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ABSTRACT 
 
Context: pH and temperature are essential factors that affect the efficacy of phage therapy. Phages are sensi-

tive to changes in pH and temperature, which can affect their stability, infectivity, and survival rates. Therefore, it is 

crucial to determine the optimal conditions for phage therapy to maximize its effectiveness. Objective: To isolate 

phages against MDR ESKAPE pathogens and to study their morphological features, antibacterial activity, host 

specificity, and the effect of different range temperature and pH on their viability. Methodology: Bacteriophages 

cultured from different sources of water were exposed to different temperature (320C to 400C) and pH of 1-14 and 

later bacteriophage kinetics were studied in-vitro. Results: Bacteriophages isolated showed lytic activity against 

ESKAPE pathogens. Plaque formation was seen on every bacterial lawn against their respective bacteria, but pin-

point plaques/no plaques were seen against other pathogens owing to their specificity. Most bacteriophages against 

ESKAPE pathogens were viable at a temperature of 38˚C and a pH of 7, making them the optimum temperature and 

pH for their isolation.  Conclusion: Increasing antimicrobial resistance among ESKAPE pathogens has led to the 

emergence of bacteriophage as novel therapeutic agents and proper standardization of bacteriophage can make 

phage as stand alone therapy in absence of antibiotics. 
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INTRODUCTION 
Phages are small viruses with the ability to kill bac-
teria without affecting the cells of other eukaryotic 
organisms. They were first described almost a cen-
tury ago by William Twort, and discovered shortly 
after by Félix d'Herelle (considered the founder of 
bacteriophages)1. Since its inception, the use of 
phages as a therapy to treat acute and chronic infec-
tions has been suggested due to its specificity 
against bacteria.1-3 It is understandable why there 
was such initial excitement about the use of phage 
therapy to treat bacterial infections in the pre-
antibiotic period. The idea of using phages thera-
peutically to treat bacterial infections was very con-
tentious from the start and was not universally ac-
cepted by the general public or the medical com-
munity. Early studies received a lot of criticism for 
their contradictory findings and lack of adequate 
controls. Phage research and therapy were largely 
consigned to medical history in western nations as 
the age of antibiotic chemotherapy emerged with 
the discovery of sulfa medicines in the 1930s and 

subsequently penicillin in the 1940s. However, the 
former USSR, Poland, and India, to a lesser extent, 
continued to be important research and develop-
ment hubs for phage treatment. Surprisingly, during 
the past ten years, the advent of multi-drug re-
sistance bacteria has prompted researchers to 
reevaluate this century-old strategy and give phage 
therapy a second look as a "new" and possibly ef-
fective treatment option for challenging bacterial 
diseases.4-5 

According to WHO antimicrobial resistance fact-
sheet 2021, high rates of resistance against the ma-
jor antibiotics used to treat common bacterial dis-
eases, such as urinary tract infections, sepsis, sex-
ually transmitted infections, and various types of 
diarrhoea, have been documented globally, sug-
gesting that we are running out of effective antimi-
crobials. For instance, the rate of resistance to 
ciprofloxacin, an antibiotic frequently used to treat 
urinary tract infections, ranged from 8.4% to 92.9% 
for Escherichia coli and from 4.1% to 79.4% for 
Klebsiella pneumoniae 6.  
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Common intestinal bacteria such as Klebsiella 
pneumoniae can result in potentially fatal illness-
es. K. pneumoniae has developed resistance to car-
bapenes which is used as a last line of treatment. 
More than half of patients treated for K. pneu-
moniae infections in some nations do not respond 
to carbapenem medicines owing to resistance. 
Fluoroquinolones, which are used to treat urinary 
tract infections, are widely resistant to E. coli.7 
More than half of patients receiving this medica-
tion are no longer responding in several nations 
throughout the world. Colistin is the only therapy 
left for life-threatening infections caused by Enter-
obacteriaceae that are resistant to carbapenem. 
Additionally, colistin-resistant bacteria have been 
found in a number of nations, where they are re-
sponsible for diseases that cannot be treated with 
antibiotics 8.  

The bacterium Staphylococcus aureus is a frequent 
source of infections in both the general population 
and healthcare settings.  The mortality rate of 
Methicillin-resistant Staphylococcus aureus 
(MRSA) infections is 64% compared to infections 
that respond to treatment9. The treatment and con-
trol of gonorrhoea have been hampered by wide-
spread resistance in extremely diverse strains of N. 
gonorrhoeae. Sulphonamides, penicillins, tetracy-
clines, macrolides, fluoroquinolones, and early-
generation cephalosporins have all shown a rapid 
rise in resistance. Currently, the only empiric mon-
otherapy for gonorrhoea available in the majority 
of nations is the injectable extended-spectrum 
cephalosporin like ceftriaxone. Among these re-
sistant bacterial infections, ESKAPE pathogens 
(Enterococcus spp., Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, 
Pseudomonas aeruginosa, Enterobacter spp.) pose 
a significant threat in intensive care settings as 
these emerged as multidrug resistance (MDR), ex-
tended drug resistance (XDR), and pan drug re-
sistance (PDR) strains which are challenging to 
treat6,10. World Health Organization (WHO) has 
recently listed ESKAPE pathogens in the list of 12 
bacteria against which new antibiotics are urgently 
needed.7,11 Over the last decade, the number of an-
timicrobials effective against ESKAPE pathogens 
has declined. So, the need for new therapies made 
researchers study phage therapy more against 
ESKAPE pathogens which could be a ground-
breaking alternative to antibiotics. 

Phage researchers have a revived interest in phage 
therapy, and practical studies on bacteriophages 
have intensified recently, along with clinical tri-
als12. For phage therapy, the main interest has fo-
cused on lytic phages, where following its replica-
tion inside the host bacterium, the generated phage 

offspring is expelled by lysis.8 This ability of 
phages to infect and kill only specific bacteria 
without any lytic effect on the eukaryotic cell pro-
vides to the development of their use in humans 
but, characterizing them by their morphological 
features, host specificity, evaluating the effect of 
temperature and pH on their viability is essential 
before implementing them as the therapeutic 
agents12.  

MATERIALS AND METHODS 
 

Ethical Clearance 
The study protocol was approved by Institutional 
Ethics Review Board, S. S. Institute of Medical 
Sciences and Research Centre, Davangere, Karna-
taka, India. 
 
Bacterial Isolates 
The ESKAPE pathogens such as Staphylococcus 
aureus, Enterococcus faecalis, Enterococcus faeci-
um, Klebsiella pneumonia, Pseudomonas aeru-
ginosa and Acinetobacter baumannii. were isolat-
ed from the clinical specimen of the patients ad-
mitted to the Intensive Care Unit (ICU) at the S.S. 
Institute of Medical Sciences & Research Centre, 
Davangere, India. The various clinical specimens 
collected from the patients were processed and 
bacteria were isolated and identified as per the 
standard microbiological techniques7,9. The VI-
TEK system was used for further identification and 
confirmation of bacteria isolated and to screen for 
antibiotic susceptibility. Gram-positive and Gram-
negative antibiotics panels were used for evaluat-
ing antibiotic susceptibility patterns as per the 
CLSI criteria7,9,13.  
 
Isolation of bacteriophage:  
 
The phages were isolated from different sources of 
water by the method of Smith and Huggins. Col-
lected water (50ml) was added into a sterile coni-
cal flask and treated with a few drops of chloro-
form. To this 5 ml of lactic phage broth and 1 ml 
of the 24 hrs old broth cultures were added. The 
sample inoculated with bacterial pathogens was 
incubated at 37oC for 12-24hr in a shaker water 
bath. After 12-24hrs the lysate was shaken with a 
few drops of chloroform for about 10 min, centri-
fuged at 10,000 rpm for 10 min and the superna-
tant was filtered through 0.22m pore size and the 
filtered phage samples were precipitated using pol-
yethylene glycol (PEG) and NaCl. The overnight 
precipitated samples were centrifuged at 15,000 × 
g for 30 min and the pellet is mixed with buffer. 
The precipitated phages were extracted against 
chloroform at a 1:1 ratio to remove bacterial debris 
and stored at -20◦C14,15.  
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In-vitro confirmation of bacteriophage activity 
 

The bacterial lawn was prepared on nutrient agar 
plates employing 1.0ml of 24hr culture by flooding 
and draining out the excess. Wells were dug into 
the agar by employing a sterile cork borer and the 
20 ml phage suspension was loaded into each of 
the wells. Sterile distilled water served as the con-
trol. The plates were incubated at 370 C for 24 hr. 
Thereafter the zone of inhibition, if any, was rec-
orded. The plaques if obtained were further pas-
saged on the same target bacterial host to recon-
firm its activity14,15.  
 
Phage morphology  
 
To study the morphology of the isolated bacterio-
phage, the phages were negatively stained using 
2% uranyl acetate and visualized under Transmis-
sion Electron Microscope. The electron microscop-
ic study was carried out at the National Institute of 
Mental Health and Neuro-Sciences, Bangalore. 
Briefly, 5 µL of phage filtrate was placed over the 
copper grid and allowed to settle for 10 min. To 
the dried grid surface, 2 µL of uranyl acetate was 
added and allowed to stain for 1 min. The excess 
dye was washed using distilled water by placing 5 
µL of water on the grid and removed immediately. 
The copper grid was allowed to dry for 30 min and 
visualized under a transmission electron micro-
scope16. 

RESULTS 
Bacterial isolates 

ESKAPE pathogens were isolated from various 
clinical specimens and  AST revealed all the iso-
lates were multidrug resistant. 

Bacteriophage isolation 

The bacteriophages were isolated from four differ-
ent sources of water; lake, sewage, paddy field, 
and an open drain. The phages isolated from dif-
ferent sources against ESKAPE pathogens pro-
duced plaques of size ranging from 0.5–11 mm in 
diameter for Gram-positive bacteria and 1mm to 
9mm for Gram-negative bacteria.  

Electron microscopy of the phages 
 
The electron microscopy of the phages isolated 
against Staphylococcus aureus, Enterococcus 
faecium, Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Acinetobacter baumannii and Entero-
bacter species is shown in figure 1;6. All the phag-
es isolated had an icosahedral head, measuring 
about 70-100 nm in diameter, and a 100-120nm 
long tail. Based on the morphology and the rules 
provided by the International Committee on Tax-
onomy of Viruses (ICTV, Bethesda MD, USA) all 
the phages are tentatively classified under Si-
phoviridae family  
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Fig-4: Bacteriophage of Pseudomonas 
aeruginosa  

Fig-6: Bacteriophage of Enterobacter 
species 

Fig-5: Bacteriophage of Klebsiella 
pneumoniae  

Fig-1: Bacteriophage of Staphylococ-
cus aureus 

Fig-3: Bacteriophage of Acinetobacter 
baumannii 

Fig-2: Bacteriophage of Enterococcus 
faecium  
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Staphylococcus aureus phage : 
 

Phages against Staphylococcus aureus were isolat-
ed from lake water, sewage water and open drain-
age water.  

Antibacterial activity and Host specificity: 

Staphylococcus aureus phage lysed all Staphylo-
coccus aureus strains tested. With in this lytic 
spectrum, clear plaques were produced on all 
strains except on a few strains of methicillin-
resistant Staphylococcus aureus which had a mix-
ture of opaque and clear plaques. The inhibition of 
bacterial growth in strains that the phage could not 
form plaques is most likely due to partial expres-
sion of the phage genome, sufficient for killing but 
not enough for phage production to a level neces-
sary for plaque formation. Plaque size ranged from 
0.5 to 4 mm. The Staphylococcus aureus phage 
was found to form plaques on 62% of the MRSA 
isolates and inhibited bacterial growth of an addi-
tional 12% of the strains, thus exhibiting an anti-
bacterial effect against 74% of the MRSA strains. 
Staphylococcus aureus phage produced pinpoint 
plaques on CoNS strains that were spotted with 
high load of phages. No plaques were seen on 
Enterococcus faecium.  

Effect of pH and temperature:  

The maximum number of plaques obtained at dif-
ferent temperatures and pH are presented in Fig-
ures 7. It is evident that with the increase in the 
concentration of H+-ions, the possibility of recov-
ering the phages is less when compared to the de-
crease of H+-ions. At a pH of 3 to 5, no phages 
were recovered at different temperatures to which 
the phages were exposed. At pH 6, the maximum 
number of phages isolated was less than the initial 
concentration (9.57 log10 PFU). The maximum 
phage recovered at temperature 320C is 7.15 log10 

PFU, at 340C is 7.24 log10 PFU, at 360C is 7.14 
log10 PFU, at 380C is 7.35 log10 PFU, at 400 C is 
6.99 log10 PFU and at 420C is 6.76 log10 PFU 
(Table-1). 

At pH 7, the maximum number of phages (11.916 
log10 PFU) was isolated at 380C. It was more than 
the initial concentration (9.57 log10 PFU). The 
phages isolated at other temperatures are; at 320C 
is 11.475 log10 PFU, at 340C is 11.884 log10 PFU, 
at 360C is 11.910 log10 PFU, at 400 C is 11.866 
log10 PFU and at 420C is 9.964 log10 PFU (Table-
1, Fig-7). 

At pH 8, the maximum number of phages isolated 
was less than the initial concentration (9.57 log10 
PFU). The maximum phage recovered at tempera-
ture 320C is 7.456 log10 PFU, at 340C is 7.693 
log10 PFU, at 360C is 7.982 log10 PFU, at 380C is 
8.187 log10 PFU, at 400 C is 7.445 log10 PFU and 
at 420C is 6.439 log10 PFU (Table-1,). At pH 9 to 
pH 12 no phages were recovered. 

Fig 7: Different concentration of Staphylococcus aureus phages 
produced at different temperature at pH 7. Initial concentration of 

phage tested is 9.6414 log 10. The maximum concentration of 
phage obtained at temperature of 360C is 11.99493 log 10 

Temp 
(0C) 

  
  

pH   

 6  7  8 

Initial  
Concentration 

(log 10) 

Final 
Concentration 

(log 10) 

Initial  
Concentration 

(log 10) 

Final  
Concentration 

(log 10) 

Initial  
Concentration 

(log 10) 

Final  
Concentration 

(log 10) 

32 9.570543 7.15295 9.57054 11.47538 9.57054 7.45682 

34 9.570543 7.24303 9.57054 11.88429 9.57054 7.69372 

36 9.570543 7.14238 9.57054 11.91025 9.57054 7.98281 

38 9.570543 7.35602 9.57054 11.91614 9.57054 8.18752 

40 9.570543 6.99025 9.57054 11.86611 9.57054 7.44560 

42 9.570543 6.76492 9.57054 9.964731 9.57054 6.43933 

Table-1 :Initial and the final concentration of Staphylococcus aureus phages at pH 6, 7 & 8 at different temperature 
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Enterococcus faecium phage :  
 

Similar to the phages against S. aureus and E. fae-

cium, phages against Enterococcus faecium were 

isolated from lake water, sewage water and open 

drainage water. The size of plaque ranged from 

1.0mm to 5mm in diameter 

Antibacterial activity and Host specificity : 

E. faecium phage (Fig 2) formed plaques on all six 
isolates. Clear plaques were produced on all strains 
tested. Pinpoint plaques were seen when 
Enterococcus faecalis was spotted with 
Enterococcus faecium phages. 

Effect of pH and temperature : 

No phages were recovered at pH 1, 2, 3, 4, and 5 

The maximum phage recovered at temperature 
320C is 7.8273 log10 PFU, at 340C is 7.8876 log10 
PFU, at 360C is 7.9658 log10 PFU, at 380C is 
8.7275 log10 PFU, at 400 C is 8.4312 log10 PFU 
and at 420C is 7.6981 log10 PFU (Table-2) 

At pH 7, the maximum number of phages (9.7745 
log10 PFU) was isolated at 380C. It was more than 
the initial concentration (9.2355 log10 PFU). The 
phages isolated at other temperatures are; at tem-
perature, 320C is 7.9148 log10 PFU, at 340C is  

 

 

 

8.2837 log10 PFU, at 360C is 8.5682 log10 PFU, 
at 400 C is 9.0042 log10 PFU and at 420C is 8.4623 
log10 PFU (Table-2, Fig-8). 

At pH 8, the maximum phage recovered at temper-
ature 320C is 7.6801 log10 PFU, at 340C is 7.7160 
log10 PFU, at 360C is 7.9740 log10 PFU, at 380C 
is 8.7625 log10 PFU, at 400 C is 8.4596 log10 PFU 
and at 420C is 7.0041 log10 PFU (Table-2). 

At pH 9 to 12, the phages were not recovered 

 

Fig-8: Different concentration of Enterococcus faecium phages 

produced at different temperature at pH 7. Initial concentration of 
phage tested is 9.6414 log 10. The maximum concentration of 

phage obtained at temperature of 360C is 11.99493 log 10 

  
 Temp 
(0C) 
  
  
  

pH 

6 7 8 

Initial Concen-
tration 

(log 10) 

Final 
Concentration 

(log 10) 

Initial Concen-
tration 

(log 10) 

Final 
Concentration 

(log 10) 

Initial Concen-
tration 

(log 10) 

Final 
Concentration 

(log 10) 

32 9.23552 7.82736 9.23552 7.91487 9.23552 7.69019 

34 9.23552 7.88761 9.23552 8.28375 9.23552 7.71600 

36 9.23552 7.96581 9.23552 8.56822 9.23552 7.97405 

38 9.23552 8.72751 9.23552 9.77451 9.23552 8.76258 

40 9.23552 8.43120 9.23552 9.00423 9.23552 8.45969 

42 9.23552 7.69815 9.23552 8.46239 9.23552 7.00414 

Table-2 :Initial and the final concentration of Enterococcus faecium phages at pH 6, 7 & 8 at different temperature 
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Klebsiella pneumoniae phage :  
 
Phages against MDR Klebsiella pneumonia were 
isolated from lake water, sewage water and open 
drainage water. The size of plaque ranged from 
1.0mm to 7.0mm in diameter. The phage isolated 
from sewage water had the highest plaque diame-
ter. 

Antibacterial activity and Host specificity : 

Klebsiella pneumoniae phage lysed all the strains 
of Klebsiella pneumoniae tested. The phage was 
found to form plaques on 89.2% of the MDR K. 
pneumoniae isolates and inhibited bacterial growth 
of an additional 5.4% of the strains, thus exhibiting 
an antibacterial effect against 94.6% of the MDR   
K. pneumoniae strains. But no plaques were seen 
when Klebsiella pneumoniae phage was treated 
with Pseudomonas aeruginosa or Acinetobacter 
baumannii, accounting for its host specificity. 

Effect of pH and temperature : 

At a pH of 3 to 5, no phages were recovered at dif-
ferent temperatures. At pH 6, the maximum num-
ber of phages isolated was less than the initial con-
centration (9.5705 log10 PFU). The maximum 
phage recovered at temperature 320C is 8.7387 
log10 PFU, at 340C is 8.8243 log10 PFU, at 360C 
is 9.8030 log10 PFU, at 380C is 9.9376 log10 PFU, 
at 400 C is 6.8311 log10 PFU and at 420C is 6.7752 
log10 PFU (Table-3). 

At pH 7, the maximum number of phages 
(11.9949 log10 PFU) was isolated at 380C. It was 

more than the initial concentration (9.5705 log10 
PFU). The phages isolated at other temperatures 
are; at temperature 320C is 11.5731 log10 PFU, at 
340C is 11.9182 log10 PFU, at 360C is 11.9477 
log10 PFU, at 400 C is 10.7911 log10 PFU and at 
420C is 10.0863 log10 PFU (Table-3, Fig-9). 

At pH 8, the maximum number of phages isolated 
was less than the initial concentration (9.5705 
log10 PFU). The maximum phage recovered at 
temperature 320C is 7.4517 log10 PFU, at 340C is 
7.8705 log10 PFU, at 360C is 8.2105 log10 PFU, 
at 380C is 8.5705 log10 PFU, at 400 C is 7.1072 
log10 PFU and at 420C is 6.9921 log10 PFU 
(Table-3). At pH 9 to 12, the phages were not re-
covered 

Fig 9: Different concentration of Klebsiella pneumoniae phages 
produced at different temperature at pH 7. Initial concentration of 

phage tested is 9.6414 log 10. The maximum concentration of 
phage obtained at temperature of 360C is 11.99493 log 10 

 Temp 
(0C) 

  
  

pH   

6 7 8 

Initial  
Concentration 

(log 10) 

Final  
Concentration 

(log 10) 

Initial  
Concentration 

(log 10) 

Final  
Concentration 

(log 10) 

Initial  
Concentration 

(log 10) 

Final  
Concentration 

(log 10) 

32 9.57054 8.73878 9.57054 11.5731 9.57054 7.45178 

34 9.57054 8.82438 9.57054 11.9182 9.57054 7.87052 

36 9.57054 9.80303 9.57054 11.9477 9.57054 8.21058 

38 9.57054 9.93765 9.57054 11.9949 9.57054 8.57054 

40 9.57054 6.83110 9.57054 10.7911 9.57054 7.10721 

42 9.57054 6.77524 9.57054 10.0863 9.57054 6.99211 

Table-3:  Initial and the final concentration of K. pneumoniae phages obtained at pH 6, 7 & 8 at different              
temperature 
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Pseudomonas aeruginosa phage : 
 

Bacteriophages against MDR Pseudomonas aeru-
ginosa were isolated from all the water samples 
(lake, sewage, field, open drain). The phage had 
the plaque size ranging from 0.5mm to 11 mm in 
diameter. Highest diameter was observed among 
the phage isolated from sewage and open drain wa-
ter 

Antibacterial activity and Host specificity : 

Pseudomonas aeruginosa phage lysed all Pseudo-
monas aeruginosa strains, but no plaques were 
seen when it was treated with Klebsiella 
pneumoniae or Acinetobacter baumannii. The Ps. 
aeruginosa phage formed plaques on all 31 MDR 
Ps. aeruginosa thus exhibiting an antibacterial ef-
fect of 100% against MDR Ps. aeruginosa. 

Effect of pH and temperature : 

At a pH of 3 to 5, no phages were recovered at dif-
ferent temperatures. At pH 6, the maximum phage 
recovered at temperature 320C is 8.6512 log10 
PFU, at 340C is 8.8850 log10 PFU, at 360C is 
9.7286 log10 PFU, at 380C is 9.9850 log10 PFU, 
at 400 C is 7.6700 log10 PFU and at 420C is 6.7555 
log10 PFU (Table-4). 

At pH 7, the maximum number of phages 
(11.9993 log10 PFU) was isolated at 380C. It was 
more than the initial concentration (9.6148 log10 
PFU). The phages isolated at other temperatures 
are; at temperature 320C is 11.6572 log10 PFU, at 

340C is 11.8906 log10 PFU, at 360C is 11.9173 
log10 PFU, at 400 C is 10.8562 log10 PFU and at 
420C is 9.3424 log10 PFU (Table-4, Fig-10). 

At pH 8, the maximum number of phages isolated 

was less than the initial concentration (9.6148 
log10 PFU). The maximum phage recovered at 
temperature 320C is 7.5599 log10 PFU, at 340C is 

7.6939 log10 PFU, at 360C is 7.9973 log10 PFU, 
at 380C is 8.7649 log10 PFU, at 400 C is 7.9273 
log10 PFU and at 420C is 7.8313 log10 PFU 

(Table-4, Fig-10). At pH 9 to 12, the phages were 
not recovered.  

 

Fig-10: Different concentration of Pseudomonas aeruginosa phages 
produced at different temperature at pH 7. Initial concentration of 

phage tested is 9.6414 log 10. The maximum concentration of 
phage obtained at temperature of 360C is 11.99493 log 10 

  Temp 
(0C) 
  

pH 

6                     7 8 

Initial 
Concentration 

(log 10) 

Final 
Concentration 

(log 10) 

Initial 
Concentration 

(log 10) 

Final 
Concentration 

(log 10) 

Initial 
Concentration 

(log 10) 

Final 
Concentration 

(log 10) 

32 9.61489 8.65127 9.61489 11.6572 9.61489 7.55990 

34 9.61489 8.88502 9.61489 11.8906 9.61489 7.69390 

36 9.61489 9.72866 9.61489 11.917 9.61489 7.99738 

38 9.61489 9.98509 9.61489 11.999 9.61489 8.76492 

40 9.61489 7.67004 9.61489 10.8565 9.61489 7.92737 

42 9.614897 6.75557 9.614897 9.342423 9.614897 7.831358 

Table-4: Initial and the final concentration of Ps. aeruginosa phages obtained at pH 6, 7 & 8 at different temperature 
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Acinetobacter baumannii phage :  
 
Phages against MDR Acinetobacter baumannii 
were isolated from lake water, field water and 
open drainage water. The plaque size of the phage 
ranged from 0.5mm to 8.0mm and highest size was 
seen among the phages isolated from the lake wa-
ter, field water and open drainage water. 

Antibacterial activity and Host specificity : 

A. baumannii phage formed plaques on 57.1% of 
MDR A. baumannii isolates. Acinetobacter bau-
mannii phage in concordance with the above 
phage specificity, lysed all the Acinetobacter bau-
mannii without any phage activity when treated 
with Klebsiella pneumoniae or Pseudomonas aeru-
ginosa. 

Effect of pH and temperature : 

At a pH of 3 to 5, no phages were recovered at dif-
ferent temperatures. At pH 6, the maximum num-
ber of phages isolated was less than the initial con-
centration (9.5415 log10 PFU). The maximum 
phage recovered at temperature 320C is 8.3579 
log10 PFU, at 340C is 8.7180 log10 PFU, at 360C 
is 9.2562 log10 PFU, at 380C is 9.0539 log10 PFU, 
at 400 C is 8.4186 log10 PFU and at 420C is 8.2504 
log10 PFU (Table-5). 

At pH 7, the maximum number of phages 
(10.4966 log10 PFU) was isolated at 380C. It was 
more than the initial concentration (9.5415 log10 

PFU). The phages isolated at other temperatures 
are; at temperature 320C is 8.8115 log10 PFU, at 
340C is 8.9882 log10 PFU, at 360C is 9.9447 log10 
PFU, at 400 C is 9.6569 log10 PFU and at 420C is 
8.4639 log10 PFU (Table-5, Fig-11). 

 At pH 8, the maximum number of phages 
isolated was less than the initial concentration 
(9.5415log10 PFU). The maximum phage recov-
ered at temperature 320C is 7.4487 log10 PFU, at 
340C is 7.8269 log10 PFU, at 360C is 7.9304 log10 
PFU, at 380C is 9.5051 log10 PFU, at 400 C is 
9.8325 log10 PFU and at 420C is 8.4742 log10 
PFU (Table-5). At pH 9 to 12 the phages were not 
recovered. 

Fig-11: Different concentration of Acinetobacter baumannii phages 
produced at different temperature at pH 7. Initial concentration of 

phage tested is 9.6414 log 10. The maximum concentration of 
phage obtained at temperature of 360C is 11.99493 log 10 

  
 Temp 
(0C) 
  

 pH 

6 7 8 
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Concentration 

(log 10) 

Final  
Concentration 

(log 10) 

Initial  
Concentration 

(log 10) 

Final  
Concentration 

(log 10) 

Initial  
Concentration 

(log 10) 

Final  
Concentration 

(log 10) 

32 9.541579 8.357935 9.541579 8.811575 9.541579 7.448706 

34 9.541579 8.718003 9.541579 8.988291 9.541579 7.826981 

36 9.541579 9.256208 9.541579 9.944713 9.541579 7.930440 

38 9.541579 9.05395 9.541579 10.49661 9.541579 9.505164 

40 9.541579 8.418633 9.541579 9.656998 9.541579 9.832509 

42 9.541579 8.250435 9.541579 8.463902 9.541579 8.474225 

Table-5: Initial and the final concentration of A. baumannii phages obtained at pH 6, 7 & 8 at different temperature 
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Enterobacter phage : 
 

Phages against MDR Enterobacter species were 

isolated from lake water, sewage water and open 

drainage water. The size of the plaque ranged from 

0.5mm to 5.0mm and highest size was seen among 

the phages isolated from the sewage waster. 

Antibacterial activity and Host specificity :  

Enterobacter phage was found to form plaques on 

79% of the MDR Enterobacter species  and inhibit-

ed bacterial growth of an additional 8% of the 

strains, thus exhibiting an antibacterial effect 

against 87% of the strains in our collection. Clear 

plaques were produced on all strains   

Effect of pH and temperature: 

At pH 6, the maximum number of phages isolated 
was less than the initial concentration (8.9322 
log10 PFU). The maximum phage recovered at 
temperature 320C is 7.945 log10 PFU, at 340C is 
7.9523 log10 PFU, at 360C is 8.010 log10 PFU, at 
380C is 8.9322 log10 PFU, at 400 C is 8.695 log10 
PFU and at 420C is 8.02433 log10 PFU (Table 5, 
Fig 6). 

At pH 7, the maximum number of phages (9.7808 
log10 PFU) was isolated at 380C. It was more than 
the initial concentration (9.2355 log10 PFU). The 
phages isolated at other temperatures are; at tem-
perature, 320C is 7.9982 log10 PFU, at 340C is 
8.3780 log10 PFU, at 360C is 8.6974 log10 PFU, 

at 400 C is 9.3615 log10 PFU and at 420C is 9.0179 
log10 PFU (Table-6, Fig-12). 

At pH 8, the maximum number of phages isolated 
was less than the initial concentration (8.999 log10 
PFU). The maximum phage recovered at tempera-
ture 320C is 7.822 log10 PFU, at 340C is 7.8627 
log10 PFU, at 360C is 8.078 log10 PFU, at 380C is 
8.999 log10 PFU, at 400 C is 8.827 log10 PFU and 
at 420C is 7.5563 log10 PFU (Table-6). At pH 9 to 
12, the phages were not recovered 

 

Fig-12: Different concentration of Enterococcus faecalis 
phages produced at different temperature at pH 7. Initial con-

centration of phage tested is 9.6414 log 10. The maximum 
concentration of phage obtained at temperature of 360C is 

11.99493 log 10 
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40 9.235528 8.695657 9.235528 9.361501 9.235528 8.827499 

42 9.235528 8.02533 9.235528 9.017954 9.235528 7.556375 
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DISCUSSION : 

The World Health Organization (WHO) created a 
list of antibiotic-resistant, top global priority infec-
tions in 2017 to help with research and the creation 
of novel, powerful antibiotic therapies. The list 
was created using multi-criteria assessments and 
divided into three priority categories: medium, 
high, and critical. The multidrug-resistant Gram-
negative ESKAPE pathogens, including Acineto-
bacter baumannii (carbapenem-resistant), Pseudo-
monas aeruginosa (carbapenem-resistant), 
Klebsiella pneumoniae (third generation cephalo-
sporin-resistant), and Enterobacter spp., are includ-
ed in the “Priority 1: critical”. The Gram-positive 
ESKAPE pathogens such as Enterococcus faecium 
(vancomycin-resistant) and Staphylococcus aureus 
(methicillin-resistant, vancomycin-intermediate 
and resistant) are included in the "Priority 2: High" 
pathogen group. These ESKAPE are frequent path-
ogens in several deadly infections like meningitis, 
sepsis, pneumonia, and others, especially in inten-
sive care units, which are constant sources of mor-
tality and morbidity. These pathogens have also 
been isolated from common environmental water 
sources such as drinking water, surface runoff, 
ponds, rivers, and sewage water6-11. The presence 
of ESKAPE pathogens in these niches has been 
attributed to contamination via hospital wastes and 
improper sewage treatment and disposal.  
 
Even though there are many alternatives to antibi-
otics available, none have proved as effective as 
bacteriophage for the treatment when no alterna-
tives are available.  Bacteriophages against bacteri-
al pathogens have failed as therapeutic agents be-
cause the antibiotics were cheaper and also the dif-
ficulty in selecting, isolating, and characterizing 
the bacteriophages against these pathogens made 
them less attractive alternatives. Bacteriophages 
used in phage therapy need to be able to target 
pathogenic variants of bacteria in a human. In ad-
dition to this, they should be virulent phages i.e., 
they should kill the targeted bacteria when they 
infect, and phages should be stable and virulent 
throughout the storage. So, testing specific storage 
conditions for each phage is very difficult. Because 
some are more stable at lower temperatures such as 
around 4oC (these include phages against Shigella 
and Gram-negative bacteria like Haemophilus, 
Pasteurella, Pseudomonas, Rhizobium, Vibrio) 
and even lower temperatures of -80 oC (which in-
clude Aeromonas, Bacteroides, Brucella, and some 
phages against Vibrio). Some exhibit stability at 
room temperatures (phages against ESKAPE path-
ogens). pH also has an impact on the survival and 

persistence of bacteriophages14,17. In response to 
outside variables, the phage population is often 
steady. Some phages may be kept in solution or 
dry form for an extended period of time at neutral 
pH (6 to 8)14. With change in pH, phage titers of-
ten decline gradually. For instance, when the pH 
dropped from 6.19 to 5.38 between 4 and 6 hours, 
the phage titer of S. aureus was lowered by 2 log. 
Below pH 4.5, there is often less of a chance of 
harmful bacteria contaminating food as well as a 
restriction on the growth of numerous phages18,19. 
For instance, the Myoviridae family's phage T4 is 
unstable at pH of <5. At pH 5.0 and 37°C, phage 
PM2 (Corticoviridae family) completely loses ac-
tivity after 1 hour. However, stomach acid might 
negatively affect the survival of phage in the event 
of phage oral injection, which could result in thera-
peutic failure20. Finally, these phages should be 
resistant to patients’ immune responses. So, the 
routes of administration in different diseases vary. 
 
This research was intended to highlight the im-
portance of bacteriophage therapy in treating mul-
tidrug-resistant infections caused by ESKAPE 
pathogens. Many parameters such as antibacterial 
activity, host specificity, and viability of phages in 
different pH and temperatures have been assessed 
for the purpose of knowing the efficacy of the 
treatment against multidrug-resistant infections. 
Present findings are in accordance with earlier re-
ports of Tiwari et al14. and Shukla20 and Hirpur-
kar21  who observed that phage viability was maxi-
mal between pH 5 and 9 and all phages were com-
pletely inactivated at pH of 3 and 11. Likewise, 
Ibrahim et al22. observed stable lytic activities at 
pH 6-8. Low pH reportedly affects phage aggrega-
tion and reduces their abilities to penetrate the host 
cells 11. Our findings are contradictory to those re-
ported by Krasowska et al.17 who found that phag-
es of Bacillus were resistant to high temperatures 
(80°C for 1 min). 
 
In the present study, phages were exposed to vari-
ous pH and temperature combinations.  There was 
no phage activity at extreme conditions of temper-
ature (45°C)15,22 and pH. Studies have reported that 
viability at pH 9 and temperatures < 15°C is one of 
the most common limiting factors for phage activi-
ty14, . Phages are generally more temperature and 
pH-resistant compared to their host bacteria 16 . In 
the present study, since the phage was isolated 
against ESKAPE pathogens infecting man, the 
phage showed temperature and pH tolerance simi-
lar to its bacterial host. We observed better phage 
stability at pH 7 and 8 compared to pH 6 (p< 0.05).  
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There was no statistically significant (p>0.05) dif-
ference in the phage stability between pH 7 and pH 
8, though there was a small difference of 0 to 3-log 
of recovered phages at various temperatures. When 
phage stability at pH 6 was compared with pH 7 
and pH 8, the difference was less or insignificant at 
lower (40°C) temperatures. However, at tempera-
tures between 26° C and 40° C, there was a signifi-
cant difference (p< 0.05), phage undergoes irre-
versible coagulation and precipitation resulting in 
inactivity 17. Studies have also suggested the low-
est phage inactivation at near-neutral pH (pH 6 to 
8) and temperatures around 37°C21. The right tem-
perature and pH guide the optimum antibacterial 
activity of phages 19 . Similar to pH, temperature 
plays a major role in the viability and stability of 
phages. At pH 6, there was no significant differ-
ence (p>0.05) in the recovery of phages at temper-
atures 40°C when compared with pH 7 and pH 8. 
Similar results (p>0.05) were observed when 
phage viability was compared at the same tempera-
tures between pH 7 and pH 8 indicating that tem-
perature below 25°C and above 40°C is less fa-
vourable for phage viability/stability irrespective 
of a favourable pH (pH 7 and pH 8). At tempera-
tures between 31°C and 40°C, there was a signifi-
cant difference. Optimum phage activity was seen 
at 38° C at pH 7. Similar results were observed by 
previous researchers who observed that T4 phage 
isolated against diarrheagenic E. coli showed good 
stability between 15° C and 45° C with optimum 
activity at 37°C 22-25. There was an excellent anti-
bacterial activity of phage on exposure to tempera-
tures between 31°C and 40°C and pH 7 and pH 8. 
Though the phage was viable at all three pH levels, 
the highest phage recovery was seen at neutral pH 
(pH 7).  

In conclusion, pH and temperature are critical fac-
tors that impact the success of phage therapy. To 
maximize the effectiveness of phage therapy, it is 
crucial to maintain optimal pH and temperature 
ranges that suit the specific phage strain used in 
the therapy.  
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