 (positive control), L-3: BS25, L-4: BS26, L-5: BS27, L-6: BS28.
*AS = E. fl agriculture soil isolate
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Figure 4.7. Representative gel of single-PCR of bulk soil isolates
positive for cell-wall adhesions expressed in serum by E. fm (efaAfm)
gene. L-1: *A46 (positive control), L-2: BS04, L-3: BS05, L-4: BS06,
L-5: BS10, L-6: BS21, L-7: 1kb DNA ladder, L-8: BS44, L-9: BS45, L10: BS72, L-11: BS81, L-12: BS82, L-13: BS123, L-14: BS128, L-15:
BS256, L-16: BS260.
*A = E. fm air isolate
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Figure 4.8. Representative gel of multiplex-PCR of bulk soil isolates
positive for cell-wall adhesions expressed in serum by E. fl (efaAfs) and
aggregation substance (asa1) gene. L-1: BS720, L-2: BS03, L-3: BS25,
L-4: BS26, L-5: BS27, L-6: BS28, L-7: BS29, L-8: *F40 (positive
control), L-9: BS31, L-10: 1kb DNA ladder.
*F = E. fl poultry feces isolate
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Figure 4.9. Representative gel of multiplex-PCR of bulk soil isolates
positive for enterococcal surface protein (esp) and insertion sequence
element (IS16) genes. L-1: *CL1A (positive control), L-2: BS25, L-3:
BS26, L-4: BS27, L-5: BS28, L-6: BS29, L-7: 1kb DNA ladder, L-8:
CL1B, L-9: CL2, L-10: CL1C, L-11: CL1D, L-12: CL9-1, L-13: CL9-2.
*CL = E. fl clinical isolate
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Figure 4.10. Representative gel of single-PCR of bulk soil isolates positive
for adhesion to collagen (acm) gene. L-1: E. fm ATCC 6569 (positive
control), L-2: BS04, L-3: BS05, L-4: BS06, L-5: BS10, L-6: BS64, L-7:
BS65, L-8: BS69, L-9: 1kb DNA ladder, L-10: BS71, L-11: BS72, L-12:
BS73, L-13: BS185, L-14: BS186, L-15: BS193, L-16: BS194.
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Figure 4.11. Representative gel of single-PCR of bulk soil isolates
positive for aggregation protein involved in cell aggregation and
conjugation (agg) gene. L-1: 1kb DNA ladder, L-2: BS324, L-3:
*P468 (positive control), L-4: BS247, L-5: BS264, L-6: BS165, L7: BS705.
*P = E. fl poultry feces isolate
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Figure 4.12(A). Representative gel of multiplex-PCR of bulk soil isolates positive for sex pheromone (eep, cpd and
cob) genes. L-1: *AS25 (positive control), L-2: BS49, L-3: BS31, L-4: BS25, L-5: BS26, L-6: BS27, L-7: BS28, L8: BS29, L-9: BS63, L-10: BS77, L-11: BS90, L-12: BS120, L-13: 1kb DNA ladder.
(B). Representative gel of single-PCR of bulk soil isolates positive for sex pheromone (cob) gene. L-1: 1kb DNA
ladder, L-2: *AS25 (positive control), L-3: BS60, L-4: BS63, L-5: BS77, L-6: BS165.
*AS = E. fl agriculture soil isolate
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Figure 4.13. Representative gel of multiplex-PCR of
bulk soil isolates positive for enterocins (entA, entB, entP
and entef1097) genes. L-1: BS34, L-2: BS45, L-3:
BS163, L-4: 1 kb DNA ladder, L-5: BS725, L-6: *D78,
L-7: Producer HA121 (positive control).
*D = E. fl domestic bird isolate
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Figure 4.14. Representative gel of single-PCR of Bulk Soil isolates
positive for enterolysin A (enlA) gene. L-1: *CL1A (positive control),
L-2: BS133, L-3: BS60, L-4: BS165, L-5: BS346, L-6: BS711, L-7:
BS732, L-8: BS740, L-9: 1 kb DNA ladder.
*CL = E. fl clinical isolate
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Figure 4.15. Percent prevalence of enterococcal isolates from bulk soil showing different virulent determinants.
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Figure 4.16. Percent prevalence of enterococcal isolates from bulk soil showing resistance to different antibiotics.
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Figure 4.17. Representative gel of single-PCR of bulk soil isolates positive for macrolide resistance (ermB) gene. L-1:
BS35, L-2: BS34, L-3: BS16, L-4: BS36, L-5: BS66, L-6: BS91, L-7: BS202, L-8: BS224, L-9: 1 kb DNA ladder, L10: BS236, L11: BS241, L-12: BS251, L-13: *CL1 (positive control).
*CL = E. fl clinical isolate

Page | 108

Figure 4.18. Representative gel of single-PCR of clinical isolates
positive for ampicillin resistance (pbp5) gene. L-1: *A144 (positive
control), L-2 to L-5: Clinical isolates.
*A = E. fm air isolate
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Figure 4.19(A). Representative gel of multiplex-PCR of bulk soil isolates positive for tetracycline resistance (tetL
and tetM) genes. L-1: 100bp DNA ladder, L-2: BS10, L-3: BS55, L-4: *A146 (positive control).
(B). Representative gel of single-PCR of bulk soil isolates positive for Tn-like transposase element (Tn916-1546)
gene. L-1: 1 kb DNA ladder, L-2: E. fl ATCC 29212 (positive control), L-3: BS51, L-4: BS52, L-5: BS80, L-6:
BS185, L-7: BS782.
*A = E. fl air isolate
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Figure 4.20. Representative gel of multiplex-PCR of bulk soil isolates
positive for ciprofloxacin resistance (gyrA and parC) genes. L-1:
BS19, L-2: BS258, L-3: *A144 (positive control), L-4: BS146, L-5:
BS154, L-6: 100bp DNA Ladder, L-7: BS229, L-8: BS233, L-9:
BS258, L-10: BS353, L11: BS355, L-12: BS365, L-13: BS400.
*A = E. fm air isolate
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Figure 4.21. Dendogram based on BOX PCR analysis showing the genetic
relatedness among bulk soil E. hr, E. fm, E. fl and E. cas isolates. Similarity was
determined based on Dice coefficient, and clustering was performed with UPGMA.
M = 1 kb DNA ladder.
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Figure 4.22. Dendogram based on RAPD PCR patterns showing the genetic relatedness
among all IS16 positive bulk soil and clinical isolates. Similarity was determined based
on Dice coefficient, and clustering was performed with UPGMA. M1 and M2 are 1 kb
and ultralow range DNA ladders, respectively.
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Figure 4.23A. Sampling strategy for environmental monitoring of Agro-ecosystem
of Karachi.
Areas from where AS samples were taken.
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Figure 4.23B. Prevalence of enterococcal species identified using multiplex-PCR from agriculture soil isolates (n=118) collected from various
agricultural lands of Karachi, Pakistan. Insert; Representative gels of multiplex-PCR of AS isolates, from left to right, (A) L-1: AS01, L-2: AS02,
L-3: AS22, L-4: AS35, L-5: AS86, L-6: AS101, L-7: 100bp DNA ladder, L-8: E. fl ATCC 29212 (positive control), L-9: E. fm ATCC 6569
(positive control). (B) L-01: AS10, L-02: AS58, L-03: E. cas ATCC 27588 (positive control), L-04: 1 kb DNA ladder.
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Figure 4.24. Phenotypic assessment of virulence determinants and heavy metals resistance including; (A) hemolytic activity on 5%
human washed erythrocytes, (B) urease activity on urea agar, (C) lipase activity on tributyrin agar, (D) gelatinase activity on 3%
gelatin nutrient agar, (E) antagonism assay on 1% soft BHI agar seeded with L. monocytogenes ATCC 13932 and (F) Zinc chloride
resistance in ENT isolated from agriculture soil. For details see ‘Material and Methods’.
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Figure 4.25(A). Representative gel of multiplex-PCR of agriculture soil isolates positive for cytolysin activator and lysis
component (cylA and cylLL) genes. L-1: *CL9-1 (positive control), L-2: AS17, L-3: AS18, L-4: AS20, L-5: AS14, L-6: AS21,
L-7: AS15, L-8: AS13, L-9: AS23, L-10: 1 kb DNA ladder.
(B). Representative gel of single-PCR of agriculture soil isolates positive for transport of cytolysin component (cylB) gene.
L-1: E. fl ATCC 29212 (positive control), L-2: CL9-1, L-3: 1 kb DNA ladder.
*CL = E. fl clinical isolate
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Figure 4.26. Representative gel of single-PCR of agriculture soil isolates
positive for lipase (lip-fl/lip-fm) gene. Upper panel: L-1: Producer E. fm
HA121 (positive control), L-2: AS01, L-3: AS02, L-4: AS03, L-5: AS04,
L-6: AS06, L-7: AS08, L-8: AS10, L-9: AS13, L-10: AS14, L-11: AS17,
L-12: AS18, L-13: AS24. L-14: AS22, L-15: 1 kb DNA ladder.
Lower portion: L-1: E. fl ATCC 29212 (positive control), L-2: AS07, L3: AS05, L-4: AS23, L-5: AS25, L-6: AS30, L-7: AS32, L-8: AS33, L-9:
AS38, L-10: AS40, L-11: AS45, L-12: AS49, L-13: AS50. L-14: AS51,
L-15: 1 kb DNA ladder.
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Figure 4.27. Representative gel of single-PCR of agriculture soil isolates
positive for catalase (kat) gene. L-1: E. fl ATCC 51299 (positive control),
L-2: AS29, L-3: AS30, L-4: AS32, L-5: AS23, L-6: AS38, L-7: AS40, L8: 1 kb DNA ladder, L-9: AS45, L-10: AS49, L-11: AS50, L-12: AS51
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Figure 4.28. Representative gel of multiplex-PCR of agriculture soil
isolates positive for gelatinase (gelE) and serine protease (sprE) gene. L1: *A94a (positive control), L-2: AS23, L-3: AS25, L-4: AS29, L-5:
AS30, L-6: AS14, L-7: AS32, L-8: AS38, L-9: 1 kb DNA ladder, L-10:
AS40, L-11: AS45, L-12: AS49, L-12: AS50, L-12: AS51.
*A = E. fl air isolate
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Figure 4.29(A). Representative gel of multiplex-PCR of agriculture soil isolates positive for gelatinase operon (fsrA and fsrB)
genes. L-1: AS25 (E. fl positive control), L-2: AS23, L-3: AS50, L-4: AS29, L-5: AS30, L-6: 1 kb DNA ladder, L-7: AS32, L-8:
AS33, L-9: AS38, L-10: AS40, L-11: AS45, L-12: AS49.
(B). Representative gel of single-PCR of agriculture soil isolates positive for gelatinase operon (fsrC) gene. L-1: AS25 (E. fl
positive control), L-2: AS29, L-3: AS30, L-4: AS32, L-5: AS40, L-6: 1 kb DNA ladder.
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Figure 4.30. Representative gel of single-PCR of agriculture soil isolates positive for cell-wall adhesions
expressed in serum by E. fl (efaAfs) and E. fm (efaAfm) gene. Upper panel: L-1: 1kb DNA ladder, L-2: *P468
(positive control), L-3: AS05, L-4: AS07, L-5: AS25, L-6: AS29, L-7: AS23, L-8: AS19, L-9: AS30, L-10:
AS32, L-11: AS33, L-12: AS38, L-13: AS19
Lower panel: L-1: AS01, L-2: *A46 (positive control), L-3: AS02, L-4: AS04, L-5: AS14, L-6: AS06, L-7:
AS08, L-8: AS09, L-9: AS13, L-10: AS16, L-11: AS18, L-12: AS20, L-13: 1kb DNA ladder.
*P = E. fl poultry isolate, A = E. fm air isolate
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Figure 4.31. Representative gel of single-PCR of agriculture soil
isolates positive for adhesion to collagen (acm) gene. L-1: E. fm ATCC
6569 (positive control), L-2: AS01, L-3: AS02, L-4: AS03, L-5: AS06,
L-6: 1kb DNA ladder, L-7: AS13, L-8: AS16, L-9: AS17, L-10: AS18,
L-11: AS20, L-12: AS21.
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Figure 4.32. Representative gel of multiplex-PCR of Agriculture Soil
isolates positive for accessory colonization factor (ace) and aggregation
substance (asa1) genes. L-1: *F40 (positive control), L-2: AS01, L-3: AS25,
L-4: AS02, L-5: AS05, L-6: AS29, L-7: AS24, L-8: AS30, L-9: 1kb DNA
Ladder.
*F = E. fl poultry feces isolate
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Figure 4.33. Representative gel of single-PCR of agriculture soil isolates
positive for aggregative pheromone-inducing adherence to extra-matrix
protein (agg) gene. L-1: *P468 (positive control), L-2: AS05, L-3: AS07,
L-4: AS11, L-5: AS12, L-6: AS15, L-7: AS23, L-8: AS25, L-9: AS29, L10: 1kb DNA ladder.
*P = E. fl poultry feces isolate
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Figure 4.34(A). Representative gel of multiplex-PCR of agriculture soil isolates positive for sex pheromone (eep,
cpd and cob) genes. L-1: AS32, L-2: AS99, L-3: 1kb DNA ladder, L-4: AS25 (E. fl positive control), L-5: AS23,
L-6: AS29, L-7: AS30, L-8: AS40.
(B). Representative gel of single-PCR of agriculture soil isolates positive for sex pheromone (cob) gene. L-1: 1kb
DNA ladder, L-2: AS25 (E. fl positive control), L-3: BS60.
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Figure 4.35. Representative gel of single-PCR of agriculture
soil isolates positive for enterococcal surface protein (espTIM)
gene. L-3 to L-9: AS isolates positive for esp gene, L-5: 1kb
DNA ladder, L-1, 2, 4, 6, 7, 8, 10: AS isolates which amplified
an unusual band of 300bp and 500bp.
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Figure 4.36(A). Representative gel of multiplex-PCR of agriculture soil isolates positive for enterocin
(entA, entB and entP) genes. L-1: Producer E. fm HA121 (positive control), L-2: AS28, L-3: Ultra low
range DNA ladder, L-4: AS44, L-5: AS46, L-6: AS39, L-7: AS36, L-8: AS47, L-9: AS53, L-10: AS55.
(B). Representative gel of single-PCR for enterocin (entef1097) gene. L-1: 1 kb DNA ladder, L-2 *CL9-1:
L-3: *D78 (positive control).
*D = E. fl domestic bird isolate, CL = E. fl clinical isolate
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Figure 4.37. Representative gel of single-PCR of agriculture soil
isolates positive for enterolysin A (enlA) gene. L-1: *CL1A (positive
control), L-2: AS07, L-3: AS11, L-4: AS99, L-5: AS23, L-6: AS25, L7: 1 kb DNA ladder, L-8: AS49, L-9: AS50, L-10: AS62, L-11: AS40,
L-12: AS51, L-13: AS32.
*CL = E. fl clinical isolate
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Figure 4.38. Microplate growth inhibition assay of enterocin positive (Producer E. fm HA121, AS8, AS17, AS20, AS13) and negative isolate
(AS01) against Listeria monocytogenes ATCC 13932. Insert: Plates showing bacterial antagonism activity of selected isolates.
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Figure 4.39. Microplate growth inhibition assay of enterocin positive (Producer E. fm HA121, AS8, AS17, AS20, AS13) and negative
isolate (AS01) against sensitive E. fm NA283. Insert; Plates showing bacteria antagonism activity of selected isolates.
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Figure 4.40. Percent prevalence of enterococcal isolates (n = 118) from agriculture soil showing different virulence
determinants.
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Figure 4.41. Phenotypic assessment of antibiotic resistance by (A) spot inoculation on kanamycin aesculine azide agar containing
respective antibiotic concentration and (B) by streaking on Muller Hinton agar containing respective antibiotic concentration against
ENT isolated from agriculture soil.
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Figure 4.42. Resistance profile of Enterococcus spp. against different antibiotic concentrations assessed by agar diffusion method, isolated from
(A) agriculture soil and (B) Clinical ENT isolates. For details see ‘Material and Methods’.
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Figure 4.43. Minimum inhibitory concentration (MIC) determination of represented high level gentamicin resistant agriculture soil
isolate (AS01) and clinical isolate (CL01) by broth microdilution method. (For details see section Material and Methods)
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Figure 4.44. Comparative profile of enterococcal isolates found resistant to various antibiotics and heavy metals among HLGRE and nonHLGRE isolates tested from agricultural soil (A) and clinical ENT isolates (B).
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Figure 4.45. Representative gel of multiplex-PCR of agriculture
soil isolates positive for aminoglycosides modifying enzymes (aph
(3)-IIIa and aac6-aph2) gene. L-1: *CL1 (positive control), L-2:
AS01, L-3: AS05, L-4: AS25, L-5: AS12, L-6: AS29, L-7: AS38,
L-8: AS45, L-9: AS33, L-10: AS49, L-11: AS30, L-12: AS82, L13: 1 kb DNA ladder.
*CL = E. fl clinical isolate
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Figure 4.46. Representative gel of single-PCR of agriculture soil
isolates positive for macrolide resistance (ermB) gene. L-1: *CL1
(positive control), L-2: AS01, L-3: AS05, L-4: AS25, L-5: AS12, L-6:
AS29, L-7: AS38, L-8: AS45, L-9: AS33, L-10: AS49, L-11: AS30, L12: AS82, L-13: 1 kb DNA ladder.
*CL = E. fl clinical isolate
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Figure 4.47(A). Representative gel of multiplex-PCR of agriculture soil isolates positive for tetracycline resistance (tetL and tetM)
genes. L-1: AS20, L-2: AS22, L-3: AS34, L-4: AS03, L-5: AS50, L-6: AS51, L-7: *A146 (positive control). L-8: 1 kb DNA ladder.
(B). Representative gel of single-PCR of agriculture soil isolates positive for Tn-like transposase element (Tn916-1546) gene. L-1:
AS01, L-2: E. fl ATCC 29212 (positive control), L-3: AS11, L-4: 1 kb DNA ladder.
*A = E. fl poultry air isolate
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Figure 4.48. Representative gel of multiplex-PCR of agriculture soil
isolates positive for ciprofloxacin resistance (gyrA and parC) genes.
L-1: *A144 (positive control), L-2: Ultra low DNA ladder, L-3:
AS02, L-4: AS47, L-5: AS48, L-6: AS78, L-7: AS90.
*A = E. fl poultry air isolate
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Figure 4.49(A). Representative gel of multiplex-PCR of vancomycin resistance (vanC1/vanB/vanC3/C4) genes.
L-1: BS135+E.fl ATCC 51299+*A47 (positive controls), L-2: 1 kb DNA ladder.
(B). Representative gel of single-PCR of agriculture soil isolates positive for copper resistance (tcrB) gene. L-1:
E. fl ATCC 29212 (positive control), L-2: AS91, L-3: 1 kb DNA ladder.
*A = E. fl air isolate
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Figure 4.50. Percent prevalence of enterococcal isolates (n = 118) from agriculture soil showing resistance to different antibiotics.
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Figure 4.51. Dendogram based on BOX PCR patterns showing the genetic relatedness
among all HLGRE from agriculture soil and clinical isolates. Similarity was determined
based on Dice coefficient, and clustering was performed with UPGMA.
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Figure 4.52. Dendogram based on RAPD PCR patterns showing the genetic
relatedness among all HLGRE from agriculture soil and clinical isolates. Similarity
was determined based on Dice coefficient, and clustering was performed with
UPGMA.
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Figure 4.53. Dendogram based on ERIC PCR patterns showing the genetic relatedness
among all HLGRE from agriculture soil and clinical isolates. Similarity was determined
based on Dice coefficient, and clustering was performed with UPGMA.
Page | 145

Figure 4.54. SDS-PAGE proﬁles of whole-cell protein extracts of enterococcal
isolates. Dendrogram resulting from whole cell protein proﬁles of gentamicin
resistant agricultural soil isolates. Similarity was determined based on Dice
coefficient, and clustering was performed with UPGMA. M, molecular mass marker.
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Figure 4.55. Dendogram based on RAPD PCR patterns showing the genetic relatedness
among all high-level erythromycin resistant enterococci (HLERE) from agriculture soil.
Similarity was determined based on Dice coefficient, and clustering was performed with
UPGMA.
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Figure 4.56. Comparative prevalence and distribution of Enterococcus spp. isolated from Bulk (A) and Agriculture soil (B)
environments.
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Figure 4.57. Comparative virulence profile of Enterococcus spp. isolated from Bulk soil and Agriculture soil
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Figure 4.58. Correlation between lipase phenotype and presence of lip genes in Bulk (A) and Agriculture (B) Soil isolates.
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Figure 4.59. Correlation between gelatinase phenotype and presence of gel operon genes in E. fl from Agriculture (A) and Bulk (B) Soils.
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Figure 5.60. Correlation between beta-haemolysis phenotype and presence of cytolysin operon genes in E. fm and E. fl from Bulk (A and
B) and Agriculture (C and D) Soil.
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Figure 4.61. Correlation between biofilm phenotype and presence of adherence genes in E. fm and E. fl from bulk (A and B) and
agriculture soils (C and D).
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Figure 4.62. Correlation between bacterial antagonism positive phenotype and presence of enterocin genes in E. fm (A), E. fl (B), E. hr
(C) and Enterococcus spp. (D) from bulk soil.
L.M = L. monocytogenes ATCC 13932, E. fm = E. fm NA283
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Figure 4.63. Correlation between bacterial antagonism positive phenotype and presence of enterocin genes in E. fm (A), E. fl (B), E. cas
(C) and Enterococcus spp.(D) from agriculture soil.
L.M = L. monocytogenes ATCC 13932.
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Figure 4.64. Dendogram based on RAPD PCR patterns showing the genetic
relatedness among all enterolysin A (enlA) positive E. fl from bulk and agriculture
soil. Similarity was determined based on Dice coefficient, and clustering was
performed with UPGMA.
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Figure 4.65. Comparative antibiogram profile of Enterococcus spp. isolated from bulk and agriculture soils.
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Figure 4.66. Minimum inhibitory concentration (MIC) determination of Bacitracin in bulk (A) and agriculture soils (B) Enterococcus isolates
established by agar dilution method.
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Figure 4.67. Minimum inhibitory concentration (MIC) determination of Neomycin in bulk (A) and agriculture soils (B) Enterococcus isolates
established by agar dilution method.
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Figure 4.68. Comparative genotypic profiles of antibiotic resistance in Enterococcus spp. isolated from bulk soil and agriculture soils.
*tcrB gene primer was only applied to AS isolates.
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Table 4.1. Summary of the distribution of virulence determinants and hospital associated marker among enterococcal species isolated
from bulk soil.
BS Isolates n (%)
E.fm 288(77.5)
E. fl 38(10.2)
E.hr 16(4.3)
E.cas 5(1.3)
Ent. sp. 25(6.7)
Total=372
β-hemolysis (P+)

10(3.4)

02(5.0)

02(12.5)

-

04(16)

18(4.8)

cylLL

-

01(2.6)

01(6.2)

-

04(16)

06(1.6)

cylLs

-

-

-

-

-

-

cylA

-

-

-

-

-

-

cylB

-

-

-

-

-

-

cylM

-

-

-

-

-

-

Urease (P+)

05(1.7)

04(10.5)

01(6.3)

-

02(08)

12(3.2)

Lipase (P+)

39(13.5)

09(23.6)

02(12.5)

01(20)

1(04)

52(14)

lip-fm

27(9.3)

-

-

-

-

27(7.2)

lip-fl

-

09(23.6)

-

-

-

09(2.4)

DNase (P+)

-

-

-

-

-

-

Catalase (P+)

-

01(2.6)

-

-

-

01(0.2)

kat

-

01(2.6)

-

-

-

01(0.2)

IS16

06(2.0)

19(50)

-

-

-

25(6.7)

(P+) = Phenotype positive
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Table 4.2. Prevalence of gelatinase phenotype and genotype among enterococcal species isolated from bulk and agriculture soils.
Bulk Soil Isolates
Isolates n (%)

E. fm 288(77.5)

E. fl 38(10.2)

E.hr 16(4.3)

E.cas 5(1.3)

Ent. sp. 25(6.7)

Total=372

Gelatinase (P+)

-

31(81.5)

-

-

-

31(8.3)

gelE

-

30(78.9)

-

-

-

30(8.0)

sprE

-

29(76.3)

-

-

-

29(7.7)

fsrA

-

23(60.5)

-

-

-

23(6.2)

fsrB

-

23(60.5)

-

-

-

23(6.2)

fsrC

-

21(55.2)

-

-

-

21(5.6)

E.hr

E.cas 04(3.3)

Ent. sp. 07(6.0)

Total=118

Agriculture Soil Isolates
Isolates n (%)

E.fm 87(73.3)

E. fl 20(17)

Gelatinase (P+)

03(3.4)

14(70)

-

-

17(14.4)

gelE

-

11(55)

-

-

11(9.3)

sprE

-

11(55)

-

-

11(9.3)

fsrA

-

10(50)

-

-

10(8.4)

fsrB

-

10(50)

-

-

10(8.4)

fsrC

-

10(50)

-

-

10(8.4)

N.D.

P+ = Phenotype positive; N.D. = Not detected
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Table 4.3. Prevalence of biofilm formation and associated adherence genes among enterococcal species isolated from bulk soil.
Isolates n (%)

E.fm 288(77.5)

E. fl 38(10.2)

E.hr 16(4.3)

E.cas 5(1.3)

Ent. sp. 25(6.7)

Total=372

Biofilm (P+)

150(52.0)

15(39.4)

07(43.7)

02(40)

08(32)

182(48.9)

efaAfm

250(86.8)

-

-

-

-

250(67.2)

efaAfs

-

38(100)

-

-

-

38(10.2)

espTIM

-

5(13)

-

-

-

5(1.3)

acm

145(50.3)

-

-

-

-

145(38.9)

ace

-

02(5.2)

-

-

-

02(0.5)

asa

02(0.7)

05(13.1)

-

-

-

07(1.8)

agg

-

02(5.2)

-

-

-

02(0.5)

ccf

-

37(97.3)

-

-

-

37(10)

eep

-

36(94.7)

-

-

-

36(9.6)

cpd

-

34(89.4)

-

-

-

34(9.1)

cob

-

18(47.3)

-

-

-

18(4.8)

P+ = Phenotype positive
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Table 4.4. Summary of bacterial antagonism and distribution of enterocin genes among enterococcal species isolated from bulk soil.
Isolates n (%)

E. fm 288(77.5)

E. fl 38(10.2)

E. hr 16(4.3)

E. cas 5(1.3)

Ent. sp. 25(6.7)

Total=372

Sensitive E.fm NA283

40(13.8)

02(5.2)

02(12.5)

-

02(8.0)

43(11.5)

L.monocytogenes

43(14.9)

01(2.6)

-

-

04(16)

48(12.9)

entA

24(8.3)

01(2.6)

-

-

01(04)

26(6.9)

entB

20(6.9)

01(2.6)

-

-

01(04)

22(5.9)

entP

29(10)

01(2.6)

-

-

04(16)

34(9.1)

ef1097

-

01(2.6)

-

-

-

01(0.3)

enlA

-

07(18)

-

-

-

07(1.8)

Indicator strains

Enterocin
genes n (%)
ATCC 13932
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Table 4.5. Antibiogram profile of enterococcal species isolated from bulk soil environment.
Isolates n (%)

E. fm 288(77.5)

E. fl 38(10.2)

E. hr 16(4.3)

E. cas 5(1.3)

Ent. sp. 25(6.7)

Total=372

Antibiotic

Number (percentage) of isolates resistant to*

CEF
(15)
(µg/ml)

59(15.8)

11(28.9)

1(6.25)

-

-

71(19.0)

AMP (30)

05(1.7)

-

-

-

-

05(1.3)

CIP (4)

60(20.8)

12(31.5)

08(50)

-

05(20)

85(23)

CHL (32)

04(1.3)

-

-

-

-

4(1.0)

TET (32)

36(12.5)

06(15.7)

05(25)

02(40)

02(12)

51(13.7)

LIN (4)

253(87.8)

31(81.5)

15(93.7)

03(60)

21(84)

323(86.8)

CLA (32)

22(7.6)

08(21.0)

02(12.5)

01(20)

04(16)

37(9.9)

MER (1)

288(100)

20(52.6)

14(87.5)

05(100)

22(88)

349(93.8)

HLG (512)

-

-

-

-

-

-

ERY (50)

22(7.6)

8(21.0)

-

-

-

25(6.7)

HLK (1000)

60(20.8)

12(31.5)

08(50)

-

05(20)

85(23)

VAN (06)

10(3.4)

-

-

-

-

10(2.6)

BAC (32)

173(60)

25(65.7)

06(37.5)

02(40)

13(52)

219(58.8)

NEO (32)

202(70)

28(73.6)

10(62.5)

-

16(64)

256(68.8)

*Antibiotics: ceftriaxone (CEF), ampicillin (AMP), ciprofloxacin (CIP), chloramphenicol (CHL), tetracycline (TET), lincomycin (LIN), clarithromycin (CLA),
meropenom (MER), high-level gentamicin (HLG), erythromycin (ERY), high-level kanamycin (HLK), vancomycin (VAN), bacitracin (BAC), neomycin (NEO)
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Table 4.6. Enterococcal species diversity in terms of antibiotic resistance genotype from bulk soil.
Isolates n (%)

E.fm 288(77.5)

E. fl 38(10.2)

E.hr 16(4.3)

E.cas 5(1.3)

Ent. sp. 25(6.7)

Total=372

Aminoglycoside resistance genes n (%)
aac6-aph2

05(1.7)

02(5.2)

-

-

-

07(1.8)

aph (3)-IIIa

11(4.0)

09(23.6)

02(12.5)

-

01(4)

23(6.0)

ant (4)-Ia

-

-

-

-

-

-

aac (3)-IV

04(1.4)

01(2.6)

-

-

-

05(1.3)

02(5.2)

02(12.5)

-

-

13(3.5)

Macrolide resistance gene n (%)
ermB

09(3.0)

Tetracycline resistance gene n (%)
TetM

26(9)

05(13)

06(37.5)

02(40)

-

39(10.4)

TetL

27(9.3)

13(34.2)

06(37.5)

01(20)

-

42(11.2)

TetS

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Integrase gene n (%)
Tn916-1546

Ampicillin resistance gene n (%)
Pbp5

-

-

Ciprofloxacin resistance gene n (%)
gyrA

50(17.0)

09(23.6)

04(25)

-

03(12)

66(17.7)

parC

44(15.0)

05(13.0)

03(18.7)

-

03(12)

55(14.7)
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Table 4.7. Distribution of virulence determinants and hospital associated marker among enterococcal species isolated from agriculture
soil.
AS isolates n (%)
E. fm 87(73.3)
E. fl 20(17)
E. cas 4(3.3)
Ent. sp. 07(6.0)
Total=118
β-hemolysis (P+)

32(36.7)

09(45)

01(25)

01(14)

43(36.4)

cylLL

14(16)

08(40)

01(25)

01(14)

24(20)

cylLs

02(2.3)

03(15)

01(25)

-

06(5)

cylA

02(2.3)

07(35)

-

-

09(7.6)

cylB

-

03(15)

-

-

03(2.5)

cylM

-

04(20)*

-

-

04(3)

Urease (P+)

-

-

-

-

-

Lipase (P+)

67(77.0)

18(94.3)

01(25)

07(100)

93(78.8)

lip-fm

33(38)

-

01(25)

01(14)

35(29.6)

lip-fl

-

13(65)

-

-

13(11)

DNAse (P+)

-

-

-

-

-

Catalase (P+)

-

08(40)

-

-

08(6.7)

kat

-

08(40)

-

-

08(6.7)

IS16**

-

-

-

-

-

(P+) = Phenotype positive, *V. P = variable product of ~1200bp and ~300bp, **Only applied to HLGRE isolates
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Table 4.8. Prevalence of biofilm formation and associated adherence genes among enterococcal species isolated from agriculture soil.
Isolates n (%)

E. fm 87(73.7)

E. fl 20(17)

E. cas 04(3.4)

Ent. sp. 07(6.0)

Total=118

Biofilm (P+)

45(51.7)

12(63.1)

-

07(100)

64(56.7)

efaAfm

45(51.7)

-

-

-

45(38.0)

efaAfs

-

15(75)

-

-

15(12.7)

espTIM

-

17(85)*

-

-

17(14.4)

acm

45(51.7)

-

-

-

45(38.0)

ace

-

08(40)

-

-

08(6.7)

asa

11(12.6)

18(90)

-

-

29(24.5)

agg

-

15(75)

-

-

15(12.7)

ccf

-

12(60)

-

-

12(10.0)

eep

-

10(50)

-

-

10(8.4)

cpd

-

13(65)

-

-

13(11.0)

cob

-

10(50)

-

-

10(8.4)

P+ = Phenotype positive, *V.P = variable product of ~500 and ~300bp
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Table 4.9. Summary of bacterial antagonism and distribution of enterocin genes among enterococcal species isolated from agriculture
soil.
Isolates n (%)
E. fm 87(73.7)
E. fl 20(17)
E. cas 4(3.3)
Ent. sp. 7(6)
Total=118
Indicator strains
Listeria monocytogenes ATCC 13932

42(48.2)

-

-

01(14)

43 (36.4)

entA

11(12.6)

-

-

-

11 (9.3)

entB

17(19.5)

-

-

-

17 (14.4)

entP

26(29.8)

-

-

-

26 (22)

ef1097

-

-

-

-

-

enlA

-

12(60)

-

-

12 (10)

Enterocin genes n (%)
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Table 4.10. Summary of the antimicrobial resistance profile of enterococcal species isolated from agriculture soil environment.
Isolates n (%)

E. fm 87(73.7)

E. fl 20(17)

E. cas 4(3.3)

Ent. sp. 7(6)

Antibiotic

Number (percentage) of isolates resistant to*

CIP
(4)
(µg/ml)

41(47)

TET (32)

Total=118

02(10.5)

-

02(20)

45(38)

15(17)

10(50)

-

-

25(21)

HLG (512)

04(4.5)

14(73.6)

-

-

18(15.2)

ERY (50)

15(17)

14(73.6)

-

01(10)

30(25.4)

HLK (1000)

56(64.3)

16(84.2)

01(25)

03(37.5)

72(61)

VAN (10)

-

-

-

-

-

AMP (32)

02(02)

03(15.7)

NEO (32)

32(36.7)

18(90)

01(25)

03(42.8)

54(45.7)

BAC (32)

71(81.6)

11(55)

03(75)

03(42.8)

88(74.5)

CuSO4(4)

23(26.4)

06(30)

-

-

29(24.5)

ZnCl2(4)

82(94)

19(95)

03(75)

04(57)

108(91.5)

05(04)

Heavy Metals (mM)

*Antibiotics: ciprofloxacin (CIP), tetracycline (TET), high-level gentamicin (HLG), erythromycin (ERY), high-level kanamycin (HLK), vancomycin (VAN), ampicillin
(AMP), neomycin (NEO), bacitracin (BAC)

*Heavy metals: Copper sulphate (CuSO4), Zinc chloride (ZnCl2)
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Table 4.11. Enterococcal species diversity in terms of antibiotic and heavy metal resistance from Agricultural soil and clinical specimens from
Karachi.
Associated resistance genes in Agricultural soil, n (%)
Species n (%)
E.fm 87 (73.7)
E.fl 20 (17)
aac6-aph2
01(1)
11(57.8)
aph (3)-IIIa
01(1)
06(31.5)
ant (4)-Ia
ermB
09(10.3)
11(57.8)
TetM
09(10.3)
09(45)
TetL
11(12.6)
05(25)
Pbp5
gyrA
31(35.6)
parC
13(14.9)
tcrB
-

E.cas 04 (3.3)
-

Ent spp. 07 (6.0)
-

Total n=118
12(10)
07(5.9)
20(16.9)
18(15)
16(13.5)
31(26)
13(11)
-
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Table 4.12. Summary of the Multidrug Resistant (MDR; Resistant to ≥3 antibiotics) and multi virulent Enterococcus (MVE) species
isolated from agriculture soil.
Isolate ID
*MDRE
Antibiotic genes Detected
*Virulent factors detected
Lip, efaAfm, asa, acm

E, K, A, T, C, N, B, Cu, Zn

aac6-aph2, aph (3)-IIIa, gyrA, ermB,
Tn916
ermB, TetM, TetL, gyrA, parC

AS03-E.fm

E, K, T, C, N, B, Zn

ermB, gyrA

Lip, efaAfm, asa, acm, lip-fm

AS05-E.fl

E, HLG, HLK, N, B, Zn

aac6-aph2, aph (3)-IIIa,

Lip, efaAfs, asa, agg, esp

AS06-E.fm

E, K, T, C, B, Zn

ermB,

Lip, Gel, efaAfm, asa, acm, lip-fm

AS07-E.fl

E, HLG, HLK

ermB

Lip, Bf, efaAfs, asa, agg, lip-fl, enlA

AS08-E.fm

E, HLK, T, C, N, B, Zn

ermB, TetL

Lip, Bf, Bac, efaAfm, lip-fm, entA, entB

AS11-E.fl

E, HLK, HLG, A, T, N, B, Zn

aac6-aph2, TetM, TetL, ermB

Lip, Gel, B.H, ccf, eep, cpd, asa, agg, enlA, cylLL

AS12-E.fl

E, HLK, HLG, A, T, N, B, Zn

ermB, TetM, TetL, Tn916

Lip, Gel, asa, agg

AS17-E.fm

E, HLK, T, C, B, Cu, Zn

ermB, TetM, TetL, Tn916

Lip, Bf, Bac, B.H, efaAfm, acm, entA, entB

AS18-E.fm

E, HLK, T, C, N, B, Zn, Cu

TetL, gyrA

Lip, Gel, B.H, efaAfm, acm

AS20-E.fm

E, K, T, C, B, Zn

ermB, TetM, TetL, gyrA

Lip, Bf, Bac, B.H, efaAfm, acm, asa, lip-fm, entA, entB

AS21-E.fm

E, K, T, C, B, Zn

ermB, gyrA

Lip, Bf, Bac, B.H, efaAfm, acm, lip-fm, entA, entB

AS22-E.fm

E, K, T, C, B, Cu, Zn

TetM, TetL, gyrA

Lip, Bac, B.H, efaAfm, lip-fm, entA, entB

AS23-E.fl
AS24-E.fm

E, HLK, HLG, C, N, Cu, Zn
G, K, C

aac6-aph2, ermB
-

Lip, Gel, Bf, B.H, gelE, sprE, eep, cpd, asa, lip-fl,
Lip,
agg, Bf
enlA, cylLL, cylA

AS01-E.fm

HLG, HLK, E, C, N, B, Zn

AS02-E.fm

Lip, efaAfm, asa, acm, lip-fm
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Table 4.12. continue

AS29-E.fl

G, K, E, T, N, Zn

AS32-E.fl

G, K, E, N, Zn

AS33-E.fl

G, K, E, T, N, Cu, Zn

AS38-E.fl

E, HLK, HLG, T, N, Zn

AS39-E.fm

E, K, T, C, B, Zn, N

Lip, Gel, Bf, B.H, gelE, sprE, fsrA, fsrB, fsrC, eep,
cpd, ccf, cob, asa, efaAfs, agg, kat, ace, cylLL, cylLs,
aac6-aph2, aph (3)-IIIa, ermB, TetM, Lip,
Gel,
gelE,
sprE, fsrA, fsrB, fsrC, eep, cpd, ccf,
cylA,Bf,
cylB,
enlA,
lip-fl
Tn916-1545
cob, asa, ace, efaAfs, agg, kat, espTIM, enlA
Lip, Gel, gelE, sprE, fsrA, fsrB, fsrC, cpd, ccf, cob,
aac6-aph2, ermB
asa, ace, lip-fl, efaAfs, agg, kat, enlA
Lip, Gel, Bf, B.H, cpd, asa, lip-fl, efaAfs, agg, enlA,
ermB, TetM
cylLL, cylA
aac6-aph2, aph (3)-IIIa, TetM, TetL, Lip, Gel, Bf, B.H, gelE, sprE, fsrA/B/C, ccf, cpd, cob,
Tn916
efaAfs, asa, ace, agg, kat, enlA, cylLs, cylLL, cylA,
TetM, TetL
Lip,
cylB Bac, efaAfm, entA, entB

AS45-E.fl

E, HLK, T, HLK, N, Zn

ermB, aac6-aph2, aph (3)-IIIa, TetM

AS46-E.fm

E, K, T, C, B, Zn

TetM, TetL

Lip, Gel, Bf, gelE, sprE, fsrA/B/C, ccf, eep, cpd, cob,
asa, efaAfs, ace, agg, kat, lip-fl, esp, enlA
Lip, Bf, Bac, efaAfm, lip-fm, acm, entB

AS47-E.fm

E, K, T, C, B, Zn

TetM, TetL, gyrA, parC

Lip, Bf, Bac, efaAfm, asa, acm, lip-fm, entA, entB

AS49-E.fl

E, HLK, HLG, T, N, B, Cu, Zn ermB, aac6-aph2, aph (3)-IIIa, TetM, Lip, Gel, Bf, B.H, gelE, sprE, fsrA/B/C, ccf, eep, cpd,
Tn916
cob, efaAfs, asa, agg, kat, enlA, cylLs, cylLL, cylA,
cylB Gel, Bf, gelE, sprE, fsrA/B/C, ccf, eep, cpd, cob,
E, HLK, HLG, T, N, B
aac6-aph2, aph (3)-IIIa, TetM, Tn916 Lip,
efaAfs, asa, agg, kat, enlA
Lip, Gel, Bf, gelE, sprE, fsrA/B/C, ccf, eep, cpd, cob,
E, HLK, HLG, T, N, B, Zn
ermB, aac6-aph2, TetM, Tn916
efaAfs, asa, agg, kat, enlA
G, K, C, N, B, Zn
gyrA
Lip, Bac

Table 4.12. continue.
AS25-E.fl
G, K, E, N, Cu, Zn

AS50-E.fl
AS51-E.fl
AS88-E.fm

aac6-aph2, aph (3)-IIIa, ermB

*HLG= high-level gentamicin, HLK= high-level kanamycin, E= erythromycin, C= ciprofloxacin, T= tetracycline, N= neomycin, B= bacitracin, Cu= copper sulphate, Zn=
zinc chloride. *Lip= lipase, Gel= gelatinase, Bf= biofilm, B.H= beta haemolysis, Bac= bacterial antagonism
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Table 4.13. Summary of high-level gentamicin resistant Enterococcus (HLGRE) species (n=18) isolated from agriculture soil.
Isolate ID

*Virulence
phenotype

*Resistance phenotype

Resistance genotype

AS01-fm

G, K, E, C, T, N, B, Zn

acm, efaAfm, asa,

AS05-fl

G, K, E, C, N, B, Zn

aac6-aph2, aph (3)-IIIa, ermB, gyrA, Lip
TetM, TetL, Tn916-1545
aac6-aph2, aph (3)-IIIa
Lip

AS07-fl

G, K, E

ermB

lip-fl, efaAfs, asa, agg, enlA

AS11-fl

G, K, E, A, T, N, B, Zn

AS12-fl

G, K, E, A, T, N, B, Zn,

aac6-aph2, ermB, TetM, TetL, Lip, Gel, B.H
Tn916-1545
ermB, TetM, TetL, Tn916-1545
Lip, Gel

AS23-fl

G, K, E, C, N, Cu, Zn

aac6-aph2, ermB

AS25-fl

G, K, E, N, Cu, Zn

AS29-fl

G, K, E, T, N, Zn

AS32-fl

G, K, E, N, Zn

AS33-fl

G, K, E, T, N, Cu, Zn

AS38-fl

G, K, E, T, N, Zn

AS45-fl

G, K, E, T, N, Zn

Lip, Bf

Virulence genes

efaAfs, asa, agg, espTIM,

ccf, eep, cpd, asa, agg, enlA, cylLL
asa, agg

Lip, Gel, Bf, gelE, sprE, eep, cpd, asa, lip-fl, agg, enlA,
B.H
cylLL, cylA,
Lip,
Gel,
Bf,
gelE, sprE, fsrA, fsrB, fsrC, eep, cpd, ccf,
aac6-aph2, aph (3)-IIIa, ermB
B.H
cob, asa, efaAfs, agg, kat, ace, cylLL,
aac6-aph2, aph (3)-IIIa, ermB, TetM, Lip, Gel, Bf
gelE,
cylLs,sprE,
cylA, fsrA,
cylB, fsrB,
enlA,fsrC,
lip-fl eep, cpd, ccf,
Tn916-1545
cob, asa, ace, efaAfs, agg, kat, espTIM,
gelE,
enlA sprE, fsrA, fsrB, fsrC, cpd, ccf, cob,
aac6-aph2, ermB
Lip, Gel
asa, ace, lip-fl, efaAfs, agg, kat, enlA
Lip, Gel, Bf, cpd, asa, lip-fl, efaAfs, agg, enlA, cylLL,
ermB, TetM
B.H
cylA
aac6-aph2, aph (3)-IIIa, TetM, TetL, Lip, Gel, Bf, gelE, sprE, fsrA, fsrB, fsrC, efaAfs, cpd,
Tn916-1545
B.H
ccf, cob, asa, ace, agg, kat, lip-fl, enlA,
aac6-aph2, aph (3)-IIIa, ermB, TetM, Lip, Gel, Bf
gelE,
cylLL,sprE,
cylLs,fsrA,
cylA,fsrB,
cylBfsrC, eep, cpd, ccf,
Tn916-1545
cob, asa, ace, lip-fl, efaAfs, agg, kat,
espTIM, enlA
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Table 4.13. continue.

AS51-fl

G, K, E, T, N, B, Zn aac6-aph2, ermB, TetM, TetL, Tn916-1545

Lip, Gel, Bf

AS82-fm

G, K, N, B, Zn

-

Lip, Bf

gelE, sprE, fsrA, fsrB, fsrC, efaAfs, asa,
agg, kat, eep, cpd, ccf, asa, lip-fl, enlA,
gelE,
cylLL,sprE,
cylLs,fsrA,
cylA,fsrB,
cylB fsrC, efaAfs, eep,
cpd, ccf, cob, asa, lip-fl, agg, kat, enlA,
gelE, sprE, fsrA, fsrB, fsrC, efaAfs, eep,
cpd, ccf, cob, asa, lip-fl, agg, kat, espTIM,
acm,
enlA efaAfm

AS88-fm

G, K, C, N, B, Zn

gyrA

Lip, Bac

-

AS117-fm

G, K, B, Cu, Zn

-

B.H

cylLL, cylLs

AS49-fl
AS50-fl

G, K, E, T, N, Cu, aac6-aph2, aph (3)-IIIa, ermB, TetM, Lip, Gel, Bf,
Zn
Tn916-1545
B.H
aac6-aph2,
aph
(3)-IIIa,
TetM,
TetL,
Tn916G, K, E, T, N, B, Zn
Lip, Gel, Bf
1545

*G= gentamicin, K= kanamycin, E= erythromycin, C= ciprofloxacin, A= ampicillin, T= tetracycline, N= neomycin, B= bacitracin, Cu= copper sulphate, Zn= zinc chloride.
*Lip= lipase, Gel= gelatinase, Bf= biofilm, B.H= beta haemolysis, Bac= bacterial antagonism
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Table 4.14. Summary of the high-level erythromycin resistant Enterococcus (HLERE) species (n=30) isolated from agriculture soil.
Isolate ID

*Resistance phenotype

Resistance genotype

*Virulence phenotype

Virulence genes

Lip

efaAfm, asa, acm

AS02-fm

E, HLG, HLK, T, C, N, B, Zn ermB, aac6-aph2, aph(3)-IIIa,
TetM, TetL, gyrA, Tn916
E, K, A, T, C, N, B, Cu, Zn
ermB, TetM, TetL, gyrA, parC

Lip

efaAfm, asa, acm, lip-fm

AS03-fm

E, K, T, C, N, B, Zn

ermB, gyrA

Lip

efaAfm, asa, acm, lip-fm

AS05-fl

E, HLG, HLK, N, B, Zn

aac6-aph2, aph(3)-IIIa,

Lip

efaAfs, asa, agg, esp

AS06-fm

E, K, T, C, B, Zn

ermB,

Lip, Gel

efaAfm, asa, acm, lip-fm

AS07-fl

E, HLG, HLK

ermB

Lip, Bf

efaAfs, asa, agg, lip-fl, enlA

AS08-fm

E, HLK, T, C, N, B, Zn

ermB, TetL

Lip, Bf, Bac

efaAfm, lip-fm, entA, entB

AS09-fm

E, HLK, T, N, B, Zn

ermB

Lip, Bf, B.H

efaAfm, cylLL

AS11-fl

aac6-aph2, TetM, TetL

Lip, Gel, B.H

ccf, eep, cpd, asa, agg, enlA, cylLL

AS12-fl

E, HLK, HLG, A, T, N, B,
Zn
E, HLK, HLG, A, T, N, B,

ermB, TetM, TetL, Tn916

Lip, Gel

asa, agg,

AS17-fm

Zn
E, HLK, T, C, B, Cu, Zn

ermB, TetM, TetL, Tn916

Lip, Bf, Bac, B.H

efaAfm, acm, entA, entB

AS18-fm

E, HLK, T, C, N, B, Zn, Cu

TetL, gyrA

Lip, Gel, B.H

efaAfm, acm

AS20-fm

E, K, T, C, B, Zn

ermB, TetM, TetL, gyrA

Lip, Bf, Bac, B.H

efaAfm, acm, asa, lip-fm, entA, entB

AS21-fm

E, K, T, C, B, Zn

ermB, gyrA

Lip, Bf, Bac, B.H

efaAfm, acm, lip-fm, entA, entB

AS22-fm

E, K, T, C, B, Cu, Zn

TetM, TetL, gyrA

Lip, Bac, B.H

efaAfm, lip-fm, entA, entB

AS23-fl

E, HLK, HLG, C, N, Cu, Zn

aac6-aph2

Lip, Gel, Bf, B.H

AS25-fl

E, HLK, HLG, N, Cu, Zn

ermB, aac6-aph2, aph(3)-IIIa

Lip, Gel, Bf, B.H

gelE, sprE, eep, cpd, asa, lip-fl, agg,
enlA, cylLL, cylA
gelE, sprE, fsrA/B/C, ccf, eep, cpd,
cob, asa, ace, efaAfs, agg, lip-fl, kat,
enlA, cylLL, cylLs, cylA, cylB

AS01-fm
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Table 4.14. continue.
AS29-fl

E, HLK, HLG, T, N, Zn

ermB, aac6-aph2, aph(3)-IIIa,
TetM, Tn916

Lip, Gel, Bf

AS32-fl

E, HLK, HLG, N, Zn

ermB, aac6-aph2

Lip, Gel

AS33-fl

E, HLK, HLG, T, N, Cu, Zn

ermB, TetM

Lip, Gel, Bf

AS38-fl

E, HLK, HLG, T, N, Zn

AS39-fm

E, K, T, C, B, Zn, N

aac6-aph2, aph(3)-IIIa, TetM,
TetL, Tn916
TetM, TetL

Lip, Gel, Bf,
B.H
Lip, Bac

gelE, sprE, fsrA/B/C, ccf, eep, cpd, cob,
asa, ace, agg, efaAfs, kat, esp, enlA
gelE, sprE, fsrA/B/C, ccf, cpd, cob,
efaAfs, agg, asa, ace, kat, lip-fl, enlA
cpd, asa, agg, efaAfs, lip-fl, enlA,
cylLL, cylA
gelE, sprE, fsrA/B/C, ccf, cpd, cob,
efaAfs, asa, ace, agg, kat, enlA, cylLs,
efaAfm,
entA,cylB
entB
cylLL, cylA,

AS43-fl

E, Zn

ermB

Lip, Bf

efaAfm, acm, asa

AS45-fl

E, HLK, T, HLK, N, Zn

Lip, Gel, Bf

AS46-fm

E, K, T, C, B, Zn

ermB, aac6-aph2, aph(3)-IIIa,
TetM
TetM, TetL

Lip, Bf, Bac

gelE, sprE, fsrA/B/C, ccf, eep, cpd, cob,
asa, efaAfs, ace, agg, kat, lip-fl, esp,
efaAfm,
lip-fm, acm, entB
enlA

AS47-fm

E, K, T, C, B, Zn

TetM, TetL, gyrA, parC

Lip, Bf, Bac

efaAfm, asa, acm, lip-fm, entA, entB

AS49-fl

E, HLK, HLG, T, N, B, Cu, Zn

Lip, Gel, Bf,
B.H

AS50-fl

E, HLK, HLG, T, N, B

ermB, aac6-aph2, aph(3)-IIIa,
TetM, Tn916
aac6-aph2, aph(3)-IIIa, TetM,
Tn916

AS51-fl

E, HLK, HLG, T, N, B, Zn

ermB, aac6-aph2, TetM, Tn916

Lip, Gel, Bf

-

Bac, B.H

gelE, sprE, fsrA/B/C, ccf, eep, cpd, cob,
efaAfs, asa, agg, kat, enlA, cylLs,
gelE,
ccf, eep, cpd, cob,
cylLL,sprE,
cylA,fsrA/B/C,
cylB
efaAfs, asa, agg, kat, enlA
gelE, sprE, fsrA/B/C, ccf, eep, cpd, cob,
efaAfs, asa, agg, kat, enlA
cylLs, cylLL

AS110-fm E, K, B

Lip, Gel, Bf

*HLG= high-level gentamicin, HLK= high-level kanamycin, E= erythromycin, C= ciprofloxacin, T= tetracycline, N= neomycin, B= bacitracin, Cu= copper sulphate, Zn=
zinc chloride. *Lip= lipase, Gel= gelatinase, Bf= biofilm, B.H= beta haemolysis, Bac= bacterial antagonism
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Table 4.15. Summary of the multi virulent (MVE) and multi drug resistant (MDR) E. faecalis isolates carrying enterolysin A (enlA)
gene from agriculture soil.
Isolate Name
Enterocin genes
Antibiotic genes Detected
Virulent factors detected
AS07

enlA

ermB

Lip, Bf

AS11

enlA

aac6-aph2, ermB, TetM, TetL

Lip, Gel, ccf, eep, cpd, asa1

AS23

enlA

ermB, aac6-aph2

Lip, Bf, gelE, sprE, eep, cpd, asa1

AS25

enlA

aac6-aph2, ermB

Lip, gelE, sprE, ccf, eep, cpd, asa1, ace

AS29

enlA

ermB, aph3-IIIa, aac6-aph2, TetM

Lip, gelE, sprE, ccf, eep, cpd, asa1, ace

AS32

enlA

ermB, aac6-aph2

Lip, gelE, sprE, ccf, cpd, asa1, ace

AS33

enlA

ermB, TetM

Lip, Gel, Bf, cpd, asa1

AS38

enlA

aac6-aph2, aph3-IIIa, TetM, TetL

Lip, gelE, sprE, ccf, cpd, efaAfs, asa1, ace

AS45

enlA

ermB, aac6-aph2, aph3-IIIa, TetM

Lip, gelE, sprE, ccf, eep, cpd, asa1, ace

AS49

enlA

ermB, aac6-aph2, aph3-IIIa, TetM

Lip, gelE, sprE, ccf, eep, cpd, asa1, ace, efaAfs

AS50

enlA

aac6-aph2, aph3-IIIa, TetM, TetL

Lip, gelE, sprE, ccf, eep, cpd, asa1, ace, efaAfs

AS51

enlA

ermB, aac6-aph2, aph3-IIIa, TetM, TetL

Lip, gelE, sprE, ccf, eep, cpd, asa1, ace, efaAfs
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5.0. CHAPTER FIVE
5.1. Discussion
5.1.1. Bulk Soil
Enterococci, well known causative agents of diseases in humans and other living beings,
are opportunistic pathogens dependent on host immune status (Eaton and Gasson, 2001).
Despite the environmental significance not much information is available on their
occurrence, virulence potential and antibiotic resistance profile from soil both globally and
at the national level. Thus, the present study aims at providing baseline data about the
occurrence and dissemination of ENT in soil ecology of Karachi and evaluates associated
antibiotic resistance and virulence determinants. In order to gain insight into the species
biodiversity and also the relatedness of enterococcal species to other factors, like sewage
spill and exposure of soil to animals, birds and/or humans, every town of the city was
sampled (Fig. 1). Moreover, CL isolates were also included to compare the pathogenicity
and virulence potential of ENT from both origins.
Extensive studies on some bacterial taxa have been carried out earlier with reference to
specific physiological capabilities, like the Nitroso-genera, N2-fixing Rhizobia, ammonia
oxidizing and methane-oxidizing Methylo-genera etc (Fierer et al., 2007). On the other
hand, a large number of soil bacteria remain unknown with reference to their physiological
capabilities, habitats preferences and origin as most of them are uncultivable or very
difficult to culture, despite being active and viable under the microscope (Lynch et al.,
2004). The earliest research on the survival of ENT in soil conducted by van Donsel et al.,
(1967) revealed that the survival rate of S. faecalis being more than the fecal coliforms
during all seasons except summer. Prevalence of ENT in other environments such as beach
and AS, sediments, water and plants has also been established as a result of association
with normal gut flora of warm blooded animals (Guardabassi and Dalsgaard, 2004; Nayak
et al., 2011; Byappanahalli et al., 2012; Pickering et al., 2012; Ran et al., 2013). For
example, Byappanahalli et al., (2012) has recovered more ENT than fecal coliforms and
E. coli from soil of Hawaii, and Micallef et al., (2013) found E.cas as dominant specie
from soil of tomato farm. To the best of our knowledge, this is the first study about
prevalence of ENT from BS from any country ever reported. In the present study, E. fm
and E. fl, the two most abundant species involved in human infections were identified as
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dominant followed by E.hr and E.cas (Fig. 2). The possible reason for such high densities
of E. fm could be due to the exposure of sampling areas to sewage spills (because of poor
sewerage system) which includes human fecal material. Results also support the
remarkable survival abilities of ENT about environmental stress such as low water content
(occasional or no rain), temperature (up to 40oC) and/or exposure to sunlight (all season)
(Ali et al., 2017).
BOX and RAPD PCR are relatively simple and cost-effective methods for evaluating interand/or intra-strain variations in closely related organisms (Jackson et al. 2004; 2012;
Muñoz-Atienza et al., 2016). Thus, isolates were divided into four distinct groups (i.e. E.
fm, E. fl, E. hr and E. cas) based on virulence, antibiotic resistance and genetic relatedness.
Both the ATCC E. fl and E. cas were combined into group B1 with E. fm and E. cas isolates
of soil. Group B2 composed entirely of E. hr while group B3 and B4 contained mixture of
all the identified species. Two isolates in group B3 (E.fm So360 and E. fl So133) were
genetically identical (Fig. 3a). All E. fl isolates which are positive for IS16 gene from both
clinical and BS sources were further complemented by RAPD PCR. Resulting dendogram
revealed different levels of correlation among the isolates and grouped them primarily
based upon source i.e. soil or clinical origin. Group R1, R2 and R4 composed entirely of
isolates from BS. RAPD dendogram shows, in a few cases, species outside their respective
clusters. For example, one clinical isolate (E. fl CL2A) is more closely related to soil
isolates in group R3a and soil isolate (E.fl So90) is more closely related to CL isolates in
group R3b. This correlation among BS and CL isolates suggest their dissemination from
clinical origin (Fig. 3b). ENT isolated from BS carried several virulent and antibiotic
resistant determinants in agreement with the earlier established trend and is a major
concern particularly the presence of IS16 element. Antibiotic resistance and production of
enterocins are the most dominating features of E. fm, while majority of the virulence
determinants were detected in E. fl isolates (Table 1-3, Fig. 4).
Biofilm formation aids bacteria in dormancy and hibernation enabling survival and further
dissemination. Biofilm assay reveals that a large number of BS isolates were biofilm
formers comprising majority of E. fm followed by E. hr, E. cas and E. fl. Molecular
assessment for adhesion to host tissue, a critical step in progression and establishment of
colonization, determined via cell-wall adhesions (efaAfm and efaAfs), adhesion to collagen
(acm) and enterococcal surface protein (espTIM) in both BS and CL isolates revealed that
esp gene was more prevalent in clinical E.faecalis isolates, while only five E.faecalis from
BS harbored this gene. Results are nicely complemented with previous reports in which
Page | 181

majority of the clinical enterococcal isolates carried esp gene and none or few communitybased isolates were found positive (Eaton and Gasson 2001; Woodford et al., 2001; Ruzon
et al., 2010; Sun et al., 2012; Lopez et al., 2012). Likewise, a good agreement between
biofilm phenotype positive isolates and the presence of genes for cell-wall adhesion and
adhesion to collagen was observed in particular the presence of efaAfm and efaAfs genes
among the environmental, animals and CL isolates (Sánchez et al., 2007; Aslam et al.,
2012; De Neiderhausern et al., 2013; Tremblay et al., 2013; Soheili et al., 2014; Laukova
et al., 2015). Prevalence of biofilm associated genes in BS ENT especially E. fm is quite
alarming as the striking capacity to massively colonize in healthy individuals may be a
major source of outbreaks (Willems et al., 2009). Elevated levels of biofilm formers in BS
indicate availability of favorable conditions such as nutrients, shelter against sunlight,
protection against protozoan predation, and a static platform to establish social behavior
among different groups of bacteria (Dada et al., 2013).
Gelatinase with broad substrate specificity and serine protease (sprE) are two major
secretory proteases of ENT which are considered as major virulent factors. In the present
study, only E. fl isolates (81.5%) were found to be gelatinase positive and a good
agreement between phenotypic assay and genotyping was observed as all isolates were
also positive for gelE and sprE genes. Presence of such high percentages of gelatinase
producers in BS is alarming as gelatinases appear to participate in the initiation and
propagation of inflammatory processes by degradation of host connective tissues (also by
activating host matrix-metalloproteases), deregulating critical host processes to facilitate
microbial invasion and survival in host environment and/or activating viruses directly or
indirectly (Garsin et al., 2014). Interestingly, none of the CL isolates were positive for
gelatinase production supporting the observation of Elhani et al., (2014).
Beta-hemolysis was observed mainly in E. fm, E. fl and E. hr BS isolates. We have found
much lower percentage of hemolytic ENT (4.83%) compared to recent report by Dada et
al., (2013) which shows 12.6% beta-hemolytic isolates from beach sand, or Abriouel et
al., (2008) where all the isolated Enterococcus species were beta-hemolytic. Presence of
hemolytic strains in soil serves as a route for the dissemination of virulence genes to other
members of the microbial flora. Despite many previous reports of high frequencies of betahemolytic ENT from clinical origin (Ruzon et al., 2010; Sun et al., 2012; López et al.,
2012), we did not find any clinical isolate positive for this trait which is quite parallel to
the studies of Elhani et al., (2014).
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Enterococci are well established producers of ribosomally synthesized, extracellular
antimicrobial peptide (i.e. enterocins) which can inhibit the growth of a wide spectrum of
food borne pathogens. A large number of enterocins have been characterized so far, and
their potential as bio-preservatives in food and feed industry is significantly enhanced
(Strompfová et al., 2008). The inhibitory spectrum of all isolates against two indicator
organisms (i.e. Enterococcus and Listeria) and genotypic assessment of five major
enterocin genes (i.e. entA, B, P, ef1097 and enlA) have been conducted. Results revealed
E. fm as the most dominant specie with both phenotype and genotype positive for this trait
as reported earlier (De Vuyst et al., 2003; Cocolin et al., 2007; Pangallo et al., 2008). Coexpression of different enterocin genes has also been observed in several isolates, like
combination of entA/B, entB/P and entA/P genes. It is noteworthy that eight isolates
(mostly E. fm) showed multiple enterocin production. Enterolysin A is a cell-wall
degrading enterocin (34.5 kDa) belonging to M37/M23 family of metallopeptidases and
reported to be produced by many E. fl strains from different sources, like raw milk, bovine
rumen, partridge bird and silage etc. (Khan et al., 2013). In the present study, detection of
enlA carrying ENT (mainly E. fl) from both BS and clinical origin (Table 2, Fig. 4h)
confirmed the presence of this gene in wider environmental niches.
Lipases digest cellular lipids for the utilization of nutrients from host tissues and many
bacterial lipases such as those from Staphylococcus and Pseudomonas species are well
known, however, reports on their possible role in virulence are scarce (Furumura et al.,
2006). Presence of lipase and urease (another important enzymatic trait of soil bacteria)
producing ENT from BS (2.1% and 4.8%, respectively) gives a clue about their
dissemination from other indigenous sources to soil. Being a virulent factor, lipolytic
activity has been assessed mainly in clinical enterococcal isolates, (Furumura et al., 2006;
Kowalska-Krochmal et al., 2011). However, in the present study none of the CL isolates
showed this trait. The role of lipase in virulence is subject to contradictions with some
studies reporting it as a virulent factor due to its clinical origin, whereas, others consider
it as non-virulent because of its food origin (Semedo et al., 2003). None of the isolates
from BS and clinical origin showed DNAse activity. Our findings are consistent with the
study of Kowalska-Krochmal et al., (2011) in which none of the isolates from hospitalized
patients showed DNAse activity, however some studies report this trait in CL isolates
(Biswas et al., 2014; Dworniczek et al., 2014). In contrast, urease activity is a normal
metabolic property of ENT and its role in the metabolism of urea in ruminant bodies has
already been well established (Lauková et al., 2008a, b). In fact, Lauková et al (1997) have
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reported positive trait in ENT isolated from sewage and supports the presence of ureolytic
activity in ENT isolated from BS. The presence of lipase and urease producing ENT in BS
of Karachi gives a clue about their spread from other indigenous sources, like sewage and
free movements of animals.
Most of the virulence determinants of ENT are located on mobile genetic elements and
transferable by conjugation on pheromone responsive plasmid, broad host range
conjugative plasmids and/or conjugative transposons. Furthermore, up to 25% of the
genome of multidrug resistant ENT is composed of mobile genetic elements (Werner et
al., 2013; Garsin et al., 2014). A major part of the mobile genetic elements is the insertion
sequences (IS), especially IS16 which is prevalent in hospital acquired subpopulation of
E. fm and E. fl as part of pRUM-like plasmids. Thus, analysis of IS16 gene helps to identify
the isolates belonging to hospital-associated clonal types (like CC17) in the community
settings (Hegstad et al., 2010; Werner et al., 2011). This study reports for the first-time
presence of Enterococcus species carrying IS16 gene from BS (Table 1, Fig. 4i). The
presence of IS16 positive ENT from soil indicates the spread of these potential pathogens
from nosocomial to community settings. Overall, the relative low occurrence of virulent
traits in BS isolates might be due to the low prevalence of E. fl as this specie is mainly
involved in carrying virulence factors (Franz et al., 2011). However, it is quite an alarming
situation and indicates that the phenomenon of HGT is actively taking place in BS
environment which can contribute to the acquisition of virulent traits in bacterial genera
especially Enterococcus since this genus constitute a major part of mobile genetic elements
(Werner et al., 2013).
Enterococci are well established nosocomial pathogen associated with various diseases,
like endocarditis, urinary tract and blood stream infections etc., are virtually resistant to
all clinically useful antibiotics and ranked as the third most commonly isolated nosocomial
pathogen (Hollenbeck and Rice 2012). Recent studies by Cattoir and Leclercq (2012)
indicate intrinsic resistance in E. cas and E. gallinarum to different antibiotics, like vanC.
In addition, acquired resistance to certain antibiotics is also an important feature of this
genus. Persistent use of antibiotics in humans and animals for therapy and as growth
promoters plus the presence of insertion sequences, transposons, integerons and plasmids
make them large reservoirs of transferable antibiotic resistance genes in various
ecosystems including soil. Due to its rapid popularity as resistant bacteria, ENT serves as
an important key indicator in the surveillance of many humans and veterinary resistance
profile (Werner et al., 2013).
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Acquired resistance to VAN with genotypes of vanA-N is a key resistant trait of ENT,
especially E. fm is reported to be the reservoir of transferable vanA-type resistance, while
resistance to AMP and/or VAN is still rare in E. fl (Werner et al., 2013). In the present
study, VAN resistance was seen only in E. fm group supporting the previous findings of
Cattoir and Leclercq (2012) that E. fm isolates belonging to CC17 (nosocomial settings)
have distinct markers like resistance to AMP, high-level fluoroquinolones and multiple
antibiotics plus presence of various mobile genetic elements, pathogenicity islands and
mega plasmids but may not necessarily be VAN resistant. We have observed quite low
resistance to CEF in contrast to many previous reports in which majority of the
enterococcal isolates were found resistant (Gales et al., 2000; Farina et al., 2011; Dada et
al., 2013). Previous reports reveal the presence of AMP resistant ENT mainly in animals
and humans (Lebreton et al., 2014). In the present study, only five E. fm isolates from BS
showed AMP resistance as against 50% CL isolates. Resistance against AMP and CEF is
a major problem because both in vitro and in vivo studies reported synergism between
AMP and CEF against E. fl endocarditis (Agudelo-Higuita and Huycke 2014). We have
also observed high rate of resistance against MER from BS isolates (Table 3, Fig. S2).
This is threatening as combinations of imipenem (MER), VAN and AMP are used for the
treatment of severe infections caused by E. fl. Previous studies revealed that E. fm isolates
belonging to CC17 show resistance to CIP. In the present study, >20% isolates were found
resistant to CIP. This is of particular importance as synergistic action of CIP, AMP and
GEN has been reported in treatment of enterococcal infections (Agudelo-Higuita and
Huycke 2014) and resistance against this antibiotic may cause problem in therapeutic
interventions.
None of the BS isolate was designated as HLGRE. Our results are in aggrement with the
findings of Dada et al., (2013). It has also been postulated that HLGRE were a great source
of nosocomial infections since 1980s, when the first case of plasmid mediated HLGRE
was encountered in clinical strains of E. fl. All clinical E. fl have been found resistant to
GEN followed by 40% E. fm. The presence of HLGR in E. fm suppresses the synergistic
action between cell-wall synthesis inhibitors and most aminoglycosides which is essential
for treating endocarditis. Moreover, HLGRE resistance is also associated with almost all
clinically available aminoglycosides (Dada et al., 2013) and supports our observation of
high resistance against HLK in clinical and BS isolates. The absence of HLGRE in BS is
a good sign but the phenomenon of HGT always opens the door for dissemination of genes
especially when ENT and bacteria of other genera share a common pool of resistance genes
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like macrolide, gentamicin and chloramphenicol (Cattoir and Leclercq 2012). Detection
of resistance against a similar set of antibiotics in BS and CL isolates (like TET, ERY,
AMP and HLK) reflects mishandling of hospital waste, use of same antibiotics for human
and animal treatments and/or as growth promoters, poor animal husbandry practices,
improper disposal of garbage, and sewage spillover in our society. Moreover, the presence
of resistance genes on transferable plasmids or transposons make the situation worse
because many different bacterial genera share common pool of resistance genes for
instance tetM and tetS was originally described in Streptococci and Listeria
monocytogenes, respectively (Charpentier et al., 1994; Aminov et al., 2001), resistance to
lincomycin is mediated by Ins18-type plasmid pRE25 (Teuber et al., 2003), macrolide
resistant ermB gene located on Tn916-1547 transposon and resistance to chloramphenicol
mediated by cat genes of streptococcal or staphylococcal origin. High rates of resistance
against multiple antibiotics in the present study might be due to the ability of most
Enterococcus species to form biofilm as this can increase the chances of genetic transfer,
ultimately allowing cross breeding of resistance genes among members of same and/or
different genera.

5.1.2. Agriculture Soil
Soil contains a heterogenous mixture of microbes and plants in a solid medium in which
physical and chemical conditions vary at cellular and molecular level (Arias et al., 2005).
There is an increasing interest in studying soil microbes due to their role in global
cycling/recycling of organic matter into CO2, H2O, compounds of nitrogen, sulphur,
phosphorus and because of their direct relation with structure and function of soil (Bloem
et al., 1997). Soil health refers to the “the ability of soil to function as a vital living system
to sustain biological productivity, maintaining plant and animal health and promoting
environmental quality” (Girvan et al., 2003). Thus, healthy soil helps to maintain a diverse
community of soil microbes which aid in controlling plant diseases, making beneficial
symbiotic relations with plant roots, recycling plant nutrients and improvement in water
and nutrient holding capacity (Arias et al., 2005). Antibiotics as food additives, growth
promoters or to prevent diseases in livestock have been used worldwide, resulting in
increased number of resistant bacteria in animals, their excreta and surroundings (Heuer
and Samalla, 2007). Because of this uncontrolled use of antibiotics, manure has
transformed into a hub for resistance bacteria and antibiotic compounds. The presence of
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antibiotic resistance genes (ARGs) in soil is explained by the presence of antibiotic
producers. Although, antibiotics at low concentrations perform functions other than
antibiosis, like signaling and metabolic purposes (Martinez, 2009). However, application
of antibiotic contaminated animal manure (pig, cow, chicken, birds, dogs etc.) to
agriculture land incorporate resistance into soil and these residues exert a selective
pressure on soil microbial community resulting in emergence of multidrug resistant
(MDR) species from soil (Fang et al., 2014). Previous studies reported the occurrence of
E. coil carrying aadA and tetB genes from swine manured soil samples (Graves et al.,
2011). Moreover, presence of sulphonamide and other resistance genes along with their
subtypes were also reported from arable and swine manured soil (Heuer et al., 2011; Zhu
et al., 2013).
In our study, we investigated the prevalence, antibiogram pattern and genetic relations of
ENT from AS of Karachi. As per our literature survey, this is the first study about ENT
from AS of Karachi. However, prevalence of ENT from farm and agriculture land was
reported from other parts of the world (Marti et al., 2013; Micallef et al., 2013; Said et al.,
2015). We found E. fm as dominant specie in AS which is in accordance to other studies
conducted in Spain and Tunisia (Abriouel et al., 2008; Said et al., 2015). However, another
author from USA reported E. cas as major specie from tomato farm soil (Micallef et al.,
2013). Overall, the rate of enterococcal recovery from AS was 59% which is higher than
other studies (Abriouel et al., 2008; Said et al., 2015). The difference is might be due to
the association of different enterococcal species to different types of plants. It is also
reported that plant rhizosphere regions support the growth of faecal indicator bacteria (like
ENT) several folds higher than pristine soils (or BS) because of availability of nutrients
(Yang et al., 2010; Byappanahalli et al., 2012). Environmental reservoirs are important
sources of new resistance genes in clinical strains. After E. coli, enterococci are the second
largest cause of nosocomial UTIs and third (beside Staphylococcus aureus and coagulasenegative Staphylococci) agent of nosocomial bacteremia (Dallal et al., 2008). To establish
a comparison between environmental and nosocomial ENT, a set of 30 CL isolates were
also included in this study. As per our results, E. fl remains the major specie to be isolated
from CL isolates. Our results are in accordance with some recent reports (Dadfarma et al.,
2013; Arabestani et al., 2017; Alotaibi and Bukhari, 2017).
Understanding the source of antibiotic resistance (Ab-R) genes is of great importance
because human infections can occur in different ways due to these contaminants.
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Introduction of antibiotic contaminated manure into AS is among one of these major ways.
Due to the abrupt use of antibiotic in AS, there is an increase concern, controversies and
related research on agriculture contribution in dissemination of Ab-R to human population
and biota in natural and agro ecosystems (Munir and Xagoraraki, 2011). There is no data
available on the transmission, persistence rate and survival of Ab-R bacteria from AS of
Karachi. However, this subject is gaining attention worldwide because of antibiotics use
in animal husbandry and land applications of Ab-R contaminated manure. Some
international studies reported the accumulation of ARGs in agriculture sites (Knapp et al.,
2009). In this study, we have investigated the antibiogram profile of all AS and CL isolates
against clinically important antibiotics and heavy metals (HMs). It is reported that large
numbers of antibiotics from various classes (e.g. macrolides, lincosamide, sulphonamides,
thiamphenicol analogs, fluoroquinolones, tetracyclines and other classes) have been
detected in agro ecosystems (Williams-Nguyen et al., 2016). Our results are also in accord
with these studies because we found resistance in AS isolates against all antibiotics tested.
Resistance to HMs like Cu, As and Zn is also reported to be involved indirectly in
dissemination of Ab-R in soil (Bolan et al., 2004; Marcato et al., 2009). A study conducted
by Berg et al (2010) showed that Cu co-select for tetracycline and vancomycin resistance
in microbial soil communities. Especially talking about ENT, resistance to environmental
stress, like HMs is an important characteristic of this bacterial group because it can survive
for long time outside its natural intestinal host (De Niederhausern et al., 2013). These
studies support our investigation as we also found high-levels of resistance against Cu and
Zn metal salts. A study from USA reported that all E. fm isolates positive for tcrB gene
were also positive for ermB and tetM genes because these genes are co-located on the same
plasmid (Amachawadi et al., 2015). Although none of our Cu phenotype positive isolates
amplified tcrB gene but majority of them were mutually found resistant to Cu,
erythromycin plus tetracycline and amplified ermB and tetM genes. Per our results, E. fm
were more resistant to Zn as compared to E. fl. These results are in contradiction to an
Australian study in which majority of E. fl were resistant to Zn metal (Nehzad Fard et al.,
2011).
High-level aminoglycoside resistance is an established phenomenon in ENT. In the present
study, we characterized ENT from both sources (AS and CL) and molecularly analyzed
all HLGRE. It was reported previously that aac6’-aph2’’ is a part of transposable element
which facilitates its rapid distribution (Behnood et al., 2013). Moreover, in some cases,
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HLGRE are associated with high risk clonal complexes that can spread in clinical settings
(Said et al., 2015). We have found aac6’-aph2’’ gene in almost all phenotypically HLGRE
from both AS and CL isolates. The presence of this gene in CL isolates is in accordance
with other studies (Qu et al., 2006; Dadfarma et al., 2013). Although E. fl is known as a
causative agent for nosocomial infections because of its high binding potency and its
proliferation in the intestine (Feizabadi et al., 2006). But this study found majority of E. fl
strains that possess HLGR genes which is a matter of concern. Kanamycin resistance is
conferred by aph (3)-IIIa gene. Although resistance to kanamycin was detected in majority
of AS and CL isolates but gene responsible for this phenotype is detected in only few
isolates from both sources suggesting that some other genes might confer its resistance.
Although it is the first study on the virulence profile of ENT from AS. The present study
was undertaken to improve our knowledge of AS ENT as reservoir of virulent
determinants. We have investigated the presence of potential virulent factors including
biofilm formation, hemolysis and gelatinase activity. These and other virulent factors
contribute to the fitness of ENT in nosocomial infections (Popović et al., 2018). Biofilm
forming ability is an extraordinary character of ENT from soil. The biofilms formed are
resistant to several antibiotics and forms in specific environmental conditions like oral
cavity and GIT. In the present study, we have found large numbers of ENT having potential
to form biofilm on polysterylene plates suggesting their social behavior and ample supply
of nutrients in soil which supports their existence. Other important virulent features of
ENT include gelatinase and hemolytic activities. Our results showed that AS ENT are
enriched with both these characters. gelE is reported to worsen the severity of endocarditis
(Trivedi et al., 2011). 36% isolates showed hemolytic characters and almost all carried at
least one gene of cytolysin operon. We found different size bands of cylM gene which
suggests internal heterogeneity of the gene or transfer of gene from some other genus to
ENT as this genus is good at HGT. None of the HLGRE from AS carried IS16 gene despite
the fact that different studies have suggested hospital settings as a point of dissemination
for virulent and Ab-R bacteria. Majority of the virulence genes were detected in E. fl
isolates. Our results are in line with a recent study conducted on environmental, clinical
and animal isolates (Daniel et al., 2017). To the best of our knowledge, this study remains
to be the first to describe the virulent characters of AS both phenotypically and
genotypically from Karachi. The under-eye study gives insight into the genetic diversity
of ENT isolates recovered from agro ecosystem of Karachi.
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5.2. Conclusion
In conclusion, acquired resistance to certain antibiotics is an important feature of genus
Enterococcus. Persistent use of antibiotics in humans and animals for therapy and as
growth promoters plus the presence of insertion sequences, transposons, integerons and
plasmids make them large reservoirs of transferable antibiotic resistance genes in various
ecosystems including soil. Due to its rapid popularity, as resistant bacteria, ENT serves as
an important key indicator in the surveillance of many humans and veterinary resistance
profile. Biofilm formation plus antibiotic resistance make soil ENT more problematic for
effective therapeutic decisions. Till now only food consumption is considered as an option
for the spread of antibiotic resistant bacteria to humans but the detection of resistant
bacteria in soil opens a new route for the exposure of environmental antibiotic resistance
to humans (Werner et al., 2013). Results of the present study concludes that both AS and
BS carried high burdens of ENT which are fully armed with potential virulent and
antibiotic resistance genes. In Pakistan, there is paucity of information regarding
prevalence, types and genetic characteristics of enterococci along with their
resistance/virulence genes and clones especially from soil and other environments. In this
respect, the present study is the first comprehensive report on the virulence profile of ENT
from soil not only from Pakistan but from other countries as well. Some data is available
on the prevalence and pathogenic potential of enterococci from clinical origin (Tanwir et
al., 2017; Ullah et al., 2015; Ahmed et al., 2014). But environmental aspect has been
neglected. A recently published review on VRE highlights the current situation regarding
VRE (Raza et al., 2018). Thus, this study was undertaken to investigate the antimicrobial
resistance patterns, virulent factors and population genetics of ENT recovered from BS
and AS. A better knowledge at genetic and molecular level will help in strategy designing
for treatment and prevention of ENT infections.
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5.3. Recommendations
Over the past 30 years, multidrug resistant and multi virulent enterococcus has emerged
as a leading cause of hospital and community infections. Major advances in the
understanding of the phylogeny and ecology of enterococci and their habitats have been
made to aid in the protection of humans, animals and environmental health, many gaps
remain still. This genus has been taken under microscope since 1980s from all over the
world. To our knowledge, this is the first report focusing on the prevalence, determination
of antibiotic resistance and virulence among the environmental (soil) enterococci from
Pakistan, especially from Karachi. We, after taken a step into the understandings of
environmental enterococci, are presenting some serious recommendations to be followed
about the above described study.
1. Incidence of enterococci in humans as well as other defined habitats posed a
serious issue because of their undesirable features like pathogenesis and resistance
to antibiotics.
2. Genes mirror the requirements of life. As our understanding of enterococcal
genomics grows, bacterial genomics will become an important tool for providing
new insights into the nature, biology and habitats of the enterococci.
3. As shown above, we have isolated enterococci from both types of soil. Presence of
these bacteria in such a high number is an alarming situation because of their ability
to transfer and acquire pathogenic genes both horizontally and vertically.
4. Antibiotics along with their metabolites are discharged into the sewage system
making sewage sludge a major contributor in increasing antibiotics burden to
environment. Thus, it is recommended that both domestic and wild animals should
be kept in proper hygienic conditions and that the antibiotic use for them should
not be similar /same to the one use in human treatments.
5. The possible ecological roles of enterococci in extra intestinal habitats, for example
the decomposition of organic matter, competition with other members of microbial
community and the protection of plants from pathogens warrant further
investigation.
6. In future, we aim to gain a thorough insight into the ecology of these organisms via
next generation sequencing technologies which will surely revolutionize our
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understanding about the continued usefulness of enterococci as FIB for the
environment.
7. Our work showed that enterococci isolated from the AS and BS samples are well
equipped with the threatening antibiotic resistance and virulence genes. Continued
efforts are required to safe our ecology from them.
8. The most habitually isolated species were E. fm and E. fl, which are the main cause
of human infections and the most suitable indicator of fecal pollution in natural
ecosystems because they survive longer in these environments.
9. Most of the E. fm and E. fl infections are opportunistic and are increasingly diﬃcult
to treat due to high rates of resistance to β-lactams, aminoglycosides, and
vancomycin, which are mostly associated with E. fm strains. It is therefore
recommended to use different antibiotics for the treatment of animals and humans.
10. The most probable route of dissemination of ENT into AS is usage of animal
manure directly into agricultural fields. Proper hygienic conditions for animal
husbandry and a close look at their feeding habits is recommended.
11. Another important route for these pathogenic isolates to enter AS is untreated waste
water. Use of sewage sludge should be prohibited for agricultural applications.
12. Information regarding expansion of antibiotics in environment due to sewage
sludge application is scarce. It is therefore recommended to collect data regarding
the annual production of sewage sludge from Karachi and installation of more
treatment plants.
13. Heavy metal resistance is another important factor for the co-selection or cross
selection of ARGs in soil. No data regarding an estimated amount of HMs
discharge into the environment is available. Thus, steps should be taken to prevent
addition of HMs into soil via sewage or sludge and also for its proper disposal.
14. Presence of insertion sequence (IS16) gene in BS isolates verified the
dissemination of hospital associated ENT into the environment via inappropriate
handling of hospital wastes. It is therefore recommended to dispose
clinical/hospital waste properly and appropriately.
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