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One of the major clinical problems regarding B-lactam antibiotics resistance is attributed to metallo-beta-lactamases (ML),
which are a group of enzymes that is a subset of beta- lactamases belonging to group B of the Ambler classification, which
causes hydrolysis of carbapenems. The study was conducted to check the prevalence of MBL and its genes (IMPB, VIM, and
NDM) among Gram-negative isolates. Methods. 312 clinical samples (urine and wound) were cultured, and antimicrobial
susceptibility testing was performed using the conventional disk diffusion method. MBL-phenotypic detection was uncov-
ered by standard bacteriological techniques, ML genes were amplified using pre-determined conditions set on an AB19700
Applied Biosystem thermal cycler. Results. 157 (56.1%) Gram-negative and 123 (43.9%) Gram-positive were isolated.
Escherichia coli 32 (11.4%) and Pseudomonas aeruginosa 32 (11.4%) were the most predominant. Providencia stuartii 3
(1.1%), Klebsiella ornitholytica 2 (0.7%), and Stenotrophomonas maltophilia 1 (0.4%) were some of the less predominant
isolates. Imipenem and Ertapenem were the most sensitive, while Gentamicin, Amoxicillin-Clavulanate, and Ceftriaxone
were the most resistant. Twelve species (7.6%) were identified as MBL producers. The VIM gene (12: 100%) was the pre-
dominant gene, followed by the NDM gene (6: 50%) and the IMP gene (2: 16.7%). Conclusions. The detection of blaVIM,
blaNDM, and blaIMP genes in South-south Uyo is really worrisome, and proper infectious control measures should be
taken in order to prevent outbreaks of MBL-producing Gram-negative bacteria isolated in Uyo, South South Nigeria.
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In recent times, there have been reports on car-
bapenem resistance to various microorganisms,
and the management of various infections caused
by these harmful pathogenic bacteria has become
a challenge [1]. The number of resistant microbi-
al strains, geographic areas affected by drug re-
sistance, and the extent of resistance in clinical
isolates continue to escalate therefore contribut-
ing to one of the most serious jeopardies to global
public health in the 21* century [2, 3]. Multiple
drug resistance (MDR) has left few efficient anti-
biotics to take care of hard to treat life-threaten-
ing infections [4] and because of this, carbapen-
em was discovered to defeat the drug resistance
menace [5]. The carbapenems were found to be
potent against all MDR Gram-negative bacteria,
including extended-spectrum -lactamases (ES-
BLs) [6], and less toxic to the host [7]. In the recent
past, carbapenems were the last resort antibiotics
for the treatment of MDR Gram-negative bacte-
rial infections but its resistance constitutes a ma-
jor public health problem [8]. This resistance can
occur through three possible mechanisms in the
family Enterobacteriaceae: efflux pump overac-
tivity, porin loss or mutation, and carbapenemase
production [9]. Carbapenemase is an enzyme like
B-lactamase and structurally belongs to Ambler
classes (A, B, and D) and can hydrolyze a broad
range of B-lactams, including carbapenems, ceph-
alosporins, penicillin, and aztreonam [8]. Also,
bacterial strains (mostly Enterobacteriaceae)
that possess carbapenemase are often resistant to
multiple drugs (MDR) [9]. Metallo-p-lactamases
(MBLs) are a type of carbapenemases compris-
ing Ambler class B beta-lactamases; these include
IMP (imipenemase), VIM (Verona integron-en-
coded MBL), and NDM (New Delhi MBL), SPM
(Sao Paulo metallo-P-lactamase), GIM (Germa-
ny imipenemase), SIM (Seoul imipenemase),
KHM, AIM, DIM, SMB, TMB and FIM [10].
These genes which are biological instructors are
located on mobile genetic units such as plasmids
[11]. Carbapenem resistance caused by MpLs is
considered more serious than other resistance
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mechanisms because MPLs can almost hydrolyze
all beta-lactam antibiotics except monobactams
[12, 13]. The presence of MPL-producing bacte-
ria in the hospital and non-hospital environment
puts the use of carbapenems under threat [14],
and Uyo does not record any published report on
MPL or the molecular analysis of genes acquired
by carbapenem-resistant isolates. Therefore, it is
pertinent to determine the incidence of MpLs
through phenotypic and genotypic analyses and
also detect the gene variants responsible for resis-
tance to carbapenem drugs in Uyo.

Materials and methods. Study design and
bacterial isolates. This descriptive cross-sec-
tional study of minimum 312 samples compris-
ing urine and wound from patients in the Gen-
eral Out-patients Department, Obstetrics and
Gynaecology Department, Orthopaedic ward,
Medical ward, surgical ward, as well as Burns
and Plastic Surgery unit, was carried out in the
Medical Microbiology and Parasitology Labora-
tory of University of Uyo Teaching Hospital, Uyo,
Nigeria. This study was approved by the Ethical
Committee of the University of Uyo Teaching
Hospital, Uyo, Nigeria. Bacterial species were
identified using standard laboratory methods,
including Gram staining, biochemical method
using the Microbact 24E (MB24E) (Oxoid, UK)
system, and assessments of growth on Cysteine
Lactose Electrolyte Deficient agar (CLED) and
Blood agar (BA) plates while the wound swabs
were inoculated on blood agar (BA) and Mac-
Conkey agar (MA) plates at 37 and 44 °C [15].

Antimicrobial susceptibility tests. Antibiotic
susceptibility test of all isolates was performed by
Kirby Bauer disc diffusion method recommend-
ed by Clinical Laboratory Standard Institute [16]
guidelines using the Mueller-Hinton Agar and
recommended antibiotics [Amoxicillin/clavu-
lanate (30pg), Ceftazidime (30 pg), Ertapenem
(10 pg), Cefepime (30 pg), Imipenem (10 pg), Cef-
triaxone, (30 pg), Gentamicin (30 pg), and Cipro-
floxacin (5 pg)]. In this study, those isolates that
were non-susceptible to at least one agent in three
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or more antimicrobial categories were regarded
as MDR [17]. Control strains of E. coli (ATCC
25922) and P, aeruginosa (ATCC 27853) obtained
from the National Research Institute Umudike,
Abia State, Nigeria were tested primarily.

MPL screening, confirmation test, and in-
terpretation. The isolates resistant to imipenem
and/or meropenem were screened for MPL pro-
duction using Total Metallo-p-Lactamase con-
firmation Kit 98016 from ROSCO Diagnostica
(ROSCO Diagnostica A/S, Taastrupgaardsvej,
Denmark) according to the manufacturer’s in-
structions. Two imipenem discs were placed on
agar plates containing the lawn of the test organ-
ism. 10 uL of 0.5 M EDTA solution was applied to
one of the imipenem discs placed 25 mm apart,
and the plate was incubated at 37 °C. After 18—
24 hours of incubation, an increase of = 5 mm in
the zone diameter of the imipenem+EDTA disc
as compared to imipenem+DPA was considered
a positive test for the presence of MPL.

Amplification of Metallo-Beta-Lactamase
Genes. Amplification was carried out with the
following thermal cycling conditions: 5 min at
94 °C and 36 cycles of amplification consisting
of 1 min at 94 °C, 1 min at 52—56 °C, and 1 min
at 72 °C, with 5 min at 72 °C for the final ex-
tension. PCR product bands were analyzed after
electrophoresis on a 1.5% agarose gel at 120 V
for 20 min in 1X Tris-boric EDTA containing
ethidium bromide, and the result was checked
under an ultraviolet transilluminator.

Detection of VIM, IMP, and NDM Genes
from Carbapenem-Resistant isolates. This was
carried out in the Molecular Biology Labora-
tory of the Department of Medical Laboratory
Science, Faculty of Health Sciences, Niger Delta
University, Wilberforce Island, Bayelsa State, Ni-
geria. Deoxyribonucleic acid (DNA) from twelve
carbapenem-resistant isolates and two other iso-
lates, which served as positive and negative con-
trol, were extracted using the Zymo Research™
(ZR) Bacterial Mini prep extraction Kit (Inqa-
ba, South Africa). The DNA quantification was
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done on a Nano-drop-1000 spectrophotometer
(SN 1844 ND-1000UV/VIS Spectrophotometer,
USA) to check the purity of the extracted DNA.
The bacterial cell emulsion was centrifuged, and
DNA in the supernatant was directly used as a
template for PCR amplification.

Statistical analysis. Statistical analysis was
conducted using SPSS, version 22.0 (Chicago,
IL, USA). Associations between variables were
considered statistically significant at p-values
less than or equal to 0.05 (p < 0.05).

Results. Among 312 samples consisting of
wound and urine, 157 (50.3%) yielded growth
of Gram-negative bacterial isolates, 123 (39.4%)
yielded Gram-positive isolates, and 32 (10.3%)
had no significant growth (Fig. 1). Escherichia
coli 32 (11.4%) and Pseudomonas aeruginosa 32
(11.4%) were the most predominant, while Prov-
idencia stuartii 1 (0.3%), Klebsiella ornitholytica
1 (0.3%), and Stenotrophomonas maltophilia 1
(0.3%) were the least (Fig. 1).

The resistance profile of Gram-negative organ-
isms is shown in Fig. 2. The isolated Gram-neg-
ative organisms were mostly sensitive to imi-
penem (123; 91.0%), ertapenem (121; 77.6%),
Cefepime (111; 71.6%), and Ceftazidime (101;
65.2%). The most resistant antibiotics includ-
ed Gentamicin (103; 65.6%), Ciprofloxacin (90;
57.3%), Amoxicillin-Clavulanate (99; 63.1%),
and Ceftriaxone (77; 49%).

Among the 157 Gram-negative isolates, 24
(15%) were carbapenem-resistant (Fig. 3). Of the
24 carbapenem-resistant Gram-negative isolates,
12 (50%) were MPL-producing Gram-negative
isolates (Fig. 4). The prevalence of MPL-producing
Gram-negative isolates was 50% among carbapen-
em-resistant organisms (15.3%) and 7.6% among
the total number of Gram-negative isolates.

The zone diameters and difference between
the IMPDP and IMP-10 tablet sizes for the
12 MPBL-positive cases are shown in Table 1.
As shown, if the difference in zone diameter of
> 5 mm (IMPDP-IMP10) was observed, the iso-
late is reported as showing MPL activity.
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Acinetobacter baumanii
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No growth
10% Enterobacter
aerogenes
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Escherichia coli >
Enterobacter
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Gram positive
39% Stenotrophomonas
maltophilia
0.3%
Klebsiella
Kiebsiella aerogenes
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pneumoniae
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Fig. 1. Distribution of bacterial isolates
Source: Research data (2019)

Resistance profile
M Gentamicin
[ Ciprofloxacin
[ Amoxicillin-Clavulanate
M Ceftriaxone
[ Ceftazidime
M Ertapenem
O Imipenem
M Cefepime

Fig. 2. Resistance profile of Gram-negative isolates
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Table 1. Difference between IMPDP and IMP-10 Diatab zone diameters

Organism IMP10 MRP10 1IMPDP IMPE DPA MPL Detection
Pseudomonas aeruginosa 10mm 9mm 20mm 21mm 9mm MPL detected
Escherichia coli 23mm 22mm 20mm 20mm 9mm No MBL
Morganella morganii 9mm 9mm l16mm 20mm 9mm ML detected
Klebsiella pneumoniae 15mm l6mm 22mm 26mm 9mm MPL detected
Pseudomonas putida 15mm 17mm 24mm 25mm 9mm MPL detected
Providencia stuartii 12mm 12mm 24mm 24mm 10mm MPL detected
Escherichia coli 14mm 19mm 20mm 21mm 9mm MPL detected
Enterobacter agglomerates 9mm 25mm 13mm 20mm 19mm ML detected
Escherichia coli 17mm 20mm 23mm 22mm 9mm MPL detected
Pseudomonas aeruginosa 13mm 9mm 23mm 26mm 9mm MBL detected
Pseudomonas aeruginosa 12mm 14mm 24mm 26mm 9m MBL detected
Escherichia coli 9mm 9mm 16mm 21mm 10mm MPL detected

Source: Research data (2019)

Table 2. Molecular detection of MPL genes in samples

Case .

Number Sample Organism VIM | NDM | IMP
1 Wound | Proteus mirabilis | + — +
2 Wound | Pseudomonas

aeruginosa + | — | =
3 Urine | Enterobacter

agglomerans + | = | =
4 Wound | Klebsiella

pneumoniae + | = | =
5 Wound | Pseudomonas

aeruginosa + | — | =
6 Wound | Pseudomonas

aeruginosa + + | =
7 Urine | Providencia

stuartii + + +
8 Urine | Escherichia coli —

Urine | Escherichia coli —

10 Wound | Pseudomonas

aeruginosa + | — | =
11 Wound | Pseudomonas

putida + |+ | =
12 Urine | Morganella

morganii + + | —

Source: Research data (2019)
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[ positive [l Negative

Fig. 3. Distribution of carbapenem-resistant organisms

among Gram-negative isolates

M Positive

[[] Negative

Fig. 4. Distribution of MBL among carbapenem-resis-

tant organisms
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1 23 4 5 L 6 7 8 9 10 11 12

NDM (600 bp)

Fig. 5. Molecular detection of NDM genes from twelve
MBL positive isolates

L 56 7 8 910 11 12

- Em

e
IMP (200 bp)

Fig. 6. Detection of IMP Genes from twelve MPL posi-
tive isolates

The distribution of MBL and its genes in sam-
ples is presented in Table 2. The ML preva-
lence was higher in wound samples (7: 58.3%)
than in urine samples (5: 41.7%) (Table 2). The
blaVIM gene was detected in all 12 (100%) cases
of MBL-producing isolates, while the blaNDM
gene was present in 6 (50%) cases, though in
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1 2 3 4 5 L 6 7 8

9 10 11 12

Fig. 7. Molecular detection of VIM gene from twelve MPL
positive isolates

more urine samples. The blaIMP gene was
found in 2 (16.7%) cases of the MBL-producing
Gram-negative isolate which consisted of 1 urine
and 1 wound samples each (Table 2).

The Agarose gel electrophoresis separation for
detection of the genes among 12 Ml positive iso-
lates is shown in Figs. 5, 6 and 7. The amplified
NDM gene in Lanes 5, 6, 7, 8, and 10 shows NDM
gene bands at 600bp while lane L represents the
100bp molecular ladder (Fig. 5). The NDM gene
was present in 6 cases. The IMP gene was de-
tected in 2 cases, Lanes 1 and 7 show the IMP
gene bands at 200bp while Lane L represents the
100bp molecular ladder (Fig. 6). The VIM gene
was detected in all 12 (100%) cases, lanes 1—9
show VIM gene bands at 621 bp while lane L rep-
resents the 100 bp molecular ladder (Fig. 7).

Discussion. This study observed more iso-
lates from females than from males within the
age group of 35—44 years. Gram-negative iso-
lates were the most common, accounting for
50.3% of samples. Similar findings have been re-
ported by other researchers [18—20]. E. coli (33;
21%), P. aeruginosa (32; 20.4%), K. pneumoniae
(275 17.2%), P. mirabilis (19; 12.1%), E. aerogenes
(125 7.6%), K. oxytoca (12; 7.6%), and M. mor-
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ganii (7; 4.5%) were the most frequently isolated
Gram-negative bacteria, while less common iso-
lates included E. agglomerans, P. stuartii, P. puti-
da, K. ornitholytica, S. maltophilia, A. baumanii,
and K. aerogenes. However, of particular interest
in this study was the isolation of less frequently
reported bacteria such as S. maltophilia, P. stu-
artii, and K. ornitholytica. S. maltophilia is a mul-
tidrug-resistant global opportunistic pathogen
associated with a significant fatality/case ratio
[21]. It is an emerging pathogen involved in the
increasing incidence of both hospital and com-
munity-acquired infections, particularly among
immunocompromised individuals [21]. It has
been reported to be found in urine and wound
cultures [21]. Physicians face a serious challenge
in treating Stenotrophomonas infections due to
its intrinsic resistance to many antibiotics and
ability to acquire antibiotic resistance by multiple
mechanisms [22]. P. stuartii is a Gram-negative
opportunistic pathogen frequently isolated from
the urinary tract of chronically catheterized pa-
tients [23]. There is limited information available
regarding the pathogenicity of K. ornitholytica,
a Gram-negative bacterium in the Klebsiella ge-
nus. Some studies suggest that K. ornitholytica
may have a pathogenic potential as it is capable
of producing virulence factors, including sidero-
phores and exopolysaccharides [24]. Therefore,
the use of a more sensitive biochemical identi-
fication system, Microbact 24E (Oxoid, UK),
not routinely used in hospital laboratories, may
explain the isolation of these rare organisms in
this study, which has not been recorded in the
service laboratories in the study area.

The study found high rates of resistance to
commonly used antibiotics such as Gentamicin,
Ciprofloxacin, Amoxicillin-Clavulanate, and
Ceftriaxone among uropathogens and wound
isolates. This resistance is likely due to the devel-
opment of resistance genes by pathogens as a re-
sult of indiscriminate use or abuse of antibiotics.
Gram-negative organisms showed high suscepti-
bility to Imipenem, which may be due to limited
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use and abuse by patients. The result is consis-
tent with other studies [25—27]. The moderate
sensitivity of ertapenem is of concern, and the
reason for this could be its acquisition of other
resistance mechanisms. Also, P. stuartii, P. aeru-
ginosa, P. putida, E. coli, M. morganii, K. agglom-
erans and P. mirabilis resisted all classes of anti-
biotics. This is indeed concerning as it suggests
that there is a high prevalence of multi-drug re-
sistant strains in the population and study area,
which is likely due to the indiscriminate and/or
non-prescription use of antibiotics. The implica-
tions of such high levels of antibiotic resistance
are significant because treatment options for in-
fections caused by these bacteria become limit-
ed, and patients may experience longer hospital
stays, increased healthcare costs, and potentially
worse outcomes. Furthermore, the development
of new antibiotics is slow, and it is uncertain
whether new antibiotics will be developed to ad-
dress the increasing resistance problem [28].

This study found a 14.01% prevalence of
carbapenem-resistant Gram-negative bacteria
among isolates in the study area. This is consis-
tent with previous studies conducted in Nigeria
and other parts of Africa [20, 29, 30]. The emer-
gence of carbapenem resistance in Gram-neg-
ative bacteria is a concerning global trend, and
there are various factors contributing to its
spread, including cross-resistance and patient
travel from endemic areas. In addition, the local-
ization of most carbapenemase genes on highly
ambulatory genetic elements may contribute to
the ease of acquisition and transmission of ac-
quired carbapenemase resistance among bacte-
rial isolates in a hospital [31].

The study found a 7.6% prevalence rate of
metallo-beta-lactamase in the study area, which
is comparable to similar studies in Ile-Ife [32,
33] but lower than in other studies in Sokoto,
Nigeria [34]. The high prevalence of MPL in
the study area may be due to the poor hygiene
among medical personnel, and the ease of ac-
quisition and transmission of carbapenem resis-
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tance among bacterial isolates. The lower prev-
alence rates in other regions can be attributed
to the low exposure of patients to carbapenems
and improved hygiene measures. The predom-
inant Gram-negative species found to produce
MBL in this study was P. aeruginosa, which is
similar to findings from other studies in Bayelsa
[7]. However, other studies conducted in Ebo-
nyi [35] and Sokoto [34] reported E. coli as the
predominant MPL producer. The reasons for
this difference can be due to changes in the pat-
tern of bacterial infections or differences in the
populations studied.

The phenotypic method used in this study
had a high sensitivity and specificity in detect-
ing MPL, which was confirmed by PCR. It is
also interesting to note that this study found
three different MBL genes (blaVIM, blaIMP, and
blaNDM) in Uyo, which is the first report of all
three genes in this area. The presence of all three
genes in a single CR-GNB organism, P. stuartii,
is particularly concerning as this could facilitate
the rapid spread of carbapenem resistance. This
finding is similar to a study done in the USA,
where all three genes were also found [36].

The frequency of MPL genes in the study
area Nigeria is similar to reports from other
African countries such as Tanzania [37], Egypt
[38], Uganda [39] and the Middle East [40],
with blaVIM being the most common. The de-
tection of blaIMP in a South Eastern Nigerian
study indicates a regional variation. Pseudomo-
nas species carrying blaVIM were isolated from
wounds, highlighting the need for infection con-
trol practices. MPL production was detected in
P. stuartii, M. morganii, and P. mirabilis not pre-
viously reported in Nigeria, likely due to the sen-
sitivity and specificity of the detection kit used.

Conclusions. The study revealed that the
prevalence of multidrug-resistant Gram-nega-
tive bacteria in the study area is high. The prev-
alence of carbapenem-resistant Gram-negative
bacteria and metallo-beta-lactamase (ML) in

22

the study area is also concerning. Resistance to
commonly used antibiotics like gentamicin, Ci-
profloxacin, Amoxicillin-clavulanate, and Cef-
triaxone is also high. Therefore, this study high-
lights the need for precautionary measures to
prevent further increase. It is imperative to im-
plement a comprehensive approach to address
the threat of MDR pathogens in the study area.
This should include reviewing infection control
policies and antimicrobial prescription patterns
to reduce selective pressure for the emergence
and spread of MPL-producing organisms. More-
over, increased surveillance of MBL-producing
organisms is necessary to prevent the possibility
of an epidemic outbreak of MDR pathogens in
the region. It requires a concerted effort to ad-
dress this public health challenge, ensuring ef-
fective management of bacterial infections and
reducing the burden of antimicrobial resistance.
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H.C. Yxo%, PC. Oxow?’, E.O. Basonoa!, E.H. Exnentione®

! Kadenpa mennunoi Mikpo6ionorii Ta mapasuronorii, Gakymbrer
¢byHIaMeHTaIbHMX KIIHIYHMX HayK, YHiBepcuteT Yito, Yito, Hirepisa

2 Kadenpa memanoi Mikpob6iosorii Ta mapasutonorii, HaBuanbHa mikapHs

Yuisepcurery VYiio, Yiio, Hirepis

® Jlikapus Kenina, Jlaroc, Hirepis

4 Kadenpa 6ioximii, Cinbcprorocnogapcpkuii yHiBepcuret imeni Marikna Okmapn,
Ymymike, mrrat A6is, Hirepis

> Kadenpa 6ionoriunux Hayk, [ep>kaBHuii oniTexHidHuit yHiBepcuret AkBa I6om,
Ixot Ocypya, Ixor Exnene, Hirepis

6 IHcTHTYT GiOMenMYHMX JOCIPKeHDb Ta iHHOBaLil, YHiBepcuteT Yito, Yito, Hirepisa

MOJIEKYJIIPHUI TPO®IIb BAKTEPIAJIbHMX I30JIATIB, IO ITPOJIYKYIOTh
METAJIO-B-TAKTAMA3Y 3 KJITHIYHWX 3PA3KIB; ITEPCITEKTVIBU IMIBAEHHOT HITEPIT

OpHi€elo 3 OCHOBHUX KIIHIYHUX IIPOO/IeM Pe3UCTEeHTHOCTI 1o P-TaKTaMHUX aHTMOIOTUKIB € MeTano-6eTa-aKTa-
masn (MPL) — rpyma ¢epmenTiB, 10 € mArpymnoo Oera-IakraMas, sIKi HaIexXars 4o rpymn B 3a knacudikaniero
AmMb6riepa 1 COpUYMHAIOTH Tiffpori3 KapOameHeMis. JoCIimKeHHs: Oy/I0 MPOBEREHO 3 METOK0 MePeBipKH MOIIpe-
HOCTi MeTano-f-makramasu (ML) Ta ii renis (IMB, VIM ta NDM) cepen rpaMHeraTHBHUX i307151TiB. MeTomu. 312
K/IIHIYHUX 3pasKiB (i3 cedi Ta paH) 6y/IM KyIbTMBOBaHI; TECTYBAHHS YyT/INBOCTI 0 aHTUOIOTUKIB BUKOHAHO 3 BU-
KOPMCTaHHAM 3BUYATHOTO METOAY AMCKOBOI audysii. Genornunose BusasaeHHs MPL 3aiiicHIOBaIM 3a JOIIOMOIO0
CTaHJAPTHMX OaKTepioNoriYHNx MeTofiiB, reHu MPL amIitiikyBanu 3 BUKOPUCTaHHAM IONEPEHBO BY3HAYECHUX
YMOB, BCTAHOBJIEHUX Ha TepMmouukiepi AB19700 Applied Biosystem. PesynbraTn. byno Bupgineno 157 (56.1 %)
rpaMHeraTuBHUX i 123 (43.9 %) rpamMno3suTuBHMUX MikpoopraHisMis. Haii6inpim nommpenyimu Oymu Escherichia coli
32 (11.4 %) ta Pseudomonas aeruginosa 32 (11.4 %). Providencia stuartii 3 (1.1 %), Klebsiella ornitholytica 2 (0.7 %),
Stenotrophomonas maltophilia 1 (0.4 %) 6yy ogHyMM 3 MeHII omupenux isomsris. [ltamu Oymn HaitGiIbIT 4y T-
JIMBUMIU [0 iMilleHeMy Ta epTaleHeMY, a HailOUIbI CTIIKUMM — [0 TeHTaMiI[VHY, aMOKCULIMTIH-K/TaBy/IaHATy Ta
nedrpiakcony. JIBaHaaLAT i307ATiB (7.6 %) 6ynu inentudikosani sk npopyueHtn MPL. IlepeBaskarouuM reHOM
6yB rex VIM (12: 100 %), 3a uuM invtu red NDM (6: 50%) ta rer IMP (2: 16.7 %). BucHoBku. BusiBnenss reHis
blaVIM, blaNDM i blaIMP y micti Yilo BUKIMKa€E 3aHETIOKOEHHS, i /A 3al06iraHHsA cranaxaM iH(eKIIiil, BUK/IN-
KaHUX MPL-nponyKyo4uMy rpaMHeraTMBHUMU OakTepisMu, BupiineHumu B Yito (miBpenHa Hirepis), morpi6Ho
BXXUTH HaJIOKHUX 3aX0/iB iHPEKIITHOr0 KOHTPOTIO.

Kntouoei cnosa: xapbanerem, egﬁmorccr—ta nomna, MHOMCUHHA TIKAPCOKA CMIIKICMb (MJIC), memano-6ema-naxma-
mazu (ML), uymnusicmos 0o anmubiomuxie.
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