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Abstract 

Within the scope of the study, clinical non-typhoidal Salmonella were isolated in Armenia 

and Georgia and identified based on conventional microbiological methods and MALDI-TOF 

MS. These isolates were further analysed by serotyping (White-Kauffmann-Le Minor 

scheme) and their antimicrobial susceptibility profiles were defined. A total of 40 antibiotic 

resistance profiles were identified, of which 35 were characteristic of clinical strains. Out of 

a total of 345 isolates, 238 strains from Georgia, Armenia and Ireland were eventually 

selected for our study. Using the strains of this collection, 13 new bacteriophages were 

isolated, characterized by biological and genetic features. Based on the data obtained, phages 

were classified and the peculiarities of their life cycle were determined (virulent-lytic, 

moderate-lysogenic). 

Analysis of the sequencing results showed that only one of the 12 phages identified as 

temperate phage (vB_GEC_ TR), it belongs to the family Podoviridae, genus-Laderbergvirus. 

While the other 11 phages are virulent, they are related to well-known and characterized 

phages, which are used in various phage preparations. Analysis of their genomes did not 

show any lysogeny associated genes. Among the virulent phages, 6 are members of 

Myoviridae family (vB_GEC_B1, vB_GEC_B3, vB_GEC_MG, vB_GEC_BS, vB_GEC_NS7, 

vB_GEC_7A) and 5 of the Syphoviridae family (vB_GEC_N5, vB_GEC_N8, vB_GEC_M4, 

vB_GEC_M5, vB_GEC_Hi). In vitro tests revealed that the phages - vB_GEC_B1, 

vB_GEC_BS, vB_GEC_B3, vB_GEC_NS7, vB-GEC-N8 showed high activity (60% to 80%) 

against the examined strains. The phages have been shown to be more effective against 

clinical strains (≈90%) than against veterinary strains (≈70%). The strains susceptible to these 

phages were mainly S.typhimurium and S. Enteritidis serovars and are largely of clinical 

origin. Based on our research we can conclude that the application of phages as an additional 

tool for the treatment of MDR Salmonella infections seems to be plausible.  Phages  are  

natural  and  specific  antibacterial  agents,  which  can  lyse  bacteria irrespective of their 
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AMR status, whilst leaving the commensal microflora unharmed. This is one of the main 

advantages of phages in comparison to antibiotics. The phages tested in this study showed 

potential for application in phage therapy against MDR Salmonella infections. 

Key words: bacteriophages, salmonella, bacteria, resistance to antibiotics.  

 

Introduction  

Salmonella is a ubiquitous, increasingly resistant bacterium which can survive several weeks 

in a dry environment and even several months in water. Infections caused by various 

salmonella pose a serious threat to both human and animal health. According to the World 

Health Organization’s report (WHO), 550 million people are infected with diarrhea each 

year, including 220 million children under the age of five1.  Salmonella is one of the leading 

causes of foodborne infections. Antibiotic resistance is a growing process in non-typhoid 

salmon and has been monitored since 19962. Since 2017, Fluoroquinolone-resistant 

Salmonella spp. was included in the list of high-priority pathogens by the World Health 

Organization (WHO)3. Invasive infections caused by non-typhoid salmonella are prevalent 

globally, but the number of cases varies by geographical location. About 1% of enteric 

infections caused by non-typhoid Salmonella are complicated by bacteremia, although the 

true extent of bacteremia is unknown because many major enteric infections are not 

microbiologically diagnosed.  Infants and people over the age of 65 are more likely to develop 

bacteremia. Concomitant diseases increase the risk of complications from bacteremia4. 

Bacteriophages, or phages, are increasingly being considered as a primary or auxiliary / 

complementary means of combating highly resistant bacteria. Although phages have been 

used for therapeutic purposes in Georgia, Poland and Russia for almost a century5. However, 

existing commercial drugs cannot be used globally because they do not meet Western 

regulations and standards for pharmacological drugs. Consequently, there was a need to 

study bacteriophage-based preparations in more depth, taking into account their genetic, 

physiological and biochemical characteristics. 

 

Materials and Methods 

 

Isolation and identification of Salmonella isolates 

The first phase of our work involved collection of non-typhoid Salmonella enterica subsp. 

enterica strains from different countries and from different location of pathogen habitat. 

Some of the strains were obtained from different countries, which were isolated from both 

animals and human samples with salmonellosis (feces, blood) as well as from food  

contaminated with Salmonella. A total of 345 strains were collected and sent to our institute 

for further work. 
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After identification using primary, microbiological and biochemical methods, all isolates 

belonged to the species Salmonella enterica. 

For reliable identification species of clinical isolates obtained from Georgia, Armenia and 

Tajikistan, were analyzed by matrix assisted laser desorption ionization-time of flight mass 

spectrometry (MALDI-TOF MS). The analysis revealed that 25 isolates (14 from Tajikistan, 5 

from Georgia and 6 from Armenia) did not belong to the genus Salmonella. They belonged 

to the species: Escherichia coli (9), Hafnia alvey (5), Morganella morganii (4), Enterobacter 

cobay (1), Enterobacter ludwigi (1), Comamonas kerstersii (1), Citrobacter freundii (1), 

Citrobacter braakii 2), Proteus vulgaris (1). Accordingly, these isolates were not used for 

further work. 

Serotyping was performed according to the White-Kaufman scheme. Of the 91 Georgian and 

Armenian isolates, 54% belonged to the serotype S. Typhimurium, 32% - S. Enteritidis and 

5% could not be accurately identified, so they are referred to as - Salmonella spp 6.  Also, 

according to the Kaufman-White scheme, the strains that our laboratory received from 

Ireland were serotyped. Salmonella Typhimurium is the most abundant of these isolates, 

followed by Salmonella Dublin and Salmonella Enteritidis. The collection also includes such 

rare serotypes as Salmonella Uganda and Salmonella Goldcoast. 

Picture № 1.  

Distribution of strains used in the study by serotypes 

 

 
 

As can be seen from the picture, most of the strains (41%) belong to S. typhimurium serotype, 

followed by serotype S. enteritidis -23%, serotype S. dublin - by 7%, S. anatum by 5%, and 

other serotypes by -Represented as a percentage. And unidentified serotypes, Salmonella spp. 

6%, S. anatum 5%, while other serotypes are represented by 1 or 2 strains. (Picture 1.) 



57 

 

In total, 240 strains were used in our study, of which 118 were clinical strains and about 121 

were veterinary strains, including strains from Georgia, Armenia and Ireland. 148 strains 

from Ireland, 20 strains from Georgia, 71 - from Armenia. (Picture 2.) 

 

Picture № 2.  

 
Antimicrobial Susceptibility Profiles of Salmonella Isolates 

Eleven antibiotics were used to determine the susceptibility of the strains to antibiotics: 

ampicillin (A), amoxicillin + clavulanic acid (Au), azithromycin (Az), ceftriaxone (Cx), 

chloramphenicol (Cm), ciprofloxacin (Cip), nalid (Su)), streptomycin (Sm), tetracycline (Tc), 

trimethoprim-sulfamethoxazole (T / S).  

As the study showed, only 3 clinical strains obtained in Georgia were found to have multiple 

antibiotic-resistant genotypes, 2 of these strains belong to S. Typhimurium, one - S. 

Enteritidis. Among them was S.enteritidis 104, which was later used to create an animal 

infectious model. 

74.64% of clinical isolates isolated in Armenia were found to be multidrug-resistant, of 

which 44 were S. Typhimurium, 5 - S. Enteritidis, 2 - S. Derby, 1 - S. Kentucky, and 1 S. 

Newport. 

The analysis of the results showed that the highest rate of resistance is observed to Nalidixic 

acid (synthetic quinolone) - 68.13%, the rate of resistance to other antibiotics is as follows: 

sulfonamide - 61.54%, ampicillin (a Penicillin) - 52.75%, amoxicillin + clavulanic acid – 

47.25%, ceftriaxone (a cephalosporin) - 41.76% and ciprofloxacin (a fluoroquinolone) - 

14.29%. Significant amounts of isolates (13 strains) showed resistance to fluoroquinolones 

and third-generation cephalosporins (11 strains). 

Only 9 isolates from strains isolated in Georgia and 5 isolates from strains isolated in Armenia 

were found to be sensitive to all antibiotics. None of the isolates were found to be resistant 

to all antibiotics used. The maximum number of antibiotics to which they were found to be  

isolated was 9, and only four isolates of   S. typhimurium isolated in Armenia showed such 
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high resistance. (Table №1) 

Table №1 

Antibiotic resistance profiles of non-typhoid Salmonella serotypes 

 

N 

Antibiotic resistance 

Profile 

 

MDRa 

Number  

     of  

 isolates 

 

Isolate 

identification 

number 

† 

Serotype 

 

Year of 

isolation 

 

ESBLb 

A) Clinical antibiotic-resistant isolates isolated in Armenia n=53 

1 AAu*CxN 4 12 

105† Typhimurium 2011 + 

645† Typhimurium 2006 + 

678† Typhimurium 2011 + 

1214 Typhimurium 2013 + 

1349 Typhimurium 2013 + 

2324 Typhimurium 2012 + 

2503 Typhimurium 2016 + 

2730 Typhimurium 2013 + 

3128 Typhimurium 2013 + 

4216 Typhimurium 2011 + 

8019 Typhimurium 2012 + 

8130 Typhimurium 2014 + 

2 AAu*CxCip*N 4 
6 

 

3017† Typhimurium 2013 + 

3109 Typhimurium 2013 + 

3175† Typhimurium 2016 + 

5084 Typhimurium 2011 + 

5703 Typhimurium 2012 + 

5730 Typhimurium 2012 + 

3  ACxN 3 5  

60† Typhimurium 1996 + 

69† Typhimurium 2006 + 

684† Typhimurium 1996 + 

1051 Typhimurium 2012 + 
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1726 Typhimurium 2013 - 

4 AAu*CxAz*Cip*N 5 3  

115† Typhimurium 2011 + 

3194† Typhimurium 2012 + 

3406† Typhimurium 2012 + 

5 AAuCxCip*N 4 2  
1328† Typhimurium 2013 + 

5943 Typhimurium 2013 + 

6 AAu*CxCip*NT/S 5 2  
6004† Typhimurium 2013 + 

8011† Typhimurium 2014 + 

7 CipNSmTcSu 4 2  
4649† Derby 2016 - 

4970† Derby 2016 - 

8 SmTcSu 3 
2  

5064† Typhimurium 2016 - 

8239† Typhimurium 2016 - 

9 AAuCxAzNSmTc*CmT/S 9 1  3040† Typhimurium 2016 + 

10 AAuCxAzNSm*Tc*CmT/S 9 1  3725† Typhimurium 2016 + 

11 AAuCxAzCip*NSmTc*CmT/S  9 1  3246† Typhimurium 2016 + 

12 AAuCxAz*Cip*NSm*TcCmSu 9 1 3889† Typhimurium 2013 - 

13 AAuCip*NTcCmT/S 6 1  1722† Typhimurium 2013 - 

14 AAuCxCip*NCmSu   6 1 3854 Typhimurium 2013 - 

15 AAuCip*NSmCmT/S 6 1 5923† Typhimurium 2011 - 

16 A*CxNCmTcSu 6 1  5962† Typhimurium 2012 + 

17 AAu*CxNSu 5 1  1320 Typhimurium 2016 + 

18 AAu*NTc* 4 1  2017 Typhimurium 2013 + 

19 ACxCip*N 4 1  5048 Typhimurium 2011 + 

20 NTcCm 3 1  2330 Typhimurium 2012 - 

21 AAu*CxNT/S 5 1 126† Enteritidis 2011 + 

22 ACip*NT/S 3 1  588† Enteritidis 2016 - 

23 ANSm*Cm 4 1  6059† Enteritidis 2016 - 

24 A*TcCm 3 1  6187† Enteritidis 2016 - 

25 ACx*CipN 3 1  7201† Enteritidis 2016 - 
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26 AAu*Cip*N  3 1  478† Kentucky 2016 - 

27 A*NTm/Su 3 1  7187† Newport 2013 - 

B) Antibiotic-resistant isolates isolated in Georgia, n=3 

28 AAu*CxSu 4 1  104† Enteritidis 2016 - 

29 AAu*NCmSu 5 1  311† Typhimurium 2016 - 

30 AAu*SmT/S 4 1  1150† Typhimurium 2016 - 

 

Notes: ampicillin (A), amoxicillin+clavulanic acid (Au), azithromycin (Az), ceftriaxone (Cx), 

chloramphenicol (Cm), ciprofloxacin (Cip), nalidixic acid (N), sulfonamide (Su), 

streptomycin (Sm), tetracycline (Tc), trimethoprim-sulfamethoxazole (T/S). 

Isolation and characterizations of bacteriophages used in this study 

Isolation of Salmonella specific phages was performed using the bacterial strain enrichment 

method 7. Ten ml of 10× concentrated lysogeny broth (LB, Oxoid Limited, Basingstoke, UK) 

was pipetted into a 125 mL Erlenmeyer flask, 90 mL of the water/milk sample was added and 

the mixture was inoculated with 1 mL of overnight culture of host bacteria. The flask was 

incubated for 18 h at 37 ◦C. Then the mixture was centrifuged at 6000× g for 30 min at 4 ◦C 

and supernatant was filtered through 0.45 or 0.22 µm filters and tested for the presence of 

phages by a spot test on bacterial streaks8. Overnight host bacterial cultures were diluted in 

the sterile LB to a final concentration of 107 colony forming units (cfu)/mL and streaks were 

made on 2% LB agar plates using a 10 µL loopful of each strain, and air-dried for 10–15 min. 

Ten µL of each filtered enrichment sample was applied on each streak. The plates were 

incubated at 37 ◦C for 18 h and phage presence was assessed based on visualization of clear 

spots on the bacterial growth9. 

13 bacteriophages were identified and studied, of which 6 phage clones belong to the 

Siphoviridae family: - vB_GEC_N3, vB_GEC_N5, vB_GEC_N8, vB_GEC_M4, vB_GEC_M5  

and vB_GEC_Hi; The Myoviridae family includes 6 clones: vB_GEC_Mg, vB_GEC_Bs, 

vB_GEC_NS7, vB_GEC_7A, vB_GEC_B1 and vB_GEC_B3; And the Podoviridae family has 

only one phage - vB_GEC_TR. It should be noted that among the phages used in the study, 

only this phage (vB_GEC_TR) was found to be a lysogenic or moderate phage.  

Each phage was examined for morphological (negative colony and virion structure), 

biological (for host bacterial spectrum, temperature and pH resistance), and genetic traits. 

When annotating phage genomes, special attention was paid to the identification of genes 

that indicated the lysogenic nature of phages. For the phage genome sequence the next 

generation sequencing technologies were used 10 
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Picture №3  

              Transmission electron micrographs of bacteriophages used in this study 

 

Comparative characterization of phages 

In order to establish the relationship between the phages used in the study, their genomes 

were compared, for which we used the program – Geneious (https://www.geneious.com/).  The 

layout of the phages on the genetic tree is as follows: They show high similarity to each other 

and the phages vB-GEC-B1, vB-GEC-B3, vB-GEC-NS7 and vB-GEC-7A are placed close to 

the genetic tree, all four of them are members of the family Myoviridae, genus-

Felixounavirus; Phages vB-GEC-N8 and vB-GEC-N5, both are representatives of the family 

Siphoviridae and genus -Tequintavirus. vB-GEC-Hi also belongs to Siphoviridae, united in 

the genus - Jerseyvirus, phages vB-GEC-M4 and vB-GEC-M5 are united in the same genus; 

Diagram №1 

Phylogenetic tree showing relatedness between phages used in the study 

 

Thus, in terms of the relatedness, the phages were arranged in several groups: 

1. The group of Felixounaviruses- vB-GEC-B1, vB-GEC-7A, vB-GEC-B3, vB-GEC_NS7. 

https://www.geneious.com/
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2. The group Jerseyviruses from the family Siphovoridae - vB-GEC-Hi, vB-GEC-M4 and vB-

GEC-M5. 

3. The group of Tequinta viruses (T5 -Tequintavirus) -vB-GEC-N5 and vB-GEC-N8. 

4. Genus - Tequatrovirus (T4 phages)- only one phage is representing this group - vB -GEC -

Mg. 

5. Genus Viunaviruses - only one phage is the representative of this genus - vB -GEC -Bs. 

6. Podoviridae, genus Lederbergvirus, moderate phage - vB -GEC-TR. 

Diagram №2 

Activity of phages used in the study against to the total number of study strains (239 strains) 

 

Comparison of the spectrum of action of phages used in the study revealed so-called highly 

active phages - vB-GEC-B1, vB-GEC -Bs, vB-GEC-B3, vB-GEC-N3, vB-GEC-NS7, vB-GEC-

N8, the activity of which is defined from 60% to 80%. (Diagram №2) 

Diagram №3  

Activity of phages used in the study against different serotypes of the study strains 

 

Interestingly, these phages were found to be more effective against clinical strains (~ 90%) 

than strains of veterinary origin (~ 70%). It should be noted that most of these strains which 

appeared to be sensitive to phages were characterized by multiple antibiotic-resistant (MDR) 

profiles. (Diagram №3) 
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Diagram №4 

Activity of phages against clinical and veterinary strains 

 

Conclusions  

 From the newly isolated Salmonella specific bacteriophages - 6 belongs to the 

Myoviridae family - (vB_GEC_B1, vB_GEC_B3, vB_GEC_Mg, vB_GEC_Bs, vB_GEC_NS7, 

vB_GEC_7A), 5 – to the Syphoviridae family - vB_GEC_N5, vB_GEC_N8, vB_GEC_ Hi, 

vB_GEC_ M4, vB_GEC_ M5; 

 Phages with high activity are as follows - vB-GEC-B1, vB-GEC -Bs, vB-GEC-B3, vB-

GEC-N3, vB-GEC-NS7, vB-GEC-N8, activity of which was defined as 60% to 80%; 

 From 12 newly isolated and characterized phages 11 are lytic (virulent) phages and 

only one phage - vB_GEC_ Tr appeared to be moderate (lysogenic);  

 The strains that were susceptible to the phages isolated and characterized by us were 

mainly S. typhimurium and S. enteritidis serovars and were largely of clinical origin; 

 Since all phages show varying degrees of efficacy against; 

   240 antibiotic-resistant Salmonella strains’. 

 Since our studies did not reveal any phages to which all strains were resistant and 

did not detect any strains to which all phages were inactive, this also indicates the possibility 

of using them as prophylactic / therapeutic agents; 

 Phages are natural and specific antibacterial agents, which can lyse bacteria 

irrespective of their AMR status, whilst leaving the commensal microflora unharmed. This 

is one of the main advantages of phages in comparison to antibiotics. The phages tested in 

this study showed potential for application in phage therapy against MDR Salmonella 

infections. 
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მულტირეზისტენტული Salmonella spp. - ს სპეციფიკური ბაქტერიოფაგების გამოყოფა, მათი 

შესწავლა და  თერაპიული პოტენციალის შეფასება 

ხათუნა მაკალათია, ელენე კაკაბაძე, ნინო გრძელიშვილი, ნატა ბაკურაძე, ლუკა 

სანიკიძე, ნინა ჭანიშვილი 
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აბსტრაქტი 

კვლევის  ფარგლებში  მოხდა კლინიკური, არა-ტიფოიდური  Salmonella-ს 

იზოლატების გამოყოფა სომხეთსა და საქართველოში, ჩატარდა მათი 

იდენტიფიკაცია მიკრობიოლოგიური/კულტურალური  მეთოდების,  

სეროტიპირებისა  და მატრიცაში ლაზერის სხივის დესორბცია იონიზაციაზე 

დაფუძნებული მასს სპექტროსკოპიის  (MALDI-TOF MS) საშუალებით (White-

Kauffmann-Le Minor scheme).  სულ გამოვლინდა 40 ანტიბიოტიკორეზისტენტობის 

პროფილი, საიდანაც 35 კლინიკური შტამებისთვის იყო დამახასიათებელი. 345 

Salmonella spp. სავარაუდო იზოლატიდან საბოლოოდ კვლევისთვის გადაირჩა 239 

შტამი, საქართველოდან, სომხეთიდან და ირლანდიიდან.  

აღნიშნული კოლექციის შტამების გამოყენებით მოხდა 13 ახალი ბაქტერიოფაგის 

გამოყოფა, მათი შესწავლა ბიოლოგიური და გენეტიკური მახასიათებლების 

მიხედვით. ჩატარდა 12 ფაგის ნუკლეოტიდური თანმიმდევრობის გაშიფვრა და 

ანალიზი, რომლის საფუძველზეც მოხდა მათი კლასიფიკაცია და სასიცოცხლო 

ციკლის თავისებურების დადგენა (ვირულენტური, ზომიერი). 

მიღებული შედეგების ანალიზმა აჩვენა, რომ 12 ფაგიდან მხოლოდ ერთი ფაგია ე.წ. 

ზომიერი ფაგი - vB_GEC_TR, იგი განეკუთვნება ოჯახს Podoviridae; გვარი - 

Lederbergvirus. ხოლო დანარჩენი 11 ფაგი ვირულენტურია, მათ გენომში არ იქნა 

ნანახი ლიზოგენობის განმაპირობებელი გენები. ისინი ენათესავებიან უკვე კარგად 

ცნობილ, შესწავლილ და სხვადასხვა ფაგურ პრეპარატებში  შემავალ ვირულენტურ 

ფაგებს. ვირულენტურ ფაგებს შორის  6 Myoviridae -ს ოჯახის წარმომადგენელია - 

vB_GEC_ B1, vB_GEC_ B3, vB_GEC_Mg, vB_GEC_ Bs, vB_GEC_NS7, vB_GEC_7A, ხოლო 5 

Syphoviridae -ს ოჯახის - vB_GEC_N5, vB_GEC_N8, vB_GEC_ Hi, vB_GEC_ M4, vB_GEC_ 

M5.  მრავალრიცხოვანი in vitro ტესტების საფუძველზე დადგინდა, რომ    vB-GEC-B1, 

vB-GEC -Bs, vB-GEC-B3, vB-GEC-N3, vB-GEC-NS7, vB-GEC- N8 მაღალაქტიურ ფაგებს 

განეკუთვნებიან და მათი მოქმედების სპექტრი განისაზღვრა 60% დან 80 % მდე. 

აღნიშნული ფაგები უფრო ეფექტურნი აღმოჩნდნენ კლინიკური შტამების მიმართ 

(~90%), ვიდრე ვეტერინარული წარმოშობის შტამების მიმართ (~70%).  შტამები, 

რომლებიც მგრძნობელობას ავლენდნენ აღნიშნული ფაგების მიმართ, ძირითადად, 

S. Typhimurium და S. Enteritidis სეროვარებს მიეკუთვნებოდნენ და მეტწილად 

კლინიკური წარმომავლობის გახლდათ.  
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ჩვენს მიერ ჩატარებულ კვლევაზე დაყრდნობით, შეგვიძლია დავასკვნათ, რომ 

ფაგების, როგორც დამატებითი/დამხმარე ან ანტიბიოტიკის ალტერნატიული 

საშუალების გამოყენება მრავლობით რეზისტენტული Salmonella ინფექციების 

მიმართ მიზანშეწონილია და იმედის მომცემი. ფაგები ბუნებრივი, 

მაღალსპეციფიკური ანტიბაქტერიული აგენტებია, რომელთაც აქვთ უნარი 

მოახდინონ ბაქტერიული უჯრედის ლიზისი, მისი ანტიბიოტიკო-რეზისტენტობის 

სტატუსის მიუხედავად. ამავდროულად, ანტიბიოტიკებისაგან განსხვავებით, 

ფაგები არავითარ ზიანს არ აყენებენ კომენსალურ მიკროფლორას. ჩვენი კვლევის 

ფარგლებში შესწავლილმა ფაგებმა აჩვენეს ძლიერი პოტენციალი 

მულტირეზისტენტული Salmonella ინფექციების წინააღმდეგ საბრძოლველად.  

საკვანძო სიტყვები: ბაქტერიოფაგები, სალმონელა, ბაქტერიები, ანტიბიოტიკების 

მიმართ რეზისტენტობა. 
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Абстракт 

В рамках исследования клинические нетифоидные сальмонеллы были изолированы в 

Армении и Грузии и идентифицированы на основе традиционных 

микробиологических методов и MALDI-TOF MS. Эти изоляты были дополнительно 

проанализированы путем серотипирования (схема Уайта-Кауфмана-Ле-Минора) и 

определены их профили чувствительности к противомикробным препаратам. Всего 

было идентифицировано 40 профилей устойчивости к антибиотикам, из которых 35 

характерны для клинических штаммов. В конечном итоге для нашего исследования 

были отобраны из 345 изолятов 238 штаммов из Грузии, Армении и Ирландии. 

Используя штаммы этой коллекции, выделено 13 новых бактериофагов, 

характеризующихся биологическими и генетическими особенностями. На основании 

полученных данных были классифицированы фаги и определены особенности их 

жизненного цикла (вирулентно-литические, умеренно-лизогенные). Анализ 

результатов секвенирования показал, что только один из 12 фагов, 

идентифицированных  как  умеренный  фаг (vB_GEC_ TR), принадлежит к семейству 
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Podoviridae, род-Laderbergvirus. В то время как другие 11 фагов вирулентны, они 

связаны с хорошо известными и охарактеризованными фагами, которые используются 

в различных фаговых препаратах. Анализ их геномов не выявил каких-либо генов, 

связанных с лизогенией. Среди вирулентных фагов 6 принадлежат к семейству 

Myoviridae (vB_GEC_B1, vB_GEC_B3, vB_GEC_MG, vB_GEC_BS, vB_GEC_NS7, 

vB_GEC_7A) и 5 - к семейству Syphoviridae (vB_GEC_N5__M_G_G_G_M_, 

vB_GEC_N5_, vB_G_G_G_G_M_, vB_GEC_N5_, vB_G_G_G_M_, vB_GEC_N5_, Тесты in 

vitro показали, что фаги vB_GEC_B1, vB_GEC_BS, vB_GEC_B3, vB_GEC_NS7, vB-GEC-

N8 проявили высокую активность (от 60% до 80%) в отношении исследуемых штаммов. 

Было показано, что фаги более эффективны против клинических штаммов (≈90%), чем 

против ветеринарных штаммов (≈70%). Штаммы, чувствительные к этим фагам, были в 

основном сероварами S.typhimurium и S. Enteritidis и в основном имеют клиническое 

происхождение. Основываясь на наших исследованиях, мы можем сделать вывод, что 

применение фагов в качестве дополнительного инструмента для лечения инфекций, 

вызываемых    сальмонеллами    с    множественной   лекарственной   устойчивостью, 

представляется правдоподобным. Фаги - это природные и специфические 

антибактериальные агенты, которые могут лизировать бактерии независимо от их 

статуса AMR, не повреждая при этом комменсальную микрофлору. Это одно из 

главных преимуществ фагов перед антибиотиками. Фаги, испытанные в этом 

исследовании, показали потенциал для применения в фаговой терапии против 

инфекций, вызываемых сальмонеллами с множественной лекарственной 

устойчивостью. 

Ключевые слова: бактериофаги, сальмонеллы, бактерии, устойчивость к антибиотикам. 


