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Abstract
Microbes show a high antimicrobial resistance due to a high rate of mutations predisposed by many 
factors, especially the abuse of antibiotics. Therefore, there is a great need for an alternative therapeutic 
agent for infectious diseases caused by microbes resistant to antibiotics. Bacteriophages are viruses 
parasitizing microbes, that got a big scientist’s attention due to their ability as an alternative therapy 
for severe bacterial infections. This study is devoted to identifying bacteriophage from river water 
on tested pathogenic isolates isolated from clinical cases of UTI in vitro and finding out the effect of 
phage on these bacterial isolates as an initial step of further in vivo phage therapeutic study on the 
same tested isolates. The results showed a significant bactericidal effect of the isolated bacteriophages 
against the pathogenic bacterial isolates.
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INTRODUCTION
 
 Many bacterial species over several 
years are able to avoid the effect of antimicrobial 
agents, because of bacterial genomic DNA transfer 
or spontaneous bacterial genome mutations due 
to the abuse and overuse of antibiotics. These 
microbial mechanisms defect the activity of certain 
antibacterial antibiotics turning them ineffective.1 
Infectious bacterial pathogens that are resistant 
to antibiotics are categorised as Mutable Drug-
Resistant pathogens (MDR) and they become 
a significant health threat worldwide widely.2 

This turned out to be even more problematic, 
especially with the slower production of new 
antibiotic agents over recent years.3 Therefore, 
it became urgent to use an alternative agent for 
treating diseases caused by infectious bacteria 
to decrease antibiotic resistance emerging and 
disseminating.4,5

 Bacteriophages are viruses that infect 
and replicate inside bacterial cells.6 They got 
big scientists’ attention due to their ability as an 
alternative therapy for severe bacterial infections. 
Bacteriophage or simply phage infection can 
lead to the production of progeny phage via 
the lytic replication cycle inside bacterial cells. 
Lytic replication describes the process by which 
the phage uses the bacterial host cell as a 
factory to produce new phage capsids, tails and 
other structural proteins to form new phage 
particles within the bacterium.7 Recent theoretical 
developments have revealed that bacteriophages 
could take the role of solving the pathogenic 
bacterial resistance problem as alternative 
antibacterial therapy.8,9 The mechanisms used by 
phage are promiscuous compared to therapeutic 
regimes of antibiotics. Phage infection is so specific, 
each bacterial species has its specific phage that 
could be infected with, even if those bacteria are 
Mutable Drug-Resistant pathogens.10,11 In addition 
to the highly precise specificity of its bacterial 
host, the phage is abundant, effective in small 
doses and they are safe for humans and animals. 
Furthermore, phage particles decreased in their 
number with their host declined.12

 A large number of therapeutic, in vitro 
and in vivo, approaches using phage particles 
have been developed over the last few decades 
testing different bacterial species and have 

achieved some very good results.13 For example, 
bacteriophage was evaluated for the treatment 
of infection caused by Klebsiella pneumoniae in 
mice.14 Moreover, several in vitro assays reported 
the efficiency of host-specific bacteriophage in 
the control of antibiotic-resistant bacteria for 
vancomycin-resistant Enterococcus faecium in 
experimental animals, as well as the efficiency of 
bacteriophage species isolated from some river 
water or swage water in the treatment against 
some enteric pathogens.15,16 These are examples 
of using a host-specific phage as an alternative 
treatment against Mutable Drug-Resistant 
bacterial pathogens. 
 In Iraq, antimicrobial resistance among 
pathogenic bacteria becomes predominant, 
and little effort has been forced to control 
this problem.17 At the same time, this country 
possesses very good water recourses with  
two big rivers; therefore, looking for lytic phage 
in river water or sewage water could be an 
alternative solution for antimicrobial resistance.
 In this study, we examined the effect of 
phage from Euphrates River water, near Ramadi 
city, Iraq, against multidrug-resistant bacteria 
isolated from patients with urinary tract infections 
(UTI). 

MATERIALS AND METHODS

Water samples
 Samples of river water were taken from 
virial places of the Euphrates River near Ramadi 
city, Iraq. The static surface of the side water 
was used to collect samples in 100 ml sterile 
containers. Samples were centrifuged to remove 
big particulates from the water for 30 minutes 
at 3000 rpm. The supernatant was poured into 
a sterile wight tube after it was filtered using a 
0.22µm syringe filter. 

Bacterial Isolates
 Eighty-six Bacterial isolates were isolated 
from 123 patients suffering from urinary tract 
infections at the Ramadi Teaching Hospital for 
Maternity and Children. Bacterial isolates were 
then investigated for their bacterial species 
and antibiotic sensitivity using VITEK 2 system 
(bioMeriex). Clinical bacterial isolates were the 
only strains used in this study as the availability 
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of commercial strains could not be achieved. 
MacFarland standards of turbidity on 0.5 O.D. for 
each isolate were obtained. This was by inoculating 
two or three bacterial colonies in 20 ml of Nutrient 
broth after 4 hours of incubation at 37°C.

Detection of bacteriophage effect against host 
bacteria
 The host range of possible water 
bacteriophage was identified with 86 bacterial 
isolates using the spot test. Bacterial lawn culture 
was made using a sterile cotton swab, after being 
moistened with bacterial broth culture with 0.5 
O.D. on tryptic soy agar plates from each bacterial 
isolate. A drop of five microliters of each filtered 
water sample was spotted on the agar plate. 
After they were allowed to dry, the plates were 
incubated at 37°C for 24 hours. The plates were 
then examined for the effectiveness zone on the 
spotted places.16

Plaque assay for bacteriophage isolation
 After it was filtrated, one ml of phage fluid 
was added to a sterile, 100 ml conical flask already 
containing 50 ml of a bacterial suspension of the 
respective host. The mixture was mixed very well 
before being left for 10 minutes at an appropriate 
temperature. The mixture was then mixed well 
with 3 ml of 07% molten agar at 50°C, before it 
was poured into the top of a nutrient agar plate. 

After incubation at 37°C, the plates were absorbed 
for plaque formation over the surface of the top 
agar for each plate.18

RESULTS

 To find out whether the study hypothesis 
is verified or not, eighty-six (86) clinical bacterial 
isolates were isolated from 123 patients  
suffering from urinary tract infections. These 
clinical isolates are Escherichia coli(60 isolates), 
Enterobacter cloacae (23 isolates), Klebsiella 
pneumoniae (24 isolates),  Pseudomonas 
aeruginosa (12 isolates), and Proteus mirabilis 
(27 isolates). On another hand, eight samples of 
river water were taken from the static surface 
of the riverside to find out whether these water 
samples contained phage species or not.
 The antibiotic sensitivity of bacterial 
isolates was tested using VITEK 2 system 
(BioMeriex), this enabled the detection of the 
bacterial phenomenon of multidrug resistance 
(Figure 1).
 The results revealed 88.33 % of Escherichia 
coli isolates were resistant to a wide range of 
antibiotics. Similarly, a high range of resistance was 
found when we tested Pseudomonas aeruginosa 
against used antibiotics. The antibiotic-sensitivity 
test of Enterobacter cloacae and Proteus mirabilis 
isolates showed medium resistance, with 34.68 

Figure 1. The sensitivity pattern of bacterial isolate used in this study.Escherichia coli and Pseudomonas aeruginosa 
showed high resistance to the used antibiotics, while medium antibiotics resistance was reported with Enterobacter 
cloacae and Proteus mirabilis. And Klebsiella pneumoniae isolates were the most sensitive isolates to antibiotics
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% and 37.03%, respectively. The most antibiotic-
sensitive isolates were Klebsiella pneumoniae 
isolates, with 16.6% bacterial resistance (Figure 1).
 Regarding the bacterial  isolates’ 
sensitivity to the bacteriophage, the host range 
of possible water bacteriophage was detected 
using the plate spot method on bacterial lawns. 

The results showed a wide sensitivity range of most 
bacterial isolates to water samples phage, which is 
considered significant as the P value is 0.024 using 
T-test. This result was so obvious, as there was a 
clear zoon usually created in the place of the water 
spot on each bacterial lawn (Figure 2 and 3). 

Figure 2. The effect of water’s phage samples on bacterial isolates used in this study. Bacteria that highly be inhabited 
by bacteriophage was Enterobacter cloacae followed byE.coli, while the less be affected bacteria was Proteus mirabilis

Figure 3. The effect of crude water’s phage samples on bacterial isolates using the plate spot method on bacterial 
lawns. (A, B) On E. coli lawn plate. (C) On Pseudomonas aeruginosa lawn plate. (D) On Klebsiella pneumoniae lawn 
plate. (E) On Enterobacter cloacae lawn plate. (F) On Proteus mirabilis lawn plate
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 Although we got a significant detection 
of water bacteriophage against most bacterial 
isolates, however, we did not get any positive 
results of phage plaque assays, this unfortunate 
result was obtained after ten times repeating 
plaque assays with several parameter changes 
throughout about ten months of lab work.

DISCUSSION

 Antibiotics resistant bacteria or what 
is called multidrug-resistant bacteria (MDR) 
become a serious problem for the human 
population throughout the world. Many bacterial 
pathogens have emerged as new serotypes with 
high resistance phenomenon to a high range of 
reliable antibiotics. Moreover, in recent years, the 
emergence of newly resistant bacterial serotypes 
was combined with less development of new 
antibiotics generations, which leads to minimised 
drug options for some severe bacterial infections.19

 The use of  bacteriophage as an 
antibacterial infection treatment started even 
before the discovery of antibiotics. However, the 
antibiotic emergence in the 1940s especially those 
with broad-spectrum besides the high bacterial 
sensitivity to them, at that time, replaced the 
development of bacteriophage as a therapeutic 
agent against bacterial infections.20

 In this study, we examined the effect of 
suspected phage isolates that might be present 
in Euphrates River water, near Ramadi city, Iraq, 
against some Gram-negative bacterial isolates 
taken from patients with UTI. All bacterial 
isolates antibiotics sensitivity patrons were 
tested using VITEK 2 system (bioMeriex). The 
bacterial isolates’ sensitivity to antibiotics 
was tested against a wide range of antibiotics 
belonging to groups of Penicillins, several 
generations of Cephalosporins, Fluoroquinolones, 
Aminoglycosides, Monobactams, Carbapenems, 
Folic acid Synthesis Inhibitors and Nitrofurans. 
 According to the results of this study, 
most E. coli isolates were resistant to antibiotics 
used. In this study, E.coli represents a considerable 
part of the commensal microbiota of both humans 
and animals; however, they are also an illness 
pathogen that could cause serious public health 
problems.21 E. coli has a variety of antibiotic 
resistance genes which might be the reason behind 

their treatment failure in human and animal 
infections. Significant resistance genes have been 
detected in E. coli genomes recently. Most of 
these genes were disseminated within the same 
bacterial generation by horizontal DNA transfer. 
Furthermore, E. coli acts as a resistance genes 
reservoir for other so related enterobacterial 
species which can receive these genes and can 
also act as a donor, so they pass these resistance 
genes to E. coli as well as other enterobacteria.22 
Some of these genes are β-Lactams genes, 
which are present in numerous numbers in 
the E. coli genome. Many E. coli strains have a 
wide range of extended-spectrum β-lactamases 
(ESBLs) as well as cephalosporinases genes 
that could switch off the activity of penicillins, 
aminopenicillins, and the third and fourth-
generation cephalosporins including cefovecin, 
ceftiofur and cephalosporin cefquinome.23 Some 
other E. coli strains have the resistance ability to 
quinolones and fluoroquinolones. The target of 
these antibiotics is to invalidate the activity of 
both DNA gyrase, which has two subunits GyrA 
and GyrB, and topoisomerase, which consists 
of ParC and ParE subunits, in E. coli and other 
Gram-negative bacteria. Antibiotic resistance to 
quinolones and fluoroquinolones takes place due 
to a mutation in the genes for these enzymes in 
the E. coli genome.24 
 Regarding the result of antibiotic 
sensitivity of Pseudomonas aeruginosa isolates, 
a similar result was seen as the result of E. coli 
isolates, as most P. aeruginosa isolates have 
high resistance to antibiotics used in this study. 
Pseudomonas aeruginosa is considered an 
opportunistic pathogen that is causing a significant 
health problem, particularly in compromised 
immunity patients and individuals with cystic 
fibrosis illness. It was reported that P. aeruginosa 
has a resistance phenomenon to many antibiotics 
including-lactamase, aminoglycosides, and 
quinolones.25,26 These bacteria are remarkably 
known for their various mechanisms of antibiotic 
resistance including intrinsic, adaptive, and 
acquired resistance mechanisms. As intrinsic, the 
bacteria could make their cells’ outer membrane 
less permeable, they could also drive the antibiotic 
out of the cell by efflux pump expression, and the 
creation of enzymes that inactivate antibiotics. 
As an adaptive ability of resistance, the bacteria 
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have the ability of biofilm formation particularly 
in lower respiratory tract infections which limits 
the access of antibiotics to the bacterial cells. The 
acquired ability of resistance can be accrued by 
either mutational change or by antibiotic genes’ 
horizontal transfer.27,28 Therefore, the use of 
alternative treatment strategies for the therapy of 
P. aeruginosa infections becomes urgently needed 
particularly for patients with antibiotic-resistant 
infections.
 The results of this study revealed that 
both Enterobacter cloacae and Proteus mirabilis 
isolates showed medium antibiotic resistance. 
Enterobacter spp., are within Enterobacteriaceae 
that resistant to carbapenem antibiotic (CRE) 
in the United States and this is the reason 
behind the distribution of carbapenem-resistant 
infectious diseases.29 Enterobacter cloacae 
particularly resistant strains area causative agent 
of a wide range of hospital-acquired infections, 
including urinary tract infections, pneumonia, and 
septicaemia.30,31 It was reported that Enterobacter 
cloacae can acquire antibiotic resistance genes, 
including wide deferent carbapenems genes.
 Proteus mirabilis is a member of 
Enterobacteriaceae that is considered as normal 
bacterial flora of the human genitive tract. However, 
these bacteria are also opportunistic pathogens 
that cause serious urinary tract infections. Proteus 
mirabilis has a natural resistance phenomenon 
to some antibiotics and has low susceptibility to 
antibiotics like imipenem. Proteus mirabilis has the 
ability to lose porins and reduce the expression 
of bacterial genes that encode penicillin-binding 
proteins (PBPs).32

 Klebsiella pneumoniae isolates showed 
high sensitivity to the most used antibiotics in 
this study, this is not a bizarre outcome, similar 
results were obtained by Ameshe et al. who stated 
in their study, in Northwest Ethiopia, in 2022; 
that Klebsiella pneumoniae isolates had highly 
sensitive patterns to chloramphenicol, gentamicin, 
ciprofloxacin, cefoxitin, meropenem, ceftazidime, 
cefotaxime and nitrofurantoin.33 Nevertheless, 
many studies reported that multidrug resistance 
Klebsiella pneumoniae become a public health 
problem in many parts of the world.34,35

 Pathogenetic bacteria with multi-
antibiotic resistance is a significant globule 
problem that is estimated to be as serious as 

the reason behind about ten million mortalities 
annually by 2050.36 Therefore, new alternative 
therapeutic approaches are strongly needed. Using 
bacteriophages therapeutic strategies is one of 
these approaches. Phage in their nature, like other 
viruses, are abundant agents that cannot grow or 
replicate without the use of bacterial cells with all 
their mechanisms to make new phases and spread 
after destroying the bacterial cell. Furthermore, 
phage are innocuous to plants, animals and even 
humans. For these reasons, they could be used as 
an antibacterial agent instead of using antibiotics 
or they could be used in combination with 
antibiotics to treat bacterial infections in plants, 
animals and humans.37

 According to our results using the plate 
spot method on bacterial lawns, most of the used 
bacterial isolates showed a high range of sensitivity 
to water samples’ phage. This result confirms many 
previous studies’ outcomes. Similar results were 
stated by Bhetwal et al. as they tested the effect of 
river-isolated bacteriophage on bacterial isolates 
that had MDR or ESBL bacteria.16 Many previous 
studies confirmed our presented results, as they 
confirmed the therapeutic effect of bacteriophage 
on pathogenic bacteria.38-41

ACKNOWLEDGMENTS 
 None. 

CONFLICT OF INTEREST
 The authors declare that there is no 
conflict of interest.

AUTHORS' CONTRIBUTION
 All authors listed have made a substantial, 
direct and intellectual contribution to the work, 
and approved it for publication.

FUNDING 
 None. 

DATA AVAILABILITY 
 All datasets generated or analysed during 
this study are included in the manuscript. 

ETHICS STATEMENT
 This article does not contain any studies 
on human participants or animals performed by 
any of the authors.



  www.microbiologyjournal.org2350Journal of Pure and Applied Microbiology

Mohaisen et al | J Pure Appl Microbiol. 2023;17(4):2344-2351. https://doi.org/10.22207/JPAM.17.4.30

REFERENCES

1.  Bennett PM. Plasmid encoded antibiotic resistance: 
acquisition and transfer of antibiotic resistance 
genes in bacteria. Br J Pharmacol. 2008;153(Suppl 
1):S347-S357. doi: 10.1038/sj.bjp.0707607

2.  Ventola CL. The antibiotic resistance crisis: part 1: 
causes and threats. PT. 2015;40(4):277-283.

3.  Neu HC. The crisis in antibiotic resistance. Science. 
1992;257(5073) :1064-1073.  doi :  10.1126/
science.257.5073.1064

4.  Choudhury R, Panda S, Singh DV. Emergence and 
dissemination of antibiotic resistance: a global 
problem. Indian J Med Microbiol. 2012;30(4):384-90. 
doi: 10.4103/0255-0857.103756

5.  Rios AC, Moutinho CG, Pinto FC, et al. Alternatives 
to overcoming bacterial resistances: State-of-the-
art. Microbiol Res. 2016;191:51-80. doi: 10.1016/j.
micres.2016.04.008

6.  Hambly E, Suttle CA. The viriosphere, diversity, and 
genetic exchange within phage communities. Curr 
Opin Microbiol. 2005;8(4):444-450. doi: 10.1016/j.
mib.2005.06.005

7.  Bradley DE. Ultra structure of bacteriophage and 
bacteriocins. Bacteriol Rev. 1967;31(4):230-314. doi: 
10.1128/br.31.4.230-314.1967

8.  Sulakvelidze A, Alavidze Z, Morris JG. Bacteriophage 
t h e ra p y.  A n t i m i c r o b  A g e n t s  C h e m o t h e r. 
2001;45(3):649-59. doi: 10.1128/AAC.45.3.649-
659.2001

9.  Lin DM, Koskella B, Lin HC. Phage therapy: An 
alternative to antibiotics in the age of multi-drug 
resistance. World J Gastrointest Pharmacol Ther. 
2017;8(3):162-173. doi: 10.4292/wjgpt.v8.i3.162

10.  Raza T, Andleeb S, Ullah SR, Jamal M, Mehmood K, Ali 
M. Isolation and Characterization of a Phage to Control 
Vancomycin Resistant. Open Life Sci. 2018;13:553-560. 
doi: 10.1515/biol-2018-0066

11.  Gong P, Cheng M, Li X, et al. Characterization of 
Enterococcus faecium bacteriophage IME-EFm5 and 
its endolysin LysEFm5. Virology. 2016;492:11-20. doi: 
10.1016/j.virol.2016.02.006

12.  Chan BK, Abedon ST, Loc-Carrillo C. Phage cocktails 
and the future of phage therapy. Future Microbiol. 
2013;8(6):769-83. doi: 10.2217/fmb.13.47

13.  Mihu MR, Martinez LR. Novel therapies for treatment 
of multi-drug resistant Acinetobacter baumannii skin 
infections. Virulence. 2011;2(2):97-102. doi: 10.4161/
viru.2.2.15061

14.  Cao F, Wang X, Wang L, et al. Evaluation of the 
efficacy of a bacteriophage in the treatment of 
pneumonia induced by multidrug resistance Klebsiella 
pneumoniae in mice. Biomed Res Int. 2015;752930. 
doi: 10.1155/2015/752930

15.  Wang J, Hu B, Xu M, et al. Therapeutic effectiveness of 
bacteriophages in the rescue of mice with extended 
spectrum beta-lactamase-producing Escherichia coli 
bacteremia. Int J Mol Med. 2006;17(2):347-55. doi: 
10.3892/ijmm.17.2.347

16.  Bhetwal A, Maharjan A, Shakya S, et al. Isolation 
of Potential Phages against Multidrug-Resistant 
Bacterial Isolates: Promising Agents in the Rivers of 

Kathmandu, Nepal. Biomed Res Int. 2017;3723254. 
doi: 10.1155/2017/3723254

17.  Calhoun JH, Murray CK, Manring MM. Multidrug-
resistant organisms in military wounds from Iraq and 
Afghanistan. Clin Orthop Relat Res. 2008;466(6):1356-
1362. doi: 10.1007/s11999-008-0212-9

18.  Seaman PF, Day MJ. Isolation and characterization 
of a bacteriophage with an unusually large genome 
from the Great Salt Plains National Wildlife Refuge, 
Oklahoma, USA. FEMS Microbiol Ecol. 2007;60(1):1-13. 
doi: 10.1111/j.1574-6941.2006.00277.x

19.  Mayrhofer S, Paulsen P, Smulders FJ, Hilbert F. 
Antimicrobial resistance profile of five major food-
borne pathogens isolated from beef, pork and poultry. 
Int J Food Microbiol. 2004;97(1):23-29. doi: 10.1016/j.
ijfoodmicro.2004.04.006

20.  Kuchment A. The forgotten cure : the past and 
future of phage therapy. Copernicus Books, Springer 
Science+Business Media; 2012:xvi:131. doi: 
10.1007/978-1-4614-0251-0

21.  Tadesse HA, Gidey NB, Workelule K, et al. Antimicrobial 
Resistance Profile of E. coli Isolated from Raw Cow Milk 
and Fresh Fruit Juice in Mekelle, Tigray, Ethiopia. Vet 
Med Int. 2018;8903142. doi: 10.1155/2018/8903142

22.  Poirel L, Madec JY, Lupo A, et al. Antimicrobial 
Resistance in Escherichia coli. Microbiol Spectr. 
2018;6(4). doi: 10.1128/microbiolspec.ARBA-0026-
2017

23.  Ewers C, Bethe A, Semmler T, Guenther S, Wieler 
LH. Extended-spectrum b-lactamase-producing and 
AmpC-producing Escherichia coli from livestock and 
companion animals, and their putative impact on 
public health: a global perspective. Clin Microbiol 
Infect. 2012;18(7):646-655. doi: 10.1111/j.1469-
0691.2012.03850.x

24.  Hopkins KL, Davies RH, Threlfall EJ. Mechanisms 
of quinolone resistance in Escherichia coli and 
Salmonella: recent developments. Int J Antimicrob 
Agents. 2005;25(5):358-373. doi: 10.1016/j.
ijantimicag.2005.02.006

25.  Pang Z, Raudonis R, Glick BR, Lin TJ, Cheng Z. 
Antibiotic resistance in Pseudomonas aeruginosa: 
mechanisms and alternative therapeutic strategies. 
Biotechnol Adv. 2019;37(1):177-192. doi: 10.1016/j.
biotechadv.2018.11.013

26.  Hancock RE, Speert DP. Antibiotic resistance in 
Pseudomonas aeruginosa: mechanisms and impact 
on treatment. Drug Resist Updat. 2000;3(4):247-255. 
doi: 10.1054/drup.2000.0152

27.  Breidenstein EB, de la Fuente-Nunez C, Hancock RE. 
Pseudomonas aeruginosa: all roads lead to resistance. 
Trends Microbiol. 2011;19(8):419-26. doi: 10.1016/j.
tim.2011.04.005

28.  Drenkard E. Antimicrobial resistance of Pseudomonas 
aeruginosa biofilms. Microbes Infect. 2003;5(13):1213-
1219. doi: 10.1016/j.micinf.2003.08.009

29.  Wilson BM, El Chakhtoura NG, Patel S, et al. 
Carbapenem-Resistant Enterobacter cloacae in 
Patients from the US Veterans Health Administration, 
2006-2015. Emerg Infect Dis. 2017;23(5):878-880. doi: 
10.3201/eid2305.162034

30.  Wisplinghoff H, Bischoff T, Tallent SM, Seifert H, Wenzel 



  www.microbiologyjournal.org2351Journal of Pure and Applied Microbiology

Mohaisen et al | J Pure Appl Microbiol. 2023;17(4):2344-2351. https://doi.org/10.22207/JPAM.17.4.30

RP, Edmond MB. Nosocomial bloodstream infections 
in US hospitals: analysis of 24,179 cases from a 
prospective nationwide surveillance study. Clin Infect 
Dis. 2004;39(3):309-17. doi: 10.1086/421946

31.  Sanders WE, Sanders CC. Enterobacter spp.: pathogens 
poised to flourish at the turn of the century. Clin 
Microbiol Rev. 1997;10(2):220-241. doi: 10.1128/
CMR.10.2.220

32.  Girlich D, Bonnin RA, Dortet L, Naas T. Genetics of 
Acquired Antibiotic Resistance Genes in Proteus 
spp. Front Microbiol. 2020;11:256. doi: 10.3389/
fmicb.2020.00256

33.  Ameshe A, Engda T, Gizachew M. Antimicrobial 
Resistance Patterns, Extended-Spectrum Beta-
Lactamase Production, and Associated Risk Factors 
of Klebsiella Species among UTI-Suspected Patients 
at Bahir Dar City, Northwest Ethiopia. Int J Microbiol. 
2022;8216545. doi: 10.1155/2022/8216545

34.  Nakamura-Silva R, Cerdeira L, Oliveira-Silva M, et 
al. Multidrug-resistant Klebsiella pneumoniae: a 
retrospective study in Manaus, Brazil. Arch Microbiol. 
2022;204(4):202. doi: 10.1007/s00203-022-02813-0

35.  Wang G, Zhao G, Chao X, Xie L, Wang H. The 
Characteristic of Virulence, Biofilm and Antibiotic 
Resistance of Klebsiella pneumoniae. Int J Environ 
Res Public Health. 2020;17(17):6278. doi: 10.3390/
ijerph17176278

36. de Kraker ME, Stewardson AJ, Harbarth S. Will 
10 Million People Die a Year due to Antimicrobial 
Resistance by 2050? PLoS Med. 2016;13(11):e1002184. 
doi: 10.1371/journal.pmed.1002184

37.  Garcia R, Latz S, Romero J, Higuera G, Garcia K, 
Bastias R. Bacteriophage Production Models: An 
Overview. Front Microbiol. 2019;10:1187. doi: 
10.3389/fmicb.2019.01187

38.  Glonti T, Pirnay JP. In Vitro  Techniques and 
Measurements of Phage Characteristics That Are 
Important for Phage Therapy Success. Viruses. 
2022;14(7):1490. doi: 10.3390/v14071490

39.  Casey E, van Sinderen D, Mahony J.  In Vitro 
Characteristics of Phages to Guide ‘Real Life’ Phage 
Therapy Suitability. Viruses. 2018;10(4):163. doi: 
10.3390/v10040163

40.  Uchiyama J, Rashel M, Maeda Y, et al. Isolation and 
characterization of a novel Enterococcus faecalis 
bacteriophage phiEF24C as a therapeutic candidate. 
FEMS Microbiol Lett. 2008;278(2):200-206. doi: 
10.1111/j.1574-6968.2007.00996.x

41.  Shende RK, Hirpurkar SD, Sannat C, Rawat N, Pandey V. 
Isolation and characterization of bacteriophages with 
lytic activity against common bacterial pathogens. 
Vet World. 2017;10(8):973-978. doi: 10.14202/
vetworld.2017.973-978


