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ABSTRACT

A lytic bacteriophage isolated from
sewage water was found to attack drug-
resistant Klebsiella pneumoniae DR1
isolated from a clinical specimen. The
phage, designated ¢kpdrl, had an
isomeric head (60 nm in diameter) with
a contractile tail (93 nm long and 13
nm wide). It was identified in
Myoviridae family. From the host
range test, the phage was highly
specific to K. pneumoniae DR1. A one-
step growth experiment of phage
¢okpdrl at 37°C after the phage
infection showed that the latent period

was 30 min, the burst period was 180

min, and the average burst size was
about 52 phage particles/infected cell.
The phage was able to survive after
incubating at 37°C for 24 h in pH 5-12.
The phage was also stable at the
temperature of 60°C for at least 3 min.
Various disinfectants could inactivate
the phage after treating at 37°C for 24
h. Knowledge of the properties of K.
pneumoniae DR1  bacteriophage
¢okpdrl may be important for the

development of controlled infection.

Key words: Bacteriophage, Klebsiella
pneumoniae, drug resistant bacteria,

phage therapy

Introduction

Klebsiella pneumoniae is a gram-
negative bacterium which clinically the
most important member of the
Klebsiella genus of Enterobacteriaceae.
It causes urinary tract infection (UTI),
pneumonia, and abdominal infection. It
normally  affects persons  with
immunocompromised such as hospital
patients, diabetes patients and people
with chronic lung disease. Usually,
alcoholics also suffer from K.
pneumoniae infection. Thus, the
infections are either hospital-acquired

or community-acquired¥). Treatment
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for K. pneumoniae infection is usually
done by using antibiotics such as
cephalosporins, quinolones, or
aminoglycosides.

However, there is a widespread
development of antibiotic resistant
strains of K. pneumoniae!?, so the need
for new antibiotics and alternative
approaches to control drug-resistant K.
pneumoniae infection is receiving
increased  attention®.  One  such
alternative is the possible therapeutic
use of bacteriophage or bacteriophage
therapy!*®!,

Bacteriophages or phages are the
viruses that infect bacteria. There are
many of different phages, each of
which may infect only one or several
types of bacteria. Phages are common
in all natural environments and are
directly related to the numbers of
bacteria present!®!. When a phage meets
a suitable host bacterium, it binds to
the particular molecules on the
outermost part of the host and then
injects its genetic material into the host
cell. Lytic phages instruct the
machinery in the host cell to make
more phages. Fully viable progeny
phages burst out and kill the bacteria.
The released phages attack new

bacteria. This process continues until

all the bacteria are eliminated from the
ecosystem!®.

One of the advantages of phage
therapy over antibiotics is that phages
infect only specific bacteria, so they
can Kill only the harmful bacteria
without affecting the Dbeneficial
bacteria present in the body. On the
other hand, antibiotics usually target
both pathogenic and normal flora.
Thus, phage therapy is considered safer
for therapeutic use®. The application
of phages to treat bacterial infections
has been successfully used both in
infected human and experimentally
infected animall™,

In this study, we isolated a phage,
¢okpdrl, against drug-resistant K.
pneumoniae DR1 from sewage water
and also characterized the phage in
some aspects. The phage from this
study may be useful as a potential
therapeutic agent for controlling K.
pneumoniae DR1 infection which

usually occurring in our communities.

Materials and Methods

Bacterial Strains and Culture
Conditions

K. pneumoniae strain was isolated from
a patient hospitalized at the
Sappasitiprasong

Ratchathani,

Hospital,  Ubon

Thailand and was
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designated as DR1 in  our
nomenclature. The strain was grown in
Brain Heart Infusion (BHI) medium
(HiMedia, Mumbai, India) at 37°C and
confirmed as K. pneumoniae by the
standard biochemical tests. Antibiotic
susceptibility testing by Kirby-Bauer’s
method revealed that the K.
pneumoniae DR1 strain was resistant to
most of the commonly used drugs.
Staphylococcus aureus ATCC25923
and Escherichia coli ATCC25922 were
used as control strains in antibiotic
susceptibility testing.

To test the host range of phage,
dkpdrl, several bacterial strains were
used (Table 1). All of the bacterial
strains used in this study were grown in
BHI medium at 37°C. The bacterial
cultures were stored as stock cultures
in BHI broth supplemented with 20%
(v/v) glycerol at -70°C.

Phage Isolation

Sewage water samples for phage
isolation were obtained from the
sewage treatment tank located at the
Sappasitiprasong Hospital. The
samples were stored at 4°C overnight
to allow larger suspended sediments to
settle out. These crudely clarified

samples were centrifuged (4,500 x ¢

for 10 min) to remove bacterial cells
and debris. The supernatant was passed
through a 0.22 um membrane filter
(SartoriusAG, Goettingen, Germany).
For phage enrichment, the filtrate was
added to equal volume of double
strength BHI broth and inoculated with
an early log phase host culture, K.
pneumoniae DR1. After incubation at
37°C overnight, the culture was
centrifuged (4,500 x g for 10 min) and
the supernatant was passed through
0.22 um membrane filter. The filtrate
was stored at 4°C and subjected to the

following phage detection.

Phage Detection and Host Range
Determination

Phage detection was performed by
using a spot test method®. The test
was used as an initial step for the
presence of phage by observing lytic
activity of phages. Soft agar in 5 ml
(BHI broth with 0.7% agar) was seeded
with 0.1 ml of a log-phase host culture,
mixed thoroughly, and poured onto a
BHI agar plate. After solidification, 10
ul of phage filtrate was spotted onto
the top agar layer. After drying, the
plate was incubated at 37°C overnight.

A clear zone in the plate, resulting
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from the lysis of host cells, indicated
the presence of phage.

Spot tests were also used for host
range studies. The procedures were as
described above but using the other

bacterial hosts listed in the table 1.

Phage Propagation

Phage was purified by single plague
isolation’ using K. pneumoniae DR1
as a propagating strain. A single plaque
was picked from the lawn of the
bacterial host, and propagated in 10 ml
of an early log phase K. pneumoniae
DR1 culture in BHI broth. After
incubated at 37°C overnight, phage
lysate was centrifuged at 4,500 x g for
10 min. The supernatant was filtered
through 0.22 um membrane filter.
Phage stock was stored at 4°C, and an
aliquot was frozen at -70°C. Phage titer
was counted as plaque-forming unit
(pfu/ml) using the double-layer agar
plaque method™.

One-Step Growth Curve

For one-step growth experiments, a
method of Capra et al.l' was used. A
mid-exponential phase culture of K.
pneumoniae DR1 (optical density at
600nm = 0.5) was harvested and
suspended in one-fifth of the initial
volume of fresh BHI broth. Phages

were added at a multiplicity of
infection (MOI) of 0.5, and allowed to
adsorb for 30 min at 37°C. Cells were
harvested by centrifugation (10,000 x g
for 5 min), and resuspended in BHI
broth. Decimal dilutions were made,
incubated at 37°C, and at intervals,
aliquots from each dilution were
collected for phage counts. Latent
period, burst time and burst size were
calculated from the one-step growth

curve.

Phage Stability
Resistance to physical and biocides
was determined according to the
methods described by Lu et al.®! and
Capra et all' with  minor
modifications. Thermal inactivation
was examined at 50, 60, 70, and 80°C.
A tube containing sterile, deionized
water was preheated to a desirable
temperature. Phage solution was added
into the tube at final concentration of
10° pfu/ml. After heating at intervals
between 30 s to 3 min, phage samples
were taken for phage counts. Results
were expressed as the concentration
(pfu/ml) of active viral particles and its
log plotted against time.

Phage  stability was also

examined at pH values ranging from 2
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to 13, after incubation for 24 h at 37°C.
Phages were added into each pH value
at final concentration of 10° pfu/ml.
The surviving phages were
immediately counted and the results
were expressed as the concentration
(pfu/ml) of active viral particles and its
log plotted against pH values.
Resistance to disinfectants was
also determined wusing commercial
ethanol (10, 50, 75, and 95% V/v),
isopropanol (10, 50, 75 and 95% v/v),
and sodium hypochlorite (200, 400 and
600 ppm). After treating at different
concentrations of each disinfectant for
24 h at 37°C, the surviving phages
were counted and the results were
expressed as a percentage of the initial

viral counts.

Phage Preparation for Electron
Microscopy

Phage  preparation  for  direct
visualization by electron microscopy
was carried out as described by
Watanabe et al.™!  with some
modifications. Briefly outlined, five
hundred milliliters of BHI medium was
inoculated with a bacterial host, K.
pneumoniae DR1, and grown to an
optical density at 600 nm of 0.5. The
bacterial host was then infected with 5

ml of a phage suspension (10° pfu/ml)

and incubated overnight at 37°C. After
centrifugation at 4,500 x g for 20 min,
the supernatant was collected, and was
centrifuged at 4°C with a 70.1Ti rotor
at 28,500 rpm for 1 h in a Beckman L-
80 ultracentrifuge (Beckman, CA,
USA). The resulting pellets were
resuspended in 5 ml of phage buffer
(20 mM Tris-HCI [pH 7.4], 100 mM
NaCl, 10mM MgSO,). A purified
phage was recovered after
centrifugation (4,500 x g for 20 min)
and the supernatant was passed through
a 0.22 pum membrane filter. The
purified phage was stored at 4°C for

electron microscopy.

Electron microscopy

A drop of the purified phage
suspension was applied to a carbon-
coated grid for 5 min, then removed
with a pipette and immediately
replaced with a solution of 2% (w/v)
uranyl acetate. After 1 min, the liquid
was removed with a filter paper. The
grids were examined in a JEOL JEM-
1230 transmission electron microscope
(JEOL, Tokyo, Japan) at 80 kV
accelerating voltage.

Results

Isolation and Morphology of Phage
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Five sewage water samples were
collected for phage isolation. One
sample was obtained a phage specific
to the drug resistant K. pneumoniae
DR1, designated ¢kpdrl. The phage
was found to produce small central
clear plaques (average diameter, 1.0
mm) surrounding with a large halo
(Fig. 1). The phage had an isometric
head that was 60 nm in diameter and a
long contractile tail (13 x 93 nm) under
the electron microscope (Fig. 1). The
virion had a baseplate at the distal end
of its tail but did not show other
additional structures such as collars or
fibers. The phage was classified as a

member of the Myoviridae family!®’.

Host Range Determination

The host range of phage ¢okpdrl was
determined by testing the formation of
clear zones at 37°C after overnight
incubation on lawns of 17 bacterial
strains. The results, summarized in
Table 1, showed that the phage had a
highly specific host range. The phage
was able to infect only K. pneumoniae
DR1 strain. All the tested strains were

insensitive to this phage.

One-Step Growth Curve
Multiplication parameters of the lytic
cycle of phage dkpdrl were determined
from the one-step growth curve (Fig.
2). The latent and burst periods were
30 and 180 min, respectively, and the
burst size was estimated at 52 phage
particles per infected cell.

Phage Stability

Phage ¢kpdrl was able to survive at 50
and 60°C. There was not much
difference of phage counts between 50
and 60°C. Heating at 60°C for 180 s
was insufficient  for  complete
inactivation but was reduced the phage
titer about 2 log (Fig. 3). However, the
phage was totally inactivated at 70 and
80°C after only 30 s (data not shown).

Phage ¢kpdrl maintained its
infectivity when incubated at 37°C for
24 h in a pH range between 5 and 12
(Fig. 4). An obvious decrease in phage
particle counts was observed at pH
higher than 10 and at pH lower than 6.
At pH 2, 3, 4, and 13, phage could not
be detected.

After phage ¢kpdrl suspensions
were treated with various
concentrations of different disinfectants
at 37°C for 24 h, phage particles

mostly became inactivated (Table 2).
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Discussion

For more than half a century, the
human society has been relying
primarily on antibiotics to treat
infection disease caused by pathogenic
bacteria. However, the worldwide
spread of pathogenic bacteria that are
resistant to a variety of antibiotics has
made antibiotics less and less
effectivel. Drug-resistant K.
pneumoniae is a common nosocomial
pathogen and a very important cause of
morbidity and mortality in several
countries®?*. This clearly highlights
the need for new antibacterial agents
with fundamentally different modes of
action than that of traditional
antibiotics to control drug-resistant K.
pneumoniae infection.

Bacteriophages or phages
represent the new class of antibacterial
agents. Obviously, lytic phages are the
best candidates for bacteriophage
therapy as they undergo rapid growth,
disrupt bacterial metabolism and
reproduction, and lyse the bacterial
cells. In this study, we found a lytic
phage, o¢kpdrl, against drug-resistant
K. pneumoniae DR1 in sewage water
from the local hospital where the host
strain was isolated. Not surprisingly,
phages can be found in places where

their hosts exist®'®. Because phage

¢okpdrl use K. pneumoniae DR1 as a
host organism, it can be found in places
where its host is plentiful.

Transmission electron
micrograph showed that phage ¢kpdrl
consisted of an isometric head and a
long contractile tail. According to its
morphology, this phage was classified
as a member of the Myoviridae family.
This virion morphology was similar to
that of phage Kpp55 of K. pneumoniae
which identified as the T-even like

[l " However, the

phage  group
morphology of phage against K.
pneumoniae found in this study was
different from other previous reports
such as phage K¢l, KPO1K2, SS, and
Kpn phage group all of which belonged
to the Podoviridae family having an
icosahedral head with a short non-
contractile tail™ %, It is possible that
further analysis of phage ¢kpdrl will
indicate that it represents new virus
family or similar to the previous
families of wviruses found in K.
pneumoniae. The diversity of phage
types against a single species is truly
remarkable.

On the basis of spot test to check
the host range, phage ¢kpdrl was
found to infect only drug-resistant K.
pneumoniae DR1 strain. None of the
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other bacterial hosts used in the present
study showed susceptibility to this
phage. Interestingly, the phage was not
even able to infect the two other strains
of K. pneumoniae. Thus, the host range
of phage ¢kpdrl seems to be extremely
narrow. The narrow host range of
phage should be advantageous, in
principle, as phage therapy results in
less harm to the normal flora than
commonly used antibiotics. Moreover,
the high specificity of phage and its
host could be applicable for phage
typing in epidemiological studies as
well?,

Several studies documented that
thermal and pH stability and chemical
resistance of phages varied depending
on types of phage®®*®! Therefore, it
is of interest to investigate the stability
of phage ¢kpdrl in a wide range of
temperature and pH and in some
common used biocides. The results
revealed that phage ¢kpdrl was quite
stable in a broad pH range (5-12) and
could be survived at 60°C for at least 3
min. However, phage ¢kpdrl was
hardly able to survive in all
disinfectants used in this experiment.
This information may be useful for
broad applications of the phage in

phage therapy or in other applications.

In conclusion, this study finds a
Iytic phage, ¢kpdrl, infecting a drug-
resistant K. pneumoniae DR1 strain
that will lead to a better controlling
infection especially in the outbreak
area. Further research is needed to
evaluate the potential therapeutic use of
the phage to control the drug-resistant
K. pneumoniae DR1 infection in

animal models.
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Table 1: Host range of K. pneumoniae DR1 phage

Bacterial strains® Spot test”
Klebsiella pneumoniae DR1 +
Klebsiella pneumoniae KTKC2008 -
Klebsiella pneumoniae ATCC27736 -
Enterobacter aerogenes ATCC13048 -
Enterobacter sp. (Drug resistant) -
Acenitobacter sp. (Drug resistant) -
Salmonella typhi DMS5784 -
Escherichia coli ATCC25922 -
Escherichia coli O157:H7 -
Pseudomonas aeruginosa ATCC27853 -
Staphylococcus aureus ATCC25923 -
Staphylococcus epidermidis ATCC12228 -
Streptococcus pneumoniae (P.785) -
Streptococcus agalactiae (KKU) -
Streptococcus pyogenes DMS3393 -
Listeria monocytogenes DSM20600 -
Bacillus cereus ATCC11778 -
Bacillus subtilis ATCC6633 -
*KTKC, Korean Collection for Type Cultures; ATCC, American
Type Culture; DMS, Deutsche Sammlung von Mikroorganismen
°+, Positive; —, Negative
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Table 2: The survival rate of phage ¢kpdrl particles at various
concentrations of different disinfectants at 37°C for 24 h.
Values are the mean of 3 determinations.

Disinfectants Survival rate (%)
Ethanol (%v/v)

10 75.78

50 0

75 0

95 0
Isopropanol (%v/v)

10 95.12

50 0

75 0

95 0
Sodium hypochlorite (ppm)

200 90.24

400 5141

600 7.31

Fig. 1: Plague morphology and an electron micrograph of phage
¢okpdrl. Bar =50 nm.
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Fig. 2: One-step growth curve of phage ¢kpdrl on K. pneumoniae DR1.
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Fig. 3: Inactivation kinetics of phage ¢kpdrl at 50 and 60°C in BHI broth.
Values are the mean of 3 determinations.
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Fig. 4: Effect of pH on phage ¢kpdr1 titer after incubation for 24 h at
37°C in BHI broth. VValues are the mean of 3 determinations.
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