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Abstract

The emergence of multi-drug resistant (MDR) bacterial strains, which are posing a global health threat has developed
the interest of scientists to use bacteriophages instead of conventional antibiotics therapy. In light of an increased
interest in the use of phage as a bacterial control agent, the study aimed to isolate and characterize lytic phages from
sewage effluent. During the current study, bacteriophage AS1 was isolated from sewage effluent against E.coli S2.
The lytic activity of phageAS1 was limited to E.coli S2 strain showing monovalent behavior. The calculated phage
titer was 3.5x10° pfu/ml. PhageAS1 was stable at a wide range of pH and temperature. The maximum stability was
recorded at 37°C and pH 7.0, while showing its normal lytic activity at temperature 60°C and from pH 5.0 to11.0
respectively. At temperature 70°C, phage activity was somewhat reduced whereas, further increase in temperature
and decrease or increase in pH completely inactivated the phage. From the current study, it was concluded that
waste water is a best source for finding bacteriophages against multi-drug resistant bacterial strains and can be
used as bacterial control agent.
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Resumo

O surgimento de cepas bacterianas multirresistentes (MDR), que representam uma ameaca global a satde,
desenvolveu o interesse dos cientistas em usar bacteriéfagos em vez da terapia convencional com antibiéticos.
Diante do crescente interesse no uso de fago como agente de controle bacteriano, o estudo visou isolar e caracterizar
fagos liticos de efluente de esgoto. Durante o estudo atual, o bacteriéfago AS1 foi isolado de efluente de esgoto contra
E. coli S2. A atividade litica de phageAS1 foi limitada a cepa E. coli S2, apresentando comportamento monovalente.
0 titulo de fago calculado foi de 3,5 x 109 ufp/ml. PhageAS1 foi estavel em uma ampla faixa de pH e temperatura.
A estabilidade maxima foi registrada a 37°C e pH 7,0, enquanto mostrou atividade litica normal em temperatura
de 60°C e pH 5,0 a 11,0, respectivamente. Na temperatura de 70°C, a atividade do fago foi um pouco reduzida,
enquanto o aumento adicional da temperatura e a diminui¢do ou aumento do pH inativaram completamente o
fago. Com base no estudo atual, concluiu-se que a dgua residual é a melhor fonte para encontrar bacteri6fagos
contra cepas bacterianas multirresistentes e pode ser usada como agente de controle bacteriano.

Palavras-chave: bacteri6fago, multirresistente a drogas, fago litico, titulo de fago, terapia de fago, E. coli S2, phageAS1.

1. Introduction

The emergence of multi-drug resistant (MDR) bacterial
strains, which are posing a global health threat, has
developed the interest of scientists to use bacteriophages
instead of conventional antibiotics therapy. E.coli is a gram
negative, rod shape and non-spore forming bacteria and a
member of normal flora of human gastrointestinal tract,
where it is present abundantly and helps in maintaining
the normal physiology of their host (Levinson, 2014).Based
on pathogenicity, E.coli is divided into two categories.

1) Enteric/Diarrheagenic E.coli. 2) Extra intestinal E.coli,
which has further pathotypes. Using different mechanisms
the pathotypes of Enteric E.coli can cause different types of
gastrointestinal diseases and sometimes can cause disease
outside the intestine (Clements et al., 2012).The pathotypes
Uropathogenic of Extraintestinal E.coli is the most common
cause of nosocomial UTI infection. The infection may then
lead to kidney failure due to which E.coli is considered as
the most common pathogen responsible for kidney failure
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(Bien et al., 2012).At the same time another calamitous
issue of antibiotic resistance has emerged E.coli being the
most common pathogen of humans has acquired a very
high level of resistance against broad spectrum antibiotics.
The resistance is not only limited to its family but has also
transferred it to other species i.e. Shiga toxin-producing
Escherichia coli (STEC). Furthermore, E.coli strain also make
biofilm on the surface of different medical devices which is
pertaining to different nosocomial infections (Surette et al.,
1999; Naves et al., 2010; Choisy, 2011).

Bacteriophages are viruses having the capability to
infect and multiply inside bacterial cells, and therefore their
presence is directly linked to the availability of bacteria
(Zhan et al., 2015).Phages are widely distributed in soil,
sewage, animal wastes and their secretions (Naghavi et al.,
2013). Phages are classified into two groups based on their
host range. Polyvalent phages infect two or more than two
bacterial species while monovalent phages infect only a
single type of bacteria. Currently, antibiotic resistance has
developed major medical and social problems, to resolve
the issue researchers are in search of alternative therapies
(WHO, 2014). Phage therapy or Lytic phages are the
possible cheaper alternative for antibiotics to treat bacterial
infections not responding to conventional antibiotic therapy
(O’Flynn et al., 2004). The use of phages as a therapeutic
agent was first given by D’ Herelle. However, the concept
of phage therapy canter was presented by a physician and
bacteriologist named George Eliava. Later on phage therapy
centre was established in Tbilisi (Capital of Georgia). Due
to the keen interest in phage therapy, Western countries
have successfully tested the phages on human. These
include a cocktail of phages against Staphylococcus aureus,
Pseudomonas aeruginosa and Escherichia coli phages which
were given orally and injected showing little side effects
(Kutateladze and Adamia, 2010). This study was focused
on the isolation and partial characterization of novel lytic
phages from sewage effluent of District Swabi.

2. Materials and Methods

2.1. Bacterial strain isolation and identification

Approximately 300ml sewage water was collected
in a sterile bottle from different localities of district
Swabi KPK Pakistan from December 2017 to April 2018.
Different bacterial strains were isolated by culturing the
samples on a variety of selective and differential media
i.e. Mcckoncky, Eosin Methylene Blue (EMB) and Mannitol
Salt Agar (MSA) using streak plate technique as well as
few clinical strains were collected from local diagnostic
laboratories. Each distinct colony was subcultured to get
pure strains. Earlier to the plaque assays and identification
tests, broth cultures of 18 to 24hrs of each isolated and
purified bacterial strain were prepared by inoculating
a loop full of bacteria aseptically in a sterile flask and
incubated at 150 rpm at 37°C for 24 hours. After plaque
assay, the only phage susceptible strain was subjected
to identification using a variety of morphological (Gram
staining) and biochemical tests i.e. Catalase, Indole, Citrate
and Oxidase tests were performed.
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2.2. Isolation and propagation of bacteriophages

For isolation and propagation of bacteriophages,
previously established protocols with some modifications
were adopted (Jamalludeen et al., 2007; Sambrook and
Russell, 2001). A 10ml of 5X LB broth was inoculated with
40 ml of collected sewage sample and enriched with 1ml
of overnight fresh bacterial broth culture. The mixture was
incubated at 37°C for 24 hours at 150 rpm. After incubation,
1ml of 1% chloroform was added to the mixture and left
undisturbed for 30 minutes. The phage lysate was prepared
by centrifuging the mixture at 4000 rpm for 10 minutes
followed by the filtration of supernatant through sterile
0.45pm Nylon syringe filters. The lysate was then stored
at 4°C. The phage assay was performed by two methods
i.e. lawn method and Double agar or Overlay method. In
the first method a lawn from broth of bacterial culture
was made on LB agar plate with which the sewage sample
was enriched. The plate was marked with spots and about
5ul of phage lysate was pipetted at each spot. The plate
was then left undisturbed until the lysate gets absorbed
and then incubated at 37°C for 24 hours. Next day the
plate was observed for lytic activity. While in Overlay or
Double agar method, 4-5 ml of the semi-solid media LB
media or Top agar (6-7g of agar in 1000 ml of water) and
100 pl of overnight bacterial broth culture was added to
the sterile tube and properly mixed which is then poured
over the already solidified LB agar base plate, and evenly
distributed by swirling the plate gently. The plate was left
undisturbed until the semi-solid media get solidified. After
solidification 5ul of phage lysate was pipetted on each
spot and the plate was left undisturbed until the lysate get
absorbed into the media. The plate was then incubated at
37°C for 24 hours and next day observed for plaques. For
propagation, the phage lysate was first serially diluted. Only
five dilutions (10, 103,105,107 and 10-'°) were selected
for double agar method in order to reduce the chemical
and time wastage. 100ul broth of host bacterial strain and
100pl of phage suspension from each dilution was pipetted
in fresh sterilized tubes already labeled accordingly and
were incubated at 37°C for about 15 minutes so that the
phages get attach to host bacterial cells. The bacteria-phage
mixture was mixed in semi-solid LB media using vortex
following the overlay procedure. After incubation, the
next day a well isolated plaque was picked with a sterile
pipette tip. The plaque was added to the 500yl of LB broth
containing 5pl of 1% of chloroform and then vortexed so
the phages get free. Again the enrichment protocol was
repeated up to five times using these free phages.

2.3. Determination of phage AS1 host ranges

A number of bacterial strains including both sewage
and clinically isolated strains of Gram-positive and
Gram-negative bacteria were used for the determination
of host range of AS1 phage using spot test technique
(Zimmer et al., 2002). These strains include E.coliS1,
E.coli S2 and E.coliC1, E.coliC2, E.coliC3, E.coliC4, Klebsiella
pneumonia C1, Pseudomonas aeruginosaCl, Staphylococcus
aureusS1 and Salmonella typhiS1.
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2.4. Antibiotic susceptibility of selected host strain E. coli S2

Using Muller Hinton Agar (MHA), Bacterial lawn
was prepared on media with the help of cotton swab.
A total of fifteen antibiotic discs (Table 1) were placed
equally spaced on the media according to the Clinical
and Laboratory Standard Institute (CLSI). The plates were
incubated at 37°C for 18-20 hours. After incubation, the
diameter of the zones around antibiotics was measured,
and the results were interpreted according to the CLSI
guidelines (Wayne, 2007).

2.5. Optimization of propagation condition of phages

2.5.1. Thermal stability of phage

A previously described procedure with minor
modification was used to check the thermal stability of
isolated phage.100ul of phage lysate was inoculated in
five different micro tubes. All the tubes were subjected to
different temperatures i.e. 25°C, 37° (control), 50°C, 60°C,
70°C and 80°C for 30 minutes in oven. After thermal shock
at their respective temperature, the tubes were taken out
from oven and were left until the phage lysate reached to
room temperature. Then the stability and viability of each
phage lysate were checked by spot test (Capra et al., 2006).

2.5.2. PH Stability of Phage

The pH of LB broth in seven different tubes was adjusted
at 1, 3, 5, 7 (control), 9, 11 and 13 by adding Nitric acid
and Sodium hydroxide. 500ul of phage lysate was added
to each tube and incubated at 37°C for 1 hour and then
neutralized. The phage lysate of all tubes were then filtered
by using 0.45um syringe filter to prevent any contamination
before spot test (Capra et al., 2006).

Table 1. Antibiotics Names, Abbreviations and Potency used against
Host strain E.coli S2.

S.No Antibiotics Abbreviations  Potency(ug)
01 Cefotaxime CTX 30png
02 Ceftriaxone CRO 30ug
03 Carbenicillin CAR 100ug
04 Cephradine CE 30ug
05 Nitrofurantoin F 300ug
06 Imipenem IMP 10ng
07 Cefepime FEP 30ug
08 Chloramphenicol C 30ug
09 Sulbactam SCF 105pg
10 Moxifloxacin MXF 5pg
1 Levofloxacin LEV 5ug
12 Fosfomycin FOS 50ug
13 Cefoperazone CFP 75ng
14 Amikacin AK 30ug
15 Meropenem MEM 10pg
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Characterization of coliphages

Determination of Phage Titer

An equal volume (100ul) of serially diluted phage
lysate and phage susceptible bacterial strain was added to
semi-solid LB top agar, mixed and then poured over LB agar
base plate. The plate was allowed to cool down and then
incubated at 37°C (Cloki and Kropinski, 2009).The number
of phages per ml were determined by using Formula 1:

pfi _ Number of plaques
ml dxV

3. Results

3.1 Bacterial strain and their respective phages
characterization

The phages susceptible strain was identified by using
morphological and biochemical tests and was designated
as E.colS2. The susceptible strain wasgram-negative,
rod-shaped, catalase-positive, Oxidase-negative,
Indole-positive, motile, methyl red positive, simmon citrate
negative and produce gas from glucose. The phage was
isolated using E.coliS2 as host strain and then designated
as phageAS1. The phageAS1 produced plaques of diameter
ranging from 1mm to 1.5mm with circular morphology and
well defined boundaries as well as clear zones in case of
spot test justifying the lytic activity of phageAS1 (Figure 1).

3.2. Determination of phage AS1 host ranges

Lytic activity of phageAS1 against bacterial strains
is illustrated on the basis of which the host range was
determined. A total of ten bacterial strains of E.coli,
Klebsiella, Salmonella, Pseudomonas and Staphylococcus
were screened against phageAS1, in which only E.coliS2
showed susceptibility toward the isolated phage. The
phageAS1 was declared as monovalent showing high
specificity towards E.coliS2 strain (Table 2)

3.3. Antibiotic susceptibility of selected host strain E. coli S2

After 20 hours of incubation. The zones around antibiotic
discs were measured. The results were then interpreted
according to the Clinical and Laboratory Standard Institute
(CLSI, 2007) (Table 3).

3.4. Optimization of propagation condition of phages

3.4.1. Thermal stability of phage

The heat stability of phageAS1 was screened by spot test
after incubation at different temperature for 30 minutes.
The phageAS1 showed optimum activity after incubation
at 25°C, 37¢C, 50°C and 60°C for 30 minutes. However, the
lytic activity was reduced at 70°C and completely lost its
viability at 80°C (Figure 2)

3.4.2. PH Stability of phage

The pH stability of phageAS1 was checked by spot test
after incubation at a wide range of pH for 1 hour at 37°C.
The phageAS1 showed their optimum activity at a range of
pH between 5 and 11. However, further increase or decrease
in pH resulted in the inactivation of phages (Figure 3).
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Plaque form

Figure 1. Plaques formation with diameter ranges 1mm-1.5mm showing lytic activity of Phage AS1 against E.coli S2 Strain.

Table 2. Antibiotic Susceptibility determination of Host strain E.coli S2.

S.No. Antibiotics Abbreviations Potency(ng) Zone Diameter S/I/R
01 Cefotaxime CTX 30pg 6mm R
02 Ceftriaxone CRO 30ug 18mm S
03 Carbenicillin CAR 100pg Omm R
04 Cephradine CE 30ug 8mm R
05 Nitrofurantoin F 300ug 15mm I
06 Imipenem IMP 10ng 27mm S
07 Cefepime FEP 30ug 11mm R
08 Chloramphenicol C 30ug Omm R
09 Sulbactam SCF 105pug 13mm R
10 Moxifloxacin MXF 5pg 11mm R
1 Levofloxacin LEV 5ug 18mm S
12 Fosfomycin FOS 50ng Omm R
13 Cefoperazone CFP 7518 15mm R
14 Amikacin AK 30ug 14mm R
15 Meropenem MEM 10ug 11mm R

Sensitive= S, Resistant= R, Intermediate= I.

Table 3. Determination of Phage AS1 Host Ranges based on lytic
activity.

S.No. Bacterial Strain Activity
E.coliS1 -
E.colS2 +
E.coliC1 -

Klebsiella pneumonia C1 -

—_

Pseudomonas aeruginosaCl -
Staphylococcus areusS1 -
Salmonella typhiS1 -
E.coliC2 -
E.coliC3 -
10 E.coliC4 -

(+) = lytic activity and (-) = No lytic activity

© 0 N U WN
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3.4.3. Determination of phage titer

For determination of phage titer 10”7 dilution plate
was selected having 35 plaques thus satisfied the
standard protocol by falling in between 30 to 300.Phage
titer was calculated by already described formula. After
interpretation of values in formula, the calculated number
of phage particles per ml was 3.5x10° pfu/ml.

4. Discussion

Normally, antibiotics are the main approach for the
treatment of bacterial infections. But the development of
antibiotic resistant bacteria has compelled the researchers
to use phage therapy against bacterial infections

Brazilian Journal of Biology, 2022, vol. 82, e240943
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Figure 3. PH stability determination range 3-13. No lytic activity seen below PH 4 and above PH 11.

(Jamala et al., 2015). In this regard, the Eliava Institute
of Bacteriophages, which is a phage therapy center in
Georgia, is playing a pivotal role by testing phages for the
treatment of bacterial infections (Kutter and Sulakvelidze,
2004).Escherichia coli is one of the most prevalent causes
of community and hospital acquired infections across the
globe (Drago et al., 2010). It has been reported that the
emergence of resistance to broad-spectrum antibiotics
by different strains of E.coli has become a topic of debate
in scientific community fora couple of years. This issue is
going worse day by day and has resulted in the availability
of less or even no potent antibacterial agent against
infections caused by such bacteria posing a considerable
threat to public health (Bartoloni et al., 2006; Sahm et al.,
2001). Howard et al. (2007). Have highlighted the multi
drug resistance (MDR) bacteria as a major contribution in
the failure of infection treatment, which in turn has raised
the mortality rates and health cost burden.

According to the European Centre for Disease Prevention
and Control (ECDC) and the Centers for Disease Control and
Prevention (CDC), multi-drug resistant (MDR) strains are
those, which shows resistance to at least a single antibiotic
in three or more antimicrobial categories (Magiorakos et al.,
2011).In the light of ECDC and CDC definitions, the isolated
E.coliS2 was also declared multi drug resistant (MDR) as the
strain showed resistance against Cefotaxime, Carbenicillin,
Cefepime, Chloramphenicol, Fosfomycin, Cefoperazone,
Amikacin, Meropenem, thus satisfied the definition of
multidrug resistant strain (MDR).In such circumstances,
the researchers prefer bacteriophages as a very promising
agent against multi drug resistant (MDR) bacteria than that
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of antibiotic therapy (Sharp et al., 2006). and are testing
the phages as prophylactic measures for the treatment of
various infections in the Eliava institute of bacteriophages,
which is a canter of phage therapy in Georgia(Kutter and
Sulakvelidze, 2004).

Besides this bacteriophages are abundantly distributed
in the environment, which has been estimated to be 10%°
(Ashelford et al., 2000).In which the aquatic environment
is the main reservoir of phages. It has been estimated
that the number of phages in sewage water is 108-10'° as
compared to seawater and soil (Sharp, 2001). Where it
plays a key role in maintaining the optimal population of
microorganisms. In the same way, these phages can also
safeguard the community by removing those bacteria that
are posing hazards to public health (Beheshti Maal et al.,
2015). However, phages may either monovalent or
polyvalent thus causing fluctuation in their host range
from narrow to broad. As a result of such behaviors of
phages, it is quite simple to recover phages against the
foremost pathogenic bacteria i.e. E. coli, P. aeruginosa,
Campylobacter, Salmonella and S. aureus (Hyman and
Abedon, 2010). Several investigators have isolated and
used the phages for treatment and prophylaxis of E.coli
infections in animals i.e. lambs, calves, and piglets.The
importance of phage therapy can also be determined from
the fact that the wounds that have developed resistance
to antibiotics resulting in various infectious diseases are
now treated with phages, which includes the treatment of
lung infections, meningitis, osteomyelitis and other wound
infections caused by a variety of microbes including E. coli,
P. aeruginosa, Shigella, Staphylococcus etc (Monk et al., 2010).
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Due to the increase of bacterial resistance to
antibiotics and the ability of phage therapy to eliminate
these bacteria, it is essential to isolate, characterize and
screen novel phages against multidrug resistant bacteria
(Sillankorva et al., 2008). Therefore, In this study a
bacteriophage was isolated from sewage water sample
designated as AS1 against E.coli strain isolated from sewage
and then designated as S2. The sewage water sample was
selected for isolation of phage against E.coli being the
favorite niche for the host as well as the sewage contains
a wide variety of microbes due to fecal wastes in sewage
water (Piracha et al., 2014). The isolated phage AS1 was
highly lytic and produced clear plaques of diameter ranges
from 1mm to 1.5mm (Shende et al., 2017).

The study aimed to isolate phages against bacterial
strain. Numerous phages can only recognize and bind to
their specific receptor present on the surface of their host
cell and cannot recognize other receptors (Piracha et al.,
2014). E.coli S2 strain was the only strain that was sensitive
to the isolated phageAS1, thus justified the high specificity
toward the receptors of S2 strain. This characteristic made
the isolated phage monovalent being capable of infecting
asingle strain (Chan et al., 2013). Previous studies revealed
thatincrease in temperature decreases the inactivation rate
of phages (Feng et al., 2003 ). Many phages that have been
studied can survive at 50°C temperature and inactivated
when heated at 60°C for 30 minutes (Ackermann, 2007).
Similarly, isolated phage AS1 was highly stable up to 60°C.
A further increase in temperature affects its activity and
stability. At 70°C, the phage was fairly stable, whereas at
80°C the phage was completely inactivated. The results
of heat stability of isolated phageAS1 was similar to the
results of a study conducted in 2012 (Haq et al., 2012). The
previous studies have stated that the inactivation rate of
phages increase when then pH is either increase above
8.0 or decrease below 6 (Feng et al., 2003). Most of the
phages remain viable in a pH ranging from 5.0-9.0. The
isolated phageAS1 also showed an excellent stability at wide
range of pH. The phage was relatively stable and showed
normal lytic activity from 5.0-11.0. However, at pH 1.0 and
3.0 the phage was inactivated as the acidity causes the
protein denaturation of phages. In the same way at pH 13.0
and 14.0 the phage completely lost its stability (Hazem,
2002). The pH stability of phageAS1 showed similarity
toward an earlier observation (Jamalludeen et al., 2007).

5. Conclusion

To conclude, the sewage water is an excellent source of
therapeutic bacteriophages against multi-drug resistant
(MDR) bacterial strains. As the currently isolated E.coli
S2 was a multi-drug resistant (MDR) strain. The isolated
phageAS1 was recognized as highly specific and monovalent
lytic coli-phage infecting only E.coli S2 strain out of the ten
different strains. The isolated phage was stable at wide
range of pH and temperature. These characteristics make
the phage to adopt diverse environmental and industrial
conditions. Thus the phage therapy can be the best and
cheaper alternative therapy against infections that have
developed resistance to antibiotics.
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