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Bacteriophages are being the subject of interest for alternative antimicrobial therapy for infectious diseases in recent years.
Therapeutic effectiveness regarding phage therapy is a matter of concern since it is the most promising biological treatment of
this era. Hence, the present study was aimed to isolate the potential bacteriophages present in river water samples and to analyze
their host range among clinical strains of bacteria. Ten different locations of Kathmandu valley were selected for the collection of
river water for the detection of probable phages. Bacteriophages were isolated from water samples using the double agar overlay
method. Isolated phages were purified by diluting in the SM-buffer and filtering through 0.22 yum filter. Purified lysate was further
processed for analyzing its host range by using spot method. Their host range was characterized against 20 bacterial strains,
including multidrug-resistant. Total 67 different phages were isolated against 8 different host organisms. Out of them, forty-seven
phages were selected for analyzing its host range. Among them, Serratia phages (PSER) had the broad host range infecting 17
different bacterial strains including multidrug-resistant harboring ESBL and MBL genotypes. However, Klebsiella phages (PKP)
had narrow host range in comparison to other phages. Isolated phages had the potential effect against clinical strains of bacteria
along with their broader host spectrum. Most importantly, promising effect against MDR pathogens in this study has raised the
probable chances of the utility of these phages for biological control of bacterial infection including MBL and ESBL strains.

1. Background

Globally, dissemination of multidrug resistance among bac-
terial strains has posed a significant threat to public health
confronting the routine treatment of infectious diseases [1, 2].
Despite the global surge of such resistant bugs, develop-
ment of new antibiotics has been decelerated since last few
decades [3]. Therefore, it necessitates the incessant endeavors
to develop a promising alternative for treating infectious
diseases and reducing the emergence and dissemination of
antibiotic resistance among pathogens [4, 5]. Recently, bac-
teriophages are gaining new ground as an alternative regime
for the therapeutic application as they impose antibacterial
properties and self-replicate during infection [1, 6]. Hence,
there is renaissance in the use of bacteriophages to counteract
the resistant pathogens [7].

Bacteriophages (“phages” for short) possess novel mode
of action compared to that of antibacterial regimens, as they
selectively infect pathogenic bacteria including multidrug-
resistant pathogens (in vivo and in vitro) [8]. Further-
more, they are ecologically safe and effective in lower doses
and do not show adverse reactions on their application
in human body [1, 9]. To these assets, phages have gar-
nered increasing attention in the therapeutic application in
recent years. Several studies, available to date, have revealed
the lytic efficacy of phages against various pathogenic
organisms including Escherichia coli, Klebsiella pneumo-
niae, Pseudomonas aeruginosa, Acinetobacter baumannii,
Vibrio cholerae, Salmonella species, Staphylococcus aureus,
Enterococcus spp., and Serratia spp. [10-15]. In addition,
ability of lytic phages against multidrug-resistant bacteria
producing hydrolytic enzymes including extended spectrum
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B-lactamases (ESBL) producing E. coli, Pseudomonas aerug-
inosa, Klebsiella pneumoniae, Methicillin-Resistant Staphy-
lococcus aureus (MRSA), and Vancomycin-resistant Entero-
coccus has also been reported [16-19]. These findings are
extremely important for application of phages in the treat-
ment of infectious diseases associated with resistant bugs.
From the very beginning of their discovery, phages have
been used for treating various bacterial infections in some
developed countries of Europe [20]. Although there were
initial few experiments, research on “phage therapy” was
declined in the West and United States, but looming antibiotic
crisis has renewed interest in the extensive use of phages in
recent years [21].

In Nepal, there is continuous increment of antimicrobial
resistance among pathogenic bacterial strains. Despite the
growing menace of antimicrobial resistance in our country,
there is very little attention being paid for its control and
newer alternatives have not been investigated yet. Along-
side, as a well-off country in water resources with plenty
of rivers, investigation of lytic phages in our holy rivers
could be a promising alternative to overcome the effect of
antimicrobial resistance. However, there is no such previous
study documenting the isolation of phages from Nepalese
rivers and analysis of these phages against drug-resistant
bacterial isolates. In this backdrop, we have tried to isolate
various potential phages against pathogenic bacteria includ-
ing multidrug-resistant strains and to explore their potential
host range among bacterial isolates.

2. Materials and Methods

2.1. Study Design. A descriptive cross-sectional study was
carried out in the Department of Microbiology, Manmohan
Memorial Institute of Health Sciences, Kathmandu, for the
analysis of potent phages present in water samples from var-
ious rivers of the Kathmandu valley and their lytic effect on
pathogenic bacterial strains. Over the period of six months,
ten different sources of phages were identified and extensive
purification and analysis of their effect on pathogenic bacteria
were investigated. Approval from Kathmandu Metropolitan
City was obtained before collecting the specimens from river.

2.2. Water Specimens. Total ten river water samples were col-
lected from different locations of Kathmandu valley. Samples
were collected from stagnant surface of river in a 100 ml
sterile glass bottle. After removal of larger particulates by
centrifugation at 3000 rpm for 30 minutes, the supernatant
was slowly filtered through a syringe filter (Whatman 25 mm
GD/X) with a pore size of 0.22 ym to a sterile 15 ml screw
capped tube (Borosil).

2.3. Bacterial Strains. Bacterial isolates from various clinical
specimens from patients (sputum, blood, pus, urine, and
other body fluids) were isolated and identified by standard
microbiological methods suggested by American Society for
Microbiology (ASM) [22]. Only the clinical strains were used
as there is unavailability of commercial bacterial strains in
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Nepal. Antimicrobial susceptibility against different antibi-
otics was tested by the disk diffusion method (modified
Kirby-Bauer) on Mueller-Hinton Agar (HiMedia Laborato-
ries, India) as recommended by Clinical and Laboratory
Standards Institute (CLSI) [23]. For instance, strains that are
resistant to at least one agent in three classes of first-line
antimicrobial agent were considered as multidrug-resistant
(MDR) organism [24]. Extended spectrum pf-lactamase
(ESBL) encoding genes of the family Temoniera (TEM),
sulthydryl variable (SHV), and Cefotaximase-Munich (CTX-
M) were detected by polymerase chain reaction using spe-
cific primers [25]. Metallo-f-lactamase (MBL) producing
organisms were detected using combined disk method (i.e.,
Imipenem and Imipenem + EDTA) as suggested by Yong et al.
[26]. These isolates were used for analysis of the effectiveness
of various phages. Total eight different types of isolates
including Escherichia coli, Klebsiella pneumoniae, Citrobacter
koseri, Enterobacter cloacae, Proteus mirabilis, Pseudomonas
aeruginosa, Serratia marcescens, and Salmonella typhi were
used as a host strains for phage isolation. Briefly, two to three
colonies of these organisms were emulsified with peptone
water and incubated for a period of 4 hours at 37°C to
adjust the inoculum density equal to that of 0.5 MacFarland
turbidity standards.

2.4. Bacteriophage Isolation (Plaque Assay). One milliliter of
phage filtrate was transferred into a sterile tube. Then, 50 ul
of the respective host suspension was added and mixed well.
It was left for 10 minutes at ambient temperature for allowing
phage to adsorb to the host. After 10 minutes, 3 ml of 0.7%
molten agar (at 50°C) was added, mixed well, and poured over
the surface of nutrient agar plate. It was allowed to set at room
temperature and incubated at 37°C for 24 hours. Plates were
observed and scored positive if there was a presence of clear
zone (plaque formation) over the surface of the agar plate.
Plaques were counted from all positive samples and recorded
as a plaque forming unit (pfu/ml) [27].

2.5. Purification of Phages. For purification of the phages,
clear plaques were selected and plugged off from the agar
surface using sterile pipette tips and then mixed in 10 ml
SM-buffer with agitation in vortex mixer. The agar and cell
residues were removed by centrifugation at 3000 rpm for
30 min, followed by filtration of the supernatant through a
0.22 ym pore sized syringe filter. Resulting filtrate (phage
lysate) was preserved at 4°C until processing [27].

2.6. Determination of Host Range. The host range of isolated
phages was determined by spot test using 20 different bacte-
rial strains. The plate was marked to allow identification of
each phage. A sterile cotton swab was moistened with the
broth culture and lawn culture was made on the surface of
nutrient agar (HiMedia Laboratories, India) plate from each
bacterial strain. Five microliters (5 ul) of each phage lysate
was spotted on the marked area of the agar plate. Lysates were
allowed to dry before incubation at 37°C for 24 hours. Plates
were observed for lytic zone formed on the spotted area and
the effectiveness of individual phage was noted [28].
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FIGURE 1: Potential phages against Citrobacter spp., Proteus spp., Serratia spp., and Klebsiella spp.

3. Results

3.1. Spectrum of Phages. Total ten water samples were
screened for the presence of phages. Using 8 different bac-
terial strains as host organisms, 67 phages were isolated from
ten river water samples by double agar overlay method. All
the samples yield phage against bacterial isolates including
Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae,
Serratia marcescens, and Citrobacter koseri. Likewise, 8 water
samples were found to contain phages against Proteus, 5 sam-
ples against Pseudomonas, and 4 samples against Salmonella.
These phages produced clear and turbid plaques of different
sizes (Figure 1). Isolated phages were named according to
the bacterial species and sample number (e.g., phage ®ECI
stands for host organism Escherichia coli and sample number
1 from where it was isolated). Spectrum of effective phages
and numbers of plaques produced against individual host are
illustrated in Table 1.

3.2. Host Range of the Isolated Phages. Phages were selected
on the basis of the size and clarity of plaques they produced
for screening their host range. Thus, the infectivity of forty-
seven phages was analyzed against 20 different bacterial
isolates including genetically characterized MDR strains.
Host range of these phages was investigated by spot method

which revealed that majority of phages were able to lyse
pathogenic strains. Their infectivity was categorized on the
basis of plaque size and its intensity. The plaques were
categorized as very effective (+ + + +), fairly effective (+ + +),
moderately effective (+ +), and slightly effective (+) based on
the degree of their clarity (Figure 2).

Among 47 phages, ®SERI was the most effective phage
with 85% lytic ability killing 17 different bacterial strains.
The intensity of this phage was fairly effective (+ + +) to
Escherichia coli, Klebsiella pneumoniae, Enterobacter spp. and
Pseudomonas spp., while being moderately effective (+ +)
to MDR Pseudomonas spp. and slightly effective (+) to Cit-
robacter koseri indicating broad host range, while Proteus and
Salmonella were resistant to this phage. Moreover, this phage
was also found to be effective against multidrug-resistant
isolates like Klebsiella spp. and Escherichia coli harboring bla-
SHYV, bla-TEM, and bla CTX-M and bla-SHV + bla-CTX-M
genes.

On the other hand, phages isolated from Klebsiella spp.,
OKP6, ®KP7, ®KP8, and OKP9, were found least effective
(5% lytic effect). Thus ®KP6, PKP7, ®KP8, and ®PKP9 seem
to be specific only to Klebsiella pneumoniae. The information
about lytic ability of various phages from bacterial isolates
and their host range is illustrated in Tables 2, 3, 4, 5, and 6.
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FIGURE 2: Analysis of host range for isolated phages.

TABLE 2: Escherichia coli phages (DEC) and their infectivity.

S. number Isolates DECI ®EC2 O®EC3 @®EC4 OEC5 OEC6 ®EC7 ®EC8 ®ECY9 @ECI0
1) Escherichia coli ++++ ++++ ++ ++ + ++ + ++ ++ ++ ++ ++
(2) Klebsiella spp. +++ + 4+ ++ +++ - - ++ - - -
(3) Enterobacter spp. + + + - - - - - - -
(4) Proteus spp. - - - - +++ - - - - +
(5) Pseudomonas spp. - - - - - - - - - _
(6) Serratia spp. - + + + _ _ _ _ _

(7) Salmonella spp. - - - - - - - - - _
(8) Citrobacter spp. ++++  +++  F+++ A+t ++ + - - - -
9) ESBLI (bla-SHV + bla-TEM)  ++ + ++ + - +++  ++++ + + + + +
(10) ESBL6 (bla-TEM) ++ ++ + ++ +++ ++ - - +
(11) ESBL8 (bla-TEM) ++ ++ + ++ + + + + + +
(12) ESBLI13 (bla-TEM) +4+++ ++++ ++++ A+ - - - - - +
(13) ESBLI15 (bla-TEM) +++ ++ ++ ++ + + - - + +
(14) ESBL 22 (bla-CTX-M) +++ ++ + ++ + ++ + ++ + - + + +
(15) MBLI - _ - _ _ _ _ _ _ _
(16) MBL2 - - — - - — _

17) MBLS5 - - - _ _ _ _

(18) MBL10 - - - — - - - — _ _
(19) MBL34 - - - — - - — — _ _
(20) MDR Pseudomonas - - - - - _ _ _ _ _

(+4 = very effective, +3 = fairly effective, +2 = moderately effective, +1 = slightly effective, (~) = not effective, ®EC = phage against Escherichia coli.)

4. Discussion

Resistant pathogens are ever increasing and it is anticipated
that those pathogens would emerge as a substantial global
problem. These emerging MDR pathogens and unavailability
of newer antibiotics has reintroduced the use of phages cited
to its specificity and novel mode of action. Hence, treatment
of these menacing pathogens with the lytic bacteriophage and
researches on it is gaining spotlight in this era [29]. To the best
of our knowledge, this is probably the first study conducted
in Nepal, particularly on isolation and characterization of the
phages.

Bacteriophages are ubiquitous in the environment where
their host resides such as rivers, soil, sewage, poultry or

animal feces, water ponds, and sea water [30]. In general,
river water contains large diversity of enteric organisms due
to fecal contamination of rivers in our country. The present
study attempted to isolate phages from river water samples as
they are the most relevant sources for its isolation. Moreover,
in other studies, isolation of phages from fresh water ponds,
animal wastes, and soil was successful too. Shukla et al. (2014)
isolated phages in animal waste collected from different live-
stock’s farming [31]. Likewise, the study carried out by Li and
Zhang (2014) isolated phage specific against Staphylococcus
aureus by processing fresh milk samples collected from local
dairy farm [32]. Similarly, Alonso et al. isolated 26 phages
from water samples of Alboran Sea [33]. Seaman and Day
(2007) and Yordpratum et al. (2011) isolated phages from soil
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TABLE 3: Klebsiella pneumoniae phages (PKP) and their infectivity.

S. number Isolates OKP1 DOKP2 OKP3 O©OKP4 OKP5 O©KP6 OKP7 OKP8 OKP9 ®KP10
1 Escherichia coli ++ ++ + + - - - — - —
2) Klebsiella spp. ++++ ++++ +++  +++ ++ ++ + ++ ++ + 4+ +++
(3) Enterobacter spp. ++ ++ - - - - - - - -
(4) Proteus spp. - - - - - - - - - ++
(5) Pseudomonas spp. - - - - - - - - - -
(6) Serratia spp. - - - - - - - - - -
(7) Salmonella spp. - - - - - - - - - -
(8) Citrobacter spp. - - - - - - - - - -
©9) ESBLI (bla SHV + bla TEM) + + - - - - - - - -
(10) ESBL6 (bla-TEM) ++ - - - ++ - - - - -
(11) ESBLS (bla-TEM) - - - - - - - - - -
12) ESBLI3 (bla-TEM) - - - - - - - - - -
(13) ESBLI5 (bla-TEM) - - - - - - - - - -
(14) ESBL22 (bla-CTX-M) - - - - - - - - - -
(15) MBL1 ++ + + + + - - - - -
(16) MBL2 - - - - - - - - - -
17) MBL5 - - - - - - - - - -
(18) MBLIO - - - - - - - - - -
(19) MBL34 - - - - - - - - - -
(20) MDR Pseudomonas - - - - - - - - - -

TABLE 4: Enterobacter phages (DEB) and their infectivity.

S. number Isolates OEBI OEB2 O®EB3 ®EB4 O®EB5 ®EB6 @OEB7 ®EB8 ©®EBY9 @EBIO
1 Escherichia coli +++ ++ +++ ++ + + - + - -
(2) Klebsiella spp. +++ ++ +++  ++ 4+ ++ ++ ++ ++ ++ -
(3) Enterobacter spp. ++ ++ +++  ++ 4 + +++  F+++ ++ + +++
(4) Proteus spp. - - - - - - - - - -
(5) Pseudomonas spp. - - - - - -

(6) Serratia spp. - - + - + + + + + +
(7) Salmonella spp. - - - - + - + + + +
(8) Citrobacter spp. ++++  +++ + + + + + + + +
9) ESBLI (bla-SHV + bla-TEM) + ++ - - - - - - - -
(10) ESBL6 (bla-TEM) - +++ - - - - - - ++ +
(11) ESBLS (bla-TEM) ++ ++ - - + + - - - +
(12) ESBLI3 (bla-TEM) - ++ +++  ++ 4+ + - ++ + +++ +
(13) ESBLI15 (bla-TEM) ++++ ++ + + + - - - -

(14) ESBL22 (bla-CTX-M) +++ ++ +++ 4+ + + + + + +
(15) MBLI - - - - - - - - - -
(16) MBL2 - - - - + + + + + +
(17) MBL5 - - - - - - - - - -
(18) MBLIO - - - - - - - - - -
(19) MBL34 - - - - - - - - - -
(20) MDR Pseudomonas - - - - - - - - - -
sample [28, 34]. This indicates that phages can be isolated Alongside, a total of sixty-seven phages were isolated
from wide variety of sources. However, from our study, lytic =~ from ten water samples using 8 different host organisms.
phage against Gram-positive bacteria including Staphylococ- ~ Among them, forty-seven phages were selected for analyzing

cus spp. was not isolated. Further studies need to be carried its host range which included phages against Escherichia coli
out to completely investigate the presence of efficient Iytic =~ (OEC), Klebsiella pneumoniae (OKP), Enterobacter (DEB),
phages against Gram-positive bacteria in Nepalese rivers. Serratia (DSER), Proteus (DPRO) and Salmonella (PSAL).
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TABLE 5: Serratia phages (PSER) and their infectivity.

S. number Isolates

OSER1  ®SER2  ®SER3 ©OSER4 ®OSER5 OSER6 ®OSER7 ®OSER8 ®SER9

OSER10

©)
2)
©)
4)
()
(6)
7)
(8)
)
(10)
(1)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)

Escherichia coli
Klebsiella spp.
Enterobacter spp.
Proteus spp.
Pseudomonas spp.
Serratia spp.
Salmonella spp.
Citrobacter spp.
ESBLI (bla SHV + bla TEM)
ESBL6 (bla-TEM)
ESBLS (bla-TEM)
ESBLI13 (bla-TEM)
ESBLI5 (bla-TEM)
ESBL22 (bla-CTX-M)
MBL1
MBL2
MBL5
MBLI0
MBL34
MDR Pseudomonas

+++
+++
+++

+ +

+

+ 4+ + + + o+ o+ +

+ +

+ o+ 1

++
+++
++

++
++++
+++

+

+

++

+++
++++
+++

+4+++ -

+H++ ++
4+ +

+++
+

+++ -

+++ + +

+ ottt
+++

TABLE 6: Salmonella (DSAL) and Proteus (DPRO) phages and their infectivity.

S.N

Isolates

OPRO5

OPRO6

OPRO7

OPRO10

OSAL6

OSALS

OSALI10

©)
2
©)
4)
(5)
(6)
7)
(8)
)
(10)
n
(12)
(13)
(14)
(15)
(16)
7)
(18)
(19)
(20)

Escherichia coli
Klebsiella spp.
Enterobacter spp.
Proteus spp
Pseudomonas spp
Serratia spp
Salmonella spp
Citrobacter spp
ESBLI (bla-SHV + bla-TEM)
ESBL6 (bla-TEM)
ESBLS (bla-TEM)
ESBLI3 (bla-TEM)
ESBLI5 (bla-TEM)
ESBL 22 (bla-CTXM)
MBLI
MBL2
MBL5
MBLI0
MBL34
MDR Pseudomonas

+

+++
+++
++++

+++

+++

+++

+ + + o+

+++

The result was quite similar to the study conducted by
Duraisamy et al. (2015) from India, in which 46 bac-
teriophages were isolated against 20 different MDR and
ESBL strains from hospital effluents. Among them some
phages were named as Mm8l, Ec84, Ps85, En833, Sal836,

and Ec8ATCC against Morganella morganii, Escherichia coli,
Pseudomonas aeruginosa, Enterobacter cloacae, Salmonella
sp. and E. coli ATCC, respectively [35]. Likewise, Uchiyama
et al. in 2008 isolated 30 phages using 16 Enterococcus faecalis
as a host [36]. Similarly, study carried by Carey-Smith et al.



in 2006 isolated 8 phages from sewage using 3 Salmonella
serovars (S. typhimurium PT160, Salmonella LT2, and S.
infantis) [14]. The study conducted by Kesik-Szeloch et al.
(2013) demonstrated 32 lytic bacteriophages from 8 different
water samples by using ESBL producing K. pneumoniae
strains as host [19]. Similarly, in the study of Wu et al.
(2007), twelve phages were isolated using a clinical strain
K. pneumoniae 6 and K. pneumoniae 10693 as host cell by
processing 254 hospital samples including catheter washings,
patient specimens, and wastewater from drainages [37]. The
isolation difference in these studies might be attributable to
the variation in types of samples, geographic location, and
host used in the study.

Another objective of this study was to determine the
host range of isolated phages. Of all the 47 phages, ®SERI
had broad host range with 85% effectiveness when tested
against 20 different bacterial strains. This phage was able
to lyse Escherichia coli, Klebsiella pneumoniae, Enterobacter
spp., Pseudomonas spp. including MDR, and Citrobacter spp.
along with MBL and genetically characterized ESBL strains.
However, in the literature, the effectiveness of Serratia phages
is scarce. Like, Matshushita et al. (2009) showed that Serratia
phages (KSP20, KSP90, and KSP100) could not lyse other
species of Enterobacteriaceae (Proteus vulgaris, Citrobacter
freundii, Enterobacter cloacae, Hafnia alvei, Klebsiella pneu-
moniae, and Escherichia coli strains). To date, screening of
Serratia phage against MBL and ESBL strains similar to our
study had not been documented.

In our study, Klebsiella phages (DKP6, ®KP7, OKPS,
and ®KP9) were specific to only Klebsiella pneumoniae
indicating its narrow host range. Similarly, the study carried
by Chhibber et al. revealed that the phage SS specific to K.
pneumoniae had narrow host range as only 7 out of 20 clinical
isolates were sensitive to this phage [7]. Likewise, the study
conducted by Hsu et al. showed that lytic phage (KN2) of
the K. pneumoniae killed K. pneumoniae strains but did not
cause lysis of other Enterobacteriaceae, including Enterobacter
aerogenes, Escherichia coli, and Salmonella typhimurium. This
result also suggested that phage was specific to K. pneumoniae
[38]. The study of Volozhantsev et al. (2016) showed that
the phage vB_KpnP_KpV289 lysed 15 out of 140 (10.7%) K.
pneumoniae strains [39].

In the study carried out by Wu et al. (2007), Klebsiella
phage (kpp95) was found effective against Klebsiella oxytoca
(14 out of 14), Enterobacter agglomerans (7/10), and Serratia
marcescens (5/5), ESBL strains of K. pneumoniae indicating
its broad host range [37]. But the Klebsiella phages (DKP6,
®OKP7, ®KP8, and ®KP9) of our study did not reveal such
type of effectiveness. This difference may be due to genetic
diversity of phages and geographical distribution of bacterial
isolates. Similarly, phages against Escherichia, Enterobacter,
Salmonella, and Proteus were also found effective against
few isolates. In addition, lytic phages from our study were
also found effective against carbapenem resistant strains of
Enterobacteriaceae. This represents the potential of phage
utility in treating MDR infection caused by these bugs.

The result of this study suggests that bacteriophages have
promising effect against clinical isolates of bacteria; hence its
application can be a welcome addition in the treatment of
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antibiotic resistant pathogens. The limited number of bac-
terial strains in this study might be insufficient to conclude
the host specificity of the phages. For successful therapeutic
application, a group of broad host range or specific phages are
required to infect potential pathogenic host strains involved
in the outbreak of disease. Hence, multiple samples and more
bacterial strains from same species or genera, particularly
antibiotic resistant strains, should be included to determine
host specificity. Further research including molecular analy-
sis, full genome sequencing and clinical trial studies would
be very much useful in the selection of phage type for phage
therapy.

5. Conclusions

Isolation of potential phages lytic against various indicator
organisms commonly involved in human infections is a major
finding of this study. Notably, we found few phages lytic
against multidrug-resistant pathogenic bacteria including
ESBL and MBL producers. This promising effect against
MDR pathogens has raised the probable utility of these
phages for biological control of bacterial infection. Further
characterization of specific phages is needed to explore the
potential use of these phages for their clinical application.
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