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One of the most common pathogens that are multidrug resistant and colonize burns wounds is
Pseudomonas aeruginosa. This led researchers to find alternative treatment, so bacteriophages
were alternative treatment methods used against bacterial infections. The phages were isolated
from sewage and urine. Morphology of purified phages was examined by using the transmission
electron microscopy. The titer of phage was determined by using plaque assay by serial dilutions
(107" to 107'?).The therapeutic effectiveness of phage for treatment of mice infected with MDR P.
aeruginosa was determined. Four types of phages were isolated from sewage and urine. The our
results showed that giving of the dose phage injection and orally was very effective after the
bacterial challenge, this has helped in the speed of recovery, so that reduced the death rates. Blood
culture of mice treated with phage dose appeared no viable P. aeruginosa cells in their blood
compared to the positive groups. Our study present evidence in murine models that animals
infected with MDRs P. aeruginosa can be successfully treated with specific bacteriophages that
target these MDRs microbe.

Copyright © 2017, Mays B. Jalil et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Citation: Mays B. Jalil, Hayder A. Al-Hmudi, Labeed Abdallah Al-Alsaad and Zeinab R. Abdul-Hussein, 2017. “Isolation and characterization of
Bacterio phagesagainst multiple drug resistant Pseudomonas aeruginosa with using the bacteriophage as a therpy in the mice model”, International Journal

of Development Research, 7, (12), 17989-17997.

INTRODUCTION

Large and open burn wounds and damage tissues because of
the burning, prolonged patient stay in the hospital make it
more susceptible to microbial infections easily because its
surface is rich with protein, and after exposure to bacterial
invasion and skin surface contamination (Lister et al.,
2009).The presence of these microbes in burns wound with the
development of infection post-burn to a systemic infection
may cause serious complications and death (Church et al.,
2006). Resistance of these organisms called Multiple Drugs
Resistance (MDR) which has become increasingly important
as a health problem (Gad et al., 2007). One of the most
common pathogens that are multidrug resistant and colonize
burns wounds is Pseudomonas aeruginosa, they are found
everywhere in water, soil and moist environment and have the

ability to adapt to different environmental conditions (Singh et
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al., 2010). This led researchers to find alternative treatment
works with these strains and managed to eliminate them, so
bacteriophages were alternative treatment methods used
against bacterial infections (Gorski et al., 2009). For this
global issue on public health, we undertook this study in order
toisolation, purification and quantifications of bacteriophages
against MDR P. aeruginosa from different sources, also
characterization of these bacteriophages with animal
experiments using a bacteriophage as a treatment for mice
infected with MDRP. aeruginosa.

MATERIALS AND METHODS

Isolation and identification of MDR Pseudomonas aeruginosa
and antibiotic sensitivity testing were performed according to
our published article (Jalil et al., 2017).

Collection of samples

Bacteriophages samples were collected from urine including
69 and 12 years old male suffering from severe UTI patients in
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the kidney transplant unit of Al-Basrah general hospital,also
from a raw sewage obtained from different regions in Basrah
governorate.

Isolation and purification of bacteriophages

The phage was enriched by mixing 200 ml of fresh samples
(sewage or urine) with 20 ml of bacteriophage broth, 20 ml of
a mixture of a five MDR P. aeruginosa and 20 ml of BHI
broth to 1L sterile flask and incubated at 37°C for 48 h with
shaking at 120 rpm. After incubation, the mixture was
centrifuged at 10000 xg for 10 min to remove solid matters,
then the supernatant was filtered by using 0.45 um pore size
millipore filter (Kumari et al., 2009; Golkar et al., 2013).

Determination of phage titer

The titer of phage was determined according to (Kropinski et
al., 2009) by using plaque assay by serial dilutions (10" to 107
'2) according to agarose overlay method. The dilution factor
that gave the best countable number of plaques was selected
and used for all other experiments.

Determination of phage host range

The efficacy of phage was determined against MDRP.
aeruginosa isolations by using spot assay according to
(Karumidze et al., 2012). The presence of a clear zone on the
bacterial lawn was recorded as a complete lysis.

Transmission electron microscopy (TEM)

Bacteriophage filtrate was centrifuged at 25000 xg for 1h.,
where one drop of phage filtrate (10%) was placed on carbon-
coated copper grid and stained negatively with 2% uranyl
acetate, then morphology of purified phages was examined by
using the transmission electron microscopy.

Molecular characterization of Phages

Phage DNA was extracted by using the QIAprep Spin M13 kit
(QIAGEN, Germany) according to the manufacturers’
instructions.By using a thermal Cycler (Gene Amp, PCR
system 9700, Applied Pioneer, Germany). Random Amplified
Polymorphic DNA (RAPD) of Purified phage DNA was
performed according to (Gutierrez et al, 2011) by using the
four primers.

Establishing of MDRs P. aeruginosa infection in mouse
model

MDR P. aeruginosa was grown in BHI broth and incubated at
37°C for 24 h. Serial dilution was performed, then calculated
of CFU by Spectrometer at ODg, nm measurement (3x10* and
3x10*CFU/ml), then centrifuged at 8000 rpm for 10 min., 4°C.
The pellet was washed and suspended in 10 ml normal saline
(pH 7.4). The suspension stored at 4°C until use. The present
animal experiment was performed according to (Golkar et al.,
2013; Kumar et al., 2015) with modified. The lytic phage of
Siphoviridae family was used only in the current experiment.
A 7 week’s old BALB/c male mice (n=21, in four groups) with
weighing 20 to 25 gm obtained from the animal house at the
College of Education for Pure Sciences/University of Basrah.
After confirming that the animals were free of any pathogens,
they transferred to the Animal House at the College of

Science/Department of Biology immediately and placed them
in the cages (30x25%20 cm) and left for 48 hours to adapt at
controlled room temperature. The hairs on the mice’s backs
were shaved by use of depilatory cream with 7-10 mm area.
The skin was washed with normal saline (pH 7.0) and left for
24 h. and distributed in cages where each group consists of
three animals. After 24 h., the animals were anesthetized with
chloroform and burned using spatula of 90°C by placed it on
the skin for 10 sec. to make superficial burns with stage II
wound.  In acute infections, the first group of animals are an
intraperitoneal (i.p) injection group, and the second group is
local swab group which consist two subgroups, one of which
challenged by local infection of MDR P. aeruginosa with
(~3x10* CFU/ml) while the other was challenged with (~3x10°
CFU/ml). After bacterial challenge, each animal in subgroups
was treated with injections, about 1 ml of phage (26x103
PFU/ml), administered for intraperitoneal (in an (i.p) injection
group) and local swap (in local swap group) at 30 min and 24
hours, then given a daily oral dose of phage (26x10° PFU/ml).
The third group served as positive control without phage
therapy, but infected with MDR P. aeruginosa and the forth
group served as the negative control, which only administered
intraperitoneal (26x10° PFU/ml) of phage without bacterial
infection. Infected mice and controls were observed under
sterile condition for one week, also follow up to the wounds
and recorded by photography. The number of deaths was
counted every 24 h. In chronic infections, one week after
infections with bacterial infection, the chronically infected
mice (positive control group) were treated with two doses of
phage (26x10° PFU/ml) administered (i.p) injection. The
second dose was administered 24 hours after the first infection,
and then given daily oral doses of phage (26x10° PFU/ml).
Infected mice were observed for one week and photographed.

Bacteremia

After 7 days post-infection, blood samples were collected from
the heart of each animal after dissection it by using a clean pair
of sharp surgical scissors and collect approximately 1mL of
blood and cultured on Pseudomonas base agar and incubated
for 24 h. at 37°C and colonies on each plate were counted.

RESULTS

Isolation of Bacteriophages and Transmission electron
microscopy

The phage was isolated successfully from sewage and urine
(Table, 1), Only four types of phages appeared to have lytic
activity against isolates of MDR P. aeruginosa. Morphology
of purified phages showed two types of sewage phages under
Order: Caudovirales belong to Siphoviridae and Podoviridae
families (Figure, 1), and showed two types of urine phages
belong to Inoviridae and Corticoviridae families (Figure, 2).

Host range and Titration of Bacteriophages

The ability of each lytic phage of sewage and urine was tested
against MDRs P. aeruginosa by spot assay on BHI agar
(Figure, 3). By using plaque assay (Figures, 4), the high
titrations (PFU/ml) were 26x10° and 3x10* for Siphoviridae
and Podovirdiae phages respectively (Table, 2). This result
revealed that dilution factor 10” was the best countable
number of plaques.
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Table 1. Dimensions of Siphoviridae, Podooviridae, Inoviridae and Corticoviridae

Head diameter (nm) Tail or Filamentousdiameter (nm)
Source of phages Oder Family ED % §° %
2 = 2 B
Sewage Caudovirales Siphoviridae 326 332 470 66
Sewage Caudovirales Podoviridae 189 191 14 18
Urine Unassigned Inoviridae - - 2879 61
Urine Unassigned Corticoviridae 107 117 - -

Table 2. Titration of sewage bacteriophages

g o 5 o 5
5 £ 53 - % £
o Z =] N =) = g
E3 2 22 ER 22 85
22 Els e g2 ES g2
S = AQ =8 = a = = a
—— af=? — ="M = i ="
1 107 Complete lysis - Complete lysis -
1 102 260 26x10° 300 3x10*
1 107 150 15x10* 117 117x10°
1 10 60 6x10° 73 73x10*
1 10° 20 2x10° 37 37x10°
1 10 17 17x10° 30 3x10’
1 107 13 13x10" 25 25x107
1 10 12 12x108 21 21x10°
1 10° 11 11x10° 18 18x10°
1 10" 9 9x10" 10 1x10"
1 10" 8 8x10" 9 9x10"
1 10" 6 6x10"2 5 5x10"

Figure 1. TEM of negatively stained from sewage sample (A) Podoviridae, phages hasshort non contractile flexible tails.
Bar _80 nm (B) Siphoviridae, phages has long non contractile flexible tails, Bar 200 nm

Figure 2. TEM of negatively stained from urine sample (A) Inoviridae, Bar 100 nm (B) Corticoviridae, Bar _100 nm
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Table 3. Amplified fragments size of RAPD-PCR products of sewage sample

Famil Pri L Bands
am TImer: an
ad ors o BI B2 B3 B4 B5

Podoviridae P1 Ll 239216 458.678 700.00 1161.702 N.P
P2 L2 207.843 475.207 598.272 1800.00 2108.108
P3 L3 360.784 512.00 642262 1774.814
P4 L4 368.627 480.00 615.868 1680.500

Siphoviridae Pl Ll 247.725 402.235
P2 L2 231210 388.827
P3 L3 168.820 22.035 391.061
P4 L4 244,055

L 1 1 3
1A
2000bp 2000bp 2000bp W e 2000bp
1500 bp 1500 bp 1500 bp i D 1500 bp
1000 bp 1000bp  1000bp o 1000 bp
500bp 500b LU T 500 bp
500 b p
; 200 bp 200 bp
200 bp 200 bp
A) (B)
Figure 5. RAPD-PCR products of Podoviridae (A) Orginal bands (B) bands with size L= DNA Ladder
L 1 2 3 4 L L 1 2 3 4 L
2000bp 2000bp
2000bp 1500bp  20005p° 1500 bp
1500 bp 1000bp  15000p 1000 bp
1000 bp 500bp  1000bp 500 bp
500 bp 100bp  500bp 100 bp
100 bp 100 bp

(A) (B)

Figure 6. RAPD-PCR products of Siphoviridae (A) Orginal bands (B) bands with size
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Figure 9. Positive control(A) In two days after infection (B) In fifthday
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Figure 12. Blood culture of the animal (A) Infected with bacteria. (B) After treated with phage therapy.
(C) Gram stain of mice infected with bacteremia (100x)
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RAPD-PCR analysis

DNA bands of the RAPD-PCR products of Podoviridae and
Siphoviridae (Figures 5 and 6) were performed by using four
different primers. Each primer gave several bands (Table 3) on
0.8% agarose gel when compared to DNA ladder (2000 bp).

The therapeutic effectiveness of Siphoviridae phage

In acute infections, the results were very encouraging as it was
found in response to treatment strongly in the intraperitoneal
(i.p) injection group in deferent doses than the treatment with
local swap group in which one animal died (in the dose 3x 10*
CFU/ml) on the first day after the injection and was also
suffering from sleep and red eyes in each animal in subgroups
(Figure, 7). While the i.p injection group was all animals from
the first day after the injection intact and active, however
eventually all the animals were cured (Figure 8). Furthermore,
in the positive group there was death one animal after the first
day of injection and the death of the rest on the fifth day
(Figure 9). Also all animals in the negative group were intact
and active (Figure 10). In chronic infections, the positive
group was retested due to the death of all animals. The animals
were challenged by local infection of MDR P. aeruginosa with
(3x10* CFU/ml), and treated with doses of lytic phage via i.p
injection and daily oral dose after three days after the injection
before it death after being stressed and almost died. The results
showed that all animals were cured after a week of treatment
with no side effects were recorded, indicating the safety of
phage as a treatment (Figure 11). The culture of animal blood
proved that there were no bacteria in it, while blood culture of
the positive groups showed infected with bacteremia (Figure
12).

DISCUSSION

Isolation and morphology of Bacteriophages

The bacteriophage therapy has been widely used in Eastern
Europe and the Soviet Union for many decades. Its remains
one of the important ways to kill and lysis pathogenic bacteria
and eliminate its high virulence (Lu and Koeris, 2011). In
present study four types of lytic bacteriophages specific for P.
aeruginosa were isolated from sewage and urine, where it
showed high virulence and lytic capacity against clinical
isolates. In other studies, Podoviridae has isolated against
pathogens Vibrio cholera and P. aeruginosa (Mitra and Ghosh,
2007; Kumari et al., 2009). About 96% of all diagnostic
phages to the previous years belong to a family Siphoviridae,
the Podoviridae or the Myoviridae (Sung-Sik et al., 2007).
Pseudomonas phages are diverse belong to Siphoviridae with
59% frequency and Podoviridae with 19%, Myoviridae with
18%, and Leviviridae 4% (Sepulveda-Robles et al., 2012). In
bacteriophages from sewage, the study showed that the length
of the icosahedral head and tail of Podoviridae were equal to
189 nm and 14 nm, respectively. As well as the length of the
head of Siphoviridae was 326 nm and the tail was long 470
nm. In study of Ceyssens et al., 2006 were isolated
Podoviridae against P. aeruginosa with the head diameter 60
nm and length of the tail was 8-10 nm, but study of Han et al.,
2014 were recorded the head diameter of Podoviridae against
P. aeruginosa about 50 nm. While Azizian et al., 2015 were
isolated phages belongs to family Siphoviridae with head
diameter 120 nm. In study of Yang et al., 2011 were isolated
Siphoviridae phages against Acinetobacter baumannii with

icosahedral head 50 nm in diameter and an 80 nm length of the
tail.

RAPD-PCR analysis

In RAPD PCR analysis, the results showed different bands
indicating that phages were genetically different.In some
studies RAPD PCR analysis was used to make a fingerprint of
10 isolated phages against Escherichia coli (ETEC), but in
other studies used to differentiate between six Leuconostoc

fallax bacteriophages isolated from industrial sauerkraut

fermentation and revealed that bacteriophages closely related
(Jothikumar et al., 2000; Barrangou et al., 2002).

The therapeutic effectiveness of Siphoviridae phage

Many experiments and studies have been conducted on
humans and animals to assess the efficiency and effectiveness
of the phage, especially against P. aeruginosa. The phage was
used to treating human cancer, wound infection and
opportunistic bacterial treatment in mice and recorded that the
survival rate of mice infected with bacteria alive after giving
the phage ranged from 80-100% (Rhoads et al., 2009;
Dabrowska et al., 2010; Zimecki et al., 2010). The our study
present evidence in “murine models” that animals infected
with MDRs P. aeruginosa can be successfully treated with
specific bacteriophages that target these MDRs these MDRs
microbe and the culture of animal blood proved that there were
no bacteria in it, while blood culture of the positive groups
showed infected with bacteremia (Figure 12). The present
results showed that giving of the dose phage via i.p injection
and orally were very effective than the local dose after the
bacterial challenge. One animal of the positive group dead
after the first day of injection and other animals died on the
fifth day, whereas all animals in the negative group were intact
and active after administering the dose of phage. Interestingly,
the results showed that all animals were cured after a week of
treatment with no side effects were recorded, indicating the
safety of phage as a treatment (Figure, 4-13). In a study
included the treatment of 24 patients who had chronic Otitis
infection caused by P. aeruginosa to assess the efficacy of
phage safety (called Biophage-PA) with a single dose showed
significant clinical improvements (Wright et al., 2009). The
method of giving the phage dose varies according to the
location of the infection; burns and skin infection are applied
directly also phage can be given orally, locally, or
systemically. Some studies have shown that phage can
overcome the acidity of the stomach to pass into the
bloodstream, and in other experiment was conducted by given
the phage in blood circulation of mice and was isolated from
the blood after 7 hours of injection (Weber-Dabrowska et al.,
1987; Merril et al., 1996; Ahmad, 2002). The intraperitonial
injection and oral administration of phage is the better method
to understand the effects of phage in vivo, this method makes
murine safe from bacteria and mortality and few numbers of P.
aeruginosa cells in their blood, liver, and spleen after blood
culture. Another study showing the phage in the bloodstream
in the first hour and even after 3-4 h. after the injection, but the
number of phages was low at 24 h. and completely absents
within 36 h. in the body of mice (Harjai and Chhibber, 2009;
Abengana et al., 2012). Likewise, Effectiveness of phage on
chronic infection appeared in 6 days (Golkar et al., 2013).
Matsuzaki et al., 2003 explained if bacteria acquire resistant to
phage, the phage produced a new mutant that kills and lysis the
MDR bacteria, therefore may be a prepared mixture of
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different strains of phages effective against resistant strains
through the administration of phage therapy. by spontaneous
mutation during the produce of anti-phage antibodies by
phage-treated hosts, the bacteria may become resistant to
phages. these results interact with treatments with the same
phage, so may be used high titer of phages produced
immediately after bacterial infection (Cerveny et al., 2002).
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