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Abstract

Introduction. One of the reasons for spreading antibiotic-resistant microorganisms is the uncontrolled use and
inadequate empirical prescription of antibiotics which is not based on the results of the pathogen sensitivity
testing. The broth dilution method and one of its implementation options, the reference microdilution method, in
contrast to the disk diffusion method, allows testing virtually all pathogen-antibiotic combinations. To realize the
method, a production technology of Russian Mueller—Hinton broth (MHB-Obolensk) has been developed under
the import substitution program.

The aim. To evaluate the quality of the developed domestic Mueller—Hinton broth in comparative tests with
its imported analog BD BBL (MHB-BD) in testing clinical strains of microorganisms, including microorganism—
antibiotic combinations pairs which cannot be reliably investigated by the disc diffusion method.

Materials and methods. The study investigated the sensitivity of 47 clinical strains of Gram-positive and Gram-
negative bacteria to antibiotics of various functional groups using the broth microdilution method with MHB-
Obolensk and MHB-BD.

Results. The MICs values of antibiotics for clinical strains obtained with the developed and control media did not
practically differ from each other or differed by +/— one dilution. The difference by two two-fold dilutions was noted
when testing Enterococcus faecium—ampicillin, Klebsiella pneumoniae—meropenem, Pseudomonas aeruginosa—
levofloxacin and Staphylococcus aureus—ciprofloxacin combinations. For the first two combinations, the MIC
values were lower in MHB-Obolensk, and for the last two, they were higher than in MHB-BD. The differences
obtained did not affect the clinical categories of sensitivity.

Conclusion. The antibiograms of clinical strains in developed Russian Mueller—Hinton broth was obtained,
which did not differ from those for the comparison medium. MHB-Obolensk complies with the requirements of
national and international standards and can be used to reliably test, among other things, current combinations of
microorganism-—antibiotic pairs that cannot be studied using the disk diffusion method.
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OpuirnHanbHoe nccnefoBaHne
https://doi.org/10.36233/0372-9311-576

Ucnonb3oBaHume oteyectBeHHOro 6ynbona Mionnepa-XuHToH
ANA NCCNefoBaHNA aHTUONOTUKOUYYBCTBNTENIbLHOCTY
KAVHNYECKNX WITAaMMOB MUKPOOPraHu3moB

Kocunosa U.C.%, DomoTeHKo J1.B., Xpamos M.B.
focynapCTBEHHbIV HAyUHBIN LLEHTP NPUKNagHoW MUKpobuonorum u uotexHonorum, OboneHck, Poccua

AHHOMayus

BeeaeHue. OgHa 13 NpyYnH pacnpocTpaHeHNs MUKPOOPraHN3MOB, YCTONYUBBIX K aHTUMUKPOBHLIM nNpenaparam
(AMI), cBA3aHa c 6eCKOHTPONbHBLIM YyNOTpebneHnem 1 HeafekBaTHbIM 3MMUPUYECKUM Ha3Ha4YeHUEeM aHTMBNOTH-
KOB, HE OCHOBaHHbIM Ha pesyrnbraTtax onpeaeneHus YyBCTBMTENbHOCTM BO3OyauTens K HUM. MeTog passegeHuin
B OyrnbOHe 1M ogvH U3 BapuMaHTOB €ro UCMOMHEHNs — pedepeHTHbI MeToq MUKpopasBedeHui, B OTnvyme ot
ONCKO-ANPY3MOHHOTO METOAA, MO3BONSET TECTUPOBATb NPaKTUYECKN BCE KOMOMHALMM naTtoreH—aHTUOnoTuK.
[ng BbINONHEHWA MeToAda B pamKax nporpammbl MMMNopTo3amelleHns pa3pabotaHa TEXHONOrMSA NponsBoaCTBa
oTeyecTBeHHoro 6ynboHa Mionnepa—XuHToH (MXB-O6oneHck).

Llenb nccrnegoBaHusi — OLEHWUTb KavyecTBO pa3paboTaHHOro otedecTBeHHoro bynsoHa MXB-O6oneHck B cpas-
HUTENbHbIX UCTIBITAHMAX C UMNOPTHLIM aHanorom MXB-BD («BD BBL») npy TeCTupoBaHUM KITMHNYECKNX LUTaM-
MOB MUWKPOOPraHNM3MoB, BKMOYas KOMOMHaLun MukpoopraHmam—AMI], koTopble Henb3s A4OCTOBEPHO MCCreno-
BaTb ANCKO-ANPdY3MOHHBIM METOAOM.

Matepuansbi n metoabl. B pabote nccnegosany YyBCTBUMTENBHOCTb 47 KIMUHUYECKUX LUTAMMOB rpamrornoxXu-
TenbHbIX U rpamoTpuuaTensHbix 6aktepuit kK AMI pasnuyHbIX yHKLMOHanNbHLIX rPynn METOAOM MUKpOpasBee-
Hui B 6ynboHax MXB-O6oneHck u MXB-BD.

Pe3ynbrartbl. 3Ha4YeHNsT MYHUMAsbHbIX NOOABMAKOWMX KOHUeHTpaumi (MIMK) aHTMOMOTMKOB ANSt KIMMHUYECKMX
LUTaMMOB, NOSy4eHHble Ha pa3paboTaHHON N KOHTPOMbLHOW cpeaax, Mexay cobon NpakTUYecKn He OTIMYanmchb
UnNn oTM4anuck Ha +/— 1 passeaeHve. OTnn4YMe Ha 2 ABYKpaTHbIX pa3BeaeHNst OTMEYEHO NPU TECTUPOBAHNM KOM-
OvHaumn Enterococcus faecium—amnuumnnuH, Klebsiella pneumoniae—meponeHnem, Pseudomonas aeruginosa—
nesocdpnokcauuH n Staphylococcus aureus—uunpodnokcaumH. na asyx nepsBbix kKOMOUHaumm 3HadeHms MIK
Ha MXB-O6oneHck Bbinn Hke, a onsa AByX NocnegHnx — Bobiwe, Yem Ha MXB-BD. MNonyyeHHble pa3nuyns He
OTPa3sUIUCh Ha KNMHUYECKMX KaTeropmsaix YyBCTBUTENbHOCTW.

3aknrouyeHue. Ha paspaboraHHom oTeyecTBeHHOM GynboHe MXB-O6oneHck nonyyeHbl aHTMOUOTMKOrpaMMbl
ONS KNWUHUYECKMX LUTAaMMOB MWKPOOPraHW3MOB, KOTOPbIE HE OTNMYanvcb OT UX aHTUOMOTMKOrpamMMm Ha KOH-
TponbHon cpeae. MXB-O6oneHck cooTBeTCTBYET TPeBOBaHNSAM HALMOHANbHBIX Y MEXAYHapOAHbIX CTaHAapTOB
M C NOMOLLBIO HEFO MOXHO AOCTOBEPHO TECTUPOBATb B TOM YMCIlE aKTyarbHble KOMOUHaUMKU nap MUKpoopra-
H1U3M—AMTI1, KoTOpble Henb3sa nccnegoBaTtb ANCKO-AUPEY3NOHHBIM METOAOM.

KnroueBble cnoBa: 6yrb0H Mionnepa—XuHmoH, umrnopmo3sameuweHue, Memod MukpopaseedeHul 8 byrnboHe

Amuyeckoe ymeepxdeHue. B nccnenoBaHnm UCNonNb3oBaHbl TOMBKO My3eiHbIE LUTaMMbl MUKPOOPraHU3MOB, MO3To-
My He TpebyeTcst NpefcTaBeHus 3aKNoYeHNs KomuTeTa no 6UOMeaNLIMHCKON 3TVKE UM UHBIX AOKYMEHTOB.

HNcmoyvHuk gpuHaHcupoeaHusi. ABTOpPbI 3asiBMSAOT 06 OTCYTCTBUM BHELUHETO (hUHAHCUPOBAHWS MPW NPOBEAEHUN UC-
cnenoBaHus.

KoHgbnnukm unmepecoes. ABTOpbI AeKNapupyoT OTCYTCTBUE SIBHbIX M MOTEHUManbHbIX KOH(MMKTOB UHTEPECOB, CBS-
3aHHbIX C Nybnukauuen HacTosILLen cTaTbu.

Ansi yumupoeaHusi: Kocunosa W.C., JomoTeHko J1.B., Xpamos M.B. Ncnonb3oBaHne otedectBeHHOro 6ynsoHa Mion-
nepa—XvHTOH ANsi UCCREAOBaHUS aHTUOMOTUKOYYBCTBUTENBHOCTY KITMHUYECKUX LUITaMMOB MUKPOOPraHu3mMoB. JKyp-
Han Mukpobuonoauu, anudemuornoauu u ummyHobuonoauu. 2024;101(6):820-827.
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Introduction

The large-scale spread of bacteria resistant to
various groups of antibiotics continues to be a public
health problem worldwide [1]. The largest number of
resistance cases is among healthcare-associated infec-
tions, including Acinetobacter baumannii, members
of the Enterobacterales tamily, Enterococcus faecium,
Staphylococcus aureus, Pseudomonas aeruginosa,
etc. [2]. According to the estimates of experts, in 2019
alone, about 5 million cases of deaths caused by anti-
biotic-resistant bacteria have been identified worldwide
[3], including multidrug-resistant or rifampicin-resis-
tant tuberculosis'.

The COVID-19 pandemic has exacerbated the ex-
isting global burden of antibiotic resistance mainly due
to inappropriate and overuse of antibiotics [5].

The situation of the growing threat of antibiotic re-
sistance is complicated by the significant decline in the
development of new antimicrobials due to the lengthy
procedure from development to implementation, high
cost and low cost recovery. Currently, it takes about 10—
15 years to advance a candidate antibiotic from preclin-
ical to clinical trial stage [6]. Considering the critical
necessity for new antibiotics, in 2017, the World Health
Organization (WHO) published a list of resistant bac-
teria posing the greatest risk to human life and health?,
an updated list was released in 2024°. The updated list
excludes 5 pathogen-antibiotic combinations (clari-
thromycin-resistant Helicobacter pylori; fluoroquino-
lone-resistant Campylobacter spp.; penicillin-resistant
Streptococcus pneumoniae; third-generation cephalo-
sporin-resistant Providencia spp.; vancomycin-resis-
tant S. aureus) that were contained in the 2017 list, and
added 4 new bacteria-antibiotic combinations: mac-
rolide-resistant Streptococcus group A; penicillin-re-
sistant Streptococcus group B; macrolide-resistant
S. pneumoniae; rifampicin-resistant Mycobacterium
tuberculosis. Carbapenem-resistant P. aeruginosa
moved from the critical priority level to the high prior-
ity level due to reports of a decline in its global resis-
tance to antibacterial drugs.

Another reason for the emergence of antimicro-
bial-resistant microorganisms is associated with un-
controlled and unjustified use of antibiotics, as well as
inadequate empirical prescription of antibiotics without
taking into account the results of sensitivity testing.

! Tuberculosis: Multidrug-resistant (MDR-TB) or rifampicin-
resistant TB (RR-TB). 2024. URL: https://www.who.int/news-
room/questions-and-answers/item/tuberculosis-multidrug-
resistant-tuberculosis-(mdr-tb)

WHO publishes list of bacteria for which new antibiotics
are urgently needed. 2017. URL: https:/www.who.int/news/
item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-
antibiotics-are-urgently-needed

WHO bacterial priority pathogens list, 2024: Bacterial pathogens
of public health importance to guide research, development and
strategies to prevent and control antimicrobial resistance. 2024.
URL: https://www.who.int/publications/i/item/9789240093461
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Currently, the most common method of determining
the sensitivity of microorganisms remains the disk-dif-
fusion method. It is easy to perform and does not re-
quire expensive equipment. However, certain microor-
ganism-antimicrobial combinations cannot be reliably
tested by this method, which may lead to incorrect pre-
scription of treatment regimens and further aggravate
the situation with the spread of antibiotic resistance.

The broth dilution method and especially one of
its variants, the microdilution method, which is recog-
nized as a reference method, are free of such limita-
tions*. This is a quantitative method, the use of which
allows to determine the values of minimum inhibitory
concentrations (MIC) of antimicrobials, which most
accurately reflect the antimicrobial effect in vifro and
are necessary to optimize the dosing regimen of anti-
microbials.

The method allows testing such microorganism—
antibiotic combinations, which cannot be reliably test-
ed by disk-diffusion method, and some of which are
included in the WHO list: Salmonella spp., resistant to
ciprofloxacin; Neisseria gonorrhoeae resistant to ceph-
alosporins and fluoroquinolones; S. pneumoniae and
group A streptococci resistant to macrolides (azithromy-
cin, clarithromycin and roxithromycin in case of resis-
tance to erythromycin); non-brutonotyphoidal salmonel-
lae resistant to fluoroquinolones (ciprofloxacin); etc.

It is recommended to use Mueller—Hinton broth
(MHB) standardized for the content of divalent metal
ions, thymidine and pH value because of their influence
on the activity of some antibiotics. Until recently there
was no industrial production of MHB in Russia, and
the current situation with the imposition of economic
sanctions against our country has led to the restriction
of export of products for microbiological research. In
this connection in the State Scientific Center of Ap-
plied Microbiology and Biotechnology, the production
technology was developed and industrial production of
MHB was established (RU RZN No. 2023/21584 from
29.11.2023). The broth has been tested on an expanded
set of test strains and antimicrobials, and this study is
devoted to studying the possibility of its use in testing
clinical strains of microorganisms.

The aim of the study is to evaluate the qual-
ity of the developed domestic MHB in comparative
tests with its imported analog BD BBL (MHB-BD) in
testing clinical strains of microorganisms, including
microorganism—antibiotic combinations pairs which
cannot be reliably investigated by the disc diffusion
method.

4 GOST R ISO 20776-1. Infectious agent susceptibility testing
and evaluation of the functional performance of articles for
antimicrobial susceptibility testing. Part 1. Reference broth
microdilution method for laboratory testing of the activity
of antimicrobial agents against fast-growing aerobic bacteria
causing infectious diseases. Moscow; 2022. 24 p.
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Materials and methods
Nutrient media

MHB produced by the State Research Center for
Applied Microbiology and Biotechnology (MHB-Obo-
lensk; cat. no. O-282-K-1) and MHB produced by BD
BBL (MHB-BD; cat. no. 212322) were used in the
study, the latter was used as a control medium. For test-
ing fastidious microorganisms, 5% lysed horse blood
and 20 mg/L B-NAD (Sigma-Aldrich, cat. no. N8535)
were added to the broths. Lysed horse blood was pre-
pared from defibrinated horse blood (Ecolab) by add-
ing sterile deionized water in a 1:1 ratio to defibrinated
horse blood, placing it in a freezer for 8 + 1 h at —20°C.
The thawed blood was then re-frozen and thawed once
more at room temperature, repeating this cycle 4 times
until complete lysis of blood cells. The lysed horse
blood was then clarified by centrifugation at 7000 1/s
for 30 min on an Eppendorf Centrifuge 5702 machine.

Microorganism strains under study

The strains of microorganisms deposited in
the State Collection of Pathogenic Microorganisms
(SCPM-Obolensk) were tested:

* 44 clinical strains of microorganisms previously
isolated from patients treated at the inpatient
department of the Regional Infectious Diseas-
es Clinical Hospital of Yaroslavl Region and
deposited in the SCPM-Obolensk: 14 strains of
K. pneumoniae, 8 strains of P. aeruginosa, 4
strains of A. baumannii, 7 strains of Staphylo-
coccus spp. (S. aureus — 6, S. epidermidis — 1),
7 strains of Enterococcus spp. (E. faecium — 4,
E . epidermidis — 1), 7 strains of Enterococcus
spp. (E. faecium — 4, E. faecalis — 1, E. cas-
seliflavus — 1, E. gallinarum — 1), 2 strains of
Escherichia coli, 1 strain of Corynebacterium
pseudodiphtheriticum, 1 strain of Morganella
morganii,

3 Campylobacter strains isolated from bird
droppings of a farm in Moscow region and de-
posited in the State Research Center for Applied
Biotechnology and Microbiology, Obolensk
(C. jejuni — 2, C. coli— 1);

5 test strains used for routine quality control
of testing and broths investigated in the work:
E. coli ATCC 25922, S. aureus ATCC 29213,
P aeruginosa ATCC 27853, E. faecalis ATCC
29212 and C. jejuni ATCC 33560.

Antimicrobials

The following drugs were used in the study: ami-
kacin (cat. no. A1774), ampicillin (cat. no. A9393),
vancomycin (cat. no. 94747), gentamicin (cat. no.
G3632), imipenem (cat. no. 10160), colistin (cat. no.
C4461), levofloxacin (cat. no. 28266), linezolid (cat.
no. PHR1885), meropenem (cat. no. PHR1772), tetra-

cycline (cat. no. T8032), tigecycline (cat. no. PZ0021),
trimethoprim (cat. no. T7883), ceftazidime (cat.
no. PHR1847), ciprofloxacin (cat. no. 17850), eryth-
romycin (cat. no. E6376), sulfamethoxazole (cat.
no. S7507) — all manufactured by Sigma-Aldrich.

Broth microdilution method

The method was performed using a 96-well plate
in accordance with the requirements of GOST R ISO
20776-14, as well as current versions of EUCAST and
Russian recommendations for determining the sensi-
tivity of microorganisms to antimicrobials® °. The ob-
tained MIC values were used to determine the sensi-
tivity categories of strains: S (sensitive under standard
dosing regimen), R (resistant), I (sensitive under in-
creased antimicrobial exposure). Testing of all microor-
ganism-antimicrobial combinations was performed in
3 repetitions.

Physicochemical indicators of nutrient
media quality

Physicochemical parameters of broth quality
(amine nitrogen content, chloride content in terms of
NaCl and loss in weight during drying) were deter-
mined in accordance with Methodological Guidelines
4.2.2316-08". The content of calcium (Ca*"), magne-
sium (Mg?), manganese (Mn**) and zinc (Zn**) ions
was determined by atomic emission spectrometry with
inductively coupled plasma on the iCAP-6500 Duo
plasma spectrometer (Thermo Scientific) in accordance
with the requirements of GOST R ISO 27085-2012°.

Thymidine content was evaluated by indirect
method by determining the MIC value of trimethoprim/
sulfamethoxazole in the study of control strain E. fae-
calis ATCC 29212. Obtaining an MIC < 0.5/9.5 mg/L
indicated an acceptable thymidine concentration of less
than 0.03 mg/L in the broth’.

Statistical methods

European Committee for Antimicrobial Susceptibility Testing

(EUCAST). URL: https://www.eucast.org/fileadmin/src/media/
PDFs/EUCAST _files/QC/v_14.0_EUCAST_QC_tables_
routine_and_extended QC.pdf

Russian recommendations “Determination of susceptibility

of microorganisms to antimicrobial agents” (version 2024-

02). KMAX. 2024;26(2). URL: https://microbius.ru/library/

rossiyskie-rekomendatsii-opredelenie-chuvstvitelnosti-

mikroorganizmov-k-antimikrobnym-preparatam

7 Methodological guidelines 4.2.2316-08. 4.2. Methods of control
of bacteriological nutrient media: Methodological guidelines.
Moscow; 2008.

8 GOST R ISO 27085-2012. Animal feeds. Determination of
calcium, sodium, phosphorus, magnesium, potassium, iron,
zine, copper, manganese, cobalt, molybdenum, arsenic, lead and
cadmium by ICP-AES method. Moscow; 2014.

® GOST P 59786-2021/ISO/TS 16782:2016. Clinical laboratory

tests. Acceptability criteria for lots of dehydrated agar and

Mueller-Hinton broth used for antibiotic sensitivity assessment.

Moscow; 2021. 30 p.
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The results were processed using the MS Excel
program package. The reliability of different mean val-
ues was assessed using Student's t-criterion. Two-tailed
Fisher's exact test was used in comparative analysis,
significance level p < 0.05.

For test strains of microorganisms, the obtained
values of MIC of antibiotics were compared with tar-
get values and acceptable ranges. The obtained results
in accordance with GOST R ISO 20776-2-2010'° were
presented in the following evaluation categories:

* C — the mean value corresponds to the target

value;

* H — high, the mean value is higher than the tar-
get value by 1 twofold dilution;

* L— low, the mean value is lower than the target
value by 1 twofold dilution;

* VH — very high, the mean value is higher than
the target value by 2 twofold dilutions, but is
within the range of acceptable values;

* VL — very low, the mean value is lower than the
target value by 2 twofold dilutions, but is within
the range of acceptable values;

* LE — low error, the mean value is less than the
lowest acceptable value;

* HE — high error, the mean value is more than
the highest acceptable value.

Results

Before the beginning of the study, the quality con-
trol of MHB-Obolensk was carried out using control
strains of E. coli ATCC 25922, S. aureus ATCC 29213,
P. aeruginosa ATCC 27853, E. faecalis ATCC 29212,
C. jejuni ATCC 33560 and antibiotics, the results of
sensitivity to which depend on the quality of the used
MHB [9-11]. When selecting antibiotics, we proceed-
ed from the following requirements of the standards:
to obtain reliable results of sensitivity testing to tetra-
cyclines, penicillins, aminoglycosides, macrolides and
fluoroquinolones, it is recommended to use MHB with
an optimal pH value of 7.2—7.4. For aminoglycosides,
tetracyclines and fluoroquinolones the medium should
be strictly balanced in terms of calcium and magnesium
ions, for tigecycline and carbapenems — in terms of
concentration of manganese and zinc ions, respectively,
and for sulfonamide drugs the concentration of thymi-
dine in the broth is critical.

During the quality control of MHB-Obolensk, the
MIC values of the antibiotics obtained were classified
as category C in 84.4% of cases. In 8.0% of cases the
obtained MIC values of antibiotics were classified as
category H, and in the remaining 7.6% of cases the ob-

1 GOST R ISO 20776-2-2010. Clinical laboratory tests and in
vitro diagnostic test systems. Infectious agent susceptibility
testing and evaluation of functional performance of products
for antimicrobial susceptibility testing. Part 2. Evaluation of the
functional performance of antimicrobial susceptibility testing
products.
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tained MIC values were qualified as L. No values cat-
egorized as VH, VL, LE and HE were obtained during
the study. The MIC values of antibiotics for the test
strains determined on the control medium MHB-BD
were also within the permissible intervals. The results
obtained testified to the high quality of the analyzed nu-
trient media and the possibility of their use for the study
of clinical strains.

Upon further research on the developed and con-
trol broths, we studied the sensitivity of Enterobac-
terales representatives (K. pneumoniae, E. coli and
M. morganii) to imipenem, meropenem, ceftazidime,
levofloxacin, ciprofloxacin, ampicillin, colistin, genta-
micin and trimethoprim/sulfamethoxazole, and E. co-
li — additionally to tigecycline, P. aeruginosa — to
imipenem, meropenem, ceftazidime, levofloxacin, cip-
rofloxacin and colistin, 4. baumannii — to imipenem,
meropenem, levofloxacin, ciprofloxacin, colistin and
gentamicin, Campylobacter spp. — to ciprofloxacin,
tetracycline and erythromycin, Staphylococcus spp. —
to levofloxacin, ciprofloxacin, linezolid, vancomycin,
tetracycline, gentamicin, erythromycin, tigecycline and
trimethoprim/sulfamethoxazole, Enterococcus spp. —
to imipenem, levofloxacin, ciprofloxacin, linezolid,
vancomycin, ampicillin and tigecycline, C. pseudo-
diphtheriticum — to ciprofloxacin, linezolid, vancomy-
cin and tetracycline.

The MIC values of antibiotics obtained on
MHB-Obolensk and control MHB-BD were almost
identical to each other. When 8 antimicrobial-microor-
ganism combinations were tested, differences in MIC
per 1 two-fold dilution were noted. For 4 combinations
on MHB-BD they exceeded the values on control broth
and amounted to 0.12 mg/L vs. 0.06 mg/L for meropen-
em against K. pneumoniae 16, 0.06 mg/L vs. 0.03 mg/L
for imipenem against K. pneumoniae 203, 0.25 mg/L
versus 0.125 mg/L for ceftazidime against E. coli
1169/70, and 0.06 mg/L versus 0.03 mg/L for levoflo-
xacin against 4. baumannii 494. In contrast, they were
lower for 4 combinations and were 0.03 mg/L versus
0.06 mL/L for levofloxacin on control broth against
E. faecalis 2211406, 16.0 mg/L vs. 32 mg/L for tetra-
cycline against C. jejuni F-2, 0.25 mg/L vs. 0.5 mg/L
for colistin against K. pneumoniae 1643, 0.03 mg/L vs.
0.06 mg/L for vancomycin against S. aureus 2202263.

Differences between the two MHBs in MIC results
at 2 two-fold dilutions were observed when 4 combi-
nations were tested: K. pneumoniae 1142—meropenem,
P. aeruginosa 265-levofloxacin, S. aureus 2202309—ci-
profloxacin and E. faecium 613—ampicillin. At the same
time, the MIC values of levofloxacin and ciprofloxacin,
both equal to 0.12 mg/L, respectively, were higher on
MHB-Obolensk than on control broth (0.03 and 0.03
mg/L), and the MIC values of meropenem and ampi-
cillin, equal to 0.06 and 0.03 mg/L, respectively, were
lower than on MHB-BD (0.016 and 0.008 mg/L).

However, the resulting differences in MIC val-
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ues did not affect the evaluation of clinical sensitivity
categories of the clinical strains tested. The results of
antimicrobial sensitivity testing (in clinical sensitivity
categories) for 44 clinical strains of microorganisms
and 3 Campylobacter strains isolated from farm birds
are presented in the Table.

All strains of K. pneumoniae studied in this work
are mainly sensitive to the tested antibiotics under stan-
dard dosing regimen. One strain was resistant to cef-
tazidime and ciprofloxacin, 2 — to ampicillin, 3 — to
gentamicin. Both E. coli strains were sensitive under
standard dosing regimen to imipenem, meropenem,
ceftazidime, levofloxacin, ampicillin, tigecycline and
trimethoprim/sulfamethoxazole. One of them showed
resistance to ciprofloxacin, colistin and gentamicin,
while the other was sensitive to these antimicrobials.
The M. morganii strain was interpreted as sensitive un-
der standard dosing regimen to imipenem, meropenem,
ceftazidime, levofloxacin, ciprofloxacin, ampicillin,
colistin and trimethoprim/sulfamethoxazole, but resis-
tant to gentamicin.

Antibiogram analysis of P aeruginosa strains
showed that all were sensitive to meropenem, and at
increased antimicrobial exposure were also sensitive to
imipenem, ceftazidime, levofloxacin, and ciprofloxacin.
One of the 8 pseudomonad strains tested showed resis-
tance to colistin, while the other 7 were sensitive to it.

A. baumannii strains were sensitive to imipenem,
meropenem, levofloxacin, and colistin, and to ciproflox-
acin at increased antimicrobial exposure. Only 1 strain
was sensitive to gentamicin, and the others showed re-
sistance, as did all 4 strains tested to trimethoprim/sul-
famethoxazole.

One strain of Campylobacter showed resistance to
ciprofloxacin, tetracycline and erythromycin, two oth-
ers showed sensitivity to tetracycline and erythromycin
and sensitivity, but with increased exposure, to cipro-
floxacin.

All investigated gram-positive strains of Staphy-
lococcus spp. and Enterococcus spp. are sensitive to
linezolid. Against levofloxacin and ciprofloxacin, all
Staphylococcus spp. strains were interpreted as sensitive
at increased antimicrobial exposure, and against vanco-
mycin and tigecycline as sensitive at standard dosing
regimen. One of the 7 Staphylococcus spp. strains test-
ed showed resistance to tetracycline and erythromycin,
while the rest were sensitive under the standard dosing
regimen. Regarding gentamicin and trimethoprim/sul-
famethoxazole, only 4 strains of Staphylococcus spp.
were sensitive to these antimicrobials, while the re-
maining 3 were resistant to them.

All Enterococcus spp. strains were sensitive to
levofloxacin, ciprofloxacin and ampicillin at standard
dosing regimen, and to imipenem — at increased expo-
sure. At the same time, 3 strains of E. faecium showed
resistance to vancomycin and tigecycline, while the
other 4 strains showed sensitivity.

The C. pseudodiphtheriticum strain tested in com-
bination with linezolid, vancomycin and tetracycline
was interpreted as sensitive and in combination with
ciprofloxacin as resistant. Using the control nutrient
medium MHB-BD, similar antibiograms were obtained
for all tested microorganism strains.

Discussion

In this study, the sensitivity of Gram-negative and
Gram-positive bacteria (including fastidious bacteria)
isolated from sick people and farm animals to antibiot-
ics of different groups was tested on MHB-Obolensk.
The list of antimicrobials included antibiotics, sensi-
tivity to which cannot be determined by disk-diffusion
method (ciprofloxacin only for salmonella, vancomycin
and colistin for all microorganisms); antibiotics that act
as quality markers for MHB (tetracycline, gentamicin,
erythromycin, tigecycline, trimethoprim/sulfamethox-
azole, levofloxacin, imipenem, meropenem, ampicillin)
and others (linezolid, ceftazidime) [9—11].

At the State Research Center for Applied Micro-
biology and Biotechnology, we managed to design an
MHB that meets the requirements of national and inter-
national standards (see footnotes 5, 8), based on a spe-
cially developed hydrochloric acid hydrolysate of mod-
ified casein. The pH value of the developed broth is in
the range of 7.2—7.3, calcium ion content is in the range
of 20.0-25.0 mg/L, magnesium — 10.0-12.0 mg/L,
manganese level in it is less than 8.0 mg/L, zinc — less
than 3.0 mg/L, thymidine — less than 0.03 mg/L. Other
physicochemical quality parameters, the requirements
for which are not regulated by the standard (see foot-
note 8), do not differ from those for the imported an-
alog: the content of amine nitrogen varies from 4.7 to
5.0%, chlorides — from 27.5 to 28.7%, and the loss in
weight during drying is 3.8-4.0%.

The use of MHB with such characteristics allowed
to obtain the results of sensitivity categories of 47 clin-
ical strains of microorganisms to 14 antibiotics, not dif-
fering from those on the control medium of a reliable
manufacturer — MHB-BD.

The produced broth can be used for routine perfor-
mance of serial dilutions method in macro- and micro
versions, for commercial tests (in the format of tablets
and MIC-strips with dried antibiotic substances), as
well as for automatic analyzers.

Conclusion

The antibiograms of clinical strains in developed
Russian Mueller—Hinton broth was obtained, which
did not differ from those for the comparison medium.
MHB-Obolensk complies with the requirements of na-
tional and international standards and can be used to
reliably test, among other things, current combinations
of microorganism—antibiotic pairs that cannot be stu-
died using the disk diffusion method.
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Results of clinical strain testing by broth microdilution method using MHB-Obolensk and MHB-BD

C.
K. pneu- E . M. P. aeru- | A. bau- | Campylo-| Staphylo-| Entero- | pseudo-
. . coli " , !
moniae 5 morganii | ginosa man- bacter coccus coccus d/pflth-
Antibiotics Nutrient media —4 —1 —8 nii—4 | spp. —3 | spp.—7 | spp. —7 erﬂc;lm
n|SC| n|SC| n|SC| n|SC| n|SC| n|SC| n|SC| n|SC| n| SC
MHB-Obolensk 14 S 2 S 1 S 8 | 4 S - - - - 7 | - -
Imipenem
MHB-BD 14 S 2 S 1 S 8 | 4 S - - = - 7 | - -
MHB-Obolensk 14 S 2 S 1 S 8 S 4 S - = = — — — — —
Meropenem
MHB-BD 14 S 2 S 1 S 8 S 4 S - - - = - - - —
MHB-Obolensk 1, & 2 S 1 S8 8 | - - - - - - - - -
Ceftazidime : R
MHB-BD 13 S 2 S 1 S 8 | - - - - - - - —
MHB-Obolensk 14 S 2 S 1 S | 4 S - - 7 | 7 S - -
Levofloxacin
MHB-BD 14 S 2 S 1 S | S - - | 7 S - -
1 R 1 R 1 R
MHB-Obolensk 13 S 1 s 1 S 8 | 4 | 2 | 7 | 7 1 R
Ciprofloxacin ; R ) R ) R
MHB-BD 13 s 1 s 1 S 8 | 4 | 2 | 7 | 7 S 1 R
MHB-Obolensk - = - - - = - - - - - - 7 S 7 S 1 S
Linezolid
MHB-BD - - - - - = - - - - - - S 7 S 1 S
MHB-Obolensk - - - - - — _ _ _ _ _ _ 7 s 2 g 1 S
Vancomycin 3 =
MHB-BD - - - - - - - - - - - -7 8 4 g4 1 58
2 R
MHB-Obolensk 12 s 2 S 1 S - - - - - - - - 7 S - -
Ampicillin ) R
MHB-BD 12 s 2 S 1 S - - - - = = = — 7 S - —
1 R 1 R
MHB-Obolensk 14 S 1 s 1 S 7 s 4 S - — — - — — — —
Colistin ) R ) R
MHB-BD 14 S 1 s 1 S 7 s 4 S - - = - - - - —
1 R 1 R
MHB-Obolensk - - - - - - - - - - 5 g g g - - 1 S
Tetracycline ) R ) 5
MHB-BD - = - - - = - - - - 2 s 6 s - - 1 S
3 R 1 R 1 R 3 R 3 R
MHB-Obolensk 1 s 1 s 1 R - — 1 S - — 2 S — - - -
Gentamicin 3 R ] R ] R 3 = s -
MHB-BD M s 1 s 1 R - ~ 1. s ~— ~ 4 s ~— ~— = -
1 R 1 R
MHB-Obolensk - - - - - - - - - - 2 s 6 s - - - -
Erythromycin ) R ) R
MHB-BD - - - - - - - - - - 2 S 6 s - - - -
MHB-Obolensk - - 2 s - - - - - - - - 71 s i g o
Tigecycline s R
MHB-BD - - 2 s - - - - - - - - 7 S 2 s - -
3 R
MHB-Obolensk 14 S 2 S 1 S - - 4 R - - 1 s - - - —
Trimethoprim-
sulfametho- 3 R
xazole MHB-BD 14 S 2 S 1 S = — 4 R = = 4 A — _ _ _

Note. n — number of strains; SC — sensitivity category. A dash — testing for this antibiotic has not been performed; S — sensitive to
standard dosing regimen; R — resistant; | — sensitive to increased exposure to antibiotic.
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