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Importance of biofilm in medical sciences: With special
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Biofilm formation is a well organised, genetically-driven process, well characterized for numerous
bacterial species which plays important role in urinary tract infections (UTIs). Adherence is a key event
initiating each step in UTI pathogenesis. Such UTIs are difficult to treat owing to increased drug
resistance within the biofilm cells. The review is mainly focused on biofilm-growing microorganisms
because this form of growth poses a threat to chronically infected or immunocompromised patients
and is difficult to eradicate from medical devices. Biofim formation process and mechanisms to its
increased resistance to various antimicrobials is also discussed together with newer prophylactic and
therapeutic approaches like catheters coated with hydrogels or antibiotics, nanoparticles,
ionotrophoresis, biofilm enzyme inhibitors, liposomes, bacterial interference, bacteriophages, quorum
sensing inhibitor, combining antimicrobial photodynamic therapy and antiadhesion agents. The review

justifies the need for new antibiofilm drug.

Key words: Biofilm, uropathogens, catheter, urinary tract infection, catheter-associated UTI (CAUTI).

INTRODUCTION

Various defence mechanisms of the body prevent the
infection of urinary tract. One of the most important
defence mechanism is the outward flow of urine that can
clear 99% of the organisms experimentally inoculated in
the bladder. The acidic pH (5.5) and low osmolarity of the
urine also discourage the bacterial growth. However,
there are a number of factors that increase the risk of
developing urinary tract infections (UTIs). Some of these
are sex, age, pregnhancy, catheterization, kidney stone,
tumours, urethral strictures, neurological diseases,
congenital anomalies of bladder, suppressed immune
system diabetes mellitus and ureteric stresses (Ramzan

et al., 2004).

A urinary tract infection (UTI) is a bacterial infection that
affects any part of the urinary tract. Although, urine
contains a variety of fluids, salts and waste products, it
usually does not have bacteria in it. When bacteria get in
to the bladder or kidney and multiply in the urine, they
cause a UTI. The most common type of UTI is a bladder
infection which is also often called cystitis. Another kind
of UTI is a kidney infection, known as pyelonephritis, and
is much more serious.

UTI is a serious health problem affecting millions of
people each year. The recurrence rate is high and often
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the infections tend to become chronic with many
episodes. UTI usually starts as bladder infections but
often evolves to encompass the kidneys and ultimately
can result in renal failure or dissemination to the blood.
UTI is the most common infection in patients with a
chronic indwelling bladder catheter and bacteriuria is
essentially unavoidable in this patient group (Foxman,
2002).

Most UTIs are thought to be caused by organisms
originating from the patient’'s own bowel. Normally, UTls
are caused by a variety of Gram-negative and positive
bacteria. @ The  Gram-positive  bacteria  includes
Staphylococcus sp, Streptococcus sp and Enterococcus
sp. Gram-negative includes a large number of aerobic
bacili such as Escherichia sp., Klebsiella sp.,
Enterobacter sp., Citrobacter sp., Proteus sp., Serratia
sp., Salmonella sp. and Pseudomonas sp. Among this,
80-90% of UTI is caused by E. coli (Rushton, 1997) and
in ambulatory patients and nosocomial infections,
Klebsiella pneumoniae, Proteus mirabilis, Staphylococcus
aureus and Enterococcus faecalis are the most frequently
isolated.

Urinary tract infections pose a serious health threat with
respect to antibiotic resistance and high recurrence rates.
Uropathogenic E. coli forms intracellular bacterial
communities with many biofilm like properties within the
bladder epithelium. These intracellular biofilm like pods
allow bacteria to outlast a strong host immune response
to establish a dormant reservoir of pathogens inside the
bladder cells. Re-emergence of bacteria from this
reservoir might be the source of recurrent infections
(Suman et al., 2008).

A biofilm is a sessile community of microorganisms
which are attached to an interface or to each other and
are embedded in an exopolysaccharides matrix or to
each other and alter growth rate and transcribes genes
free for floating organisms (Thomas and Day, 2007).
Biofilms are currently estimated to be responsible for over
65% of nosocomial infections and 80% of all microbial
infections (Forster et al., 2010). Biofilm formation occurs
in various stages as described below:

1) Reversible attachment of planktonic bacteria to
surfaces: The first attachment of the bacteria is influenced
by attractive or repelling forces that vary depending on
nutrient levels, pH and the temperature of the site
(Donlan, 2002). In this step, flagella (Lemon et al., 2007;
Toutain et al., 2007) and chemotaxis play an important
role avoiding the action of the hydrodynamic and the
repulsive forces as well as selecting the surface (Schmidt
and Kirsching, 2012), respectively.

2) Irreversible attachment to surfaces: In the case of E.
coli, it is mediated by type 1 pili, curli fibres, and antigen
43 that also favours the interbacterial interactions
(Danese et al., 2000; Anderson et al., 2003; Beloin et al.,
2008, Cegelski et al., 2009). In the case of P. aeruginosa
as well as other Pseudomonas species, transition from

reversible to irreversible attachment has been well
studied. It has been observed that Pseudomonas
fluorescence requires an ATP binding cassette [ABC]
encoded by the Lap genes for carrying out this process
(Hinsa et al., 2003). On the other hand, P. aeruginosa
requires the Sad B Protein and the two component
regulatory systems; BfisR for irreversible attachment
(Caiazza et al., 2012; Petrova et al., 2010).

3) Formation of a complex layer of biomolecules
(Lappinscott 2001) and exopolysaccharides secretion
that constitute the external matrix. The production of
polysaccharides in biofilm forming strains facilitates
aggregation, adherence and surface tolerance, allowing
better surface colonization (Laue et al., 2006). The
nucleic acids, such as DNA, proteins, surfactants, lipids,
glycolipids, membrane vesicles and ions such as calcium
ions can also be found forming the part of the matrix
composition and may play an important role in the
characteristics that biofilm structure confers to the cells.
4) When biofilm are fully matured, detachment may
occur. The detachment allows cells to again take on a
planktonic state and can thereby form biofilm in other
settings. It has been proposed that bacterial detachment
could be caused by active mechanism initiated by the
bacteria themselves such as enzymatic degradation of
the biofilm matrix and quorum sensing in response to
environmental changes related to nutrition level and
oxygen depletion (Karatan et al., 2009) and by passive
mechanisms mediated by external forces and erosion
(Costerton et al., 1987; Kaplan, 2010; Hong et al., 2010;
Rowe et al., 2010).

Consequences of Biofilm producing infections:

a) Detachment of the cell: The cell may get detached
from the biofilm. This may cause blood stream and
urinary tract infections (Meluleni et al., 1995)

b) Resistance to the host immune system: Biofilm coated
bacteria escape from the damaging effect of the
antibodies produced by the infected host cells (Holland et
al., 2000)

c) Production of endotoxins: Gram negative bacteria
which are encased in biofilms, produced endotoxins
(Ethers and Bouwer, 1999).

d) The generation of resistant organisms: Bacteria can
transfer plasmids by conjugation with the biofilm. So
resistance factors may be exchanged through a plasmid
(Christensen et al., 1985).

Biofilm detection

The detection of the biofilms is done by following three
methods:

1) Tube adherence method (TA) (Pramodini, 2012;
Freeman et al., 1989). In this method, investigation of the
biofilm production is done on the basis of the adherence



of the biofilm to borosilicate test tubes (Christensen et al.,
1982). Suspensions of the tested strains are incubated in
glass tubes containing trypticase soya broth aerobically
at a temperature of 35°C for a period of 2 days. The
tubes are decanted and stained with 0.1% crystal violet
solution, washed with distilled water 3 times and dried. A
positive result was interpreted as the presence of a layer
of a stained material which adheres to the inner wall of
the tubes.

2) Congo red agar (CRA) method (Niveditha, 2012; Tool
et al.,, 1998). The isolate is inoculated into medium
containing brain heart infusion broth (BHI) supplemented
with 5% sucrose and Congo red. The plates are incubated
aerobically for 24-48 h at 37°C. A positive result is
indicated by black colonies with a dry crystalline colonial
morphology.

3) Tissue culture plate (TCP) method (Pramodini, 2012;
Donlan, 2001). Isolate from fresh agar plates are
inoculated in trypticase soy broth with 1% glucose and
incubated for 24 h at 37°C in stationary condition and
diluted (1 in 100) with fresh medium. Individual wells of
sterile, polystyrene, flat-bottom tissue culture plates are
filled with 0.2 ml of aliquots of the diluted cultures, and
only broth served as control to check for the sterility and
non-specific binding of media. The tissue culture plates
are incubated for 24 h at 37°C. After incubation, the
content of each well is gently removed by tapping the
plates. The wells are washed four times with 0.2 ml of
phosphate buffer saline (PBS pH 7.2) to remove free
floating planktonic bacteria. 1% solution of crystal violet
was added to each well, rinsed thoroughly and dried. OD
of each well was measured at 578 nm using ELISA
reader.

BIOFILM ON MEDICAL DEVICES

When an indwelling medical device was contaminated
with microorganism, several variables determine whether
a biofilm develops. First, the microorganisms must
adhere to the exposed surfaces of the device long
enough to become irreversibly attached. The rate of cell
attachment depends on the number and types of cells in
the liquid to which the surface is exposed, the flow rate of
liquid through the device and the characteristics of the
surface. Once these cells irreversibly attach and produce
extracellular polysaccharides to develop a biofilm, rate of
growth is influenced by flow rate, nutrient composition of
the medium, antimicrobial drug concentration and
ambient temperature. These biofilms forms on different
types of indwelling medical devices: central venous
catheters, arterial catheters, mechanical heart valves and
other surgical implants, endotracheal, nasal catheters
and urinary (Foley) catheters, etc (Elliott et al., 1992). In
the urinary tract, bacterial biofiims can develop on many
living surfaces and virtually all artificial implants,
producing chronic and often intractable infections

Ghanwate et al. 1373

(Warren, 2001). Bacterial biofilms were reported to affect
90% of indwelling stents in patients (Reid et al., 1992).
The medical consequences of device-related infections
can be disastrous; they include potentially life-threatening
systemic infections and device malfunction that may
require device removal, often complicated by tissue
destruction. A further complication that may be
associated with urological medical devices is encrustation
a phenomenon that frequently results in impairment of
urine patency (Gorman et al, 2003).

Urinary catheter biofilms

Urinary catheters are tubular latex or silicone devices,
which when inserted may readily acquire biofilm on the
inner or outer surfaces. The organisms commonly
contaminating these devices and developing biofilm are
Staphylococcus epidermidis, Enterococcus faecalis, E.
coli, P. mirabilis, P. aeruginosa, K. pneumoniae, and
other Gram-negative organisms (Ghanwate, 2012;
Ghanwate et al., 2014). The longer the urinary catheter
remains in place, the greater the tendency of these
organisms to develop biofilm and result in urinary tract
infections. For example, 10 to 50% of patients
undergoing short-term urinary catheterization (7days) but
virtually all patients undergoing long-term catheterization
(>28 days) become infected (Ghanwate, 2012; Brisset et
al.,, 1996; Balaban et al., 2004). It was found that
adhesion to catheter materials was dependent on the
hydrophobicity of both the organisms and the surfaces.
Mack et al. (2004) stated that no single material is more
effective in preventing colonization, including silicone,
polyurethane, composite biomaterials or hydrogel coated
materials. According to the National Institutes of Health
[NIH], biofilm forming bacteria involved up to 80% of all
infections (Stowe et al. 2011), with urology being one of
the main fields in which biofilm can become a serious
problem.

Biofilm cannot only develop into urethral stents but they
can also form on catheters causing their blockage. Thus,
catheter-associated UTI (CAUTI) is one of the most
common catheter-associated infections around the world
(Brisset et al.,, 1996). Commensal perineal flora is
involved in most CAUTI cases. More than 90% of these
infections are monomicrobial with E. coli, Pseudomonas
aeruginosa, Enterococci, Candida, Klebsiella or
Enterobacter spp. being the most frequently isolated
pathogens (Ong et al., 2008). The environmental
conditions created on the catheter surface make it an
ideal site for bacterial attachment and formation of biofilm
structures (Stickler et al., 1998). In this type of medical
device, microorganisms producing urease, an enzyme
that hydrolyzes urea to ammonium ions, can cause
encrustation, formation of infected bladder calculi, and
urinary obstruction. The formation of ammonium ions
increases the pH of the urine; finally causing the
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precipitation of magnesium and calcium phosphate
crystals (Ghanwate, 2012; Jepson et al., 2001). The pH
value at which precipitation occurs is called nucleation pH
(Donlan 2002). These crystals can form a layer that
protects bacteria from the antimicrobial effects of
compounds used for coating or impregnating the
catheters (Sancher et al., 2013).

Biofilm and persistent infections

Acute UTI caused by bacteria can lead to recurrent
infection, which is defined as a “reinfection” when it
involves a strain other than that causing the original
infection or it is defined as a “relapse” when it is caused
by the same strain as that involved in the original UTI.
Several studies observed that most of isolates collected
from patients with relapse infections were biofilm
producers “in vitro” (Sano et al., 1999). Relapse by
uropathogenic E. coli (UPEC) has been related to the
ability of pathogenic strains to form biofilm. In these
cases, biofilm production may be the key determinant for
the persistence of UPEC in the vaginal reservoir, the
bladder epithelial cells, or both.

Genes responsible for biofilm formation

Uropathogenic E. coli (UPEC) are the primary cause of
urinary tract infection (UTI) in the developed world. The
major factors associated with virulence of UPEC are
fimbrial adhesins, which mediate attachment to specific
receptors, enhance persistence and trigger innate host
responses. UPEC produce a range of fimbrial adhesins,
with type 1 and P fimbriae of the chaperone-usher
subclass being the best characterized. The prototype
UPEC strain CFT073 contains ten gene clusters that
contain genes characteristic of this class of fimbriae.
However, only five of these gene clusters have been
characterized in detail (Nickel et al., 1985). The f9
fimbriae-encoding genes were amplified, cloned and
expressed in a K-12 background devoid of type 1
fimbriae. While f9 fimbrial expression was not associated
with any haemagglutination or cellular adherence
properties, a role in biofilm formation was observed. E.
coli K-12 cells expressing f9 fimbriae produced a dense
and uniform biofiim in both microtitre plate and
continuous-flow biofilm model systems. In wild-type
UPEC CFTO073, expression of the f9 major subunit-
encoding gene was detected during exponential growth in
M9 minimal medium.

f9 expression could also be detected following
selection and enrichment for pellicle growth in a
CFTO073fim foc double mutant. The f9 genes appear to be
common in UPEC and other types of pathogenic E. coli.
However, their precise contribution to disease remains to
be determined (Nickel et al., 1985).

BIOFILM AND ANTIMICROBIAL RESISTANCE

In the biofilm stage, a phenotypic change occurs in which
the bacteria require generally much higher concentration
of antibiotics to inhibit their growth. This biofilm effect is
the mechanism responsible for the frequent failure of
antibiotic treatment to cure infections of medical devices
and other prosthetic materials (Sepandj et al., 2003).

One of the most important advantages of biofilm status
is the antimicrobial resistance shown by these structures.
Biofim can be up to 1000-fold more resistant to
antibiotics than planktonic cells due to several
mechanisms (Lewis, 2005; Costerton et al., 2007; Lewis,
2005, 2008; Ghanwate 2014; Ghanwate and Thakare,
2012; Morgan et al., 2009):

1. Limitation of antibiotic diffusion through the matrix-
some antimicrobial agents are unable to diffuse through
the matrix or sometimes the time required for the
antibiotic to penetrate into biofilm is longer than the
duration of treatment or the antibiotic life-time. Thus, for
example, aminoglycosides penetrate more slowly through
the matrix than lactams.

2. Transmission of resistance genes within the community
can occur. Thus, plasmids, transposons, and other mobile
genetic elements can be transmitted between cells
forming biofilm by their close relationship, spreading
resistance markers.

3. Expression of efflux pumps can also be considered as
one of the mechanism for antimicrobial resistance not
only in planktonic cells but also in biofilms structures (Van
Acker et al., 2014; Lewis et al., 2001).

4. Inactivation of the antibiotic by changes in metal ion
concentrations and pH values- Antibiotics able to diffuse
can be inactivated by modifying the pH inside biofilm.
This change in the pH could antagonize the activity of the
antibiotic.

5. The persisters are dormant variants of regular cells,
not mutants, which may form small colony variants that
are high tolerant to extracellular stresses. They are highly
tolerant to antibiotics forming a reservoir of surviving cells
able to rebuild the biofilm population (Keren et al., 2004a,
b 2004; Ulett et al., 2007). Persister is a problem for
biofilm eradication. Proteins required for maintaining
persisters may represent excellent targets for the
discovery of compounds capable of effectively treating
chronic infections and biofilm-related infections.

ANTIMICROBIAL TREATMENT OF BIOFILM

Several studies recommend combination therapy as the
treatment of choice in biofilm-associated infections, with
macrolides being one of the first antibiotics chosen
(Ethers et al.,, 1999). Macrolides [erythromycin,
clarithromycin and azithromycin] present high “in vitro”
and “in vivo” antibiofilm activity against biofilm-associated



infections caused by Gram-negative bacteria inhibiting
the production of a key component of the matrix, alginate
(Ethers et al., 1999). The antibiotic combination,
clarithromycin plus vancomycin, demonstrated the ability
to eradicate both biofilm and planktonic cells (Choong et
al., 2001) as well as to eradicate biofilm on the titanium
washers used in animal experiments (Davenport and
Keeley, 2005). Roxithromycin plus imipenem favour a
higher penetration of neutrophils into biofilm structure
destabilizing the biofilm.

Another approach using antimicrobials consists of
coating and impregnating the catheters with these
antimicrobial agents (Ghanwate et al., 2014; Morgan et
al., 2009; Brisset et al., 1996).

Prophylaxis for CAUTI

CAUTIs are a major problem throughout the world.
Catheter blockage is clinically important, as not only will
the resulting bladder distension be painful for the patient,
but a blocked catheter also increases the risk of serious
clinical complications including septicaemia and
pyelonephritis (Stickler et al., 1994). Management of
urinary catheter encrustation is difficult, and occurrence is
both unpredictable and extremely hard to prevent with
existing strategies (Trautne et al., 2004). Most often, the
approach used is catheter replacement once blockage
has occurred (Stickler et al., 2014). Unfortunately, such
treatment is often unsuccessful with frequent recurrence
of blockage evident (Mathur et al., 2006). Prophylactic
antibiotic use to prevent recurrence is not ideal due to the
potential promotion of antibiotic resistance. One possible
approach is to employ catheter materials that incorporate
an antimicrobial agent that is either gradually released to
the surface to inhibit colonisation or is utlised as an
external catheter coating (Hooton et al., 2009; Jacobsen
et al., 2010; Garibaldi et al., 1977).

Chelating agents

Metal cations, such as calcium, magnesium, and iron
have been implicated in maintaining matrix integrity.
Consistent with this observation, chelating agents have
been shown to destabilize biofilm architecture besides
interfering with bacterial membrane stability. For
example, sodium citrate inhibited biofilm formation by
several Staphylococci species in vitro (Shanks et al.,
2006). In addition, tetrasodium-EDTA eradicated biofilms
in an in vitro biofilm model and on explanted hemodialysis
catheters, whereas disodium-EDTA, in combination with
tigecyclin or gentamicin, reduced biofilm formation by
Staphylococcus species and P. aeruginosa.

Antimicrobial peptides

Antimicrobial peptides are produced by the innate
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immune response system and have been proposed as
attractive candidates for the development of novel types
of antibiotics. However, their activity spectrum and
mechanism of action need to be more precisely defined
before they can be considered as possible therapeutic
strategies (Kharidia et al., 2011). A recent work, focused
on reduced biofilm formation by multidrug-resistant P.
aeruginosa strains isolated from patients with cystic
fibrosis, revealed that the bacterium was killed within
preformed biofilms. Lytic peptides are another group of
antimicrobial peptides assessed for their inhibitory effects
on biofilm formation. Lytic peptides bind the
lipopolysaccharide moieties of the bacterial cell
membrane, disrupting membrane stability (Kharidia et al.,
2011). Studies on S. aureus have shown that a lytic
peptide prevented in vitro biofilm formation and was also
capable of diffusing into the deep layer of preformed
biofilm, killing 99.9% of biofilm bacteria. This peptide
retained activity under highly acidic environments and in
the presence of excess of metals, conditions that mimic
the S. aureus biofilm environment.

BACTERIAL ANTIBIOFILM POLYSACCHARIDES

Polysaccharides, as sugar polymers, have the capacity to
act as lectin inhibitors. Lectins are proteins that
specifically recognize and bind sugars without modifying
these molecules. In bacteria, the primary function of
lectins is to facilitate attachment or adherence of bacteria
to host cells. These proteins play an important role in
biofilm formation, and are essential for bacterial
colonization and infection. Lectins are mainly located on
the surface of bacteria cells where they can access and
bind to the glycan substrates present on the surface of
host cell. By competing for the sugar binding domain of
lectins, polysaccharides can inhibit lectin-dependent
adhesion of pathogens and biofilm formation. In fact,
several plant, microbial and milk polysaccharides have
been shown to block various lectins from human
pathogenic bacteria by competitive inhibition (Qin et al.,
2009). Polysaccharides mediate cell-to-surface and cell-
to-cell interactions that are critical for biofilm formation
and stabilization. Recent evidence indicates that some
bacterial exopolysaccharides inhibit or destabilize biofilm
formation by other species (Qin et al., 2009). Antibiofilm
properties of polysaccharides are believed to depend on
their ability to: a) alter the physical characteristics of
bacterial cells or abiotic surfaces; b) act as signaling
molecules that impact the gene expression patterns of
susceptible bacteria; or ¢) competitively inhibit multivalent
carbohydrate-protein interactions, thereby interfering with
adhesion. Many studies are reported on the ability of
some bacterial polysaccharides to inhibit biofilm
formation by several bacteria, including E. coli strains, P.
aeruginosa, K. pneumoniae, Staphylococcus and
Enterococcus (Rendueles et al., 2013.). Most of these
antibiofilm agents are able to inhibit the biofilm formation
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of a broad range of bacteria, suggesting that they may
play an essential role in microbial competition and niche
exclusion. Mutants unable to synthesize or export such
polysaccharides are typically deficient in adherence and
biofilm formation and thus are highly sensitive to killing by
antibiotics and host immune defense (Maria et al., 2014).

Anti-biofilm enzymes

Enzymes that degrade biofilm extracellular matrix may
play a role in biofilm dispersal and may be useful as anti-
biofiilm agents. N-acetyl-D-glucosamine-1-phosphate
acetyl transferase is an essential peptidoglycan and
lipopolysaccharide precursor in Gram-positive and
negative pathogens, respectively, is among the enzymes
targeted for matrix disruption (Maria et al., 2014).
Treatment with such enzymes prevented Staphylococcus
and Enterococcus biofilm formation and disperse
preformed biofilms in vitro (Guiton et al., 2009) . For
example, Dispersin-B is a glycoside hydrolase that
cleaves B 1-6 N-acetylglucosamine polymers in the
bacterial peptidoglycan layer. Dispersin-B treatment has
been shown to be effective against S. aureus and S.
epidermidis biofilms and bacteria (Kaplan, 2010).

Catheters coated with hydrogels or antibiotics

A high number of antimicrobial agents and other chemical
compounds have been used to coat catheters. Silver
alloy has been used in hydrogel coated urinary catheter
observing a decrease of up to 45% of CAUTI (Devenport
and Keeley, 2005; Raad et al., 2012). Minocycline
rifampicin coated catheters have been shown to inhibit
the biofilm formation of Gram-positive and negative
pathogens, except P. aeruginosa and Candida spp.
(Lellouche et al., 2012; Fisher et al., 2015).

Nanopatrticles of MgF have been used for coating glass
surfaces observing an inhibition of biofilm formation by
both E. coli and S. aureus (Lellouche et al., 2009).
Catheters have also been coated with these nanoparticles
and a significant reduction of bacterial colonization was
observed over a period of 1 week in comparison with the
catheter uncoated catheter control. This group also
demonstrated the antibacterial and antibiofilm activity of
yttrium fluoride (YF3) nanoparticles which showed low
solubility and provided extended protection (Roy et al.,
2013).

Microwave irradiated CaO nanoparticles (CaO-NPs)
have also shown the potential to inhibit biofilm formation
against Gram-negative and positive bacteria (Fey, 2010).
Silver nanopatrticles have also been used for impregnating
medical devices due to the silver antimicrobial properties
(Costerton et al.,, 1994). Several studies have
demonstrated the “in vivo” and “in vitro” inhibition of
biofilm formation by numerous bacterial species and

using determined nanopatrticle concentrations.

lontophoresis

lontophoresis is a physical process in which ions flow
diffusively in a medium driven by an applied electric field.
This method enhances the efficacy of antibiofilm agents
“in vitro” (Lu et al., 2007). Thus, it has been observed that
low electrical currents enhance the activity of tobramycin
and biocides against P. aeruginosa biofilm.

Enzyme inhibitors

Urease, the enzyme that allows P. mirabilis to hydrolyze
urea to ammonium ions, has been an important target in
the study of new antibiofilm compounds. In this sense,
fluorofamide has been a candidate molecule because it is
able to prevent the increase in pH by P. mirabilis “in
vitro”, thereby inhibiting the formation of urea crystal and
the subsequent encrustation and catheter obstruction.
Other natural compounds, such as vanillic acid, natural
plum juice and germa-lactones among others, presented
the ability to strongly inhibit bacterial growth as well as
the formation of crystals in catheters by the inhibition of
the urease enzyme.

In one study, Giwercman et al. (1991) generated a
bacteriophage which expressed a biofilm-degrading
enzyme during infection. The enzyme associated with the
bacteriophage was DspB and it is produced by one
species of Actino bacillus. DspB hydrolyses a crucial
adhesion needed for biofilm formation and integrity in
both E. coli and Staphylococcus (Raad et al., 1992) and
attacks the bacterial cells in the biofilm and the biofilm
matrix simultaneously. The percentage of eradication
using this bacteriophage-enzyme combination was about
99.9% (Freeman et al., 1989). In recent years, the
second messenger, c-di-GMP, has been studied in depth
because it is highly conserved among bacterial species,
being an important candidate for studies on biofilm
inhibition. C-di-GMP is synthesized via diguanylate
cyclases (DGC). Inhibition of DGC activity leads to a
reduction in biofilm formation by a decrease in the
intracellular levels of c-di-GMP.

Liposomes can be applied in the eradication of formed
biofilm because when the antibiotic is encapsulated in a
liposome carrier it does not interact with the EPS,
improving its antibiofilm effect, and it is protected from
degradation by antibiotic-inactivating enzymes (such as 3
lactamases) which can appear in the biofilm matrix
(Siddig and Darouiche, 2012).

In bacterial interference, the colonization of a surface
by nonpathogenic bacteria could prevent the adherence
of pathogenic bacteria thereby avoiding infection
(Traunter et al., 2003). Several avirulent strains of E. coli
have been used as a method to reduce urinary catheter



colonization by a wide variety of pathogens (Traunter et
al., 2002; Anderson et al., 1991). Thus, the E. coli
HU2117 strain, derived from E. coli 83972, that causes
persistent colonization without symptomatic infection
(Otto et al., 2001; Hull et al., 2002; Curtin and Donlan,
2006) has been used for coating urinary catheters,
observing a reduction of biofilm formation by other
pathogens (Trautner et al., 2002).

Bacteriophages

These phages have been incorporated into hydrogel-
coating catheters, and a reduction has been observed in
biofilm formation by S. epidermidis and P. aeruginosa
(Carson et al., 2010; Schmidt et al., 2012). In addition,
the use of lytic bacteriophages against established biofilm
of P. mirabilis and E. coli caused a reduction of three to
four log cycles (Hensel and Xiao, 2009). These Iytic
phages also prevented biofilm formation on catheters
coated with hydrogel containing bacteriophages. The
reduction of formation observed was about 90% (Hensel
and Xiao, 2009).

Low-energy surface acoustic waves

It has been demonstrated that surface acoustic waves
(SAW) interfere with adhesion of planktonic micro-
organisms to cellular surfaces (Mack et al., 2004). SAW
reduces biofilm bio burden on catheter segments in
suspensions with several Gram-negative and positive
bacteria as well as fungi, indicating its efficacy against a
broad spectrum of micro-organisms.

Anti-adhesion agents

The main characteristic of an anti-adhesive compound is
that it specifically interact with the adhesins of the
pathogen, inhibiting the union between pathogen and
eukaryotic cell (Lohr et al., 2011; Jepson et al., 2001).
These anti-adhesive compounds cause a decrease in
invasion or infection of host epithelial cells, also avoiding
recurrence. One of the compounds most frequently
studied is cranberry extract (Foo et al., 2000). The anti
adherence effect of cranberry against uropathogenic E.
coli (UPEC) is due to the presence of A-type
proanthocyanidin trimers in the cranberry extract (Foo et
al., 2000; Hamblin et al., 2004) that acts as an anti-
adhesion agent. Salicylate is a member of a large group
of pharmaceuticals referred to as non-steroidal anti-
inflammatory and it is the active component of the
analgesic aspirin. Salicylate has been shown to decrease
biofilm formation of UPEC, inhibiting type 1 fimbriae
expression (Advances in Biology vol. 2014).

Antimicrobial photodynamic therapy (Grinholc et al.,
2008) in recent studies has shown that the antimicrobial
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effect can be obtained with the use of photosensitizers
belonging to different chemical groups. Most studied PSs
are phenol thiazine dyes methylene blue and toluidine
blue O, porphyrin and its derivatives, fullerenes and
cyanines and its derivatives (Grinholc et al., 2010, 2011;
Nakonieczna et al., 2010).

Need for future research

To better understand and control biofilms on indwelling
medical devices, research must progress in several key
areas. More reliable techniques for collecting and
sampling biofilms should be developed. Model systems
should be developed and used to study biofilm processes
on various indwelling medical devices. These systems
should closely simulate the in vivo or in situ conditions for
each device, while at the same time providing
reproducible and accurate results.
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Paenibacillus strain, UKCH21, isolated from Uttarakhand State, north western Indian Himalayas was
found to produce high levels of extracellular chitinases. The 16s rRNA gene sequence showed 100%
homology with P. illinoisensis (Accession No. KR856190) available in the public domain and further
phylogenetic study also verified the species identity. The culture supernatants have a maximum
chitinase activity of 110.8 U/ml after 3 days of culturing. The isolate showed strong antifungal activity
manifested in the form of progressive mycelia degradation in dual culture plates. The pathogenicity was
observed as structural deformities like uneven thickening of mycelia as a result of direct degradation of
chitin. The optimum pH and temperature of UKCH21 chitinases was found to be 5 and 50°C,
respectively. Partial characterization of chitinase gene also confirms the family 18 status of glycosyl
hydrolase with substantial variability presented here with. Above all, percent inhibition of growth and
the rapid degradation of mycelia of tested plant pathogenic fungi (Rhizoctonia solani, Fusarium solani
and Sclerotium rolfsi) in bacteria seeded medium suggest its utilization as potent antifungal biocontrol

agent.

Key words: Paenibacillus illinoisensis, UKCH21, chitinase, antifungal, Indian Himalayas.

INTRODUCTION

Chitin is the second most abundant polysaccharide in
nature, after cellulose (Shahidi and Abuzaytoun, 2005). It
is the major structural constituent of fungal mycelium
providing rigidity and  protective in  function.
Consequently, the growth and multiplication of given
fungi is highly dependent on metabolism of chitin. So, any
direct damage to this vital cell wall component leads to

proportionate reduction in fungal development making it
as an ideal target in management of plant pathogenic
fungi (PPF). Chitinases (EC 3.2.1.14) are degrading
enzymes belonging to family 18 glycosyl hydrolases.
They cleave (B 1-4 linkages between the structural
residues (N-acetyl glucoseamine) of chitin (Hamid et al.,
2013). So, these enzymes have ability to directly degrade
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insoluble chitin to soluble reducing sugars. Chitinases
play a vital role in chitin metabolism in all the chitin
containing organisms. Many studies reported presence of
chitinases in non-chitinogenic organisms as well. They
include a number of prokaryotic and eukaryotic
organisms including higher plants (Sharma et al., 2011).
The company of chitinolytic enzymes, despite lack of
chitin as a structural component in these organisms,
confirms some additional functions which range from
nutrition to protection (Hamid et al.,, 2013). Amongst
different chitinolytic organisms, bacteria especially
Bacillus were found to be well known chitinase producers
(Cody et al.,, 1990). Besides, Bacillus species are well
known producers of antibiotics, secondary metabolites,
enzymes, plant growth promoters, etc that promotes or
protects plant development. The established direct
toxicity and pathogenicity of chitinases and other
beneficial traits associated with Bacillus lead to
successful worldwide exploration studies of chitinolytic
Bacillus species with antagonistic potential against a
variety of PPF (Drahos and West, 2003; Gohel et al.,
2006; Prasanna et al., 2013; Brzezinska et al., 2014) with
potential applications in biological control programs.
Keeping this in view, a study was conducted to isolate
chitinolytic Bacillus species with potential antagonistic
activity. The study led to identification of a strain
designated as UKCH21, whose characterization and
molecular identification of chitinases are presented.

MATERIALS AND METHODS
Isolation and identification of bacterial strain

The bacterial isolate under investigation was isolated from soil
samples collected from Kalimat village of Almora district in
Uttarakhand state, India at an altitude of 1276 amsl and 29° 37" N,
79° 40' E coordinates. One gram of soil sample was mixed with 10
ml of sterile distilled water and a sample of aliquot was evenly
spread on to detection agar (CHDA) plate (Kamil et al., 2007), a
chemical based medium containing colloidal chitin as sole carbon
source. After incubation at 30°C for 3 days, bacterial colony with
clear halo around (signify utilization of colloidal chitin) was picked
and purified by streaking on the same media. After confirmation of
purity by microscopic observation, the strain was designated as
UKCH21 and stored at -80°C as 20% glycerol stock (permanent
storage) and as Luria agar slant at 4°C for further study.

The bacterial strain, UKCH21 was identified using partial
sequence of 16S rRNA gene. The template DNA was extracted and
purified by using CTAB solution and phenol chloroform extraction
procedures, respectively (Sambrook et al., 1989). The 16S rRNA
fragment was amplified in a thermal cycler using previously
described Bacillus specific primers 16S rRNA (F) '5-
CAGGCCTAACACATGCAAGTC-3' and 16S rRNA (R) '5-
GGGCGGTGTGTACAAGGC-3' (Yoon et al.,, 2001). The reaction
mixture contained 100 ng of total DNA, 0.5 mM forward and reverse
primers, 3 mM MgCl,, 200 nM dNTPs, 5 pl of 1X Tris-HCI buffer
and 2.5 U of Tag DNA polymerase in a final volume of 50 pl. The
reaction was performed at an initial 5 min denaturation step at 94°C
followed by 30 cycles of amplification consisting of 1 min
denaturation at 94°C, 45 s of annealing at 45°C, 2 min of extension
at 72°C, with an extra extension step of 10 min at 72°C. The

Subbanna et al. 1381

amplifications were confirmed by investigating 10 pL of PCR
product by electrophoresis in a 1% agarose gel. The PCR product
was sequenced at Scigenome labs, Cochin, Kerala. The obtained
nucleotide sequence was BLASTN searched with the whole
GenBank data base and molecular evolutionary analyses were
performed using the software MEGA4 (Molecular Evolutionary
Genetic Analysis version 4) (Tamura et al., 2007). A phylogenetic
tree was constructed using standard 16S rRNA sequences of
related species by neighbor-joining method using the distance
matrix from the alignment.

Preparation of colloidal chitin

Colloidal chitin was prepared from commercially available chitin
flakes (Himedia) according to the procedure described by Berger
and Reynolds (1988). Ten grams of chitin flakes were powdered
using a mortar and pestle and added slowly to 400 ml of
concentrated hydrochloric acid under continuous stirring on a
magnetic stirrer at 4°C. After 30 min of stirring, the mixture was
incubated at 37°C for 2 h to reduce viscosity. Then, the mixture was
filtered through four layer muslin cloth (to avoid any impurities) to
which 4 L of ice cold distilled water was added. After thorough
mixing, the solution was allowed to stand at 4°C for overnight to
allow better precipitation. Colloidal chitin was collected by
centrifugation at 10000 rpm for 2 min and washed thoroughly with
distilled water until neutral pH was achieved. Thus, obtained
colloidal chitin was made into 20% solution, autoclaved and stored
at 4°C, until used.

Purification of chitinases

Chitinases from UKCH21 was obtained from cell free culture
supernatants of 3 days old culture in half strength nutrient broth
supplemented with 1% colloidal chitin. The isolate was inoculated to
autoclaved medium (50 ml) and incubated at 30°C and 250 rpm.
After three days, the fermented broth supernatants were obtained
by centrifugation at 10000 rpm for 20 min followed by 0.2 p
filtration. Then, four volumes of ice cold acetone was added and
allowed to stand overnight at -20°C. Thus, precipitated proteins
were collected by centrifugation at 10000 rpm for 10 min and
dissolved in appropriate quantity of 15 mM Tris-HCI buffer (pH 6.8)
after 80% ethanol wash. The protein content of sample was
measured by standard Bradford dye binding method (Bradford,
1976) and designated as partially purified chitinases (PPC).

Estimation of chitinase activity

The enzyme activity of PPC was estimated by using natural
substrate, colloidal chitin at pH 5 using 50 mM acetate buffer. The
reaction mixture consists of equal volumes (250 pL each) of
appropriately diluted PPC and buffer containing 1% colloidal chitin.
The mixture was incubated at 50°C for 30 min followed by
terminating the reaction by boiling in a water bath for 10 min. The
remaining colloidal chitin was precipitated by centrifugation at
10000 rpm for 5 min and supernatant was estimated for released
reducing sugars by modified Schales reagent (Imoto and Yagishita,
1971). In brief, an aliquot of 450 pL of supernatant was mixed with
600 pL of Schales reagent (0.5 g potassium fericyanide in one litter
of 0.5 M sodium carbonate) and boiled for 15 min in a water bath.
After cooling, absorbance was measured at 420 nm and the
reducing sugar was estimated from a standard curve of N-
acetylglucosamine. One unit of enzyme activity was defined as the
amount of enzyme that released 1 pumol of reducing sugar per
minute.
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Thermal and pH kinetics of chitinases

To study the effect of temperature and pH on chitinase activity,
standard enzyme activity assays were performed at different
temperatures (ranging from 30 to 80°C at intervals of 10°C) and pH
(using 50 mM citrate buffer (pH 3, 4, 5 and 6), 50 mM phosphate
buffer (pH 6, 7 and 8) and 50 mM borate buffer (pH 8, 9 and 10) as
described. The thermal stability was assessed by incubating
enzyme solutions in a microcentrifuge tube at 30 to 60°C at
intervals of 10°C without substrate for 2 h followed by estimation of
residual enzyme activity. The pH stability was assessed by
estimating the residual activity after incubating the enzyme in
different pH buffers (as described above) at 4°C overnight. All
experiments were performed independently in triplicate and enzyme
activities were compared with estimate percentages.

Partial characterization of chi gene

The purified DNA was used as template for PCR amplification of
chitinase gene fragment using previously described (Williamson et
al.,, 2000) family 18 chitinase specific primers, GAlF (5'-
CGTCGACATCGACTGGGARTDBCC-3’) and GA1R (5'-
ACGCCGGTCCAGCCNCKNCCRTA-3'). The reaction mixture used
was similar to 16S rRNA amplification modified by addition of
bovine serum albumin at concentration of 3 pg/10 yL of mix. The
reaction was also performed with similar conditions at an annealing
temperature of 62°C. After confirming the amplification, the PCR
product was purified using gel elution columns (Sigma) and
sequenced from Scigenome labs, Cochin, Kerala. The obtained
sequence was compared with the published sequences of chitinase
gene in the GenBank databases by BLASTN nucleotide sequences
aligned with the Clustal Omega (1.2.1) multiple sequence alignment
(McWilliam et al., 2013). The obtained sequences were submitted
to NCBI Gene Bank nucleotide sequence databases.

Estimation of antifungal activity

The antagonistic activity of Chitinolytic Bacillus spp. was evaluated
against plant pathogenic fungi (PPF), Sclerotium sclerotiarum,
Rhizoctonia solani and Bean Fusarium which were collected from
local infested fields and identified according to standard protocols.
Initially, the growth inhibition of PPF was evaluated in dual culture
plates. A basal agar medium plate containing Luria bertain agar
(LBA) and potato dextrose agar (PDA) at their half strengths was
used to support the growth of both bacteria and fungi. The
experimental setup consists of test bacterium streaked at the
middle of plate containing solidified basal agar medium and disc
inoculated PPF (0.3 mm) at both the corners of plate in parallel to
streak. The dual inoculated plates were incubated at 28+2°C and
the controls were devoid of bacteria. After 10 days of incubation,
when the growth of PPF in control plates joined in the middle, the
treatment plates were observed for growth inhibition. Further, any
deformity and/or toxic effects on test mycelia were recorded using
fluorescent microscope by observing contact point between test
fungi and bacteria.

Further, the antagonistic activity was evaluated in bacteria
seeded medium (EI-Mougy et al., 2011). In brief, the test bacterium
was initially grown in nutrient broth at 30°C and 250 rpm for
overnight. The obtained bacterial culture was thoroughly mixed with
lukewarm sterile basal medium at a rate of 10% v/v and plated in 9
mm Petri plates. After solidification, 0.5 cm diameter actively
growing test fungal disc was placed at the center of plate and
allowed to grow at 27+2°C. The diameter of fungal growth was
measured when it reached borders in control plates with no
bacteria. The S. rolfsi plates were further incubated to evaluate the
inhibition on sclerotia formation.

Triplicate plates were used to evaluate fungal growth inhibition in all
the test bacteria.

RESULTS AND DISCUSSION

The present study reports a chitinolytic Paenibacillus
strain, UKCH21 having antagonistic activity against soil
inhabiting plant pathogenic fungi. Initial screening of the
isolate for its chitinolytic properties in CHDA plates
showed 1 cm halo around the bacterial colony of 0.4 cm
after 7 days of incubation. The aerobic growth of bacterial
colony was characterized by raised, creamiest white
colony with smooth edges and oily appearance (Figure
1). Microscopic observation showed rod shaped
vegetative cells with motility and formation of endospore
confirming Bacillus grouping. Further species identity of
UKCH21 was done using 16S rRNA gene sequencing
(accession No. KX113474). The BLASTN search of the
obtained 841 nucleotide  sequences  showed
representative homology with Paenibacillus species with
maximum homology of 100% with P. illinoisensis strain
C1 (accession No. KR856190). The alignment and
phylogenetic analysis of 16S rRNA sequences of different
Paenibacillus species strongly suggested species status
of the bacterial strain UKCH21 as P. illinoisensis (Figure
2). The high levels of enzyme production depicts potential
degradation of chitin, in view of which, the isolate was
selected to study its antagonistic potential and further
identification of chitinases. Studies reported a number of
Paenibacillus species with potential applications in
biological control of variety of plant pathogenic bacteria
(Budi et al., 2000; von der Weid et al., 2003; Lorentz et
al., 2006; Fortes et al., 2008), fungi (Naing et al., 2015;
Xu et al., 2014; Liu et al., 2008; von der Weid et al., 2003;
Jung et al.,, 2003, 2005, 2006) and even nematodes
(Jung et al., 2002). This biocidal activity of Paenibacillus
species was supported by production of antibiotics,
hydrolytic enzyme etc (Chung et al., 2000; Velazquez et
al.,, 2004; Lorentz et al., 2006). Besides they are
predominently distributed in soils and rhizosphere (Berge
et al., 2002; von der Weid et al., 2002), a dynamic
ecosystem. The present study also supports existence of
Paenibacillus species in soils of Uttarakhand Himalayas
as major chitinase producers.

The antifungal activity of P. illinoisensis strain UKCH21
in dual culture plates was manifested in the form of direct
inhibition of mycelial growth upon contact with bacterial
growth. Further, degradation and amputation of fungal
mycelium is progressive with time. The microscopic
observation of contact point between bacterial growth
and test fungi showed uneven thickening of mycelia
(Figure 3e) as a result of degradation and or digestion of
hyphal chitin leading to loss of integrity. Senthilkumar et
al. (2007) have also reported several structural
deformities like hyphal lysis and bulging of the mycelium
of R. bataticola caused by Paenibacillus sp. HKA-15. The
bacteria seeded medium showed cent percent growth
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Figure 1. Chitinolytic activity of P. illinoisensis strain UKCH21 in
CHDA plates.

@ P. illinoisensis UKCH21 (KX113474)
2L p. illinoisensis (D85397)
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Figure 2. Phylogenetic tree constructed using 16S rRNA gene fragments by neighbor-
joining method, indicating the position of the isolates UKCH21. The numbers at the nodes
indicate the percentage bootstrap values for each node based on 1,000 bootstrap
replicates. The tree was rooted with the 16S rRNA gene of Bacillus subtilis as an outgroup.

inhibition from the inoculated disc of test fungi (Figure 3).
This shows that the presence of UKCH21 on given
growth media completely inhibited development of tested
fungi either by chitinase production or by any other

secondary metabolites that act synergistically. Despite
the number of Paenibacillus species, in particular, only
minimal studies reported antagonistic potential of P.
illinoisensis. For example P. illinoisensis KJA-424 against
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Figure 3. Antifungal activity of P. illinoisensis strain UKCH21 against R.
solani and S. rolfsi in bacteria seeded medium. a. Control plate of R. solani;
b. Growth inhibition of R. solani; c. Control plate of S. rolfsi; d. Growth
inhibition of S. rofsi; e. Uneven thickening of S. rolfsi mycelia.

Phytophthora capsici (Jung et al., 2005; Jung et al.,
2006), Rhizoctonia solani (Jung et al.,, 2003) and
Meloidogyne incognita (Jung et al., 2002).

Partial sequencing of chitinase gene from the isolate
UKCH21 resulted in 373 bp nucleotide sequence
(accession no. KX446923). The nucleotide BLASTN
search of obtained sequence showed maximum
homology of 79% with chiA gene of Paenibacillus sp.
FPU7. The sequence alignment of deduced amino acid
sequence with full gene sequences from S. marcescens
(BAA31567.1), B. cereus (EEK85987.1), P. barengoltzii
(WP016312329), P. macerans (KFM93118.1) and B.
circulans (AAA81528.1) showed substantial variation in

amino acid composition between the species (Figure 4).
Out of 121 amino acid residues, 26 amino acid were
conservations (denoted by *). Especially, UKCH21
showed 17 unconserved substitutions among the tested
Paenibacillus accessions (P. barengoltzii and P.
macerans) indicating the novel characteristics of P.
illinoisensis chitinases. However, all the sequences
showed conserved characteristics of family 18 glycosyl
hydrolases.

The apparent activity of any given chitinases is a
function of existing temperature and pH. Studies also
reported specific featured chitinases with respect to pH
(Loni et al.,, 2014; Fu et al., 2016) and temperature
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DEVKRDRFVGSVKEF LQTWKF FDGVDIDWE FPEGKGANPNLGSPQDGE TYVLLMKELRAM 345
DEKTRKVFAESTVDFLREYG-FDOVDLDWEYPGVETIPGGSYRPEDKQNFTLLLODVRNA 253
SQVTRETFANSAVDF LRKFN-FDGIDLDWEYPYAGGLPGNSYRPEDKQHYTKLLQETRNE 233
DPALRENFANSAVDF LRKY(-FDGVDLDWEYPYSGELOGNSRRAEDKQNFTLLLOKTRER 232
TAATREVFANSAVDF LRKYN-FDGVDLDWEYPYSGELOGNSKRPEDKQNYTLLLSKIRER 234
------------------------------------------------- YTLLLOQKIREK 1

LOQLSVETGREYELTSATSAGKDKIDEVAYNVAQNSMDRIFLMSYDFYGAFDLKNLGHQT 485
LHKAGAEDGKYYLLTIASGASQRYADHTELKKISQI LOWINIMT YDFHGGWEATSHHNAA 313
LOSAGAVDGKRYLLTIASGASPSFYSNTELGNTASIVDWINIMTYDFNGGLQQITAHNAP 243
LDAAGAKDGKRY LLTIASGASPAFAQNTELDKISDIVDWINIMTYDFNGGLQNITAHNAR 242
LDAAGAVDGKKY LLTTASGASATY AANTE LAK TAATVDWINIMTYDFNGANQR TSAHNAR 284
LOAAGTADNKKY FLTTASGAGPTYAANTELGHMAKY LOWINIMTYDFNGGWQTVSAHNAR 71

ALNAP----- AWKPDTAYTTVNGVNAL LAQGVKPGKIVVGT AMYGRGWTGYNGYQNNIPF 468
LYKDPNDPAA-- --DTKFYVDGAIDIYTHEGYPADK LVLGVPFYGRGWKSCARENNG-QY 368
LYYDPAAGNAGVPSASVENADAAVQEHLNAGYPANK LVLGIPFYGREKDGVHMNAGHG-QY 352
LYLDPAAVAAGVPDSESFYVEAGVRGHLNAGYPAGKLYLGVPFYGRGWTGAAAAGHG-QY 351
LNYDPAASAAGVPDANTFNVAAGARGHLDAGYPAAK LVLGVPFYGRGWDGCAQAGNG-QY 353
LYTOPAATAAGVPNADTFNVEKGVRGHINAGYPASKIVLGLARYGRGWTG---- - - -~ - 121
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Figure 4. Alignment of peptide sequence of chitinase from UKCH21 with S. marcescens
(Sma, BAA31567.1), B. cereus (Bce, EEK85987.1), P. barengoltzii (Pba, WP016312329),
P. macerans (Pma, KFM93118.1) and B. circulans (Bci, AAA81528.1). Conserved amino
acids are with asterisk. Dashes indicate gaps left to improve alignment. All sequences are
numbered from the Met-1 peptide.
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Figure 5. Effect of temperature on activity (a) and
stability (b) of chitinases produced by UKCH21.

(Karthik et al., 2015) having potential in industrial
applications. Besides, identification of optimum pH and
temperature of any given bacterial chitinase is important
to predict its activity in different environmental conditions.
The culture supernatants from P. illinoisensis strain
UKCH21 showed a maximum enzyme activity of 110.8
U/ml after 3 days of culturing with protein content of 0.69
mg/ml. Further testing of PPC from UKCH21 showed
substantial enzyme activity (>80%) over a temperature
range of 40 to 80°C with its peak activity at 50°C (Figure
5a). Further increase or decrease in temperature resulted
in reduction in enzyme activity. However, the enzyme
lacks thermal stability as revealed by the loss of more
than 30% of its activity within two hours at around room
temperature (30°C). At 60°C, the enzyme lost cent
percent activity within 2 h of incubation is shown in Figure
5b. The enzyme showed optimum activity at pH 5 (Figure
6a). Further increase in pH showed 32% loss in activity.
Interestingly, the enzyme upholds its activity between pH
6 and 9. The stability analysis showed increased enzyme
activity up to pH 6 (Figure 6b).

In conclusion, the unique ecological niche presented by
mountain and hill regions with associated environmental
and biotic factors supports vast diversity of beneficial
bacterial community with potential commercial applications.
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Figure 6. Effect of pH on activity (a) and stability (b) of
chitnases produced by UKCH21.

To the best of the authors’ knowledge, for the first time,
the present study identified a strong antifungal P.
illinoisensis  strain UKCH21 from India with an
extracellular chitinase production, that is, having potential
applications in biological control of tested soil born plant
pathogens. Keeping this in view, further studies were
planned to find out the biocontrol potential of UKCH21
against other fungi and under filed conditions.
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Lysobacter. spp. are considered as important biocontrol bacteria, due to their antagonistic activity
against many pathogenic fungi, bacteria and nematodes. Rep-PCR was used to analyze the genetic
diversity of 12 Lysobacter strains. These strains included Lysobacter antibioticus (HY, 13-1, 13-6, 6-B-1,
13-B-1, 6-T'-4, LJ6-3, LJ6-4 and LR9-3), Lysobacter enzymogenes (DH3, 1-T-1-4) and Lysobacter capsici
(LG18) isolate from different regions in Yunnan province of China. Rep-PCR was performed using DNA
amplification with primers based on short bacterial repetitive elements (ERIC, BOX, I1S1113 and J3). The
genetic diversity was analyzed through rep-PCR, molecular fingerprint clustering analysis and UPGMA
to construct phylogenetic tree. The results show that when the genetic distance was 0.59, IS1113-PCR
could cluster the Lysobacter strains as 3 species: L. antibioticus, L. enzymogenes and L. capsici. The 3
species had obvious differences between each other and the rep-PCR technique could be used to
detect genetic variation between different Lysobacter strains, identification and strain classification.

Key words: Lysobacter, Rep-PCR, genetic diversity.

INTRODUCTION

With the development of molecular biology technology, in
recent years, a variety of techniques based on PCR has
been widely used in genetic diversity analysis of
pathogenic fungi and bacteria, especially the appearance
and use of rep-PCR, it made the biodiversity research
more rapid, convenience and economy (Xiang et al., 2010;
Li et al., 1999). Due to the repetitive DNA sequence only
in prokaryotes, but not in the eukaryotic chromosomes,
rep-PCR technology can specify amplification prokaryotes
DNA, and avoid the influence of eukaryotic gene, so it is

especially suitable for related eukaryotes prokaryotic
symbiotic bacteria and pathogenic bacteria of genetic
diversity research (Li and Zhi, 2006). This technique use
the highly conserved short repeat sequences in fungal or
bacterial genomic DNA as target sequences of primers to
amplify through PCR. Through agarose gel electro-
phoresis separating DNA fragments with different sizes,
each species or strains can produce specific DNA
fingerprints. Rep-PCR was used to analyze the genetic
diversity of Xanthomonas strains and results indicated
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rep-PCR was a wuseful tool for detecting genetic
variation among strains of X.o.pv.oryzicola and identi-
fication of strains as well as classification studies (Ji
et al., 2002).. REP-PCR and BOX-PCR were used to
study the genetic diversity of Ralstonia solanacearum
and also indicated that this tool was scientific and
effective (Li et al.,2011).

Lysobacter. spp. belong to the Xanthomonadaceae
family, produce yellow to brownish black pigment, rod-
shaped cells, rounded ends, no flagella, the edge of the
colony is clear and smooth, have the ability to slip (Ji,
2011). Lysobacter are widely distributed in nature and
found in soil, rivers, sewers, and other extreme
environment (Christensen and Cook, 1978). Lysobacter
species are recognized as new bacterial predators with
the arsenal of bioactive small molecules, the biosynthetic
mechanisms and biosynthetic genes for cyclodepsipeptide
lysobactin, cyclic lipodepsipeptides, cephem-type -
lactams and polycyclic tetramate macrolactams which
make them as biocontrol agents and promising drug
producers (Xie et al., 2012). In 1978, Christensen named
4 species of this genus of bacteria: Lysobacter
enzymogenes, Lysobacter antibioticus, Lysobacter
brunescens and Lysobacter gummosus (Christensen and
Cook, 1978). With the development of bacterial taxonomy
technology and a large number of professional database
updating, this bacteria was reclassified from
Stenotrophomonas to Lysobacter spp. (Sullivan et al.,
2003; Islam et al., 2005). Forepart, the research mainly
focused on its activity of various extracellular enzymes,
they act on the pathogen cell wall and other targets,
causing lysis and inhibition (Reichenbach, 2006).
Lysobacter spp.are considered as new microbial
pesticides, and produce extracellular enzymes and
antibiotics that can inhibit the occurrence of several plant
diseases. Anovel antifungal compound (HSAF, 1) was
isolated from L. enzymogenes C3 and can disrupt
sphingolipids important to the polarized growth of
filamentous fungi, thus, L. enzymogenes C3 was used in
the biological control of fungal diseases of plants (Lou et
al., 2011). L enzymogenes OH11 secretes chitinases that
hydrolyzed the pathogenic fungal cell wall contributing to
suppression of proliferation (Postma et al, 2009);
Lysobacter sp. strain sbk88 and L. enzymogenes 3.118
can produce antibiotics that are involved in suppression
of Pythium aphanidermatum and Aphanomyces
cochlioides (Kato et al., 1998). L. enzymogenes OH11
can control Pseudomonas solanacearum (Jiang et al.,
2005) and L. antibioticus 13-1 was shown to control
Xanthomonas oryzae pv. Oryzae and Erwinia carotovora
subsp. carotovor , Ecc postulated by niche exclusion by
colonizing the crop rhizosphere and competition for
nutrients (Wei et al., 2014; Zhang et al., 2011; Wu et al.,
2010).

Most studies on Lysobacter in recent years were all
focused on its biological control, gene cloning and protein
(Qian, 2009; Nian, 2015; Liu, 2012). Irene de Bruijn et
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al. (2015) studied genomics and metabolic profiling of
Lysobacter in 2005 (de Bruijn et al., 2015). rep-PCR was
utilized to analysis 12 strains of Lysobacter in order to
investigate the diversity of this important biocontrol
bacterial genome and lay the foundation for application.

MATERIALS AND METHODS
Test materials and instruments
Test strains and culture medium

L. antibioticus (HY, 13-1, 13-6, 6-B-1, 13-B-1, 6-T'-4, LJ6-3, LJ6-4,
LR9-3), L. enzymogenes (DH3, 1-T-1-4) and L. capsici (LG18) were
isolated from different regions in Yunnan province of China.

NA medium: sucrose 10 g, peptone 5 g, beef extract 3 g, yeast
extract 1 g, agar 15 to 18 g, water after dissolving to volume 1000
mL, adjusted to a pH of 7.0, high-pressure sterilized.

R2A medium: peptone 0.5 g, acid hydrolyzed casein 0.5 g,
glucose 0.5 g, amylogen 0.5 g, yeast extract 0.5 g, CsH3NaO3 0.3 g,
K2HPO4-3H20 0.3 g, MgSO,4-7H,0 0.005 g, agar 15 g, dissolved in
water after constant volume to 1000 mL, adjusted to a pH of 7.0,
high-pressure sterilized.

LB liquid medium: peptone 10 g, yeast extract 5 g, 10 g sodium
chloride, dissolved in water after constant volume to 1000 mL,
adjusted to a pH of 7.0, high-pressure sterilized.

Major instruments and reagents

Super clean bench, Constant temperature shaking table, Small
high-speed centrifuge, Thermostatic water bath, PCR instrument
(Takara), High-pressure steam sterilization pot, Image master UV
imaging system , Bacterial Genomic DNA Extraction Kit (Beijing
Taike Biotechnology Co., Ltd. 50 times), PCR primers by Takara
Biotechnology (Dalian) Co., Ltd. synthesis; Takara SYBR premix
ExTaq (perfect real time kit purchased from Takara Biotechnology
(Dalian) Co., Ltd.

Isolation and identification of Lysobacter from soil samples

Dilution coated plate separation method was used (Wang et al.,
2007), the separation is mainly based on the color and shape of
colonies to screen Lysobacter in NA and RA plates, then 16S rDNA
of bacterial universal PCR amplification primers 27F
(AGAGTTTGATCCTGGCTCAG)/1492R  (GGTTACCTTGTTACGA
CTT) are used. PCR reaction system (25 uL): 2 x EasyTaq PCR
Supermix 12 uL, primer 27F 1 pL, primer 1492R (10 ymol / L) 1 L,
DNA template (50 ng/ pL) 1 pL, ddH,O complement 25 pL. The
initial denaturing temperature was 95°C for 5 min, followed by 30
cycles of 94°C for 30 s, 50°C for 30 s, and 72°C for 1.5 min, with a
final extension at 72°C for 10 min. Amplification products was by
1.0% agarose gel electrophoresis to recover. After purification, 16S
rDNA fragments sequencing by Shanghai Biological Engineering
Co., Ltd. sequencing primers are 27F and 1492R. Sequencing
results blast in GenBank were then obtained with high similar
sequence. A total of 12 strains of bacteria were isolated, purified
and identified from the collected soil samples (Table 1).

Rep-PCR and genetic diversity analysis of Lysobacter

Lysobacter genome DNA extraction (referring to Beijing Taike
Biotechnology Co., Ltd. bacterial genomic DNA extraction kit), and
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Table 1. The ecological distribution of the different species of Lysobacter.

Strain Name Origin Agrotype Agrotype Croppattern

L. ant 13-1 Kunming City, Yunnan Province Rhizosphere soil Rice

L. ant HY Fuyuan County of Quijing city in Yunnan Province Rhizosphere soil  Konjak

L. ant 13-6 Fuyuan County of Quijing city in Kunming Province Rhizosphere soil Konjak

L. ant 6-B-1 Fengqging County of Lincang city in Yunnan Province Rhizosphere soil Konjak

L. ant 13-B-1 Fengging County of Lincang city in Yunnan Province Rhizosphere soil Konjak

L. ant6-T-4 Fengqging County of Lincang city in Yunnan Province Rhizosphere soil Konjak

L. ant LJ6-3 Shilin County of Kunming city in Yunnna Province Rhizosphere soil Panax notoginseng
L. ant LJ6-4 Shilin County of Kunming city in YunnanProvince Rhizosphere soil Panax notoginseng
L. ant LR9-3 Shilin County of Kunming city in Yunnan Province Rhizosphere soil Panax notoginseng
L. enz DH3 Fengqging County of Lincang city in Yunnan Province Rhizosphere soil ~ Cayenne

L.enz 1-T-1-4  Fengging County of Lincang city in Yunnan Province Rhizosphere soil Konjak

L. cap LG18 Fuyuan County of Quijing city in Yunnan Province Rhizosphere soil  Potato

L. ant: Lysobacter antibioticus; L. enz: Lysobacter enzymogenes ; L. cap: Lysobacter capsici.

then rep-PCR was done.

DNA was used to perform rep-PCR with ERIC primers using the
manufacturer’'s  protocol. The primer pair EriciR: 5'-
ATGTAAGCTCCTGGGGATTCAC-3’, Eric2: 5'-
AAGTAAGTGACTGGGGTGAGCG-3" was used and composed by
the Shanghai born industry and Biological Engineering Co., Ltd.
synthetic. PCR reaction system: 10 x PCR buffer, 50 ng of DNA
template, 400 yM dNTP, primer F 10 pmol, primer R 10 pmol, 2 U
Taq enzyme, ddH,O complement 25 pL. The initial denaturing
temperature was 95°C for 7 min, followed by 35 cycles of 94°C for 1
min, 52°C for 1 min, and 65°C for 8 min, with a final extension at
65°C for 15 min.

The primer BOX: 5-CTACGGCAAGGCGACGCTGACG-3" was
used and composed by the Shanghai born industry and Biological
Engineering Co., Ltd. synthetic. PCR reaction system: 10 x PCR
buffer, 50 ng of DNA template, 400 uM dNTP, primer F 10 pmol,
primer R 10 pmol, 2 U Taq enzyme, ddH,O complement 25 L. The
initial denaturing temperature was 95°C for 7 min, followed by 35
cycles of 94°C for 1 min, 53°C for 1 min, and 65°C for 8 min, with a
final extension at 65°C for 15 min.

The primer J3: 5'-GCTCAGGTCAGGTCGCCTGG-3" was used
and composed by the Shanghai born industry and Biological
Engineering Co., Ltd. synthetic. PCR reaction system: 10 x PCR
buffer, 50 ng of DNA template, 400 uM dNTP, primer F 10 pmol,
primer R 10 pmol, 2 U Taq enzyme, ddH,O complement 25 uL. The
initial denaturing temperature was 95°C for 7 min, followed by 35
cycles of 94°C for 1 min, 68°C for 1 min, and 65°C for 8 min, with a
final extension at 65°C for 15 min.

The primer pair IS1113: TX1: 5-TGTAGTGGACCTTCGAA-3’,
TX2: 5'-ACGAGCGATTGATCAGG-3" was used and composed by
the Shanghai born industry and Biological Engineering Co., Ltd.
synthetic. PCR reaction system: 10 x PCR buffer, 50 ng of DNA
template, 400 yM dNTP, primer F 10 pmol, primer R 10 pmol, 2 U
Tag enzyme and ddH,O complement 25 pL. The initial denaturing
temperature was 95°C for 7 min, followed by 35 cycles of 94°C for 1
min, 50°C for 1 min, and 65°C for 8 min, with a final extension at
65°C for 15 min.

The end of amplification, 8 yL PCR product was taken in 0.5 *
TAE buffer through the concentration of 1.5% agarosegel
electrophoresis, the voltage drop to 100 V, electrophoresis was
done for 5-6 h, after the completion of the electrophoresis, using
ethidium bromide staining, decolorization, in gel imaging system
amd the collection and preservation of image was done.

Approximately 25 mL of the post amplification reactions were
separated by electrophoresis in a 1.5% agarose gel in TAE buffer,

stained with an ethidium bromide solution (10 mg/mL),
decolorization and photo documented under UV light. An optimized
comparative study of the diversity of the obtained banding patterns
showed the presence or absence of repetitive elements using
photographic images.

Rep-PCR amplified products of the gel map to read the band,
have band (mark "1"), no band (mark "0"), using software NTSYS
for cluster analysis, and using unweighted pair group method with
arithmetic mean (UPGMA) for molecular fingerprint clustering
analysis and constructing system tree pattern.

RESULTS
Analysis of rep-PCR fingerprint banding patterns

The Box PCR showed 11 different molecular fingerprints
with bands ranging from 250 to 7000 bp for the 12
isolates of L. antibioticus (HY, 13-1, 13-6, 6-B-1, 13-B-1,
6-T'-4, LJ6-3, LJ6-4, LR9-3), L. enzymogenes (DH3, 1-T-
1-4) and L.capsici (LG18) (Figure 1).

The Eric PCR showed 17 different molecular
fingerprints with bands ranging from 250 to 7000 bp for
the 12 isolates of L. antibioticus (HY, 13-1, 13-6, 6-B-1,
13-B-1, 6-T'-4, LJ6-3, LJ6-4 and LRO-3), L. enzymogenes
(DH3, 1-T-1-4) and L.capsici (LG18) (Figure 2).

The 1S1113 PCR showed 5-15 different molecular
fingerprints with bands ranging from 250 to 7000 bp for
the 12 isolates L. antibioticus (HY, 13-1, 13-6, 6-B-1, 13-
B-1, 6-T'-4, LJ6-3, LJ6-4, LR9-3), L. enzymogenes (DH3,
1-T-1-4) and L.capsici (LG18) (Figure 3).

The J3 PCR showed 8-16 different molecular
fingerprints with bands ranging from 250 to 7000 bp for
the 12 isolates of L. antibioticus (HY, 13-1, 13-6, 6-B-1,
13-B-1, 6-T'-4, LJ6-3, LJ6-4 and LR9-3), L. enzymogenes
(DH3, 1-T-1-4) and L. capsici (LG18) (Figure 4)

Results of PCR fingerprint analysis

UPGMA cluster analysis was performed on the DNA
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Figure 1. Box-PCR fingerpringing patterns from genomic DNA of Lysobacter strains. M:
marker, 1: L. antibioticus HY, 2: L. antibioticus 13-1, 3: L. antibioticus 13-6, 4: L.
antibioticus 6-B-1, 5: L. antibioticus 13-B-1, 6: L. antibioticus 6-T'-4, 7: L. antibioticus LJ6-
3, 8: L. antibioticus LJ6-4, 9: L. antibioticus LR9-3, 10: L. enzymogenes DH3, 11: L.

enzymogenes 1-T-1-4, 12: L. caisici LG18.

Figure 2. ERIC-PCR fingerpringing patterns from genomic DNA of Lysobacter strains. M:
marker, 1: L. antibioticus HY, 2: L. antibioticus 13-1, 3: L. antibioticus 13-6, 4: L.
antibioticus 6-B-1, 5: L. antibioticus 13-B-1, 6: L. antibioticus 6-T'-4, 7: L. antibioticus LJ6-
3, 8: L. antibioticus LJ6-4, 9: L. antibioticus LR9-3, 10: L. enzymogenes DH3, 11: L.

enzymogenes 1-T-1-4, 12: L. caisici LG18.

fingerprints and showed that only primer 1S1113 can
distinguish L. antibioticus (r1-9), L. enzymogenes(r10-11)
and L. capsici L.capsici (r12) as three groups (Figure 5).
According to different geographical locations, we can
reclassified L. antibioticus HY and L. antibioticus 13-6
both from Fuyuan County of Yunnan Province as the first
group, L. antibioticus 13-1 from Kunming City of Yunnan
Province as the second group, L. antibioticus 6-B-1, 13-
B-1 and 6-T'-4 from Fengqging County of Lincang City in
Yunnan Province as the third group, L. antibioticus LJ6-3

and LJ6-4 from Shilin County of Yunnan Province as the
fourth group, L. antibioticus LR9-3 from Shilin County of
Kunming city in Yunnan Province as the fifth group, L
enzymogenes 1-T-1-4 and DH3 both from Fengqing
County of Lincang city in Yunnan Province as the sixth
group and L. capsici LG18 from Fuyuan County of Qujing
city in Yunnan Province as the seventh group (Table 1).
The results confirmed that as compared to the similarity
between species, the similarity of the isolates within in
the species was higher (Table 2).
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Figure 3. 1S1113 -PCR fingerpringing patterns from genomic DNA of Lysobacter strains.
M:marker, 1: L. antibioticus HY, 2: L. antibioticus 13-1, 3: L. antibioticus 13-6, 4: L.
antibioticus 6-B-1, 5: L. antibioticus 13-B-1, 6: L. antibioticus 6-T'-4, 7: L. antibioticus LJ6-
3, 8: L. antibioticus LJ6-4, 9: L. antibioticus LR9-3, 10: L. enzymogenes DH3, 11: L.

enzymogenes 1-T-1-4, 12: L. caisici LG18.

7 8 9 10 11

Figure 4. J3 -PCR fingerpringing patterns from genomic DNA of Lysobacter strains.
M:marker, 1: L. antibioticus HY, 2: L. antibioticus 13-1, 3: L. antibioticus 13-6, 4: L.
antibioticus 6-B-1, 5: L. antibioticus 13-B-1, 6: L. antibioticus 6-T'-4, 7: L. antibioticus LJ6-
3, 8: L. antibioticus LJ6-4, 9: L. antibioticus LR9-3, 10: L. enzymogenes DH3, 11: L.
enzymogenes 1-T-1-4, 12: L. caisici LG18.

DISCUSSION

The BOX, ERIC, 1S1113 and J3 repeat sequences are
distributed widely in three species of Lysobacter genome
DNA, and confirmed rep-PCR technology can distinguish
different species and used for the determination of
Lysobacter group genetic diversity. Primers of BOX,

ERIC, 1S1113 and J3 are used for PCR, fingerprint and
clustering analysis, results show that when genetic
distance was 0.59 only 1S1113 primer can successfully
distinguish L. antibioticus, L. enzymogenes and L.
capsici. 1S1113 can be used for analysis of hereditary
changes in Lysobacter groups, except a few strains,
which can be clearly divided into three main genetic
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Figure 5. Dendrograms constructed with UPGMA using DNA fingerprints patterns from Lysobacter strains. A: BOX-PCR of
dendrograms constructed with UPGMA using DNA fingerprints patterns from Lysobacter strains; B: ERIC-PCR of
dendrograms constructed with UPGMA using DNA fingerprints patterns from Lysobacter strains. C: 1S1113-PCR of
dendrograms constructed with UPGMA using DNA fingerprints patterns from Lysobacter strains. D: J3-PCR of
dendrograms constructed with UPGMA using DNA fingerprints patterns from Lysobacter strains. Strains: rl: L. antibioticus
HY, r2: L. antibioticus 13-1, r3: L. antibioticus 13-6, r4: L. antibioticus 6-B-1, r5: L. antibioticus 13-B-1, r6: L. antibioticus 6-
T'-4, r7: L. antibioticus LJ6-3, r8: L. antibioticus LJ6-4, r9: L. antibioticus LR9-3, r10: L. enzymogenes DH3, rll: L.
enzymogenes 1-T-1-4, r12: L. caisici LG18
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Table 2. Similarity of IS1113-PCR fingerprints among different strains.
Strain numbers HY 13-1 13-6 6-B-1 13-B-1 6-T-4 LJ6-3 LJ6-4 LR9-3 DH3 1-T-1-4 LG18
HY 100
13-1 0.667 100
13-6 0.762 0.769 100
6-B-1 0.636 0.667 0.741 100
13-B-1 0.727 0.814 0.740 1.000 100
6-T-4 0.636 0.815 0.741 1.000 1.000 100
LJ6-3 0.522 0.786 0.714 0.897 0.897 0.897 100
LJ6-4 0.522 0.786 0.714 0.897 0.897 0.897 1.000 100
LR9-3 0.609 0.786 0.714 0.897 0.897 0.897 0.867 0.867 100
DH3 0.500 0571 0571 0546 0546 0546 0.609 0.609 0.522 100
1-T-1-4 0.308 0.222 0.333 0421 0421 0.421 0.400 0.400 0.300 0.615 100
LG18 0.111 0435 0435 0500 0500 0.500 0.560 0.560 0.480 0.556 0.400 100

Lysobacter antibioticus: HY, 13-1, 13-6, 6-B-1, 13-B-6-1, 6-T'-4, LJ6-3,
LG18.

clusters. Lysobcater have different structure, activity and
biosynthetic pathways, thus the control of pathogenic
bacteria is different. So we can classify species quickly
through rep-PCR and then use specific biocontrol bacteria
to control plant diseases.

Itis the first time to apply rep-PCR to study the diversity
of Lysobacter genome. The method of identifying
Lysobacter usually uses 16S rDNA of bacterial universal
primers to PCR and then amplified products are
sequenced, with sequencing results blast in GenBank
and then high similar sequence was obtained. This
method is time consuming, inconvenient and the results
are not accurate because the sequencing results may be
inaccurate. Thus, rep-PCR was adopted, this technology
has advantages of fast, handy and economic, and
dispense with specific probe and southern hybridization.
Due to the characteristics of electrophoresis, rep-PCR
with strain level spectrum can be used for strain
identification and can reflect the differences of genome of
close genetic relationship between strains, but the
disadvantage is that it does not reflect the differences in
the plasmid DNA, and rep-PCR is affected by many
factors, such as: primers from different sources or
different batches, DNA polymerase or PCR instrument of
different types, to an extent, these factors restrict the
technology application (Laguerre et al., 1996). In spite of
this, under certain experimental conditions, rep-PCR is
an important and effective technology for strains
identification and clustering. In the later work, Multilocus
Sequence Analysis (MLSA) and Restriction Fragment
Length Polymorphism Analysis (RFLP) can be used to
further research on the origin of their diversity, these will
be helpful to further uncover the origin, evolution and
phylogeny, and provide important information and
scientific basis in the production or use of Lysobacter for
disease prevention and economic crops treatment.

LJ6-4, LR9-3. Lysobacter enzymogenes: DH3, 1-T-1-4. Lysobacter capsici:
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The aim of our work is to study and evaluate a rapid method for detection of Klebsiella pneumonia
carbapenemases genes (blaKPC) in enterobacteriaceae isolates from clinical samples by using real
time PCR and comparison of this method with ordinary phenotypic methods. Outbreaks of carbapenem-
resistant enterobacteriaceae (CRE), primarily K. pneumoniae, have been reported recently in several
regions worldwide. The production of carbapenemases especially K. pneumoniae carbapenemase
(KPC) is the most important mechanism of enzymatic resistance in enterobacteriaceae. One hundred
and fifty clinical isolates from different departments of Menoufia university hospitals were tested by
both disc diffusion method (Imipenem 10 pug, Meropenem 10 pg and Ertapenem 10 pg), and imipenem
E-test for minimum inhibitory concentration (MIC) then analyzed according to cut off-points of CLSI
2014 guideline. Then all the one hundred fifty clinical isolates were tested for the presence of a blaKkPC
gene by real time PCR. We found Eighty three (83) isolates (55.3%) from 150 were resistant to one or
more carbapenems by disk diffusion method, and 88 isolates (58.7%) were resistant by E test while 91
isolates (60.6%) were positive for the presence of KPC gene by real time PCR. There was significant
difference between disk diffusion method and real-time PCR (P < 0.001) and E test and real-time PCR (P
< 0.001) regarding carbapenem resistance. The highest percent of enterobacteriaceae isolates having
KPC gene were among K .pneumoniae (46.1%). KPC positive cases were mainly (74.1%) from urology
department. About (97.8%) blaKPC PCR positive cases had been exposed to invasive procedures such
as mechanical ventilation (P < 0.001), and (95.6%) blaKPC PCR positive cases had been from hospital
acquired infections (P < 0.001). There was a history of antimicrobial intake in 70.3% of cases infected
with KPC PCR positive isolates. blaKPC PCR has sensitivity ,specificity, negative predictive value, and
diagnostic accuracy (99, 87, 98 and 93%), respectively .

Key words: carbapenem-resistant enterobacteriaceae (CRE), real time PCR, blaKPC.

INTRODUCTION

Carbapenems are highly efficacious drugs for treating to carbapenems has been rare; however, the emergence
infections  with  extended-spectrum  B-lactamase— of transmissible carbapenem resistance is now a growing
producing gram-negative bacteria. Previously, resistance concern. (Raghunathan et al., 2011).
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An increasingly common mechanism of carbapenem
resistance is the class-A, Klebsiella pneumoniae
carbapenemase (KPC). KPCs have been reported in K
pneumoniae and in Klebsiella oxytoca, Pseudomonas
aeruginosa, Escherichia coli, Proteus mirabilis,
Citrobacter freundii, Enterobacter spp, Serratia spp, and
Salmonella spp. (Villegas et al., 2006).

The blaKPC genes that encode KPCs are present on
transferable plasmids and are flanked by transposable
elements, thus allowing for the gene to move from
plasmid to the bacterial chromosome and back (Bratu et
al., 2005).

This potential to disseminate resistance has been
demonstrated in several reported outbreaks with high
mortality rates (Raghunathan et al., 2011).

Given the limited therapeutic options available, the
accurate and timely detection of KPC-producing
enterobacteriaceae is vital in order to control their spread
(Nordmann et al., 2009).

The mechanisms of resistance to carbapenems may be
related to the combination of decrease in bacterial outer
membrane permeability, increasing production of
Extended-Spectrum Beta-Lactamases (ESBLs), AmpC
beta-lactamases and expression of betalactamases like
Carbapenemases. The production of carbapenemases
especially KPC is the most important mechanism of
enzymatic resistance in isolated Enterobacteriaceae such
as K. pneumoniae (Nordmann et al., 2012).

The detection of KPC-producing bacteria can be
challenging because of heterogeneous expression of [3-
lactam resistance. Automated and agar diffusion methods
of susceptibility testing show some inconsistencies in
reliably detecting KPC-mediated resistance, and this is
influenced by the carbapenem that is used for testing
(Francis et al., 2012; Fallah et al., 2013).

To address these issues, confirmatory tests such as
several polymerase chain reaction (PCR)-based assays
have been developed to detect KPC-mediated
carbapenem resistance. Real-time PCR has been
employed in the rapid detection of colonization/infection
with KPC-producing Enterobacteriaceae in various types
of samples and clinical isolates.

These assays have demonstrated good sensitivity and
specificity with favorable positive and negative predictive
values (Schechner et al., 2009).

PATIENTS

This study was conducted on clinical isolates of
enterobacteriaceae that were isolated from samples sent
to microbiology laboratory of Menoufia University
Hospitals, from July 2013 to September 2014.

Subjects

One hundred fifty clinical isolates from different
departments of Menoufia university hospitals were tested.
During the study period, all strains of enterobacteriaceae
isolated were stored on broth glycerol at-70°C for
subsequent PCR analysis.

METHODS

Enterobacteriacae isolates were identified by conventional methods
such as culture characteristics and biochemical reactions (Colle et
al., 1996). Triple sugar iron agar (TSI), lysine iron agar (LIA),
motility indole ornithine (MIO), Simmons citrate agar and urea agar
base (Oxoid England) plus identification by APl 20E
(https://apiweb.biomerieux.com).

Susceptibility testing

0.5 McFarland turbidity suspension for each isolate was used to
inoculate on Mueller-Hinton agar plates (Oxoid England).

Disk diffusion

By using imipenem, meropenem and ertapenem disk diffusion.
Results were categorized as sensitive, intermediate and resistant
as according to Clinical Laboratory Standard Institute (CLSI)
guidelines 2014 (Imipenem 10 ug: S: <1, I: 2, R: 24), (Meropenem:
10 yg: S: <1, I: 2, R: 24), (Ertapenem: 10 ug: S: <0.5, I: 1, R: >2).

E-Test for imipenem

MIC for imipenem was determined using E-test (bioMérieux) and
results were categorized as sensitive, intermediate and resistant as
per Clinical Laboratory Standard Institute (CLSI) guidelines 2014 (S
<1, I: 2, R=4) (CLSI, 2014)

Genotypic detection of KPC

All clinical isolates of enterobacteriaceae were tested for the
presence of a blaKPC gene by real time PCR:

DNA extraction

DNA extraction using the GeneJET Genomic DNA Purification Kit
(Thermo Scientific KO721, Fermentas, UE), using Gram-negative
bacteria genomic DNA purification protocol.

Sample preparation

After an overnight pure growth on MacConkey, 2 to 3 of bacterial

colonies were inoculated into 1 ml of nutrient broth water then
overnight incubation.

*Corresponding author. E-mail: abeerhamdy75@gmail.com. Tel: 0966536190906.
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Table 1. Reaction setup for real-time.
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Component

Volume/reaction (ul)

Final concentration

5x HOT FIREPOL EvaGreen gPCR Mix plus
Primer forward (10 pmol/ul )

Primer reverse (10 pmol/ul)

Template DNA

Nuclease free water

Total reaction volume

4 1x

0.5 0.25 uM
0.5 0.25 uM

5 0.01-10 ng/pl
10

20

Table 2. Susceptibility testing by disk diffusion.

Disk diffusion test (DDT) No. %
CR 83 55.3
Cs 67 44.7
Total 150 100

CR, Carbapenem resistane; CS, Carbapenem sensitive.

Table 3. Susceptibility testing by E-test.

E. test No. %
R 88 58.7
S 62 41.3
Total 150 100

Table 4. Detection of presence of KPC

gene by PCR.

KPC gene No. %
Positive 91 60.6
Negative 59 39.4
Total 150 100

Real-time PCR amplification and detection

Real-time PCR was performed on Spartan RX CYP2 C 19
instrument using Syber Green with the following primers
(Raghunathan et al, 2011): Forward primer, 5'-
ATGTCACTGTATCGCCGTC -3' (80-250 nM final concentration),
Reverse primer, 5'- CTCAGTGCTCTACAGAAAACC -3' (80-250 nM
final concentration) and 5x HOTFIREPoI®EvaGreen®qPCR Mix
Plus (no ROX) —Solis biodyne— Cat 08-25-00001, a reaction mix
was prepared according to Table 1.

Method

1. The reaction mix was mixed thoroughly, and appropriate volume
was dispensed into PCR tubes or plates.

2. Template DNA was added (0.01 to 10 ng/ul) to the individual
PCR tubes or wells containing the reaction mix.

3. Real-time instrument Spartan was programmed according to the
following cycling conditions: 95C for 15 min, followed by 40 cycles

of 95°C for 15 s, 57°C for 20 s, and 72°C for 20 s. And finally
dissociation at 95°C for 30 min.

RESULTS

Eighty three (83) isolates (55.3%) from 150 were
resistant to one or more carbapenems by disk diffusion
method and sixty seven were sensitive (Table 2).

This table shows that 88 isolates (58.7%) from all
enterobacteriacea isolates (150) were resistant by E test
and 62 (41.3%) were sensitive (Table 3). This table
shows that 91 isolates (60.6%) from all enterobactericea
isolates (150) were positive for the presence of KPC
gene by real-time PCR and 59 (39.4%) were negative
(Table 4). In this study, the melting temperature was
81.9°C (Figure 3), the positive cases for the presence of
blakPC gene show melting peaks that express
fluorescence exceeding the threshold line (Figure 1)
while negative cases express fluorescence that does not
exceed the threshold line (Figure 2).

This table shows that from 83 carbapenem resistant
isolates by disk diffusion, 82 were blaKPC PCR positive
and from 67 carbapenem sensitive isolates, 9 were
blakPC PCR positive, and there was highly significant
difference(p<0.001) between two methods (Table 5).

This table shows that from (88) resistant isolates by E-
test, 82 (93.2%) were blaKPC PCR positive cases from
62 carbapenem sensitive isolates, 9 were blakPC PCR
positive, and there was highly significant difference
(p<0.001) between two methods (Table 6).

Real time PCR detected 82 (98.8%) of carbapenem
resistant isolates by DDT, thus the sensitivity of the PCR
was 99%, specificity was 87% and diagnostic accuracy
was 93%, all in relation to DDT as gold standard test
(Table 7).

Real time PCR detected 82 (93.2%) of E -test resistant
isolates, thus the sensitivity of the PCR was 93.2%,
specificity was 85.5% and diagnostic accuracy was 90%,
all in relation to E- test as gold standard test (Table 8). As
regarding evaluation of the performance of the real-time
PCR using disk diffusion susceptibility results, there were
2 cases which were negative for blaKPC by PCR and in
the same time were resistant by disk diffusion (Table 9).

The highest percent of enterobacteriaceae isolates
having KPC gene were among K .pneumoniae (46.1%)
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Figure 1. Real time PCR amplification curve as shown by Step 1 Applied Spartan Real time PCR
equipment. Positive KPC: G3, G8 and G11 expressing fluorescence exceeding the threshold line.

Negative case: G5 expressing fluorescence that does not exceed the threshold line.
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Table 5. Relation between disk diffusion and real-time PCR results in detection of carbapeneme resistance.

DDT .
Total Symmetrical measurement
CR CS

p Count 82 (90.1) 9(9.9) 91(100%)
%Within DDT 98.8% 13.4% 60.6

Count 1(1.7) 58 (98.3) 59(100%)

PCR N <0.001

%Within DDT 1.2% 86.7% 39.4
Total Count 83 67 150
%Within 100 100 100

*Symmetrical measurement: p< 0.05 = significant ; PCR, polymerase chain reaction; CR, Carbapenem resistane; CS, Carbapenem
sensitive.

Table 6. Relation between E-test and PCR results in detection of carbapeneme resistance.

DDT Total Symmetrical measurement
CR CS

P Count 82(90.1%) 9(9.9%) 91(100%)
%Within MIC 93.2 14.5 60.6

Count 6(10.2% 53(89.8% 59(100%

PCR N 9%Within MIC ( 6.8 ) (85.5 ) (39.4 ! <0.001

Total Count 88 62 150
%Within MIC 100 100 100

Table 7. Clinical performance of PCR in relation to disk diffusion test(DDT) as gold standard test .

ltem TP FN TN FP Sens. Spec. PPV NPV  Accuracy
PCR 82 1 58 9 99% 87% 90% 98% 93%

TP, True positive; FN, false negative; TN, true negative; FP, false positive; Sens, sensitivity; Spe., specificity; PPV,
positive predictive value; NPV, negative predictive value.

Table 8. Clinical performance of PCR in relation to E- test as gold standard test.

ltem TP FN TN FP Sens. Spec. PPV NPV Accuracy
PCR 82 6 53 9 93.2% 85.5% 90% 90% 90%

TP, True positive; FN, false negative; TN, true negative; FP, false positive; Sens, sensitivity; Spe., specificity; PPV, positive
predictive value; NPV, negative predictive value.

Table 9. Comparison of disk diffusion (imipenem/meropenem or etrapenem ) and KPC
real-time PCR results.

Susceptibility by disk diffusion(imipenem/meropenem)
Resistant Susceptible

Positive 83 8

Negative 2 57

KPC real- time PCR
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Table 10. Types of KPC PCR positive isolates.

Organism

K. pneumoniae
Enterobacter spp.
E. coli

Proteus

Total

No. %
42 46.1
31 34.1
16 17.6
2 2.2
91 100

Table 11. Distribution of KPC PCR positive isolates in hospital units.

Unit

X2

Total P value
ICU Urology Neonatology Others test
p Count 34(37.4%) 20(21.9%) 4(4.4%) 33(36.3%) 91(100%) 2.70 0.44NS
%Within unit 57.6% 74.1% 66.7% 56.9% 60.6%
PCR N Count 25(42.4%) 7(11.8%) 2(3.4%) 25(42.4%) 59(100%)
%Within unit 42.4% 25.9% 33.3% 43.1% 39.4%
Total Count 59(39.3) 27(18.0) 6(4.0) 58(38.7) 150
% Within unit 100 100 100 100 100
Table 12. Distribution of KPC PCR positive isolates in relation to exposure to invasive procedures.
PCR results
Total X2 test P value
P N
Yes Count 82(90.1%) 9(9.9%) 91(100%)
%Within MIC 93.2 14.5 60.6
. No Count 6(10.2%) 53(89.8%) 59(100%)
Invasive procedures YWithin MIC 68 855 394 114.73 <0.001HS
Total Count 88 62 150
%Within MIC 100 100 100

while the lowest percent were among proteus (2.2%)
(Table 10) KPC positive cases were mainly (74.1%) from
urology department which represented (21.9%) of their
isolates, followed by ICU (57.6%) which represented
(37.4%) of their isolates (Table 11). About (97.8%)
blakPC PCR positive cases had been exposed to
invasive procedures such as mechanical ventilation,
urinary catheterization, CVL and cannula insertion (Table
12). About (95.6%) blaKPC PCR positive cases had been
isolated from cases with hospital acquired infections
(Table 13).There was a history of antimicrobial intake in
70.3% of cases infected with KPC PCR positive isolates
(Table 14).

DISCUSSION

The emergence and rapid dissemination of carbapenem-
resistant enterobacteriaceae (CRE) worldwide is a cause
for concern. Treatment options for infections due to these
organisms are extremely limited and effective therapy
may be delayed whilst microbiology laboratory

confirmatory results are awaited (Burns and Schaffer,
2011).

The rapid detection of KPC-producing
enterobacteriaceae is of great importance since these
organisms have the potential to spread rapidly in hospital
environments and cause nosocomial infections with high
mortality rates (Samra et al., 2007; Tibbetts et al., 2008;
Burns and Schaffer, 2011). The aim of our study is to
study a rapid method for detection of K. pneumoniae
carbapenemase genes (blaKPC) in enterobacteriaceae
isolates in clinical samples by using real time PCR and
comparing phenotypic with genotypic results.

In our study 83 (55.3%) of 150 samples had reduced
susceptibility to one or more carbapenems. This is similar
to a study conducted by Landman et al. (2005) in New
York, where (61.5%) of lactose fermenting gram-negative
bacilli were imipenem resistant by disc diffusion. In a
study conducted by Patel et al. (2008) in Europe and
Hindiyeh et al. (2008) in Israel, the carbapenem-resistant
K. pneumoniae by disc diffusion was 26 and 25.1%,
respectively.
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Table 13. Distribution of PCR results in relation to hospital acquired infection.
PCR results
Total X2 test P value
P N
Yes Count 87(85.3%) 15(14.7%) 102(100%)
%Within PCR results 95.6% 25.4% 68.0%
. . Count 4(8.3%) 44(91.7%) 48(100%)
H tal d N 81.02 <0.001H
ospriatacquired O o \within PCR results 4.4% 74.6% 32.0% S
Total Count 91(60.6%) 59(39.4) 102(100%)
%Within PCR results 100 100 68.0%
Table 14. Distribution of KPC PCR positive isolates in relation to antimicrobial intake.
PCR results
Total X2 test P value
P N
Yes  Count 64(56.6%) 49(43.4%) 113(100%)
%Within PCR results 70.3% 83.1% 75.3%
) ) No Count 27(73.0%) 10(27.0%) 37(100%)
Hospital acquired o 3.12 0.08NS
%Within PCR results 29.7% 16.9% 24.7%
Total Count 91(60.6%) 59(39.4) 150
%Within PCR results 100 100 100

On the other hand, resistance reported by Marschall et
al. (2009) was 2.9%, also in the Faculty of Medicine
Vajira Hospital in University of Bangkok, Metropolis, the
incidence of CRE was 0.13% and the presence of the
resistance was an important public health problem
(Phumisantiphong, 2011).

For certain reasons there is a wide variability in
prevalence of CRE. The possible factors could be
different geographical locations, variable proficiency
levels of microbiology trained technical staff, different
antibiotic cut offs being used, different guidelines being
followed and different techniques being used for CRE
detection.

In several western studies, prevalence of CRE was less
than that found in our study. The higher prevalence
compared to western countries can be explained by the
fact that western countries had strict infection control
policies and practices, efficient and effective antibiotic
audit systems, shorter average hospital stay, better
nursing barriers and other important health care
measures that are known to substantially decrease the
chances of acquisition and spread of CRE

There are several factors that make detection of CRE
by susceptibility testing is challenging and make
carbapenem-resistant bacteria incorrectly identified as
carbapenem susceptible, resulting in inappropriate
selection of therapy. One of these factors may be the
heterogeneous expression of B-lactam resistance (Chen

et al., 2011) or the low level of resistance that cannot be
detected by ordinary susceptibility tests Thomson (2010).
In addition, Meropenem and imipenem susceptibility
demonstrated poor sensitivity for methods other than
BMD (broth microdilution). However, the specificity of
meropenem and imipenem susceptibility testing was
higher than that for ertapenem susceptibility testing
regardless of test method (Benenson et al., 2011).

The ertapenem disk-diffusion test has been shown to
be a reliable screening method for KPC-mediated
resistance (Bratu et al.,, 2005). Therefore, results for
culture-based susceptibility to ertapenem are often used
for determining carbapenem resistance in routine clinical
microbiology laboratories. However, resistance to
ertapenem alone is not a marker for KPC expression; it
has been shown that most ertapenem resistance is
related to factors such as an extended-spectrum (-
lactamase (ESBL) or AmpC production in association
with outer membrane porin mutations (Francis et al.,
2012).

In order to overcome such shortcomings when treating
infections caused by enterobacteriaceae, the Clinical and
Laboratory Standards Institute (CLSI) has recently
lowered the susceptibility breakpoints for meropenem,
imipenem, ertapenem and doripenm (Chen et al., 2011).
Also, the presence of scattered inner colonies along the
inhibition zone can lead to perceived increased
resistance. The presence of scattered colonies may be
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due to decreased expression of the porin channel
OmpK36, which has been found in isolates expressing
blakPC (Bulik et al., 2010).

Our study showed that the resistant isolates to
imipenem by E-test were 88 out of 150 (58.7%). While in
a study conducted by Gupta et al. (2011) in New York
City, carbapenem resistance by E-Test was reported in
(10.8%) of isolates that were associated with certain
device-related infections.

Girlich et al. (2013) found on 133 well-characterized
enterobacterial isolates, KPC and meropenem-containing
MP/MPI Etest had high sensitivity (>92 %) and specificity
(>97 %).

Although we included the E test method in our study,
but determining resistance and susceptibility for
imipenem with E test was difficult because of the colonies
that were present within the zones of inhibition and make
lack of consensus on reading E test method.

In Rapp and Urban (2012), most KPC-producing
isolates had a carbapenem MIC = 2 ug/ml, but some
have been reported to be susceptible to carbapenems.
The reason for this discrepancy is that full resistance to
carbapenems usually requires the presence of a second
mechanism of resistance such as a defect in the
permeability of outer membrane. Detection of blaKPC
genes by PCR has been proposed as the gold standard
for detection of KPC-bearing organisms. To date, several
PCR based detection methods have been described ,
including two real-time PCR assays, as well as a method
that uses PCR in conjunction with electrospray ionization
mass spectrometry (PCR/ESI-MS) (Chen et al., 2011).

Currently DNA sequencing is the definitive method for
identification of blaKPC gene. However, sequencing is
impractical for studies involving large sample sizes, as
well as for rapid identification in clinical settings. In
contrast, methods such as real-time PCR offer rapid,
robust, and cost-efficient alternatives to DNA sequencing
for blakPC gene (Chen et al., 2011).

Our study showed that 91 out of 150 (60.6%) had KPC
gene by real- time PCR. This result is higher than that
from a United State (0.5%) (Deshpande et al., 2006).
However, prevalence rates of (KPC-Kp) isolates of >30%
have been recorded in the eastern United States
(Nordmann et al., 2011). Another study of Brooklyn
hospitals reported 38% prevalence of blaKPC (Landman
et al.,, 2007). In this study, there were 2 cases which
were negative for blakPC by PCR and in the same time
were resistant by disk diffusion. These results were not
due to inhibition of the PCR reactions because the
internal control target was successfully amplified.

The negative PCR result with the presence of disk
diffusion resistance can be due to presence of eleven
types or alleles of KPC gene (KPC1-11) while we used
only single primers for detection of blaKPC (Arnold et al.,
2012),or It is possible that the carbapenem resistance
was due to one of several other mechanisms, including
changes in outer membrane permeability, increased

activity of antibiotic efflux systems, or the production of
AmpC B-lactamases, ESBLs, or non-KPC
carbapenemases (Queenan and Bush, 2007).

In addition, it is also possible that the amount of
template DNA for these samples was inadequate or that
sequence alterations in the bla KPC gene affected the
binding of the primers or probes used in the assay
(Francis etal., 2012).

One of the disadvantages of PCR is specificity for the
particular target sequence, so they cannot be used to
monitor the emergence of novel variants (Raghunathan
etal., 2011).

In this study, out of the 91 blaKPC positive isolates
46.1% were K. pneumonia. These results are in
accordance with those from a study of Landman et al.
(2007), where (95%) of blaKPC positive isolates were K.
pneumoniae. Another study conducted by Qi et al. (2011)
shows that all clinical isolates of K. pneumoniae (100%)
with carbapenem resistance were confirmed as KPC
producers by PCR.

This is different from study done by (Francis et al.
(2012), who showed that the most common KPC positive
enterobacteriaceae was Escherichia coli (44.9%), and a
study done by Marschall et al. (2009),where (37.0%) of
isolates were E. coli.

K. pneumoniae remains the most prevalent bacterial
species carrying KPCs .The rapid global spread of KPC-
producing K. pneumoniae is now understood , it is a
largely clonal phenomenon. A specific clone of KPC-
producing K. pneumoniae, called ST258, is globally
distributed. ST stands for sequence type, and is assigned
by multilocus sequence typing, which is a nucleotide
sequence-based bacterial typing method where seven
genes on the chromosome are sequenced. ST258
predominates among KPC-producing K. pneumoniae in
the United States. ST258 as well as ST512, which is
closely related to ST258, has been found commonly in
Israel and Italy, whereas ST11 and ST437 appear to
predominate in China and Brazil, respectively (Doi and
Paterson, 2015).

These STs are all closely related to ST258 suggesting
the presence of a common origin, most likely in the mid-
Atlantic United States. On the other hand, plasmids
carrying the KPC gene are diverse in structure and often

capable of self-transmission to other strains by
conjugation (Doi and Paterson, 2015).
In addition, the production of carbapenemases

especially KPC is the most important mechanism of
enzymatic resistance in isolated enterobacteriaceae such
as K. pneumoniae. KPCs are encoded by the gene bla-
KPC, whose potential for different species and universal
spreading is mainly elucidated by its location within a
Tn3-type transposon, Tn4401. This transposon is able to
inserting into varied plasmids of Gram-negative bacteria.
Plasmids carrying bla-KPC are related to resistance
factors for other antibiotics, the enzyme has been
identified in several other Gram-negative bacilli (Bina et
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al., 2015).

Hospital acquired infections (HAI) are defined as
infections not present at the time of admission to hospital.
Most infections that become clinically evident after 48 h
of hospitalization are considered hospital-acquired
(Edwards et al., 2008).

In our study, we found that 95.6% of KPC PCR positive
isolates were from hospital acquired infection cases and
this was also statistically highly significant (P < 0.001).
This was in accordance with Aggeliki et al. (2012) who
reported the recent emergence of carbapenemase-
producing enterobacteriaceae strains which represented
a major threat for hospitalized patients in Greek hospitals,
and also show that duration of hospitalization before
bacteremia was the only risk factor for multidrug
bloodstream infections.

The description of outbreaks indicates that producer
strains seem to benefit from selective advantages in
hospitals where antimicrobial use is much higher and
opportunities for transmission more frequent than in the
community (Grundmann et al., 2010). According to
Papadimitriou -Olivgeris et al. (2012) there was no patient
positive for blaKPC without prior hospitalization or
antibiotic use before ICU admission.

In our study we found that the high percentage of KPC-
producing enterobacteriaceae spp. by PCR was found in
patients with history of antibiotic administration (70.3%).
This also coincides with Gasink et al. (2009) who found a
correlation  between the selective pressure of
antimicrobial agents and the presence of KPC resistance
genes residing on the plasmid.

According to Woodford et al. (2010) and Gasink et al.
(2009) it was postulated that prior use of an extended-
spectrum cephalosporin  and ciprofloxacin may be
selective for KPC enzymes and also it was reported by
Kwak et al. (2005) that the previous use of carbapenems
and cephalosporins were identified as independent risk
factors for acquisition of carbapenem resistant K.
pneumonia. In rectal and tracheal KPC- K. pneumoniae
colonized patients, prolonged antibiotic therapy
administered for non KPC-Kp infection predisposes
patients to subsequent KPC-Kp ventilator associated
pneumonia (VAP). Short prophylaxis of early pneumonia
with amoxicillin/clavulanic acid, reducing the need for
subsequent antibiotic use, may be associated with
reduced risk for KPC-Kp VAP (Sbrana et al., 2016).

According to the study of Tuon et al. (2012),
Fluoroquinolones were an independent risk factor for
KPC production, which might be explained by the fact
that plasmid-encoded gnr genes, which determine low-
level fluoroquinolone resistance, have been identified in
the same conjugative K. pneumonia plasmid as CP
genes (specifically blakPC-2 and gnrB4).

In our study, we found that (97.8%) of KPC PCR
positive isolates had been exposed to invasive
procedures such as mechanical ventilation, urinary
catheterization, central venous line (CVL) and cannula
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insertion, and this was statistically highly significant (P <
0.001).

This is in accordance with Lee (2012) who reported that
mechanical ventilation is a risk factor for infection with
KPC producing organisms, and Kwak et al. (2005) who
reported that catheterization is a risk factor for
carbapenem-resistant acquisition.

KPC positive cases were mainly from urology
department (74.1%) followed by ICU (57.6%). This is
similar to that reported by Lee (2012) who showed that
KPC positive cases were mainly isolated from patients
who had high ICU admission status (72%) this may be
due to that most of ICU patients were
immunocompromised and may be due to the selective
pressure imposed by extensive use of antimicrobials and
the potential for patient-to-patient transmission of
organisms was greatest.

Our study showed that 82 (98.8%) of carbapenem
resistant isolates by using disk diffusion method, were
blakKPC PCR positive cases. We found that the sensitivity
of the PCR was 99%, specificity was 87%, PPV of 90%,
NPP of 98% and diagnostic accuracy was 93%, all in
relation to DDT as gold standard test.

This is similar to Hindiyeh et al. (2011) who reported
that real-time PCR assay is sensitive and specific
compared with culture-based methods of detecting
carbapenem resistance attributable to KPC.

Also, Cole et al. (2009) reported that direct detection of
blakPC by PCR shorten the time to identify patients
colonized or infected with carbapenem resistant
organisms and is more sensitive than culture.

Conclusion

Real time PCR for detection CRE through detection of
blakPC gene in enerobacteriacea, is a sensitive,
accurate, and rapid method with a shorter turnaround
time than those with culture based protocols. Beside it
has high negative predictive value to rule out the
resistance to cabapenems.
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Extensive use of antibiotics for urinary tract infections has led to the emergence of drug-resistant
microorganisms and one solution to this problem is to search for non-antibiotic compounds that exert
anti-bacterial activity through different mechanisms such as non-steroidal anti-inflammatory drugs
(NSAIDs). In this study, out of 100 urine samples; 48 Escherichia coli strains were detected, 47.9% were
multi-drug resistant. The antibiogram resistance pattern of the strains was carried out by agar dilution
method. Diclofenac sodium, indomethacin, aspirin and ibuprofen were tested against the E. coli
isolates. Diclofenac sodium showed the lowest MICsy and MICqyy; 8 and 256 pug/ml, respectively. Aspirin
showed MICg, of 64 pg/ml, while both indomethacin and ibuprofen showed MICs, of 256 npg/ml.
Indomethacin, aspirin and ibuprofen showed the same MICq, of 1024 pg/ml. The combined effects of the
four NSAIDs and five antibiotics (Amoxicillin, Augmentin, Cefotaxime, Ciprofloxacin and Gentamicin)
were tested on five resistant clinical E. coli strains by checkerboard dilution technique. All the tested
NSAIDs significantly reduced the minimum inhibitory concentrations (MICs) of antibiotics against the
tested bacteria and fractional inhibitory concentration indices (FICIs) for this combination ranged from
0.03 to 0.5. In this study, leakage of intracellular components suggests that the effect of NSAIDs on E.
coli could be the formation of pores in the plasma membrane and scanning electron microscopy (SEM)
observations confirmed the damage to the structural integrity of the tested bacteria. In conclusion,
NSAIDs showed antibacterial activity against E. coli causing urinary tract infections (UTIs), a
combination of them and antibiotics exhibited good synergism and the mechanism of their action was
by damaging the bacterial cell membrane.

Key words: Urinary tract infection (UTI), Escherichia coli, NSAIDs, antibacterial resistance, antibacterial activity,
synergism.

INTRODUCTION

Urinary tract infections (UTIs) are the most common hospital acquired infection with a percentage of 35% of



nosocomial infections (Stamm, 2002; Weinstein et al.,
1997). Escherichia coli is the major pathogen causing
urinary tract infections (UTIs) and represents more than
85% of recurrent cystitis and about 35% of recurrent
pyelonephritis (Barnett and Stephens, 1997). UTls
remain the most common human bacterial infection,
despite the high spread of antibiotics. The massive and
irrational use of antibiotics and antibacterial agents for
long periods has led to the emergence of multi drug
resistant (MDR) microorganisms, and it is currently
advised that the clinical administration of antibiotics
against the pathogenic bacteria be gradually prohibited
(Ray and Rice, 2004; Chowdhary et al., 1994). Another
solution for this problem is to search for non-antibiotic
compounds that have antibacterial activity through
different mechanisms (Mazumdar et al., 2009). Recent
studies have shown that some medicines have
antibacterial activity in addition to their main function such
as antihistamines, antipsychotics, tranquillizers, anti-
hypertensives and local anesthetics (Rani et al.,, 2005;
Dastidar et al., 1995). All these drugs with moderate to
powerful anti-microbial activities have been known as
“non-antibiotics” (Dastidar et al., 2000). Non-steroidal
anti-inflammatory drugs (NSAIDs) are commonly used
medicines for pain and inflammation management and
previous studies have revealed that some NSAIDs have
antibacterial activity (Wang et al., 2003; Hersh et al.,
1991). NSAIDs exhibited strong antimicrobial activity
when tested against a large number of Gram-positive and
negative bacteria and the MIC ranged from 50-200 pug/mL
in most of the cases and even lower in some cases
(Annadurai et al., 1998; Sukul et al., 2015; Obad et al.,
2015). The antibacterial agents, whether bacteriostatic or
bactericidal, might act by inhibition of microbial cell wall
synthesis, alteration of membrane function or membrane
damage, inhibition of nucleic acid synthesis or inhibition
of protein synthesis (Mazumdar et al., 2006). The aim of
this study was to detect antibacterial activity of some
NSAIDs (diclofenac sodium, aspirin, indomethacin and
ibuprofen) against E. coli isolates causing UTIs, examine
the effect of their combination with different antibiotics
and finally detect the possible mechanism of antibacterial
action of these NSAIDs if present.

MATERIALS AND METHODS
Isolation of bacterial strains

One hundred urine samples were collected from UTI patients in
Minia University Hospitals (MUH) in Minia, Egypt during the study
period, from May 2014 to December 2015. Informed consent was
obtained from all the subjects. Urine samples were inoculated on
cysteine lactose electrolyte deficient (CLED) media (Lab, UK) (Winn
and Koneman, 2006). All the samples were examined for the
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presence of E. coli by streaking them onto MacConkey agar (Lab,
UK), EMB agar (Himedia, India) and incubating the plates at 37°C
for 24 h. Identification of E. coli was based on fermentation of
lactose giving pinkish colonies. Further identification was done by
biochemical (citrate and triple sugar iron) tests. Bacteria were
maintained by storage at -70°C on tryptone soy broth (TSB)
medium (Himedia, India) enriched with 20% glycerol (Rusu et al.,
2014; Nobmannn et al., 2010).

Drugs

The following NSAIDs were used: Diclofenac sodium (Glaxo,
Egypt), Ibuprofen (Kahira/Abbott, Egypt), Aspirin and Indomethacin
(Kahira, Egypt). The following antibiotics were used: Ampicillin,
Amoxicillin (EIPCO, Egypt), Augmentin (Sedico, Egypt), Cephalexin
(Glaxo, Egypt), Cephradin (Smithkline, Egypt), Cefotaxime (EIPCO,
Egypt), Ciprofloxacin (Amriya, Egypt) and Gentamicin (Memphis,
Egypt). Working solution concentrations ranged from 5-1.6 mg/ml.
All the drugs were obtained as pure dry powder and stored at 4°C.

Susceptibility testing

Bacterial cultures were tested against some NSAIDS (diclofenac
sodium, aspirin, indomethacin and ibuprofen) by agar dilution
method (CLSI, 2005). Mueller-Hinton agar (MHA) plates (Lab, UK)
contained two fold serial dilutions of NSAIDS from 0.25 to 1024
pg/mL. Bacterial suspensions of isolated bacteria were made in
sterile saline and matched with McFarland index 0.5 tubes. Each
bacterial suspension (1 ul) was inoculated (3x10° CFU/spot) on
drug containing plates and incubated at 37°C for 24 h.

Determination of interaction between NSAIDs and antibiotics
by checkerboard dilution technique

Two drugs combined effects were determined by the Checkerboard
dilution technigue to determine the fractional inhibitory
concentration (FIC) indices. Definition of FIC is as follows: MIC of
substancea tested in combination/MIC of substancea tested alone +
MIC of substanceg tested in combination/MIC of substanceg tested
alone. The FIC index (FICI) was calculated using the following
formula:

FIC index = FIC, + FICs= [Al/ MICa+ [B]/MICk.

Synergism is shown as FIC index of <0.5, while indifference is
showed as an FIC index of >0.5 <4 and antagonism is shown as an
FIC index of>4. FIC index was an average of two independent
experiments (Lorian, 2005).

Membrane-permeability assay

Membrane-disruptive activity of Amoxicillin, diclofenac sodium,
aspirin, indomethacin, ibuprofen and amoxicillin/aspirin on in vitro
grown E. coli (ATCC 8739) was determined by measuring the
fluorescence enhancement of ethidium bromide (Sigma) (Paixao et
al., 2009). To this end, E. coli were grown in tryptone broth medium
in the presence or absence of amoxicillin as positive control,
NSAIDs and Amoxicillin combined with aspirin for 24 h. The
bacterial culture was incubated with ethidium bromide for 20 min at
room temperature in the dark. Membrane permeability was
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Table 1. Distribution of minimum inhibitory concentrations and the prevalence of antibiotics resistance among the isolated E. coli.

Antibiotics MIC (pg/mi) MICsy, MICowo R %
0.25 0.5 1 2 4 8 16 32 64 128 256 512 1024
Ampicillin 0 0 0 4 3 13 1 0 2 4 7 3 11 128 1024 27 56.3
Amoxicillin 0 0 0O 10 1 5 0 2 2 1 1 3 23 512 1024 32 66.7
Augmentin 0 0 3 10 2 2 11 7 4 2 1 1 5 32 512 20 417
Cephalexin 0 0 0 7 6 11 3 7 2 2 2 4 4 8 512 21 438
Cephradin 0 0 2 7 1 6 12 2 4 6 3 1 4 16 256 20 417
Cefotaxime 0 2 19 17 5 O 3 0 0 0 0 1 1 2 4 10 20.8
Ciprofloxacin 2 11 23 3 3 4 0 0 0 0 1 1 0 1 8 9 18.8
Gentamicin 0 0 18 13 7 7 1 1 1 0 0 0 0 2 8 3 6.3
determined by measuring the ethidium bromide fluorescence RESULTS

(excitation at 518 nm, emission at 605 nm). Fluorescence values
presented are corrected with those obtained from untreated
bacteria (Bink et al., 2012).

Loss of 260 nm absorbing material

The release of UV-absorbing material concentrations were
determined by UV spectrophotometer (Zhou et al., 2008). Loss of
260 nm absorbing material released from bacteria was measured
by the technique performed by Devi et al. (2010).Overnight broth
cultures of E. coli ATCC 43889 in tryptone broth medium were
adjusted to OD 600. Cells were harvested by centrifugation at 400
rpm for 15 min, supernatant was discarded, and pellet was washed
twice and re-suspended in phosphate buffer saline (PBS) at pH 7.4.
Different concentrations of NSAIDs [1\2MIC, MIC, 2MIC and 4MIC]
were added to the cell suspension. Amoxicillin (1.6 mg/ml) was
used as positive control. The experiment was done in triplicates.
Cells without NSAIDs treatment were used as control. All the
samples were incubated at 37°C for 60 min. After treatment, the cell
suspension was centrifuged at 13,400 rpm for 15 min and OD 260
value of the supernatant was taken as a percentage of the released
extracellular UV-absorbing materials. All the measurements were
done in triplicates in Jenway 7305 UV spectrophotometer (UK).

Scanning electron microscopy (SEM)

E. coli (ATCC 8739) cells were suspended in saline solution
containing 0.2% Tween-80 and incubated at 37°C with Amoxicillin,
diclofenac  sodium, aspirin, indomethacin, ibuprofen and
Amoxicillin/aspirin at 2x MIC at room temperature. After 24 h, the
bacterial cells were centrifuged at 8000 rpm for 15 min. The
bacterial cells were then washed with 0.1 mol/l tris-acetate buffer
(PH 7.1), fixed in tris-acetate buffer containing 1.5%
glutaraldehyde, and then freeze-dried. Each bacterial culture was
observed by SEM (Hitachi, Japan) at magnifications of 10000,
7500 and 15000x. The bacterial cell suspension in saline with no
NSAIDs treatment served as a negative control (Soboh et al.,
1995).

Statistical analysis

Statistical analysis was performed using one way Anova test. P
values of <0.05 were considered indicative of statistically significant
differences.

Antibiogram pattern of the isolates

A total of 100 clinical samples were examined. All of
these were urine samples from patients with UTI. Among
the 100 patients samples, 48 E. coli strains were isolated
(48%) and out of them; 23 strains (47.9%) were normally
resistant to most of the antibiotics showing multi drug
resistance (MDR). The antibiogram resistance pattern of
the isolates, as shown in Table 1 was: amoxicillin
(66.7%), ampicillin  (56.3%), cephalexin (43.8%),
augmentin  (41.7%), cephradin (41.7%), cefotaxime
(20.8%), ciprofloxacin (18.8%) and gentamicin (6.3%). E.
coli (ATCC 8739) showed sensitive antibiogram pattern
as illustrated in Table 1.

In vitro antimicrobial action of NSAIDs

NSAIDs were tested against a total of 48 isolates of E.
coli as shown in Table 2. Diclofenac sodium showed the
lowest MICso and MICgqy: 8 and 256 pg/ml, respectively.
Aspirin  showed MICsy of 64 pg/ml, while both
indomethacin and ibuprofen showed MICsy of 256 pg/ml.
Indomethacin, aspirin and ibuprofen showed the same
MICyy of 1024 pg/ml. But for the standard strain as
illustrated in Table 3, indomethacin showed the lowest
MIC: 128 pug/ml, followed by aspirin: 256 pg/ml.
Diclofenac sodium and ibuprofen showed the same MIC:
1024 pg/ml.

Determination of interaction between NSAIDs and
antibiotics by checkerboard dilution technique

The combined effects of the four NSAIDs (diclofenac
sodium, indomethacin, aspirin and ibuprofen) and five
antibiotics (amoxicillin, augmentin, cefotaxime, cipro-
floxacin and gentamicin) were tested on five resistant
clinical E. coli strains. All the tested NSAIDs significantly
lowered the MICs of antibiotics against the tested
bacteria. The synergistic effects of NSAIDs and five
antibiotics combination are shown in Tables 4, 5, 6 and 7.
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Table 2. Distribution of minimum inhibitory concentrations of NSAIDs among the isolated E. coli.

Drug MIC (pg/m) MICso  MICoo
025 05 1 2 4 8 16 32 64 128 256 512 1024

Diclofenac sodium 4 2 1 1 3 16 2 1 2 5 7 1 3 8 256

Indomethacin 0 0O 0 5 4 6 2 2 1 2 3 9 14 256 1024

Aspirin 0 0 1 8 2 2 2 1 2 2 2 3 23 64 1024

Ibuprofen 0 1 1 5 3 8 2 0 1 2 2 13 10 256 1024

Table 3. Distribution of MICs of NSAIDS and
antibiotics against the standard strain.

Drug MIC (ug/ml)
Diclofenac sodium 1024
Indomethacin 128
Aspirin 256
Ibuprofen 1024
Ampicillin 8
Amoxicillin 8
Augmentin 16
Cephalexin 16
Cefotaxime 1
Gentamicin <0.25
Ciprofloxacin <0.25

FICIs for this combination ranged from 0.03 to 0.5 against
the tested bacteria. All the examined E. coli showed high
reductionin MIC values with NSAIDs and the five antibiotics.
On the other hand, the combined effects of the four
NSAIDs and the five antibiotics on standard E. coli strain
are shown in Table 8. These results showed that NSAIDs
have a synergistic effect when combined with antibiotics
and this combination could effectively inhibit UTIs
causing bacteria.

Membrane-permeability assay

These results suggested an effect of pretreatment of
NSAIDs on the E. coli activity. It is hypothesized that
NSAIDs affect membrane permeability of the tested E.
coli cells, exhibited by the use of the fluorescent dye
ethidium bromide. It is revealed that E. coli treated with
different concentrations of NSAIDs during the growth
phase resulted in a significantly increased membrane
permeability of E. coli cells compared to the untreated
ones as found by the significant increase in fluorescence
of NSAIDS-treated cells (Figure 1). The presented
fluorescence values are corrected with those obtained
from untreated bacteria.

Effect of NSAIDs on leakage of 260 nm absorbing
materials from E. coli

The measurement of release of UV-absorbing materials

is an index of cell lysis (Zhou et al., 2008). The leakage of
cytoplasmic membrane was analyzed by determining the
release of cellular materials including nucleic acids,
metabolites and ions, which were absorbed at 260 nm
into the bacterial suspensions (Bajpai et al., 2014). After
treatment with different concentrations of NSAIDs, the
OD significantly increased up to 1.87 from 0.00 (P value
< 0.05) as shown in Table 9. These results suggest that
NSAIDs damage cytoplasmic membrane and cause
subsequent leakage of intracellular constituents.

Scanning electron microscopy (SEM)

SEM images showed differences in cell structures
between NSAIDs-treated bacteria and the non-treated
control bacteria. Non-treated bacteria were intact (regular
rod shaped) and showed smooth surfaces as seen in
Figure 2A, while bacterial cells treated with the individual
NSAIDs underwent considerable structural changes as
shown in Figures 2B to G. SEM observations confirmed
the damage to the structural integrity of the cells and
considerable morphological alteration to the tested
bacteria. In Figure 2G, combined NSAIDs treatments
altered the outer membrane, the structures of the cells
and made them more permeable.

DISCUSSION

E. coli is the major bacterial uropathogen in the world
(Miragliotta et al., 2008). In the study on 100 urine
samples, 48 (48%) E. coli strains were detected. This is
similar to findings from studies done in other countries
such as India (50, 59 and 68%) (Ranijini et al., 2015;
Kothari and Sagar, 2008; Tambekar et al., 2006) and
Madagascar (67%) (Randrianirina et al., 2007). Another
study performed in Egypt reported that E. coli was in 36%
of UTls patients (Alabsi et al., 2014). A study performed
in South Africa revealed that E. coli was present in 75%
of uncomplicated and 59% of complicated UTIs and it
was similar to this study (Agpaoa et al., 2015). In this
study, 23 strains (47.9%) of E. coli isolates were normally
resistant to most of the antibiotics showing multi-drug
resistance (MDR). The antibiogram resistance pattern of
the strains was: Amoxicillin (66.7%), Ampicillin (56.3%),
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Table 4. Synergistic effect of diclofenac sodium combination with five
antibiotics on resistant clinical E. coli strains.

Antibiotics FICa FICs FICindex Synergistic
Amoxicillin 0.004 0.5 0.5 S
Augmentin 0.02 0.01 0.03 S
Cefotaxime 0.008 0.06 0.07 S
Gentamicin 0.25 0.01 0.3 S
Ciprofloxacin 0.004 0.5 0.5 S

S = Synergistic effect.

Table 5. Synergistic effect of indomethacin combination with five
antibiotics on resistant clinical E. coli strains.

Antibiotics FICa FICg FICindex Synergistic
Amoxicillin 0.1 0.1 0.2 S
Augmentin 0.03 0.1 0.1 S
Cefotaxime 0.03 0.3 0.3 S
Gentamicin 0.13 0.02 0.2 S
Ciprofloxacin 0.5 0.004 0.5 S

S = Synergistic effect.

Table 6. Synergistic effect of aspirin combination with five antibiotics on
resistant clinical E. coli strains.

Antibiotics FICa FICg FICindex Synergistic
Amoxicillin 0.02 0.01 0.03 S
Augmentin 0.02 0.06 0.1 S
Cefotaxime 0.004 0.03 0.03 S
Gentamicin 0.1 0.001 0.1 S
Ciprofloxacin 0.1 0.001 0.1 S

S = Synergistic effect.

Table 7. Synergistic effect of ibuprofen combination with five
antibiotics on resistant clinical E. coli strains.

Antibiotics FICa FICg FICindex Synergistic
Amoxicillin 0.01 0.3 0.3 S
Augmentin 0.03 0.02 0.05 S
Cefotaxime 0.1 0.02 0.1 S
Gentamicin 0.1 0.002 0.1 S
Ciprofloxacin 0.13 0.001 0.1 S

S = Synergistic effect.

Cephalexin (43.8%), Augmentin (41.7%), Cephradin same percentage of MDR E. coli: 40% (Alabsi et al.,
(41.7%), Cefotaxime (20.8%), Ciprofloxacin (18.8%) and 2014). A very high degree of MDR of 82.5% among E.
Gentamicin (6.3%). A study done in Egypt revealed the coli isolates was reported by Ranjini et al. (2015). This



Table 8. Distribution
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of NSAIDs/antibiotics FICingexagainst the E. coli standard

strain.
D|clofenac Indomethacin  Aspirin  |buprofen
sodium
Amoxicillin 0.03 (S) 2(1) 0.03 (S) 0.03 (S)
Augmentin 0.3(S) 0.5 (S) 0.02 (S) 0.02 (S)
Cefotaxime 0.3(S) 0.3(S) 0.3(S) 0.3 (S)
Gentamicin 1() 1() 1 1(D)
Ciprofloxacin 1(D 1() 1(D 1(D)

S = Synergistic effect, | = additive effect, A = antagonistic effect.

1413

Table 9. Effects of NSAIDs at different concentrations on membrane integrity in E. coli standard strain measured

by release of UV absorbing components at 260 nm.

Dru 1/4MIC MIC 2MIC AMIC

9 Mean SD Mean SD Mean SD Mean SD
Amoxicillin 0.592 +0.001 0.989 +0.002 1.199 +0.004 1.433 +0.001
Aspirin 0.422 +0.008 0.840 +0.012 1.335 +0.001 1.625 +0.010
Indomethacin 0.030 +0.015 1.103 +0.006 1.400 +0.000 1.662 +0.008
Diclofenac sodium 1.468 +0.005 1.565 +0.012 1.583 +0.003 1.746 +0.026
Ibuprofen 0.531 +0.000 1.083 +0.002 1.356 +0.002 1.529 +0.002
Aspirin/Amoxicillin 0.963 +0.003 1.342 +£0.001 1.589 +0.018 1.642 +0.002
Indomethacin/Amoxicillin  1.644 +0.000 1.719 +0.017 1.714 +0.001 1.867 +0.017
Diclofenac/Amoxicillin 1.338 +0.003 1.548 +0.005 1.649 +0.027 1.671 +0.015
Ibuprofen/Amoxicillin 0.277 +0.027 0.807 +0.031 1.023 +0.006 1.536 +0.001
SD = Standard deviation.
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Figure 1. Membrane-disruptive activity of NSAIDs on in vitro grown E. coli. Data presented are the mean and
standard error of the mean of 3 independent biological repeats. Statistical analysis was performed using one
way ANOVA test and relative to untreated bacteria (P < 0.05).

study is in accordance with the study of Mazumdar et al.
(2006) who reported the antibiogram resistance pattern of
the E. coli strains as: ampicillin (74.4%), augmentin
(59%), cefotaxime (38%), and these findings were similar
to the results of Samsygina et al. (2000) and Khan et al.

(2002). Alabsi et al. (2014) from Egypt reported 89 and
57% resistance among urinary E. coli isolates to
ampicillin and gentamicin, respectively. NSAIDs are
commonly used medicines for the treatment of pain and
inflammation. Many studies found that some NSAIDs
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Figure 2. SEM images of (A) control, (B) amoxicillin treated cells, (C) aspirin treated cells, (D)
indomethacin treated cells, (E) diclofenac sodium treated cells, (F) ibuprofen treated cells and

(G) aspirinfamoxicillin treated cells.

have good antibacterial activity especially diclofenac
sodium (Wang et al., 2003). In this study, some NSAIDs
(diclofenac sodium, aspirin, indomethacin and ibuprofen)
were tested against a total of 48 isolates of E. coli.
Diclofenac sodium showed the lowest MICsg and MICqg; 8
and 256 pg/ml, respectively. Annadurai et al. (1998)
reported that the MIC in most of the cases ranged from
50-200 pg/ml and even lower in some cases and
diclofenac was bactericidal in its action. Dutta et al.
(2007a) studied 32 isolates of E. coli, 8 were inhibited at
50 pg/ml diclofenac, 9 at 100 pg/ml, 5 at 400 pg/ml and
the remaining isolates of E. coli were resistant to
diclofenac (MIC= 800 ug/ml). In this study, aspirin showed
MICsq of 64 ng/ml, while both indomethacin and ibuprofen
showed MICs, of 256 ug/ml. Indomethacin, aspirin and
ibuprofen showed the same MICq, of 1024 pg/ml. Wang
et al. (2003) tested the MICs of aspirin for 66 H. pylori
isolates and the MICg, of aspirin was 256 ug/ml, MICgyq
was 512 ug/ml, and the range of MIC values was 256 to
512 pg/ml and this finding is close to the current study
results. Activity of ibuprofen on E. coli was proximally
studied by Al-Janabi (2010) and showed susceptibility to
the tested agent at MIC of 2.5 mg/ml, which is higher
than this results. There is an ongoing trial in Germany
evaluating reduction of the use of antibiotics for
uncomplicated UTI by giving initial management with

ibuprofen (Gagyor et al., 2012). NSAID is equally effective
as an antibiotic, and this may lead to a reduction in the
use of antibiotics and reduce antibiotic resistance. This is
good to the environment and will reduce the costs in
health services internationally (Vik et al., 2014). The
combined effects of the four NSAIDs (diclofenac sodium,
indomethacin, aspirin and ibuprofen) and five antibiotics
(amoxicillin, augmentin, cefotaxime, ciprofloxacin and
gentamicin) were tested on five resistant clinical E. coli
strains by checkerboard dilution technique. All the tested
NSAIDs significantly reduced the MICs of antibiotics
against the tested bacteria and FIClIs for this combination
ranged from 0.03 to 0.5 with respect to synergism. Dutta
et al. (2007a) used the checkerboard technique giving a
FIC index for E. coli of 0.49 for diclofenac and
streptomycin, thereby showing a synergistic effect and
another study showed that the combination effect of
diclofenac with gentamicin/ampicillin which was examined
by using checkerboard technique vyielded FIC index
ranging from 0.4 to 0.5 for diclofenac + gentamicin and
values >1 for diclofenac + ampicillin (Dutta et al., 2009).
In the present study, NSAIDs alone recorded antimicrobial
activity, but NSAIDs in combination with antibiotics
exhibited significant synergistic effect and the drugs were
bactericidal. These data suggested that NSAIDs in
combination with  antibiotics could be useful for the
treatment of complicated bacterial infections. In addition



to yielding these synergistic effects, the combinations of
two or more compounds are important to prevent or
suppress the developing of resistant strains, to decrease
dose toxicity and to perform a broad spectrum activity
(Eliopoulos and Moellering, 1996). The bacterial
membrane is a structural component which may be
damaged during a bactericidal challenge. Therefore,
release of intracellular components is an indicator of
membrane integrity. Small ions such as potassium and
phosphate when treated with a suitable antimicrobial
agent leach out first, followed by large molecules such as
DNA, RNA and other materials. These substances have
strong UV absorption at 260 nm, they are known as “260-
nm absorbing materials” and this method is widely used
in the determination of membrane integrity parameters
(Denyer, 1990; Hugo and Snow, 1981). In this study,
leakage of intracellular components suggests that the
NSAIDs effect on E. coli can be through pores formation
in the bacterial plasma membrane. The bacterial surface
morphology alteration and cell damage could be
confirmed thoroughly by SEM (Benli et al., 2008). In this
study, SEM images showed differences in cell structures
between NSAIDs-treated bacteria and the non-treated
control bacteria. In addition, combined NSAIDs treatments
altered the outer membrane as the structures of the cells
made them more permeable. Thus, the mode of
bactericidal action of NSAIDs against E. coli is through
membrane disruption and so blocking the bacterial
growth. The exact mechanism of antibacterial activity of
diclofenac and ibuprofen is unclear. However, studies
have suggested inhibition of bacterial DNA synthesis
(Dutta et al., 2004) or impairment of membrane activity
that agree with results obtained by SEM in this study
(Hersh et al., 1991; Dutta et al., 2007a, b; Mohsen et al.,
2015; Sikkema et al., 1995).

In conclusion, diclofenac sodium, aspirin, indomethacin
and ibuprofen showed antibacterial activity against E. coli
causing UTls. This study results indicate that a
combination of these NSAIDs and antibiotics exhibited
good synergism against E. coli associated with UTIs, and
the mechanism of their action was by damaging the
bacterial cell membrane. This new finding of combination
treatment with NSAIDS and antibiotics might provide an
alternative way to overcome antibacterial drug resistance.
However, further in vivo and clinical studies will be
required to support this suggestion.
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Multidrug resistant strains of Staphylococcus aureus have become a serious threat to hospitalized
patients and health workers. Recently, this bacterium has emerged as methicillin-resistant S. aureus
(MRSA) and this bacterial strain has turned into a superbug in the health domain. The main objective of
the present study was to find out the prevalence of MRSA in different clinical samples. A total number
of 155 clinical samples were collected from Sawai Maan Singh hospital in Jaipur from June, 2014 to
January, 2015 and subjected to MRSA screening using biochemical and microbiological methods. An
antibiotic sensitivity test was performed for the confirmation of MRSA. Out of 147 strains of Gram
positive cocci isolated from clinical samples, 79 (53.74%) were found to be methicillin-resistant.
Moreover, this study revealed that the major MRSA isolates were from pus swabs (37.70%) followed by
wound swabs (30.40%), hand swabs (8.90%), surgical wound swab (7.60%), axilla swabs (6.32%) and

nasal swabs (10.12%).

Key words: Methicillin, Staphylococcus aureus, penicillin, oxacillin, cefoxitin.

INTRODUCTION

MRSA stands for methicillin-resistant Staphylococcus
aureus, which is a general skin bacterium that is resistant
to a series of antibiotics such as methicillin, cefoxitin,
oxacillin, amoxicillin and penicillin. MRSA strains were
primarily described in 1961 and emerged in the last
decade as one of the most important nosocomial
pathogens which were reported a year after the launch of
methicillin (Maple et al., 1989). S. aureus has been long
recognized as the most important pathogen of hospital
acquired infections. Over the past decade, methicillin-

resistant S. aureus (MRSA) strains have become very
common in hospitals worldwide. In accumulation, it is
now a developing community pathogen in many
geographical regions (Lowy, 1998). MRSA, in addition to
being methicillin-resistant, is also resistant to other (-
lactam antibiotics, with the exclusion of glycopeptides
antibiotics (Chambers, 1997; Brumfitt and Hamilton,
1989). MRSA is associated with high morbidity and
mortality rates because of the development of multidrug
antibiotic resistance. Rapid and accurate detection of
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Table 1. Isolation of MRSA in different clinical samples from SMS Hospital, Jaipur, Rajasthan, India.

Clinical sample Samplle Gram positive cocci Staphylopoccus S. MRSA MRSA
guantity seen species aureus (%)
Pus swabs 57 57 20 37 29 37.70
Wound swabs 44 40 10 30 24 30.40
Hand swabs 17 16 6 10 7 8.90
Nasal swabs 16 15 5 10 8 10.12
Surgical wound swabs 12 12 3 09 6 7.60
Axilla swabs 09 07 01 06 5 6.32
Total 155 147 45 102 79 53.74

MRSA is an important role of clinical microbiology
laboratories to avoid treatment failure. Prolonged hospital
stay, indiscriminate and irregular use of antibiotics, lack
of awareness, treating with antibiotics before coming to
the hospital, etc., are the factors of MRSA infections
appearance (Anupurba et al., 2003). Serious endemic
and epidemic MRSA infections occur worldwide as
infected and colonized patients in hospitals mediate the
dissemination of these isolates and hospital staffs
promote transmission.

Currently, the treatment options for MRSA infections
are limited to very few and costly drugs like teicoplanin,
vancomycin, linezolid and Daptomicin. Thus, control of
MRSA is essential to curtail the introduction and spread
of infection (Siddiqui et al., 2002). The main aim of the
study was to find out the occurrence of MRSA in different
clinical samples.

MATERIALS AND METHODS
Study design

A total of 155 clinical samples such as pus swabs, axilla swabs,
wound swabs, surgical wound swabs, hand swabs and nasal swabs
were collected over a period of eight months from June 2014 to
January 2015 for research purpose from Sawai Maan Singh (SMS)
Hospital in Jaipur district (Rajasthan, India). Sterile dry screw cap
cotton swabs (Hi media) were used for the collection of sample. For
a collection of axilla swab, nasal swab, hand swab, and the swabs
were rubbed, very well by rotating 5 to 7 times over the surface and
inner wall of ala and nasal septum. Before sample collection for the
isolation of S. aureus proper explanation about this study was given
to all these patients and consent was taken from them. Detailed
history, including age, gender, profession, site of lesion, periods of
illness and associated symptoms were also recorded from the
patients.

Isolation and biochemical identification of S. aureus
A preliminary gram staining was performed to find out the likely

organism present. The samples were inoculated on 5% blood agar
plates and incubated at 37°C for 18 to 24 h. Morphological

examinations were carried out to differentiate S. aureus from the
other related organisms. Nonetheless, the specimens collected
from the patients were subjected to culture on blood agar medium
to observe B-haemolysis a defining feature of S. aureus. Moreover,
biochemical tests, for example catalase and coagulase were
performed to confirm the bacteria (Dubey and Padhy, 2012).

Antibiotic sensitivity test

A suspension of each S. aureus isolate was prepared to a 0.5
McFarland standard and swabbed on Mueller Hinton Agar (MHA)
by lawn streaking. Antibiotic discs were then placed on the streaked
agar surface and the plates were incubated overnight at 37°C.
Antibiotic sensitivity testing was performed for the following
antibiotics: penicillin (10 units/disc), cefoxitin (30 pg/disc), oxacillin
(1 pg/disc). These antibiotic discs were obtained from commercial
sources (Hi- Media, Mumbai). S. aureus ATCC 25923 was used as
control strain. The results were interpreted according to the
guidelines of the Clinical Laboratory Standards (CLSI, 2009).

RESULTS

A total number of 147 (94.83%) Gram positive cocci
reported out of 155 clinical samples. Out of 147 Gram
positive bacteria, 57 were from pus swab, 40 from wound
swab, 16 from hand swab, 15 from nasal swab, 12 from
surgical wound swab, and 7 from axilla swab. Out of a
total of 147 Gram positive cocci, 102 (69.39%) were
coagulase positive and 45 (30.61%) coagulase negative.
Out of 102 S. aureus, 37 were from pus swabs, 30 from
wound swabs, 10 from hand swabs, 10 from nasal
swabs, 09 from surgical wound swabs, and 06 from axilla
swabs (Table 1 and Figure 1).

By using Kirby-Bauer’s disc diffusion method out of 102
isolates, 79 (53.74%) isolates were MRSA. The MRSA
was the most common in pus swabs (37.70%), followed
by wound swab (30.40%), hand swabs (8.90%), nasal
swabs (10.12%), surgical wound swabs (7.60%), and
axilla swabs (6.32%) (Table 1 and Figure 1). All these
three antibiotics, that is, penicillin (10 units/disc), cefoxitin
(30 ug/disc) and oxacillin (1 pg/disc) are 100% resistant
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Figure 1. The prevalence of MRSA in different clinical samples.

against 79 (53.74%) caogulase positive isolates.

DISCUSSION

S. aureus is a major human pathogen that is very general
and highly virulent. Increased antimicrobial resistance for
such an organism is, therefore a cause of concern. In
recent years, there has been an alarming increase in the
S. aureus strains showing resistance to methicillin and
reduced susceptibility to vancomycin. The potential
reservoirs of MRSA include infectious patients, hospital
personnel and hospital environment.

During the earlier period of 15 years, the emergence
and world-wide spread of many of such clones have
caused major therapeutic problems in many hospitals
(Rajaduraipandi et al., 2006). The prevalence of MRSA
varies from hospital to hospital in various countries and is
constantly high in many countries. In many American and
European hospitals, the percentage of MRSA ranged
from 29 to 35% (Tahnkiwale et al., 2002; Chaudhary et
al.,, 2009). The incidence of MRSA in India ranges from
30 to 70% (Rajaduraipandi et al., 2006; Verma et al.,
2000). In the present study, we have isolated 79
(53.74%) MRSA among 102 S. aureus strains from
clinical samples. This is an agreement with the study of
Assadullah et al. (2003) who also reported prevalence of
methicillin-resistant S. aureus (52.90%) in Assam. The
prevalence of MRSA was reported by the other authors in
India. Bandaru et al. (2012) also reported prevalence of
MRSA (52%) in Andhra Pradesh. Anupurba et al. (2003)
conducted a study of prevalence of MRSA in tertiary care

referral hospital in Eastern Uttar Pradesh reported 54.8%
occurrence of MRSA. Sasirekha et al. (2012) conduct a
study in Bangalore reported out of 198 clinical samples,
153 S. aureus were isolated. MRSA screening by
phenotypic methods using E-test MIC as standard.
Subsequently, biotyping and biofilm production was
performed for confirming MRSA isolates. Antibiotic
susceptibility test by disc diffusion was also performed for
all S. aureus isolates. Out of 153 S. aureus isolates, 42
(57.7%) were found to be methicillin-resistant. Pandya et
al. (2014) worked on characterization of MRSA from
various clinical samples at a tertiary care hospital of rural
Guijarat, reported among 200 isolates of S. aureus, 117
(58.5%) were methicillin-resistant. Dar et al. (2006)
studied the molecular epidemiology of clinical and carrier
strains of MRSA in the hospital settings of North India
reported 54.85% of MRSA from Aligarh Muslim
University, Aligarh, India. Bala et al. (2014) conducted a
study of prevalence of MRSA and its antibiotic
susceptibility pattern in a tertiary health care reported
69.2% prevalence of MRSA from PGl Rohtak. 41%
prevalence of MRSA was reported by INSAR in 2013.
Rajduraipandi et al. (2006) reported 37.9% of MRSA from
Tamilnadu, India. Shinde et al. (2016) also reported
34.61% prevalence of methicillin-resistant from South
India.

The prevalence of MRSA was reported by other
authors in abroad. Susethira et al. (2015) conducted a
study on S. aureus nasal carriage among health care
workers in a Nepal Hospital reported 46.2% prevalence
of MRSA from Nepal. Okon et al. (2013) conducted a
study on epidemiology and antibiotic susceptibility pattern



1420 Afr. J. Microbiol. Res.

of MRSA recovered from tertiary hospitals reported
12.5% occurrence of MRSA in Nigeria. Hafiz et al. (2002)
reported 42% occurrence of MRSA in Pakistan.

In the present study, the high occurrence of MRSA was
observed in pus Swab samples (37.70%). Similar
prevalence rate of MRSA in pus samples was observed
by Pandya et al. (2014) in Gujarat. On the other hand, the
prevalence of MRSA in Nasal swabs was found to be
10.12%, followed by surgical wound infection (7.60%).
Nasal carriage of S. aureus is an important risk factor for
developing a surgical site infection as it is a normal flora
in the nostrils and the skin. Risk factors for surgical site
infection are divided into patient related (preoperative),
procedure related (pre-operative), and postoperative
categories. Patient related factors again categorized into
modifiable  (diabetes  mellitus, obesity, immuno
suppressive drugs, prolonged pre-operative stay) and
unmodifiable (age) factors. The preoperative, procedure
related factors are class of wound type (clean, clean-
contaminated, contaminated, dirty and infected), length of
surgery, hair removal, hypoxia and hypothermia. In the
immediate postoperative period, glucose control,
oxygenation, hypothermia and wound care are the major
risk factors (Vidhani et al., 1998).

Conclusion

The present study highlights the prevalence of MRSA
and this is a problem for the healthcare sector in India. A
high number of MRSA isolates were from pus swabs. So,
there is a need to make a strict antibiotic policy and
maintaining strict hand hygiene practices in medical staff
to avoid cross contamination among patients and to
prevent MRSA spread. The regular surveillance of
hospital related infections, including monitoring antibiotic
sensitivity patterns of MRSA and formulation of definite
antibiotic course of action may be helpful in reducing the
incidence of MRSA infections.
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The antibiotic susceptibility of fecal Escherichia coli isolates from commercial-layer and free-range
chickens in Arusha district, Tanzania were compared. All the chickens were raised by individual
households, but commercial-layer chickens were purchased from commercial vendors, whereas no
systematic breeding system was used to produce free-range chickens. A total of 1,800 E. coli isolates
(1,200 from commercial-layer chickens and 600 from free-range chickens) were tested for susceptibility
to 11 antibiotics by breakpoint assays. All E. coli isolates were susceptible to gentamicin, ceftazidime
and cefotaxime. Isolates from commercial-layer chickens had a high prevalence of resistance (32.4-
74.5%) for amoxicillin, ampicillin, ciprofloxacin, tetracycline, streptomycin, trimethoprim and
sulfamethoxazole, while the prevalence of resistance to these antibiotics was lower (7-31.5%) for free-
range chickens (P<0.05). Both groups had a similar prevalence of resistance to chloramphenicol (1.17-
1.5%; P>0.05). For antibiotic resistant strains, 64.1 and 91.5% of free-range and commercial-layer
isolates, respectively, were resistant to 2 2 antibiotics. Commercial-layer chickens harbored
significantly more resistant E. coli isolates (P<0.001) than free-range chickens, consistent with more
exposure to antibiotics when compared with free-range chickens. Efforts should be directed towards
motivating household owners to limit the use of antibiotics when they are investing in these breeds.

Key words: Antibiotic resistance, free-range, commercial-layer, Escherichia coli, Arusha, Tanzania.

INTRODUCTION

Escherichia coli is a commensal bacterium in the most E. coli strains are harmless, there are pathogenic
gastrointestinal tract of humans and animals. Although strains capable of causing infectious disease including
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diarrhea, neonatal meningitis, blood stream infections
and urinary tract infections (UTIs) (Nakazato et al., 2009;
Jakobsen et al., 2010). Avian pathogenic E. coli causes
yolk-sac infections, respiratory-tract infections,
bloodstream infections and colibacillosis (Yang et al.,
2004; Horn et al., 2012). Transmission of these diseases
accounts for significant losses for poultry producers
(Ewers et al., 2009).

Antibiotics are used in poultry production particularly for
commercial production to treat and prevent diseases. The
demand for antibiotics is generally correlated with
increased flock size both due to the number of animals
and associated increases in the incidence of disease
(Mathew et al., 2007). Antibiotics are also used as growth
promoters. For example, tetracyclines are used in low
concentrations as feed additives to enhance growth
whereas higher concentrations are used to prevent or
treat disease (Stead et al., 2007). In developing
countries, there is an increased demand for chicken and
chicken products as a result of population increase,
urbanization and improved economic status. Responding
to this increased demand, chicken farmers tend to shift to
increasingly intensive production systems and antibiotics
are often used to manage diseases in these operations
(Hao et al.,, 2014). At a household level, free-range
chickens likely forage for their food rather than receive
commercially prepared feeds. Furthermore they may be
more resistant to diseases and may be exposed to fewer
diseases simply due to lower population densities
(Hamisi et al., 2014).

Resistant bacteria from food animals can spread to
humans directly or indirectly (Adenipekun et al., 2015).
Direct transmission involves contact with reservoir
animals, their feces or consumption of contaminated
animal food products such as meat and eggs. Indirect
transmission can be through contaminated water, food
and environments. This is a significant public health
concern when animal husbandry practices promote
resistance to medically important antibiotics (Anderson et
al., 2003). If antibiotics are being used in commercial-
source poultry production, then E. coli from these sources
should exhibit a significantly greater prevalence of
resistance as compared to free-range chickens that are
not likely to be exposed to antibiotics. To test this
hypothesis, E. coli collected from poultry in the Arusha
district of Tanzania were evaluated.

MATERIALS AND METHODS
Sampling details

In Arusha, commercial-layer chickens are purchased as day-old
chicks from different commercial producers and are raised by
farmers adjacent to their houses (typically up to 200 birds). These
chickens are raised in enclosed structures and are given feed and
water that may contain antibiotics (tetracycline for growth promotion
and enrofloxacin and sulfa-trimethoprim for prophylaxis and
treatment) and vaccines recommended by the commercial vendors.
In addition to commercial layers, these farmers and others in the
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same area also raise free-range, indigenous chickens (usually in
small numbers up to 20 chickens) that are used for egg and meat
production. The free-range chickens used in this study were those
that were neither treated with antibiotics nor fed commercial feeds
but instead scavenge freely without strict physical constraints.

Fecal samples from commercial-layer and free-range chickens
were obtained through convenience sampling method between
April and July 2015. Briefly, five wards in Arusha (Mifugo, Nambala,
Njiro, Sakina and Sansi) were selected for sampling. From each
ward, one household that exclusively raised commercial-layer and
one that exclusively raised free-range chickens were identified and
distinct, spatially discreet fecal samples (n = 5 or 10 for free-range
or commercial layers, respectively) were collected.

Sample collection and preparation

A total of 50 commercial-layer and 25 free-range chicken fecal
samples were collected in individual sterile plastic bags and were
transported to the laboratory at NM-AIST (the Nelson Mandela
African Institution of Science and Technology) at ice cold
temperature. In the laboratory, samples were mixed with sterile
distilled water (approximately 1:9 ratio, feces: water) to make
suspensions. An aliquot of 1 ml of each fecal suspension was
added with glycerol (15% final concentration) and stored at -80°C
for long-term preservation of original samples. The fecal
suspensions were further diluted (1:10) with sterile distilled water.
Sterile glass beads were then used to spread 30 uL of diluted fecal
suspension onto 100 mm diameter MacConkey (MAC; Becton,
Dickinson Company, Sparks, MD) agar plates that were then
incubated overnight at 37°C.

E. coli isolation

After incubation, the plates were examined for the growth of
morphologically distinct E. coli colonies (pink to reddish, lactose-
fermenting colonies surrounded by bile salt precipitate). If the
growth was numerous and individual isolates unavailable, the
frozen fecal suspensions were thawed and serially diluted (10-fold)
and higher dilutions were plated to obtain distinct E. coli colonies.
Presumptive, E. coli colonies (n=24) were picked for each sample
from the MAC agar plates and inoculated into wells containing 150
pl of LB brothl (Luria-Bertani broth) in 96-well micro-titre plates
using autoclaved tooth picks. After inoculating, 96 colonies (4 fecal
samples per plate), the 96-well plates were wrapped in cling-wrap
to minimize evaporation and were incubated overnight (16 to 18 h)
at 37°C. Isolation of E. coli based on colony morphology alone
yields >95% accurate identification in our hands (Liu et al., 2016),
but for the current study, we further confirmed E. coli identification
by re-growing isolates on HiChrome coliform agar (SIGMA-
ALDRICH Co., St. Luis, MO). This media contains two chromogenic
substrates that allow simple differentiation of E. coli (dark blue to
violet colored colonies). Only presumptive E. coli from both agar
media were analyzed for this study. All strains where stored at -
80°C in sterile phosphate-buffered glycerol (15% final concentration).

Determination of the antibiotic resistance profile

To determine the prevalence of antibiotic resistance, E. coli isolates
were tested against a panel of 11 antibiotics that belonged to seven
different classes (B-lactams, cephalosporins, amphenicols,
tetracyclines, sulfonamides, aminoglycosides and fluoroquinolones)
by using a breakpoint assay (Subbiah et al., 2011). Briefly, MAC
agar plates (150 mm, diameter) were prepared with each antibiotic
at a fixed concentration (given below) that was guided by the
Clinical Laboratory Standard Institute (CLSI) recommended
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minimum inhibitory concentration for E. coli (NCCLS, 2007). The
96-well plates containing E. coli cultures were thawed at room
temperature and stamped simultaneously on MAC agar plates
containing antibiotics using a sterile 96-pin replicator. After
stamping, the plates were left open at room temperature for a few
minutes until the cultures were dried and then incubated overnight
at 37°C. On every culture-stamped MAC agar plate a susceptible
(E. coli K-12) and two resistant (E. coli NM-1 and E. coli NM-2)
strains were used as negative and positive controls, respectively.
The NM-1 strain was resistant to ampicillin, ciprofloxacin,
chloramphenicol, streptomycin, sulfamethoxazole, tetracycline and
trimethoprim. The NM-2 strain was resistant to amoxicillin,
ceftazidime, cefotaxime and gentamicin. After incubation, the MAC
agar plates were examined for the growth of resistant isolates and
the antibiotic resistant patterns for each isolate were recorded.

The concentration for antibiotics and vendor information were as
follows: ampicillin VWR International LLC, Sanborn, NY (Amp, 32
pg/ml), cefotaxime Chem-Impex International Inc, Wood Dale, IL
(Ctx, 8 pg/ml), chloramphenicol Mediatech Inc., Manassas, VA
(Chm, 32 pg/ml), tetracycline MP Biomedicals, LLC, Solon, OH
(Tet, 16 pg/ml), trimethoprim (Tri, 8 pg/ml), ceftazidime (Cfd,8
pg/ml), sulfamethoxazole (Sul, 512 ug/ml), streptomycin Amresco
Inc., Solon, OH (Str, 16 pg/ml), ciprofloxacin Enzo Life Sciences
Inc., Farming Dale, NY (Cip, 4 pg/ml), amoxicillin (Amx, 32 pg/ml)
and gentamicin above (Gen, 64 ug/ml).

Data analysis

Antibiotic resistance data for each isolate (coded ‘1’ or ‘0" if
resistant or susceptible, respectively) was managed using Microsoft
Excel and Microsoft Access (ver. 2007) for descriptive analysis. A
Bartlett test was used to compare variances across data and a logit
transformation (y = In[x/(1-x)]) was used to meet the homogeneity of
variance assumption when comparing proportions between
commercial-layer and free-range chickens. Analysis of variance
(ANOVA) and a Tukey-Kramer post-comparison test were used to
evaluate differences between the prevalence of resistant E. coli
isolates and identify which antibiotic resistance phenotypes differed
between commercial-layer and free-range chickens. A Wilcoxon
rank-sum test was used to compare the number of E. coli isolates
resistant to at least two or more antibiotics between commercial
layer and free-range chickens. Values of P < 0.05 were considered
statistically significant.

RESULTS

A total of 1,800 E. coli isolates (n=600 free-range and
n=1,200 commercial chickens) were collected from fecal
samples. E. coli resistant to >1 antibiotic accounted for
47.5 and 90.7% of the E. coli isolates collected from free-
range chickens and commercial-layer chickens,
respectively. For free-range chickens the most common
resistance  phenotypes included sulfamethoxazole
(31.5%) and trimethoprim (28.17%). The rank order of
resistance was Sul, Tri, Str, Tet, Amx, Amp, Cip and Chm
(Table 1). A very similar pattern was found for E. coli
isolates from commercial-layer chickens  where
resistance was most prevalent for sulfamethoxazole
(74.56%) and trimethoprim (68.83%). In fact, the rank
order of prevalence was remarkably similar to free-range
chickens with the exception that Amx and Amp were
reversed (Table 1). Furthermore, the ratio of resistance to

sulfamethoxazole, trimethoprim, streptomycin  and
tetracycline for commercial source vs. free-range isolates
was remarkably constant (0.38 to 0.42), which is
consistent with the presence of one or more similar
populations of multidrug resistant isolates in both poultry
populations. Importantly, no resistance was detected for
ceftazidime, cefotaxime and gentamycin.

There were differences in the proportion of resistant
isolates based on chicken type (greater for commercial-
layer vs. free-range; P<0.001), and antibiotic type
(P<0.001). There was also a significant interaction
between the proportion of resistant isolates and antibiotic
type (P<0.01). A plot of the interaction effect
demonstrated that this was caused by the rank-order
change for Amp and Amx between commercial-layer and
free-range chickens. Among the antibiotic resistant free-
range chicken isolates, 64.1 and 39% were resistant to
>2 and 23 antibiotics (Table 2). For commercial-layer
chicken isolates, 91.5 and 73.4% were resistant to 22
and =3 antibiotics, respectively. The frequency of
multidrug resistance was significantly higher among E.
coli isolates from commercial-layer chickens as
compared to free-range chickens (P<0.05). Resistance
phenotypes were diverse. For example, if we limit the
analysis to seven antibiotics (excluding chloramphenicol)
there were 2’ = 128 possible combinations of resistance
phenotypes of which was observed as 111 (Table 2). The
broadest resistance phenotypes were
AmpChmStrSulTetTri 1 (0.5%) and AmpAmMxStrSulTetTri
3 (1.5%) for free-range chickens and
AmpAMXChmCipStrSulTetTri 3 (0.3%) for commercial-
layer chickens.

DISCUSSION

In studies by Carraminana et al. (2004) in Spain and
Kilonzo-Nthenge et al. (2008) in Cameron, all E. coli
isolates from poultry were susceptible to cefotaxime and
gentamicin. Comparable results including susceptibility to
third-generation  cephalosporins  (ceftazidime  and
cefotaxime) were reported. Hamisi et al. (2014) also
sampled free-range chickens in the Arusha area but
found resistant strains of E. coli for cefotaxime and
ceftazidime (29.9 and 6.5%, respectively). Hamisi et al.
(2014) also reported higher resistance (54.5%) among E.
coli isolates to a fluoroquinolone drug (ofloxacin) whereas
relatively limited resistance to ciprofloxacin (3.5%) was
found. This difference might be explained, in part, by
published observations that ciprofloxacin is more active
than ofloxacin for most bacteria (Lautzenhiser et al.,
2001). Comparisons across studies, however, may be
complicated when different methodologies and definitions
of resistance and susceptibility are employed by the
investigators.

Although, chloramphenicol is not used in Tanzanian
food animals and it is not available in local veterinary
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Table 1. Prevalence (%) of antibiotic resistant E. coli obtained from fecal samples of free-range chickens and commercial layer chickens from Arusha District, Tanzania.

Location Amp Amx Chm Cip Str Sul Tet Tri
Free-range chickens

Mifugo 8.33 8.33 0.83 0.00 33.33 26.67 28.33 26.67
Nambala 12.50 13.33 0.83 0.00 8.33 17.50 5.00 16.67
Sakina 1.67 14.17 0.00 8.33 23.33 25.00 14.17 15.83
Sansi 11.67 6.67 0.83 0.83 9.17 42.50 23.33 40.83
Njiro 0.83 12.50 5.00 8.33 30.00 45.83 11.67 40.83
Mean (SE) 7.0 (2.45) 11.0 (1.48) 1.5 (0.89) 3.5 (1.98) 20.8 (5.19)  31.5(5.42) 16.5 (4.17) 28.2 (5.51)
Commercial chickens

Mifugo 39.17 36.67 1.25 17.92 50.42 83.33 31.25 75.42
Nambala 38.75 22.08 0.42 13.75 52.92 67.92 45.42 59.58
Sakina 37.92 28.33 0.42 13.75 53.75 75.00 25.42 67.50
Sansi 27.08 28.75 0.83 20.42 58.33 70.29 58.33 70.83
Njiro 47.50 46.25 2.92 26.25 50.00 76.25 57.92 70.83
Mean (SE) 38.1(3.3) 32.4(4.2) 1.2(0.5) 18.4(2.3) 53.1(1.5) 74.6(2.7) 43.7(6.7) 68.8(2.6)
P values from Tukey-Kramer post

comparison test showing antibiotic

effects on the prevalence of <0.0001 0.15 0.99 0.0003 0.0381 0.0042 0.07 0.0097

resistance between commercial-
layer and free-range chickens.

Amp = Ampicillin (32 pg/ml), Amx = amoxicillin (32 pg/ml), Chm = chloramphenicol (32 pg/ml), Cip = ciprofloxacin (4 pg/ml), Str = streptomycin (16 pg/ml), Sul = sulfamethoxazole (512 pg/ml),
Tet = tetracycline (16 pg/ml), and Tri = trimethoprim (8 pg/ml). No resistance was detected forCfd = ceftazidime (8 pg/ml), Ctx = cefotaxime (8 pg/ml) or Gen = gentamicin (64 pg/ml).

outlets, low-level resistance was

lower as compared to those from layer chickens. It

likely to happen between commercial-layer and

observed for E. coli isolates from both chicken
populations. The presence of this trait might be
explained by chance alone. It is also possible that
unintentional chloramphenicol exposure occurs
infrequently (Levy and Marshall, 2004). For
example, Berendsen et al. (2010) reported natural
occurrence of chloramphenicol in plants in
Mongolia and the Netherlands. No farmer was
found to use chloramphenicol for the current study.

In this study, E. coli isolates from free-range
chickens exhibited antibiotic resistance although

is possible that these resistant strains spilled over
from commercial-source flocks, or these animals
might be exposed to selection pressure or
populations of resistant bacteria in the
environment (Finley et al., 2013; Wellington et al.,
2013). Furthermore, environments often harbor
non-pathogenic and opportunistic bacteria that are
resistant to antibiotics (Wright, 2010). In this
study, both chicken populations were obtained
from the same wards and were located <1,000 m
apart and therefore some exposure to bacteria is

free-range chickens. Regardless of chicken origin,
the most frequent resistance phenotypes were for
sulfonamide and trimethoprim followed by
resistance to streptomycin and beta-lactams.
Sulfonamide resistance genes have been linked
with spread of multiple antibiotic resistance genes
in E. coli (Bean et al., 2005). Streptomycin,
trimethoprim and ampicillin resistance are the
common resistances associated with sulfonamide
resistance (Wu et al, 2010). Other studies
assayed isolates using sulfamethoxazole in
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Table 2. Prevalence (%) of antibiotic resistant phenotypes of E. coli isolates from fecal samples of free-range chickens
and commercial-layer chickens from Arusha district, Tanzania.

Antibiotic resistance phenotypes1 Commercial-layer chickens (%) Free-range chickens (%)
Susceptible 9.8 41.8
Amp 0.3 0.03
AmpAmx 0.3 -
AmpAmxChmCipStrSulTetTri 0.3 -
AmpAmxChmStrSulTetTri 0.3 -
AmpAmMxChmStrSulTri 0.1 -
AmpAmxChmSul - 0.2
AmpAmxChmStrTri - 0.3
AmpAmxCipStrSul 0.1 -
AmpAmxCipStrSulTet 0.3 -
AmpAmxCipStrSulTetTri 5.2 -
AmpAmxCipStrSulTri 0.5 -
AmpAmxCipStrTet 0.1 0.2
AmpAmxCipSulTet 0.1 -
AmpAmxCipSulTetTri 0.8 -
AmpAmxCipSulTri 0.2 -
AmpAmxStrSul 0.6 -
AmpAmMxStrSulTetTri 3.6 0.5
AmpAmxStrSulTri 5.1 15
AmpAmxStrTetTri 0.4 0.2
AmpAmxStrTri 0.2 0.2
AmpAmxSul 11 0.2
AmpAmxSulTet 0.2 0.2
AmpAmxSulTetTri 1.8 0.5
AmpAmMxSulTri 3.0 0.2
AmpAmxTet 0.2 -
AmpAmxTetTri 0.2 -
AmpAmMXxTri 0.3 0.2
AmpChm - 0.2
AmpChmStr - 0.2
AmpChmStrSulTetTri - 0.2
AmpChmStrTri - 0.2
AmpCipStr 0.1 -
AmpCipStrSul 0.1 -
AmpCipStrSulTet 0.1 -
AmpCipStrSulTetTri 0.3 0.3
AmpCipStrSulTri 0.3 0.5
AmpCipSulTetTri 0.5 0.5
AmpCipSulTri 0.1 -
AmpCipTet 0.2 -
AmpCipTri - 0.2
AmpStr 0.8 0.2
AmpStrSul 1.0 -
AmpStrSulTet 0.6 -
AmpStrSulTetTri 1.3 0.3
AmpStrSulTri 2.0 15
AmpStrTetTri 0.1 -
AmpStrTri 0.1 0.5
AmpSul 0.3 -

AmpSulTet 0.7 -
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AmpSulTetTri
AmpSulTri
AmpTet

AmpTri

Amx
AmxChmStrSulTetTri
AmxChmSulTri
AmxCip
AmxCipStr
AmxCipStrSulTetTri
AmxCipStrSulTri
AmxCipSul
AmxCipSulTetTri
AmxStr
AmxStrSu
AmxStrSulTetTri
AmxStrSulTri
AmxStrTet
AmxStrTri
AmxSul
AmxSulTet
AmxSulTetTri
AmxSulTri
AmxTet
AmxTetTri
AmxTri
ChmCipStrSulTetTri
ChmCipSulTetTri
ChmStr
ChmStrSulTetTri
ChmStrSulTri
ChmSulTetTri
ChmSulTri

Cip

CipStr
CipStrSulTet
CipStrSulTetTri
CipStrSulTri
CipStrTet
CipStrTri

CipSul
CipSulTet
CipSulTetTri
CipSulTri

CipTet

CipTetTri

CipTri

Str

StrSul

StrSulTet
StrSulTetTri
StrSulTri

0.3
1.9
0.1
0.3
0.3
0.1

0.2

0.1
0.2

0.1

0.3
0.3
0.9

0.1
0.2
0.1
0.2
0.6
0.1
0.2
0.3
0.1
0.1

0.1
0.1
0.1
0.1
0.8

11
2.2
0.5
0.6
0.1
0.2
0.1
0.8
0.7
0.3
0.1
0.6
2.1
1.8
1.7
7.9
7.3
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StrTet
StrTetTri
StrTri
Sul
SulTet
SulTetTri
SulTri
Tet
TetTri

Tri

0.5 0.3
0.7 0.2
1.6 0.8
1.8 4.0
0.8 0.2
4.0 25
7.9 3.7
1.7 5.2
1.2 0.5
15 3.3

'Amp = Ampicillin (32 pg/ml), Amx = amoxicillin (32 pg/ml), Chm = chloramphenicol (32 pg/ml), Cip = ciprofloxacin (4 ug/ml), Str
= streptomycin (16 pg/ml), Sul = sulfamethoxazole (512 pg/ml), Tet = tetracycline (16 pg/ml), and Tri = trimethoprim (8 pg/ml).

combination with trimethoprim (Arslan and Eyi, 2010;
Chiu et al.,, 2010). Adenipekun et al. (2015) reported
lower resistance to sulfamethoxazole-trimethoprim
(39.8%) in food producing animals in Nigeria. While
resistance to these two antibiotics is conveyed by
different genetic traits (Blahna et al., 2006; Hu et al.,
2011), our data showed a strong correlation between
these two resistance phenotypes (r = 0.99) that is
consistent with closely-linked resistance traits.

Producers reported that they frequently treated
commercial-layer chickens with antibiotics, including
enrofloxacin, amoxicillin, oxytetracycline,
chlortetracycline, sulfamethazine+trimethoprim and
sulfadiazine. Farmers also reported using a coccidiostat
called amprolium. Farmers specifically reported using
antibiotics to treat Newcastle disease (a viral infection).
We observed use of expired drugs in part because these
commodities are purchased in large volumes and are
simply used until gone. Farmers reported that when sick
animals were observed, these were isolated and the
entire flock was treated immediately to prevent a large
disease outbreak. Farmers also reported using higher
than recommended doses with hopes that this would lead
to a shorter period of infection. We surmise that these
antibiotic use practices drive the difference in prevalence
of antibiotic resistant E. coli between the commercial-
layer and free-range chickens. This also indicates that
more investment is needed to help small-scale producers
raise healthy animals through the use of better husbandry
practices and vaccines. Such efforts are likely to help
farmers reduce their reliance on antibiotics while
increasing the success of their production efforts (Palmer
and Call, 2013).
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