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Abstract

B

ackground: Bacteriophages can be used as biocontrol agents to eliminate the undesirable and targeted
bacteria in human beings, environment and industries. We aimed to isolate phages from cow manure and
investigate their antibacterial and anti-biofilm formation effect against MRSA and E. coli species.

Methods: E. coli and S. aureus isolates of clinical origin were sub-cultured on MacConkey’s and Mannitol salt
agar media, respectively. To confirm the Methicillin resistance in S. aureus, mecA gene was detected by the
PCR using gene specific forward and reverse primers. The bacteriophages were isolated using enrichment
procedure from cow manure. Their antibacterial and anti-biofilm formation activity was determined through the
inhibition of bacterial growth and decrease in the absorbance of Crystal Violet through biofilm inhibition assay,
respectively.
Results: The isolated phages showed clear plaque formation against MRSA and E. coli species. The timedependent lytic assay showed a sharp decline in OD 600 of MRSA and E. coli after one hour incubation with the
phages. Biofilm inhibition was indicated by a decrease in the absorbance (OD595) of CV in a microtiter well plate
Conclusion: This is perhaps the first study to isolate phages from cow manure at local region and demonstrate
their lytic efficiency against MRSA and E. coli, with the ultimate aim to use them as a promising biocontrol agent
against antibiotic resistant pathogens.
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Introduction
Bacteriophages simply called as “phages” are viruses
that infect and multiply within the host bacterial cell. The
discovery of viruses in the early 20th century [1] has led
us to some interesting findings, that is, they are
ubiquitous in nature, capable of infecting the cells in all
three domains of life including Archaea, Bacteria and
Eukarya. The unique structure of viruses and their ability
to infect bacterial cells unearthed various fundamental
biological processes. The genetic makeup of viruses was
harnessed as a molecular tool and led to the
development of recent field of molecular biology. Based
on the study of coliphages (T series, Lambda, Mu,
PhiX174) and others, the molecular mechanisms of
virus-host
interactions,
genetic
recombination
(transduction), genetic engineering and CRISPR were
discovered
[2,3].
Various
genetic
tools
(recombinase/integrase and restriction enzymes) were
discovered from the earliest studied phages like lambda
phage, a temperate phage capable of both lytic and
lysogenic cycle in E. coli [4]. The specificity to the host
cell and the lytic capability of bacteriophages makes
them an ideal tool as an antimicrobial agent [5] to combat
bacterial infections and contamination on the non-living
surfaces. Besides, the lytic property of bacteriophages is
exploited to treat bacterial infections and the phage
therapy is now considered again an alternate to the
antibiotics due to the alarming increase in the antibiotic
resistant bacteria. The natural occurrence of
bacteriophages in the environment makes them a
suitable alternate to the chemical to control the growth of
potential pathogens and the bacterial load on the
surfaces, wastewater and the sludge volume without
posing a risk to the other flora of natural ecology. Several
studies and clinical trials are now conducted to suggest
phages a favorable substitute to the antibiotics [6].
Previous studies suggests that the phages can cure ~
90% of the chronic suppurative bacterial infections,
peritonitis, osteomyelitis, dysentery in humans caused
by antibiotic-resistant bacteria such as, Staphylococcus
aureus,
Pseudomonas
aeruginosa,
Klebsiella
pneumoniae and E. coli [5].
The wide spread prevalence of Methicillin-Resistant
Staphylococcus aureus (MRSA) is major threat to the
health care, causing ~12,000 deaths annually in the US
only. Animal to human transmission of MRSA is also
reported [7,8]. There are several reports of multi drug
resistant E. coli causing multiple infections in human
being [9]. These bacterial pathogen are also well
documented to produce biofilms, an important survival
strategy, on surfaces and medical devices [10,11]. The
dense microbial growth in biofilms allows bacteria
adhere to the surfaces and get protected in the selfsecreted glycocalyx from the antimicrobial effects. It is
reported that surfaces exposed to phages prevented the
biofilm formation by bacteria [12]. The phage associated
depolymerase enzymes helps them to break the exopolysaccharide and interrupt the biofilm matrix and
ultimately results in the lysis of cell [13].
In the present study we isolated the phages from
livestock manure using S. aureus and E. coli as a specific

host to the phages from the environment. To the best of
our knowledge, this is the first study to isolate and test
the antibacterial activity of phages from the cow manure
at local region against the MRSA and E. coli. The
isolated phages have demonstrated themselves a
promising anti-biofilm agent against these pathogenic
organisms.

Methods
The present study was conducted in HEC funded
Molecular Microbiology and Genetics Laboratory at the
Institute of Microbiology, University of Sindh, Jamshoro.
The study does not involve any human participant so it
does not require any ethical approval.
Bacterial culture and growth condition
Non-clinical E. coli and S. aureus strains were isolated
from water and the door knobs at the Institute of
Microbiology, University of Sindh, and Jamshoro. The
clinical strains, MRSA and E. coli, were obtained from the
diagnostic and research laboratory of Liaquat University
Medical Hospital, Jamshoro, Sindh. The growth of S.
aureus and E. coli was maintained by using Mannitol Salt
Agar and MacConkey’s agar media (Oxoid),
respectively. The identification of the isolates was
performed using their cultural and biochemical
characteristics according to the standard methods. To
confirm the S. aureus species, coagulase test was
performed. To detect the presence of mecA gene in
MRSA strains Polymerase Chain Reaction (PCR) was
performed by using the specific primers: mecA1 381 [5’]
GTA GAA ATG ACT GAA CGT CCG ATA A- 342 and
mecA2 603 [3’] CCA ATT CCA CAT TGT TTC GGT CTA
A-627. S. aureus, ATCC® 33591M (MediMark® Europe)
strain was used as a positive control strain for the
detection of mecA gene. PCR amplified product was
observed at ~310 bp regions using agarose gel
electrophoresis in the gel doc system (BioBasic). For
long term storage, the strains were stock preserved at 5°C using 15% glycerol in Nutrient Broth (NB) (Oxoid UK
CM0003). For all the tests the bacterial strains were
cultured using NB medium at 37°C in shaking incubator
or on Nutrient agar (NA Oxoid UK) plates (Lab-Lemco’
powder 0.1%, Yeast extract 0.2%, Peptone 0.5%,
Sodium chloride 0.5%, Agar 1.5% pH 7.4 ± 0.2).
Isolation and enrichment of phages from
environment
The phages were isolated from four different fresh cow
manure samples in September 2019 according to the
method described earlier [14] with some modifications.
To recover the phages, 1 gm of fresh cow manure was
diluted ten times (1:10) in sterile distilled water, vortexed
to mix and centrifuged at 5000 rpm for 10 minutes at
room temperature. The clear supernatant was collected
in a fresh Eppendorf tube and mixed with chloroform at
1:10 dilution. After the incubation of 30 minutes, the
samples were filtered using 0.45 µm pore size filter by
the Millipore filter assembly.
To enrich the prospective phages, two hours liquid
cultures of test strains (S. aureus and E. coli) at an OD600
< 1 were supplemented with 2 mM final concentration of
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CaCl2 and incubated for 10 minutes to facilitate the
attachment of the isolated phages with the host strains
[15]. One milliliter of the obtained sample filtrate
(presumably containing the phages) was then mixed with
CaCl2 treated culture and kept for two hours in the
shaking incubator at 37°C to achieve the phage
propagation and cell lysis. The phage lysate was then
purified from the cell debris by adding 0.5 ml of
chloroform to kill any intact cells. The lysate was then
centrifuged at 5000 rpm for ten minutes to obtain the
clear supernatant which was filtered again using 0.45µm
pore size filter. The enriched phage lysates were then
immediately used or kept in refrigerator at 4°C for further
tests.
Lysis of S. aureus and E. coli by lytic phages
The obtained phage lysate was used as the source for
the screening of phages capable of lysing S. aureus by
the method described previously with some
modifications [14]. For this a fresh liquid culture of the
test strains (clinical strains MRSA and E. coli) were
prepared. To grow the MRSA strain, a single colony from
MSA plate was inoculated in nutrient broth medium
containing 5 % NaCl and 0.5 % glucose and kept in the
shaking incubator at 37°C for two hours or more until the
OD600 of 0.5 is achieved. The liquid cultures were then
used to form the bacterial lawn with the help of sterile
cotton swab on nutrient agar plates. A fixed amount (10
µl) of the two different phage lysates was spot inoculated
over the bacterial lawn and allowed to settle down to
prevent the dripping of liquid from the nutrient agar
plates. The plates were incubated at 37°C for 24 hours.
The same procedure was adopted to test the E. coli
strain with the exception of adding extra 5 % NaCl in the
nutrient broth medium. To ensure the maximum purity of
the phage lysate, the individual plaques were repeatedly
collected and concentrated by growing with the test
bacterial strains (Figure 1).
Qualitative assay of phages by PFU/ml
Plaque formation assay was performed to enumerate the
phages as described earlier [16]. For this overnight
cultures of E. coli and MRSA were diluted (1:100) in
nutrient broth, with the addition of 5% NaCl for MRSA
culture. The cultures were incubated at 37°C with
shaking for one hour. The cells were treated with 2 mM
concentration of CaCl2 and incubated for further 15
minutes. The treated cell culture (100 µl) was mixed with
the phage lysate (100 µl) for few minutes and dispensed
into 3 ml of soft top-agar (melted nutrient broth with 0.7%
agar) in a sterile test tube. The mixture was poured onto
solid nutrient agar plates immediately and incubated for
16 hours at 37°C. After the incubation period the Plaque
Forming Units per milliliter (PFU/ml) were counted for the
qualitative analysis of the virus (Figure 2 a & b). The
culture with no phage lysate served as a control (Figure
2 c & d).
Time dependent killing of bacteria by phages
The overnight broth culture of E. coli and MRSA were
diluted 1:100 in 2x nutrient broth (equals to about
107CFU/ml). The filtered solution of CaCl2 is added in
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bacterial culture to make final concentration of 2mM. One
milliliter of bacterial culture was mixed with 100µl
respective phage lysate and kept in gentle shaking at
37°C. No phage lysate is added in control culture flasks.
The optical density (OD600) of each culture was
monitored every 30 minutes to determine the lysis
efficacy of phages for three hours (Figure 3).
Inhibition of bacterial biofilm formation by phages
Inhibition of biofilm formation was determined for those
phages which showed no clear lysis on spot assay plate
(Figure 1). Briefly, the overnight broth culture of E. coli
and MRSA were diluted 1:100 in nutrient broth medium
containing 0.5% glucose and 2 mM CaCl2 final
concentration. In a flat-bottomed polystyrene 96-well
microtiter plates (Corning NY), a total of seven two-fold
dilutions (1:2, 1:4, 1:8, 1:16, 1:32, 1:64 and 1:128) of the
phage lysate were prepared in NB medium containing
0.5% glucose and dispensed as 100µl volume in each
well. For positive control, half MIC (1/2) of
Chloramphenicol (5 µg/ml) was used for S. aureus and
half MIC of Ampicillin (100µg/ml) was used for E. coli in
the control well to inhibit the biofilms formation [17]. Twofold dilutions of the antibiotics were made as described
for phage lysate.
A fixed amount of the broth culture (100 µl) of each
bacterial strain (MRSA and E. coli) was added to their
respective wells. The microtiter plates were incubated for
24 h at 37°C. After incubation, the planktonic cells were
gently discarded; wells were washed three times with
phosphate buffer saline (PBS). The plates were blotted
on tissue paper to dry. The cells adhered to the wells
were stained with 200µl of 0.1% Crystal Violet (CV) dye
for 15 min. The plates were washed four times with
distilled water to remove the excess stain and dried. To
extract the stain, wells were treated with 200 µl of ethanol
(90%) for 5 min. The absorbance of each was measured
at 595 nm. The amount of biofilm inhibition was
calculated relative to the amount of biofilm that was
developed in the presence of the phage lysate and
antibiotics and compared with the controls containing
biofilms by untreated bacterial cultures (Student’s t-test
was performed). Un-inoculated media was taken as a
blank (Figure 4). And values of the blank measurement
were deducted from the test values to remove the
background.
Data analysis: All of the experiment for growth and
biofilm inhibition were performed in triplicate. Data was
analyzed and values of mean, standard deviation and
standard error were calculated in Microsoft Office Excell
2010. To calculate the significant difference between two
independent means Student’s t-test was performed at p
<0.05.

Results
Screening of the phages against MRSA and E. coli
strains
The different cow manure samples (n=4) prospectively
containing the phages were initially enriched with S.
aureus and the environmental isolate E. coli. The phages
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isolated (enriched phage lysate) showed a various lysis
pattern against the clinical MRSA and E. coli. From a
total of four phage lysate samples, two showed the
inhibition of MRSA growth demonstrated through either
clear or turbid plaque formation on bacterial lawn (Figure
1 a). One of them has shown complete inhibition E. coli
growth by forming clear plaques whereas a turbid plaque
formation was observed in the fourth phage lysate
sample against E. coli (Figure 1 b).

a.

The lytic efficacy of the phage lysates was tested against
clinical MRSA and E. coli strains in the specified period
of time. After the enrichment and incubation of phages
with their specific strains, the OD600 was measured every
30 minutes for 3 hours. The controls contained cultures
of bacteria without phages to monitor their normal growth
pattern. After the growth of one hour a slight increase in
turbidity was observed but started to decline in the next
hour and reached to the OD600 observed at the initial
hour of growth. The cultures in the control (un-treated
bacterial culture) showed steady rise in OD600 indicating
the normal growth pattern of bacteria in the absence of
phage (Figure 3 a & b).

b.

Figure 1: Screening of phages from different cow manure samples
to demonstrate their anti-bacterial activity. The red arrows
indicate the clear and turbid plaque formations on bacterial lawn
of MRSA (a) and E. coli (b) on nutrient agar plates.

The phage lysate samples were diluted to 1:100 and
allowed to infect clinical bacterial cultures (E. coli and
MRSA) at an OD600 of 0.5 (~ 106 CFU/ml) on nutrient
agar double layer agar plate. Numerous plaques were
observed after incubation which were counted and the
enriched phage lysate showed 5X107 PFU /ml (Figure 2
a, b). The control plate (un-treated bacterial culture)
showed a confluent growth over the surface of nutrient
agar plate (Figure 2 c & d).

a.

b.
Figure 3: Growth curve of MRSA and E. coli monitored at OD600
in the presence and absence of their respective phages. The graph
line showing a sharp decline in the O.D at 2.5 hours of growth
when bacterial cultures are incubated with phages.

Figure 2: Plaque formation assay of the selected phage lysates.
Phages purified from clear plaques formed against MRSA (a) and
E. coli (b) showed condensed plaque formation (clear no-growth
areas in bacterial growth indicated by black arrows) at 1:100
dilutions against their specific host bacterium. The untreated
bacterial culture lawn on nutrient agar plate served as control
(Figure c & d).

Time-dependent lytic assay of bacteriophages
against MRSA and E. coli

Less virulent phages have anti-biofilm competency
Lytic phages are known to reduce the biofilm formation
or destroy the pre-formed biofilms. Here in our study, we
tested the phage lysate samples from the turbid plaques
(indicated by dashed red arrows in Figure 1) to
demonstrate the inhibition of biofilms formed by MRSA
and E. coli in a micro-titer well plate. As the concentration
of the phages increased, a decrease in the CV
absorbance was noticed at 595 nm, indicating the
phages can successfully prevent the biofilm formation at
their lowest dilutions (Figure 4). A significant inhibition of
biofilm was observed when bacteria were incubated with
the controls (antibiotics), ½ of the minimum inhibitory
concentration (MIC) of Chloramphenicol (CMP) and
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Ampicillin (AMP) (Figure 4). The sensitivity and MIC of
the selected antibiotics were determined for MRSA and
E. coli before their test to inhibit the biofilm formation.
The un-treated bacterial culture did not contain any antibacterial compounds and showed no growth inhibition
when compared with the growth of bacterial culture
incubated with the phages. Student’s t-test was
performed to check the significance of biofilm inhibition.
A significant difference in the biofilm inhibition was
observed between the bacterial cells treated with phages
and untreated bacterial culture, indicated by asterisks in
figure 4 bar diagrams. The control (C) showed full biofilm
formation as indicated by high CV absorbance.

a.

b.
Figure 4: Inhibition of MRSA (a) and E. coli (b) biofilm formation
by the selected phages using 96 well plate assay. The amount of
biofilm formation is indicated by the absorbance of dye crystal
violet at 595nm for the test (MRSA/E. coli plus phage). The lower
panel to bar diagram shows the respective picture of wells. CMP=
Chloramphenicol; AMP= Ampicillin; C= control. Asterisks on bars
represent the significant biofilm inhibition (p <0.05) in the test
strains when compared with the biofilm on bar C.

Discussion
Bacteriophages efficiently inhibit the growth of
MRSA and E. coli

als

The transmission of S. aureus and E. coli infections from
animals to human is reported worldwide [7,8]. S. aureus
is a common colonizer of human that could results in
various infections and can also cause mastitis in cows
[8]. Based on the abundant presence of the host
bacteria, we tried to hunt their parasites
(bacteriophages) in the cow manure samples. In the
present study, the presence of phages was screened in
four different cow manure samples. For that purpose the
filtrates of the cow manure samples (presumably
containing the phages) were enriched with the specific
host strains i.e. S. aureus and E. coli isolated from
environment and later were checked for their lytic
efficacy against the clinical strains, MRSA and E. coli.
From a total of four phage lysate samples, two showed
the inhibition of MRSA and E. coli growth demonstrated
through clear plaque formation on bacterial lawn (Figure
1 a & b). Two of phage lysate showed incomplete
inhibition of growth by forming turbid plaques (Figure 1 a
& b). Our results support the previously described
studies which showed the isolation and abundance of
specific phages from the cattle samples against the gram
positive and gram negative bacteria [16,18,19]. A varied
pattern of lysis was demonstrated that phage lysates can
be further assayed for their anti-bacterial activity.
Lytic abilities of phages and prospective use in
phage therapy
According to the WHO 2017 report, the antibiotic
resistant bacteria like E. coli and MRSA are placed
among the top priority pathogen and considered as a
threat to healthcare by causing different diseases in
humans and cattle [20]. The development of new
antibiotics is commonly used strategy to control the
antibiotic resistance and prevent its spread. However,
the alternates of antibiotics like natural herbal or
homeopathic medicines, anti-microbial peptides and
phage therapy can serve as the best therapeutic options
to eliminate the antibiotic resistant pathogens. In this
study, when the selected phage lysate was incubated
with the cultures of MRSA and E. coli, a significant
reduction on the optical density/growth was monitored
indicating the isolated phages encompass the lytic effect
on the selected clinical strains (Figure 3). Several
mechanisms are known for the bacterial lysis by phages.
They all ultimately results in the degradation of
peptidoglycan by phage encoded endolysins which
mimic glycosylase (lysozyme), endopeptidase, amidase,
and transglycosylase enzymes. Endolysin along with
membrane degrading holins results in the lysis of
bacterial cells [21].
Anti-biofilm phages have industrial and medicinal
applications
Bacteria in biofilms are often resistant to antibiotics due
to thick glycocylax and persisting cells [22]. Biofilms in
medical implants and industries are nuisance for the
production and difficult to get removed [23]. The use of
phages as an anti-biofilm agents in the medical inserts
and food industries is described in previous studies [24].
In the present study the phages selected from the turbid
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plaques have demonstrated the complete inhibition of
the biofilm formation by MRSA and E. coli in polystyrene
micro-well plate (Figure 4). We postulate here that
although phages in the turbid plaques have less
inhibitory effect on the growth of the bacteria but they can
successfully inhibit the biofilm formation perhaps by
enzymes like polysaccharide de-polymerase which
actually degrades the matrix of biofilms. The biofilm
formation needs a certain threshold of cell population to
make biofilm [25]. From the obtained results we can also
presume that phages can halt the bacterial growth at the
level that they cannot achieve their required density to
establish quorum-sensing derived biofilm.
This study has successfully led to the isolation of the
lytic phages from the different cow manure samples and
successfully demonstrated their antibacterial activity
against MRSA and E. coli strains from clinical origin. The
inhibition of biofilm formation by the isolated phages
indicates that they can be used a suitable biocontrol
agents against targeted pathogens like MRSA and E. coli
both in both the industrial and medical fields. However
further studies in details are required to exploit the
potential of phages as a controlling agent against the
selected bacterial pathogens.
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