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Melioidosis is endemic disease in tropical and 
subtropical area

Burkholderia pseudomallei (BP)

Gram negative bacilli

Soil        Water      

Causing agent 
of melioidosis

High mortality 
20-50% worldwide

(Robert, M., et al, 2020)

Melioidosis

clinical sign & symptoms

Wound , 
digestion, or 
respiratory

tract

Intensive phase

• Prevent death

Treatment

Eradication phase

• Prevent relapse
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Antibiotic resistance

β-lactamase and CAZ-resistant BP infection have occurred. (Perumal Samy, R., et al, 2006) & (Holden, M. T., et al, 2004)   

Outer

Inner

Mechanisms of antibiotic resistance B. pseudomallei Other mechanisms
• Produce transient
• Biofilm formation
• Colony adaptation
• Metabolic dormancy1. Drug efflux

2. Drug 
exclusion

3. Target         
mutation

4. Enzymatic    
inactivation

AR is impact on treating bacterial infections in humans
(Ling, H., et al, 2022)

AR

Incidence rate

Mortality

Treatment costs

BP resist to…

Penicillin

Colistin

Macrolides

Cephalosporins

BP suscept to…

Co-amoxiclav Ceftazidime

Carbapenems Co-trimoxazole
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Bacteriophage Phage replication

Phage lifecycle. (A) Lytic lifecycle, (B) lysogenic lifecycle

Phage therapy Food preservation Agriculture
/Aquaculture

Applications

Phage display
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Phage therapy
Beneficial of phage therapy

Bacteriophage

vs

Antibiotic

Kill AR bacteria

Host Specificity

Biofilm Degradation

Phage therapy studies in B. pseudomallei

2016

2022

Application of phage 
successfully rescued 
33.3% of mice 
infected

A significantly reduced 
mortality (10%) and a 
decreased pathogen 
load
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Effect of phage antibiotic combination for treatment 

Manohar, P., et al, 2022

0.1 MIC 0.01 MIC

Phage-antibiotic combination better than phage or antibiotic alone

• Manohar, P., et al, 2022 are using phages with a low antibiotic
concentration is an effective therapeutic strategy

• Phage antibiotic combination studies in numerous of pathogen

Lack of phage-antibiotic combination studies
in antibiotic resistance B. pseudomallei
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INTRODUCTION

Hypothesis

A549 cell

S4+1/2CAZ & 
CT+1/2CAZ

Objectives

Phages which specifically lyse B. pseudomallei do not contain
virulence and antibiotic-resistant genes in genome. Phages and
ceftazidime combination has high efficacy in treating B. pseudomallei on
pig skin and mouse wound models. Phages and ceftazidime combination
has potentially effective and can be safely used in clinical trial.

1. To characterize and analyze phage genomes for searching and detecting 
virulence and antibiotic-resistant genes

2. To determine effect of phages and ceftazidime combination against 
B. pseudomallei in a pig skin model

3. To determine effect of phages and ceftazidime combination against
B. pseudomallei through topical administration onto wound in a mouse
model
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Problem

Gap X Phage/CAZ → ARBP

Antibiotic resistant B. pseudomallei (ARBP)

Research plan

Impact

Phage genome 
characterization

OutputsOutcomes

Ref: https://www.psychiatristranchi.com/in-patient-admission/

Ref: https://www.npr.org/sections/goatsandsoda

Phage genome 
sequence data

Killing effect of 
phage/CAZ

in pig skin and wound 
healing rate in
mouse model

Phage/CAZ could be 
used for control 

ARBP infection in the 
future 

Effect of phage/CAZ
determination  in pig 

skin model

Effect of phage/CAZ
determination  in 

wound mouse model

Searching virulence and 
antibiotic resistance 
genes from phage 

genome

Developed way to treat 
Bp infection in the 

future

INTRODUCTION

CONCEPTUAL FRAMEWORK
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STUDY
DESIGN

•••

Data analysis

Part I : Phage genome characterization

Phage isolation
(previous study) 

Phage (ST88, ST96, F4, S4, W12) lysate

Porcine skin preparation
Animal ethic training 
and project approval

Phage titration

Spot assay

Phage propagation

Soft agar assay

Phage DNA extraction

PEG6000 precipitation, virus DNA/RNA 
extraction kit 

DNA sequencing

Iillumina Hiseq
Porcine skin treatment

Viable bacterial count method

Wound healing 
determination

Wound closing 
observation, wound 

healing rate, histological 
examination, and bacterial 

burden/ phage titer 
determination

Part II : Recovery of phage from phage/CAZ combination 

Spot assay

Combination effect of phage/CAZ determination

Part III : Pig skin model Part IV : Mouse model 

VFDB, ARDB, ClustalW

100%
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Phage ST96, ST88, W12, S4, F4

Methods Phage genome extraction Phage concentration by PEG precipitation

Objective : To increase concentration of phage lysate for phage DNA extraction.

Results

P
R

IN
C

IP
L

E

Phages titer after precipitation

Phage propagation

Phage titration

Phage 
titration

15,000 xg at 4 
°C , for 45 min

Phage lysate 
+ 20%-PEG6000/2.5M NaCl 

(final conc. 10%) 

Phage
pellet

Discard 
supernatant

Dissolve by
100 uL SM buffer

PEG : inert solvent sponge,
reducing solvent availability

High conc. of NaCl : Salting out 
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Methods Phage genome extraction Phage DNA extraction/
Length, amount & purity measurement 

Objective : To extract and measure the amount and purity of DNA in a phage.

Results DNA size of phages in 1% agarose gel

• M = Marker

• Lane 1 = ST96 phage DNA

• Lane 2 = ST88 phage DNA

• Lane 3 = W12 phage DNA

• Lane 4 = S4 phage DNA
• Lane 5 = F4 phage DNA

Nanodrop measurement 
of DNA extracted from phages

200 uL of phage lysate

Treat w/ DNaseI 1U
at  37 °C  for 45 min

Stop reaction
at  65 °C  for 10 min

Phage DNA

1% agarose gel electrophoresisin 1X 
TAE buffer and run at 70V for 40 min

NanoDrop: A260/280 
and DNA conc. 
measurement

TIANamp Virus 
DNA/RNA Kit, Tiangen, 
Beijing, China
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Methods Recovery of phage from phage/CAZ combination 

Objective : To determine stability of phage in phage and ceftazidime combination.

Results
S4 and CT phage titer from phage combine with CAZ
in different temperatures

Phage lysate
(final conc. 

106 PFU/mL) 

100 µL

100 µL

CAZ (1/2MIC)

100 µL

CAZ (1/4MIC)

Incubated 
at 37°C, 4°C and RT 

for 4 h

Phage 
titration

Note: One replicate (need 2 more replicates)
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SUMMARY

Further work

100%

20%

• PEG6000 cloud be use 
for F4 phage only.

• Phage DNA has low conc.

• Phage particle stable in 
phage/CAZ combination 

• Phage will be propagated 
via liquid lysate

• Phage DNA will be extracted 
by phenol–chloroform 
method to compare 
extraction kit

• Phage DNA sequencing
• Recovery of phage from 

phage/CAZ combination 
(2 replicates)

• Request project to Northeast 
Laboratory Animal center for 
approval

Phage (ST88, ST96, F4, S4, W12) lysate
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THESIS PLAN
Topics Year

2023

Year 2024

1 2 3 4 5 6 7 8 9 10 11 12

Literature review and proposal writing

Proposal examination

Phage genome extraction

Phage genome sequencing

Phage genome analysis

Recovery of phage/CAZ combination

Pig skin preparation and treatment

Animal ethic training and approval

Combination effect of phage/CAZ for wound healing determination in 
mouse model observation

Histological examination and bacterial burden/phage titer determination

Results analysis, discussion and thesis report writing

Article writing for publication

Thesis examination

Thesis editing and thesis sending to graduate school

Finished Pending Future work
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Thank you 
for your kind attention
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