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Abstract: The diversity of multidrug-resistance (MDR) of pathogenic strains to antibiotics, most widely used for treatment of human diseases in the
Republics of Armenia and Nagorno Karabakh were examined. It was shown, that difference of resistance of pathogens to antibiotics depends on their
isolation sources. It was shown, that bacteriocin containing partially purified preparations, obtained from different strains of Enterococcus faecium and
durans species, isolated from various samples of matsun, salted cheese and other acid milk products from milk of different domestic animals from rural
households, inhibited the growth of multidrug-resistant bacteria belonging to different taxonomic groups with different efficiency.
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Introduction
Antibiotic are normally used to treat microbial diseases since
50 years ago. However, use of antimicrobials in both human
and animal populations over the past several decades has led
to the emergence of multidrug-resistant (MDR) bacterial
populations that are resistant to many commercially available
drugs. Some of the more problematic drug-resistant pathogens
encountered today include methicillin-resistant Staphylococcus
aureus, multidrug-resistant Streptococcus pneumoniae, and
vancomycin-resistant Enterococcus spp. among the grampositive bacteria and multidrug-resistant Acinetobacter
baumannii, Klebsiella pneumoniae, Escherichia coli and
Pseudomonas aeruginosa among the gram-negative bacteria
21. Methicillin-resistant Staphylococcus aureus (MRSA) is a
significant public health problem worldwide 14. Proteus
mirabilis causes 90% of Proteus infections and can be
considered a community-acquired infection. Proteus vulgaris
and Proteus penneri are easily isolated from individuals in
long-term care facilities and hospitals and from patients with
underlying diseases or compromised immune systems 6.
P.aeruginosa exhibits the highest rates of resistance for the
fluoroquinolones, with resistance to ciprofloxacin and
levofloxacin ranging from 20 to 35% 11. Acquired resistance
to first-line antimicrobial agents increasingly complicates the
management of extra-intestinal infections due to Escherichia
coli, which are a major source of illness, death. The food
supply, including poultry products, may transmit antimicrobial
drug–resistant Escherichia coli to humans 17. So, the
continued development of new classes of natural antimicrobial
agents, possessing antibacterial activity, has become of
increasing importance for medicine and veterinary. The
obtaining and investigation of biological properties of
proteinoceous antibiotics, on the basis of probiotic lactic acid
bacteria (LAB), shown, that bacteriocins, metabiotics and
peptides of LAB represent bactericides have a broad range of
activity and are excellent candidates for development of new
prophylactic and therapeutic substances to complement or
replace conventional antibiotics. The increasing interest in
these compounds has stimulated the isolation of new strains of
probiotic LAB –bacteriocin producers and the characterization
of novel peptides 5, 10. It is known, that most of human
probiotics consist of Lactobacillus spp. and Bifidobacterium
spp., whereas less information exists about the
effectiveness of enterococcal strains as probiotics. In
animals, enterococcal probiotics strains have been used for
treatment of diseases such as diarrhea or antibiotic
associated diarrhea, inflammatory pathologies that affects

colon such as irritable bowel syndrome (IBS), or immune
regulation. Susceptibility to clinically relevant antibiotics of
Enterococcus strains isolated from food stuffs is very
important for consumer health. E. faecium is one common
species used as probiotic in animal feed. For example, E.
faecium reduced the portion of piglets suffering diarrhea
and improved their performances 24, or reduced the
intestinal colonization by enteropathogenic bacteria 19. E.
faecium Paraghurt® has demonstrate its efficacy in
lowering the symptoms associated with IBS in a clinical
study as well as E. faecium PR88 and the multi-strains
probiotic ProSymbioflor® (E. faecalis and E. coli) 18. The
use of E.durans TN-3 alleviates DSS colitis through the
induction of T-reg cells and the restoration of the diversity of
the gut microbiota 9. The aim of this study was
comparative investigation of antimicrobial activity of partially
purified preparations from Enterococcus genus strains
against multidrug resistant pathogens isolated from different
sources of patients.

Materials and methods
Microbial strains and growth media. Enterococcus
durans P13, Ent. durans M44, Ent. durans M42, Ent.
durans AG 76, Ent. faecium M22, Ent. faecium AE 225-9,
Ent. faecium KA 3, Ent. faecium KAP-1, Ent. faecium KV151 and Ent. faecalis AV 222, were isolated from different
dairy products from Republics of Armenia (RA) and
Nagorno Karabakh (NKR). LAB strains deposited with the
Microbial Depository Center (MDC) at the SPC
―Armbiotechnology‖ NAS RA. Pure cultures of LAB were
maintained as frozen stocks at -20oС in the MRS broth
containing 40% Glycerol. Lactic acid bacteria strains were
grown in MRS agar and broth (Merck (Germany), HiMedia
(India)).
Species identification was confirmed by 16S rDNA gene
sequencing method. To amplify the DNA from isolated LAB,
the method of 16S PCR was employed using universal
primers for Enterobacteriaceae, and marker Genladder (100
bp, plus 1.5 kb, GENAXXON, Bioscience) 22. Nucleotide
sequence of the obtained amplified 16S rDNA was
determined by ‖MACROGEN‖ (Korea). Strain identification
was performed using the online BLAST software
(www.ncbi.nlm.nih.gov/BLAST).
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Test culture. Conditionally pathogenic bacteria from the
culture collections of Department of Microbial Depository
Center (MDC) and Laboratory of Biosafety of food products
at SPC ―Armbiotechnology‖ were used. Antibiotic resistant
pathogenic bacteria strains were isolated from infected
patients (feces, urine, wounds, blood, throat, etc) in the
Infection Hospitals of Stepanakert and were investigated in
the Stepanakert Center for Hygiene and Epidemiology.
Bacteria were grown in Nutrient agar (Himedia, India) at рН
7.2 for 16 hours and at 37˚С, then harvested and suspended
in the Nutrient broth at 2.2x106 CFU/ml.
Determination
of
antimicrobial
activity
For
determination of antimicrobial activity the spot-on-lawn
method was applied. Antimicrobial activity was assessed by
measuring the size of the inhibition zone (diameter) of test
culture growth (Ø, mm) after 24 h incubation in thermostat
at 30o C. Antimicrobial activity calculated according to
Parente 15 and expressed in arbitrary units (AU/ml).
Purification of antibacterial compounds by ionexchange chromatography and obtaining of
antimicrobial preparation (AMP). For separation of
biomass, cultural liquids (CL), obtained after overnight growth
of investigated LAB were centrifuged at 6,000 g during 20
min, at + 4оС. Obtained cell free culture liquids were purified
by ion-exchange chromatography method 1.
Determination of resistance to antibiotics. To
determine resistance of LAB strains to antibiotics, the
method with antibiotic disks was applied 2. The standard
antibiotic disks of Amikacin 30 μg, Ofloxacin 5 μg,
Ceftazidime 30 μg, Doxycyclin 10 μg, Ciprofloxacin 5 μg,
Gentamicin 120 μg, Cefalotin 30 μg, Cefazolin 30 μg,
Azithromicin 15 μg, Cefuroxime 30 μg, Augmentin 30 EG
10, Tetracyclin,30 μg, Nalidixic acid,30 μg (Liofilchem s.r.l.
Roseto, Italy) were used.

Results
More than 400 different strains of lactic acid bacteria (LAB)
isolated from various samples of matsun, salted cheese
made of milk of cow and other domestic animals from rural
households of several regions of Armenia and Nagorno
Karabakh Republics. LAB strains were characterized by cell
morphology, carbohydrate fermentation. Following the results
of microscopy, LAB strains, isolated from Armenian matsun
samples were mainly presented by rod-shaped bacteria (60
%) and coccoid forms were about 40 %. While LAB strains,
isolated from samples from NKR were mainly presented by
coccoid cells (about 86 %). For preliminary selection, time of
milk fermentation and presence of antimicrobial activity
against conditionally pathogenic Gram-negative Salmonella
tуphimurium G-38 and Gram-positive Bacillus subtilis G17-89
were tested. Strains of LAB, possessing high antimicrobial
activity (at pH=6,0) were chosen for future investigations. It
was shown, that strains of lactic acid bacteria, isolated from
matsun from cow milk from different regions, differ by their
physiological, biochemical properties, have high probiotic
activities, growth rate, viable at рН =3,0-8,0 and inhibit the
growth of microorganisms, belonging to different taxonomic
groups 8. The influences of partially purified AMP, obtained
from different strains of Enterococcus genus on the growth of
MDR pathogenic bacteria were examined. The investigation
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results are presented in the Table 1. As it seen from the given
results, AMP of LAB, isolated from different sources, inhibited
the growth of pathogenic bacteria with different efficiency.
Highest activity against MDR pathogens shown bacteria,
isolated from goat milk products. This can be resulting from
differences in nature and amount of antibacterial compounds,
produced by LAB. The diverse efficacy of growth inhibition
may probably also relate to the different mechanisms of action
of the substances towards bacteria cell membrane. Above all,
they explain it with the presence of specific receptor proteins
required for binding to bacteriocins and their transport into the
bacteria 13. Thus, statistical results proved that strains of
strains of Enterococcus genus, isolated from cow milk dairy
products display less efficiency against antibiotic resistant
bacteria in comparison with LAB, isolated from other domestic
animals milk dairy products. AMP from domestic animal LAB
inhibited the growth of pathogenic strains of Klebsiella sp. with
high efficiency. In recent years, the frequency of food
poisoning in Armenia, caused by dairy and meat products,
has increased dramatically. According to the National
Bureau of Expertise (Yerevan, RA) data, the main
pathogens are Escherichia coli Staphylococcus aureus
species 12. More than 70 strains of human pathogens
were isolated from infected patients (feces, urine, wounds,
blood, throat, etc). The investigation of differences in
antibiotic resistance of human pathogens, isolated from
different sources was of interest. The multidrug resistance
of human pathogenic strains of Salmonella spp,
Staphylococcus spp, Pseudomonas aeruginosastrains,
Proteus spp., Klebsiella sp. and E.coli strains to antibiotics
(N=20), widely used in medical practice in Armenia and
NKR was determined. Average results of sensitivity of MDR
pathogens to antibiotics, listed above are summarized in
Figure 1. Obtained results showed, that antibiotic resistance
of bacteria belonging to different species depends on their
isolation sources. Highest number of MDR bacteria was
isolated from blood, urine and feces. The Ps. aeruginosa
and Klebsiella sp. were more resistant to the action of
antibiotics (about 50%), then strains of E.coli and Proteus
sp. species. As it seen strains of Staph. aureus sp., isolated
from feces, were more sensitive to the action of antibiotics,
than Staph. aureus sp., isolated from other sources. It was
shown that the probiotic culture E. faecium L3 possess
diverse ability to inhibit the growth of Streptococcus sp.
belong to different genus 23. This may explain the
occurrence of MDR found in the strains isolated from hospital
environment 18. Thus, the efficiency antibiotics on the
pathogens of same genus depend on their isolation sources.
We have previously shown that the AMP, obtained from CL of
Lactobacillus and Enterococcus genus, isolated from dairy
products from cow milk, showed different efficiency against
several species of Salmonella and E.coli genus, isolated from
different food products from RA 12, 7. The comparative
investigation of influence of antibiotics and AMP obtained from
CL of LAB of Enterococcus genus, isolated from dairy
products from different domestic animals milk, on the MDR
pathogens, isolated from infected patients were of interest.
Results are shown in the Figure 2 on the example of two
different strains of St, aureus (a, b) and E. coli (c, d). The
obtained data show high stability of the investigated different
strains of the genus Enerococcus. The high genetic diversity in
Enterococcus group suggests adaptations for specific
mutations in different environments. It should be noted that the
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differences in the sensitivity of Listeria, Clostridium,
Propionibacterium, enterococcus sp., oral Streptococcus sp. to
the action of lactic acid bacteria bacteriocins, described by
other authors 20.

Discussion
So, isolation and study of new LAB is usually performed
from a various dairy products. From traditional Greek
cheese "Graviera" were isolated strains Enterococcus
faecium KE 82, Lactococcus lactis subsp. Lactis M 104,
which possess antimicrobial activity against Listeria
monocytogenes 17. The LAB isolates presumed to be
present in Ethiopian donkey milk samples 4. Goats’ milk is
also typically dominated by LAB, including species of
Lactococcus,
Lactobacillus,
Leuconostoc
and
Enterococcus,
as
well
as
Enterobacteriaceae,
Micrococcaceae, moulds (filamentous fungi) and yeasts.
The microbial content of raw buffalo milk has been
assessed, through culturing, and found to contain a large
population of LAB, including lactococci and lactobacilli, as
well as coliforms, E. coli, S. aureus and bacterial
endospores 16. Previously it was shown, that biodiversity
of most of bacteria, isolated from dairy product matsun from
Armenia, Georgia differ from NKR dairy product matsun
microbial composition Matsun (syn. Matsoni, mazun,
matsoon) is a traditional Caucasian fermented milk product
largely used from ancient times. It is considered an analog
of yogurt and prepared from milk of cow, sheep, goat,
buffalo, or a mixture thereof. Essentially important is that
the microbial composition of matsoni apparently differs from
various Caucasian areas but is very stable and
characteristic for the region of origin. Both production region
and milk type influence matsoni microbiota, suggesting that
the traditional production methods preserve the transfer of
unique regional microbiota from batch to batch. Bacterial
profiles
were
dominated
by
Lactobacillus
and
Streptococcus species 3. Thus the prospect of the use of
certain AMP, obtained from LAB, isolated from dairy
products of domestic animals, against pathogenic strains is
obvious. These AMP can be applied for long term use
against different etiology antibiotic resistant pathogens for
prevention or treatment of infectional diseases as an
alternative to antibiotics.
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Table 1. Comparative antimicrobial activity of AMP (200 AU/ml) from CL of different strains of Enterococcus genus against
antibiotic resistant bacteria (%)
LAB isolation source (dairy products from different domestic animals milk)

28

0.0

0.0

0.0

25.0

50.0

50.0

0.0

50.0

50.0

0.0

Ps. aeruginosa

21

50.0

0.0

50.0

58.0

100.0

100.0

100.0

50.0

50.0

50.0

Pr. mirabilis

23

50.0

20.0

50.0

29.0

50.0

100.0

100.0

0.0

0.0

50.0

8

Klebsiella sp.

Ent. faecium AE 225-9

Ent. faecium KV15-1

Ent. faecium KA 3

Staph. aureus sp.

Ent. faecalis AV 222

N

Ent. durans AG 76

Antibiotic
resistant strains

Ent. faecium KAP-1

Sheep

Ent.durans P13

Buffalo

Ent.durans M 44

Donkey

Ent.durans M42

Goat

Ent.faecium
M22

Cow

0.0

50.0

0.0

0.0

100.0

100.0

100.0

100.0

100.0

100.0

Pr. vulgaris

7

0.0

0.0

0.0

0.0

33.0

66.0

66.0

33.0

33.0

66.0

E.coli sp.

15

50.0

40.0

50.0

15.0

100.0

100.0

33.0

33.0

33.0

33.0
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Fig.1 Dependence of sensitivity of pathogens to antibiotic from isolation sources

a)

b)

c)

d)

Fig. 2 (a, b ,c, d) Comparative antimicrobial activity of antibiotics and AMP from CL different strains of Enterococcus genus
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