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Application of bacteriophage cocktail to control
multi-drug resistant Pseudomonas aeruginosa

Abstract

Multi—drug resistant Pseudomonas aeruginosa, a significant pathogen threats the public
health with high mortality. The potential of phage cocktail was designed to lysis various
bacterial sources. The candidate phage was isolated from soil, river water, tap water, food and
human stool which belongs to Siphoviridae and Podoviridae family. The results identified
that phage cocktails inhibited, lysed multi—drug resistant Pseudomonas aeruginosa in 30
minutes with 3 to 4 log CFU reduction. In addition, these cocktails showed effectiveness
to bacterial strains isolated from wide sources including environment, food, and human.
This renewed approach is contributed to overcome the dramatical increase of antibiotic

resistance.
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Introduction

Pseudomonas aeruginosa is frequently a crucial pathogen in
hospital acquired and nosocomial infections. It is estimated that
mortality rates fluctuated from 18-61% of nosocomial infections!
and 21% in hospital, increasingly to 54.5% infected with multi-
drug resistant strains.> The increasing multi-resistant strains to
many classes of antibiotic such as beta-lactams, aminoglycosides
and fluoroquinolones, imipenem, quinolones and third generation
cephalosporins resisted against all relevant treatment and threated to
patient’s life.>* Bacteriophages (phage) are often known as predators
of their bacterial hosts that complete their evolution by lysis bacterial
cell even bacteria can resist against to phage infection.*> Nowadays,
with globally increasing emergence of multi-drug resistance, phage
therapy has renewed many optimisms for alternative methods
or combined both antibiotic and phage as a strategy to combat
antibiotic resistant strains (AMR).%” This study aims to isolate phage
in environment and apply this mixture of phage-phage cocktail for
controlling multi—drug resistant Pseudomonas aeruginosa isolated
from many sources.

Material and methods
Bacterial isolation and their susceptible profiles

All samples including stool from diarrheal patient, river water, tap
water and ice water and food from local market were collected from
provinces and city in the southern region of Vietnam. Then, strains
were isolated by using specific agar and molecular test which certified
with ISO 15189: 2012 approval. Disk diffusion test was applied to
determine susceptibility profile of isolate. All strains resisted to at least
one antibiotic such as meropenem, trimethoprim/sulfamethoxazole,
Ceftriaxone, Ceftazidime, Augmentin, Gentamycin and Amikacin
that was chosen for further test.

Phage isolation

Pseudomonas aeruginosa ATCC 27853 and Pseudomonas
aeruginosa isolated from patients, soil was applied as indicator to

phage isolation. Based on double layer agar methods (8), 300 ml of
bacterial indicator solution (10CFU/ml) mixed with 100ml samples
and 2.6ml of top agar (0.5% bacteriological agar), then poured onto
TSA (ThermoFisher products). Following this, the plates were left
to balance and dry on the bench for 25 minutes before inverted to
incubate at 37°C overnight. Any determined plaques were harvested
by sterile needle and resuspended into 3ml LB media contained
indicator, then shaked in 3 hours. Next steps, all mixture filtered
through membrane 0.2pum to collect pure lysate as phage. The whole
procedure was repeated at least three times to obtain the single clone
of phage. All phage was stored at 4°C for further test.

Transmission electron microscopy (TEM) of phage

After collecting the phage, each phage pellet was collected at high
titre and sent to TEM service centre for processing the image capture.

Phage cocktail

High titre of each phage was prepared with some mixture (M) as
Table 1. The high purify phage was prepared in Tryptic Soy Broth—
TSB (ThermoFisher product) buffer and used immediately. The ratio
between phage to bacteria was employed from 1.000 to 10.000 for
these experiments. Three clones of phage with different diameter (D)
were selected to make a matrix to check the effectiveness of lytic
phage (Table 1).

Table I A matrix used to test the effective of phage cocktail

Phage inoculum (PFU)

Strains
(CFUmM) b jmm  D=l-2mm  D>2mm
MI 102 102 102
M2 10* 102 102
107
M3 102 10¢ 102
M4 102 102 10¢
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Survival of bacteria

Double layer agar methods® was still applied to check the bacterial
survive (CFU) at 30 mins, 2 hours, 4 hours, and overnight. The
lytic phenomenon and PFU/ml were observed and counted as the
effectiveness of the results.

Results

Selection and image of phage

Phage accounted for 25% (47/191) in total collective samples in
which 100% of soil and tap water samples, the phage rates fluctuated
from 11.11% to 33.33% in river water and food respectively, the
ratio of phage isolation was smallest in stool of human (5.26%). The
distribution of phage differed from provinces, but they existed in wide
range of samples (Table 2). Phage isolated from samples had various
size of lysis bacterial cell. Diameter of them was less than Imm,

Table 2 Distribution of phage in different provinces
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1-2mm and over 2mm. The number of plaques forming unit (PFU)
was also different from using samples sources (Figure 1). Based on
the morphologies of phage particles examined with TEM, our phage
was classified to Siphoviridae family (Figure 2A), showed a head size
of 56.2nm and 53.1nm of Podoviridae family (Figure 2B).°

Phage cocktail lysis bacteria

Three of Pseudomonas aeruginosa from our collection was
chosen as indicator for phage cocktails. The results showed that all
the mixture worked well (Table 3). Most of lytic phase damaged
bacterial cell after 30 minutes and nearly whole bacterial cell was
removed after overnight, from 3 to 4 log CFU reduction. Among these
cocktails, mixture M2 (2:1:1) and M4 (1:1:2) were the best candidate
for application on the isolates. All cocktails were prepared from high
phage titre collected from soil and food and river water instead of
from human, tap water due to low titre.

Provinces
Sample

LD BD TPHCM ST BT AG
Soil 100 100
Tap water 100
River water 25 11 25
Food 25 33.33
Stool - Human 5.26

Notes: LD, Lam Dong; BD, Binh Duong; TPHCM, Ho Chi Minh city; ST, Soc Trang; AG, An Giang

(Bacteriophage — phages)

(a) ) (b)

© @

(@) :<1mm; (b): 1 =2 mm; (c): > 2 mm; (d): > 3mm

Figure | Size and number of PFU (plaque forming unit) on agar.

Figure 2 Phage particle was presented by TEM.
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Table 3 Results of effective lytic phage to different indicator

Phage inoculum (PFU)

Strains (10’ CFU/ml) Plaque forming unit (PFU/ml)
D<Imm D=1-2mm D>2 mm
M 102 102 102 >1000
M2 10* 102 102 >1000
Reference strain —ATCC 27853
M3 102 10* 102 >[000
M4 102 102 10* >1000
MI 102 102 102 600
M2 104 102 102 >[000
Strain isolated from patient
M3 102 10* 102 400
M4 102 102 10* 800
M 102 102 102 >[000
M2 104 102 102 >1000
Strain isolated from soil
M3 102 10* 102 >1000
M4 102 102 10* >[000

In our collective bacterial strains, 30 of them resisted to at least  respectively. Whilst there was a little difference between lytic capacity
one type of antibiotic or multi-drug resistant strains to meropenem, of phage to strains isolated from tap water and iced water, most of
trimethoprim/sulfamethoxazole, Ceftriaxone, Ceftazidime, phage killed the bacterial cell (Table 4). The number of PFU was over
Augmentin, Gentamycin and Amikacin. Among that, wild type 1000 and nearly reduced all colony forming unit (CFU) of bacteria.
resisted from one to four antibiotic was 10%, 30%, 56.7% and 3.3%

Table 4 Results of effective lytic phage to isolates

Susceptibility profiles Mixtures
STT  Strains Source

MRP SXT CRO CAZ AMC CN AK M2 M4

| 16.01 River water S R R S R S S +++ +++
2 16.02 River water S R | S R S S +++ +++
3 16.03 River water S R R S R S S +++ +++
4 16.04 River water S R R | R R S +++ +++
5 16.05 River water S R S S R S S +++ +++
6 17.06 River water S R R | R S S +++ +++
7 16.03 Tap water S R R S R S S +++ +++
8 16.06 Tap water S S S S R S S +++ o+t
9 16.08 Tap water S R S S R S S +++ +++
10 17.03 Tap water S R R S R S S +++ +++
Il 17.05 Tap water S R R S R S S +++ +++
12 17.06 Tap water S R R S R S S ++ ++
13 16.01 lced water S R | S R S S ++ ++
14 16.02 Iced water S R | S R S S ++ ++
15 16.03 lced water S R | S R S S ++ ++
16 16.04 lced water R S S S S S S ++ ++
17 17.01 Iced water S R R S R S S ++ ++
18 17.05 lced water S R R S R S S ++ ++
19 16.01 Food S R R S R S S +++ +++
20 16.02 Food | R | S R S S +++ +++
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Table Continued...
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Susceptibility profiles Mixtures
STT  Strains Source

MRP SXT CRO CAZ AMC CN AK M2 M4
21 16.03 Food R R R | R S S +++ +4++
22 16.04 Food R R S S R S S +++ +4++
23 16.05 Food S R S S S S S +++ +++
24 17.02 Food S R R S R S S +++ +4++
25 17.07 Food R R | S R S S +++ +++
26 17.03 Stool — human S R R S R S S +++ +++
27 17.04 Stool — human S R R | R S S +++ +++
28 17.05 Stool — human S R | S R S S +++ +++
29 17.06 Stool — human S R | S R S S +++ +++
30 17.13 Stool — human S R R S R S S +++ +++

Note: ++, PFU=>1000; +++, PFU=>2000; R, resistance; S, sensitive; |, intermediate

Discussion

Pseudomonas aeruginosa, one of three pathogens required urgent
action can be found in various surfaces and aquatic habitats with high
resistant profiles such as ceftazidime (63.9%), piperacillin (58.3%),
cefepime (55.6%), imipenem (50%), piperacillin/tazobactam (47.2%),
meropenem (41.7%)."%!" In Vietnam, the resistant ratios of bacteria
fluctuated on specific antibiotics such as ceftazidime (42.9%—45.8%),
meropenem (37.1%-38.4%), gentamycin (39.7-41.8%), Amikacin
(17.4 %—18.24%), ceftriaxone (4.72%), levofloxacin (41.3%—43.9%),
ciprofloxacin (40.5-42.7%).'>!3 Most of strains, however, isolated
on patients and it is rarely to report on food or environment. Our
collective strains presented in numerous sources with high resistance
profiles. This showed that bacterial antibiotic resistance was not only
hospital acquired infections, but nosocomial infections was dangerous
as well. This wild type strains have apparently transmitted to food
manufacturing or food cycle and threated to public health that must be
more attention now.

The data obtained from this study showed that various circulation
of phage in environment and stool of human. Nevertheless, few
numbers of phage isolated from human hypothesized that the bacteria
isolation on human was more common than other sources because
the inhibited—function of phage can control the bacterial growth and
dissemination.'* This observation has also pointed in some places
where phage circulated, the less bacteria had been found in another
our research.® Importantly, the different distribution of phage from
provinces could be affected by environmental condition, in which
temperature was a key factors.'

Interestingly, our lytic phage titre was high and promised to
control the increase of multi- drug resistant Pseudomonas aeruginosa.
To combine some phage species into one cocktail, this effectively
enables to inhibit, kill, and reduce most of multi-drug resistant
Pseudomonas aeruginosa which come from many numerous sources.
Despite this only was in vitro test, but it’s fully applicated to in vivo.
Whereas, phage may produce toxin and effect to treatment therapy,’
phage therapy, phage cocktails are going to application and many
successful clinical trial has been reported.'® In our experiment,
with two mixtures was the same potential to apply to decontaminate
Pseudomonas aeruginosa as promising therapeutic or spray
decontamination. Notably, antibiotic needs to compulsory and failure

to control multi—drug resistance bacteria, phage was easy to isolate
from environment and their effectiveness has been proved.

Conclusion

In summary, the application of phage cocktails renewed approach
to combat the multi-drug resistant Pseudomonas aeruginosa. In
such data, the initial dose of phage in short time, just 30 minutes
was sufficient to treatment without waiting the replication of phage.
Their broad spectrum to all bacterial isolates from many sources has
been promisingly applied as phage therapy or disinfectant agents to
decontamination of multi-drug resistant Pseudomonas aeruginosa.

Acknowledgments

We would like to thank you all staff who supported to collect the
sample at the provinces.

Conflicts of interest

I declare no conflict of interest.

References

1. Mirzaei B, Bazgir ZN, Goli HR, et al. Prevalence of multi-drug resistant
(MDR) and extensively drug-resistant (XDR) phenotypes of Pseudomonas
aeruginosa and Acinetobacter baumannii isolated in clinical samples from
Northeast of Iran. BMC Res Notes. 2020;13(1):380.

2. Hirsch EB, Tam VH. Impact of multidrug-resistant Pseudomonas
aeruginosa infection on patient outcomes. Expert Rev Pharmacoecon
Outcomes Res. 2010;10(4):441-451.

3. Pachori P, Gothalwal R, Gandhi P. Emergence of antibiotic resistance
Pseudomonas aeruginosa in intensive care unit; a critical review. Genes
Dis. 2019;6(2):109-119.

4. Hooton SP, Atterbury RJ, Connerton IF. Application of a bacteriophage
cocktail to reduce Salmonella Typhimurium U288 contamination on pig
skin. Int J Food Microbiol. 2011;151(2):157-163.

5. Schroven K, Aertsen A, Lavigne R. Bacteriophages as drivers of bacterial
virulence and their potential for biotechnological exploitation. FEMS
Microbiol Rev. 2021;45(1):fuaa041.

6. Tagliaferri TL, Jansen M, Horz HP. Fighting Pathogenic Bacteria on Two
Fronts: Phages and Antibiotics as Combined Strategy. Front Cell Infect
Microbiol. 2019;9:22.

Citation: Tai DT, Quang NA, Nhi NTN, et al. Application of bacteriophage cocktail to control multi-drug resistant Pseudomonas aeruginosa. | Microbiol Exp.

2021;9(3):72-76. DOI: 10.15406/jmen.2021.09.00327


https://doi.org/10.15406/jmen.2021.09.00327
https://pubmed.ncbi.nlm.nih.gov/32778154/
https://pubmed.ncbi.nlm.nih.gov/32778154/
https://pubmed.ncbi.nlm.nih.gov/32778154/
https://pubmed.ncbi.nlm.nih.gov/32778154/
https://pubmed.ncbi.nlm.nih.gov/20715920/
https://pubmed.ncbi.nlm.nih.gov/20715920/
https://pubmed.ncbi.nlm.nih.gov/20715920/
https://pubmed.ncbi.nlm.nih.gov/31194018
https://pubmed.ncbi.nlm.nih.gov/31194018
https://pubmed.ncbi.nlm.nih.gov/31194018
https://pubmed.ncbi.nlm.nih.gov/21899907/
https://pubmed.ncbi.nlm.nih.gov/21899907/
https://pubmed.ncbi.nlm.nih.gov/21899907/
https://pubmed.ncbi.nlm.nih.gov/32897318/
https://pubmed.ncbi.nlm.nih.gov/32897318/
https://pubmed.ncbi.nlm.nih.gov/32897318/
https://pubmed.ncbi.nlm.nih.gov/30834237/
https://pubmed.ncbi.nlm.nih.gov/30834237/
https://pubmed.ncbi.nlm.nih.gov/30834237/

Application of bacteriophage cocktail to control multi-drug resistant Pseudomonas aeruginosa

10.

11.

Kortright KE, Chan BK, Koff JL, et al. Phage Therapy: A Renewed
Approach to Combat Antibiotic-Resistant Bacteria. Cell Host Microbe.
2019;25(2):219-232.

Diep The Tai NMTT, Nguyen Phuoc Huy, Trinh Thi Lan Anh, et al.
Circulation of Burkholderia Thailandensis, Burkholderia Pseudomallei,
Burkholderia Cepacia and their bacteriophage in Dalat — Lam Dong
Province, Viet Nam. Preventive Medicine. 2019;29:228.

Alic S, Naglic T, Tusek-Znidaric M, et al. Newly Isolated Bacteriophages
from the Podoviridae, Siphoviridae, and Myoviridae Families Have
Variable Effects on Putative Novel Dickeya spp. Front Microbiol.
2017;8:1870.

Hosu MC, Vasaikar S, Okuthe GE, et al. Molecular Detection of
Antibiotic-Resistant Genes in Pseudomonas aeruginosa from Nonclinical
Environment: Public Health Implications in Mthatha, Eastern Cape
Province, South Africa. Int J Microbiol. 2021;2021:8861074.

Talebi Bezmin Abadi A, Rizvanov AA, Haertlé T, et al. World
Health Organization Report: Current Crisis of Antibiotic Resistance.
BioNanoScience. 2019;9(4):778-788.

Copyright:
©2021 Taietal. 76

Biedenbach DJ, Giao PT, Hung Van P, et al. Antimicrobial-resistant
Pseudomonas aeruginosa and Acinetobacter baumannii From Patients
With Hospital-acquired or Ventilator-associated Pneumonia in Vietnam.
Clin Ther. 2016;38(9):2098-2105.

Vincentia Rizke Ciptaningtyas ESL, Hendro Wahyono. Pseudomonas
aeruginosa Resistance in Southeast Asia. Sains Medika. 2019;10(2):84—
92.

Darch SE, Kragh KN, Abbott EA, et al. Phage Inhibit Pathogen
Dissemination by Targeting Bacterial Migrants in a Chronic Infection
Model. mBio. 2017;8(2): €00240—-17.

Brockhurst MA, Fenton A, Roulston B, et al. The impact of phages on
interspecific competition in experimental populations of bacteria. BMC
Ecol. 2006;6:19.

Chan BK, STA, Loc-Carrillo C. Phage cocktails and the future of phage
therapy. Future Microbiol. 2013;8(6):769-783.

Citation: Tai DT, Quang NA, Nhi NTN, et al. Application of bacteriophage cocktail to control multi-drug resistant Pseudomonas aeruginosa. | Microbiol Exp.
2021;9(3):72-76.DOI: 10.15406/jmen.2021.09.00327


https://doi.org/10.15406/jmen.2021.09.00327
https://pubmed.ncbi.nlm.nih.gov/30763536/
https://pubmed.ncbi.nlm.nih.gov/30763536/
https://pubmed.ncbi.nlm.nih.gov/30763536/
http://www.tapchiyhocduphong.vn/tap-chi-y-hoc-du-phong/2019/11/luu-hanh-cua-burkholderia-thailandensis-burkholderia-pseudomallei-burkholderia-c-o81E20877.html
http://www.tapchiyhocduphong.vn/tap-chi-y-hoc-du-phong/2019/11/luu-hanh-cua-burkholderia-thailandensis-burkholderia-pseudomallei-burkholderia-c-o81E20877.html
http://www.tapchiyhocduphong.vn/tap-chi-y-hoc-du-phong/2019/11/luu-hanh-cua-burkholderia-thailandensis-burkholderia-pseudomallei-burkholderia-c-o81E20877.html
http://www.tapchiyhocduphong.vn/tap-chi-y-hoc-du-phong/2019/11/luu-hanh-cua-burkholderia-thailandensis-burkholderia-pseudomallei-burkholderia-c-o81E20877.html
https://pubmed.ncbi.nlm.nih.gov/29033917/
https://pubmed.ncbi.nlm.nih.gov/29033917/
https://pubmed.ncbi.nlm.nih.gov/29033917/
https://pubmed.ncbi.nlm.nih.gov/29033917/
https://pubmed.ncbi.nlm.nih.gov/33519937/
https://pubmed.ncbi.nlm.nih.gov/33519937/
https://pubmed.ncbi.nlm.nih.gov/33519937/
https://pubmed.ncbi.nlm.nih.gov/33519937/
https://link.springer.com/article/10.1007/s12668-019-00658-4
https://link.springer.com/article/10.1007/s12668-019-00658-4
https://link.springer.com/article/10.1007/s12668-019-00658-4
https://pubmed.ncbi.nlm.nih.gov/27612610/
https://pubmed.ncbi.nlm.nih.gov/27612610/
https://pubmed.ncbi.nlm.nih.gov/27612610/
https://pubmed.ncbi.nlm.nih.gov/27612610/
http://jurnal.unissula.ac.id/index.php/sainsmedika/article/view/2986
http://jurnal.unissula.ac.id/index.php/sainsmedika/article/view/2986
http://jurnal.unissula.ac.id/index.php/sainsmedika/article/view/2986
https://pubmed.ncbi.nlm.nih.gov/28377527/
https://pubmed.ncbi.nlm.nih.gov/28377527/
https://pubmed.ncbi.nlm.nih.gov/28377527/
https://pubmed.ncbi.nlm.nih.gov/17166259/
https://pubmed.ncbi.nlm.nih.gov/17166259/
https://pubmed.ncbi.nlm.nih.gov/17166259/
https://pubmed.ncbi.nlm.nih.gov/23701332/
https://pubmed.ncbi.nlm.nih.gov/23701332/

	Title
	Abstract
	Keywords
	Introduction
	Material and methods 
	Bacterial isolation and their susceptible profiles 
	Phage isolation 
	Transmission electron microscopy (TEM) of phage 
	Phage cocktail 
	Survival of bacteria 

	Results
	Selection and image of phage 
	Phage cocktail lysis bacteria 

	Discussion
	Conclusion
	Acknowledgments
	Conflicts of interest 
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4

