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Abstract. Improving effectiveness of microbiological diagnostics in patients with surgical infection of soft tissues.
Biesiedin O.M., Storubel L.N., Yevtushenko E.V., Biesiedina K.O. Recently, there has been a steady tendency
towards increase in the resistance of microorganisms to antibacterial drugs, which is due to the lack of development of
new antibiotics, their uncontrolled administration, total use in animal husbandry, etc. leads to fatal outcomes,
unsatisfactory results of treatment, rise in cost of treatment, formation of hospital pan-resistant strains. The increasing
ability of microorganisms to cooperate in biofilms, production and improvement of resistance mechanisms in symbiosis
are intractable issues in the treatment of patients with surgical infection of soft tissues. In patients with surgical
infection of soft tissues, surgical treatment of a purulent focus and antibiotic therapy are fundamental doctrinal,
determining the success of treatment.The choice of an antibacterial drug in most cases is based on the results of an
antibioticogram. A study of wounds by smear technique and biopsy samples of wound tissues in 81 patients was
performed. The quantitative and qualitative composition of wound microflora of patients was evaluated during the
study of biopsy samples and standard culture from the wound surface. When examining the biopsy samples, 86 strains
were isolated, and 110 — in the material from the wound surface. There was no growth on the wound surface in 11
cases (13.5%), against 20 (almost 25%) in biopsy samples. One species of flora was isolated from 37 wound surfaces
(about 46%), biopsy samples of wounds with monoculture — in 61 samples (75%). Associations (two or more) are
present in 33 (41%) wound samples, and only in 21 biopsy samples (26%). Thus, the conducted studies confirm the fact
that wound surface is more contaminated by foreign microflora than biopsy samples. The data obtained allow us to
recommend the method of wound biptates instead of a smear, as more specific and sensitive in patients with surgical
infection of soft tissues.

Pedepar. IloBblmienue 3GpeKTUBHOCTH MUKPOOHOJOTMYECKOH TUATHOCTMKH Y MAIMEHTOB € XMPYPru4eckoii
uHdexnmneil markux TtkaHed. Becemmn A.M., Cropy0Oens JL.H., Esrymenko O.B., Becenuna K.A. B meuenue
nocneonezo 8pemeHu HabI00aemcs HeYKIOHHASE MeHOeHYyUs K pOCMY pe3sUCMEHMHOCMU MUKPOOP2AHUSMOE K
AHMUOAKMEPUATLHBIM  NPENApamam, 4Ymo HA (HOHe OmMCYmMCmeusi pa3pabomku  HOGbIX AHMUOUOMUKOS, UX
OEeCKOHMPONILHO20 HAZHAYEHUS, TMOMAIbHO20 NPUMEHEHUS. UX 8 JHCUBOMHOBOOCMSE U M.0. NPUGOOUM K JIeMANbHbIM
ucxoo0am, HeyOO8IeMEOPUMENbHbIM Pe3VIbMAmam AeYetus, YOOPOJICAHUIO LeHeHuUsl, (POPMUPOBAHUIO 20CNUMATbHbIX
NAHPE3UCTNEHMHBIX WMamMmos. Bospacmaiowas cnocobHocms MUKpPOOP2AHU3IMO8 KOONEPUPOBAMbCsL 6 OUONIEHKU,
BbIPAOOMKA U COBEPUIEHCTNBOBAHUE MEXAHUIMOE DE3UCHEHMHOCIMU 8 CUMOUO3e SIGIAIOMbCSL MPYOHOPA3PEUUMbLMU
60NpPOCAMU JleYeHUsT NAYUEHMO8 C XUPYPSUuecKou UH@exyuel MseKux mxauei. Y nayuenmog ¢ Xupypeuueckou
unexyuell MACKUX mrauell Xupypeuueckdas 06pabomra eHOUH020 ouazd U aHMUOAKMepuaIbHas mepanusi si8IsOmcst
OCHOBONONAZAIOWUMU  OOKMPUHATLHLIMU U ONPEOeTSIOWUMY  YCnex JNedyeHus Hanpasienusimu. Buvibop anmu-
baxmepuanrbHo20 npenapama 6 OONbUWUHCMEE ClY4aAes OCHOBbIBAENCs HA Ppe3yIbMamax aHmMuOUOMUKOSPAMMbI.
IIposedeno uccnedosanue pan memooom maska u buonmamos mrameii pansvl y 81 nayuenma. Oyenen Koau4ecmseenHbiil
U KAueCm@eHHbLl cOCmag MUKpOQIopbl pan nayueHmos npu Uccied08anus ouonmama u CmaHoapmHuo20 noceed ¢
nosepxnocmu pauwl. Tpu uccredosanuu buonmama evloeneno 86 wWmammos, a ¢ Mamepudie ¢ HOBEPXHOCMU PAHbL —
110. Ha nosepxnocmu panvt omcymcmeyem pocm 6 11 ciyuasx (13,5%), npomueg 20 (noumu 25%,) ¢ buonmamax. Ooun
8u0 ¢opul gvideneno us 37 panegvlx nogepxrnocmei (okono 46%,), buonmamos pan ¢ MoHoKyremypou — 61 obpasey
(75%). Accoyuayuu (0sa u bonee) umeromesa 6 33 (41%) panesvix obpaszyax u monvko 6 21 6uonmame (26%). Taxum
o0bpazom, npogedenHbvle UCCIeO08AHUS NOOMBEEPHCOAIOM MOM (PAKM, YMO NOBEPXHOCMb PAHbL 6 OoJbulell CeneHu
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A67A€MCA  KOHMAMUHUPOBAHHOU NOCMOpOHHel Mukpogaopou, uem 6uonmam. Ilonyuennvie OanHble NO3G0AIOM
PEKOMEHO08amMb MemoO OUONMATO8 PaH BMECmO MA3KA KAK 6ojee chneyu@uunblil i 4y8CmeumenvHolll y NayueHmos ¢

Xupypeuueckou unpexyuer MacKkux mrkael.

Worldwide, antimicrobial resistance (AMR) cau-
ses 700 000 deaths each year. But the prognosis is
much more serious: WHO experts say that if the
AMR continues to spread, the number of deaths
from antibiotic resistance of pathogens could reach
10 million people a year by 2050 [9, 10].

A similar trend is observed in Ukraine. Thus, the
All-Ukrainian Association for Infectious Control and
Antibiotic Resistance has analyzed data (2013-2017)
of the laboratories of 24 regional hospitals in
Ukraine. The results of the study showed that the
number of strains of microorganisms resistant to one
antibiotic is 70.7%, to antibiotics of 2-3 classes —
37.5%, to 4 or more — 26.3% [5].

Continuous growth of resistance of microorga-
nisms to antibacterial drugs not only leads to deaths
and helplessness of doctors, but also adversely
affects the time of treatment of patients and in-
creases the cost of therapy [8]. Therefore, laboratory
testing to determine the sensitivity of microorga-
nisms is becoming increasingly important.

The aim is to improve the results of treatment of
surgical infection of soft tissue in patients under-
going treatment in the department of purulent-septic
surgery by introducing a technique for the study of
bioptates of wounds for topical personalized
antibacterial therapy.

MATERIALS AND METHODS OF RESEARCH

According to the degree of microbial contami-
nation, surgical wounds are divided into four clas-
ses: "clean", "conditionally clean", "contaminated",
"dirty or infected". The latter includes old traumatic
wounds that contain non-viable tissues, and wounds
with signs of a pronounced clinical form of purulent-
inflammatory infection or with perforation of the
internal organs [7].

In 2019, in the laboratory of the Municipal Insti-
tution “City Clinical Hospital No 4” of the Dnipro
City Council in Dnipro, with the assistance of
“Arterium” corporation, bacteriological studies of
the wounds of patients with surgical infection of soft
tissues, treated in the department of purulent-septic
surgery were conducted.

In recommendations of WHO "Basic methods of
laboratory research in clinical bacteriology", in ad-
dition to the study of purulent exudate, abscess
puncture, etc., it is recommended to study small
pieces of tissue. The method of quantitative study of
biopsy samples has been described in many literary
sources: L. Brentano (1965), C.P.Baxter et al.
(1974) in modification of laboratory of microbiology
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and immunology of Institute of Surgery named after
A.V. Vishnevsky (Kolcher II et al., 1980). In our
clinic, the methodology presented in the monograph
"Theory and practice of local treatment of purulent
wounds" eds. prof. B.M. Datsenko was used in the
study. The studies included parallel bacterial ino-
culation of tissue bioptates by proprietary metho-
dology and traditional bacterial inoculation from the
wound surface [4]. 81 samples of bioptates and
material collected from the wound on the swab were
included in the analysis.

The study of bioptates includes weighing and
homogenization of samples, serial dilutions of ma-
terial, inoculation of suspension from different
dilutions into several nutrient media, subsequent
counting, identification of colonies and determi-
nation of antibiogram of a possible pathogen.

The obtained material is placed in a sterile
container and immediately after sampling with
supporting documents (referral to microbiological
(bacteriological, virological, parasitological) exa-
mination form 204/0) is sent to the laboratory.

In the laboratory, in box settings, bioptate
without removing from the standard (with a known
mass) capacity, is weighed on electronic scales of
the 4th class of accuracy. The mass of the bioptate is
recorded and the conversion factor is calculated per
1 g of tissue — K. For example: a bioptate of 0.2 g is
delivered; K=1 g : 0.2 g=5.

Later, the weighted bioptate is suspended in
isotonic sodium chloride solution at the rate of 1:10,
performing a series of ten-fold dilutions to 10
degree. Inoculation by 0.1 ml of the suspension on
the surface of the solid nutrient medium, poured into
Petri dishes from dilutions 107,10 %, 10, 10 .

To obtain the growth of isolated colonies, the
material is carefully rubbed with a spatula over a
culture medium for which blood agar is used.
Cultures are incubated in a thermostat at 37° C for
18-24 hours. In the absence of growth, the incu-
bation period is extended up to 3 days. In order to
accelerate the study of the qualitative composition of
microorganisms and improve the diagnosis, ino-
culation with a loop is carried out on selective
differential diagnostic media: Endo, Chistovich and
others. Cultures are incubated in a thermostat at
37° C for 18-24 hours. Petri dishes are revised,
results are recorded. On Chistovichy medium, in the
absence of growth of microorganisms of the genus
Staphylococcus, termostatting is continued for up to
48 hours.
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Colonies that have grown on the dish are
calculated and recalculation per 1 g of tissue is
made. For the calculation, those dilutions where
colonies on the dish grow isolately are used, with
their number not exceeding 300.

The number of microorganisms in 1 g of tissue is
calculated by the formula:

N=n x 10 x the degree of dilution x K, where

N is the number of microorganisms per 1 g of tissue bioptate;
n is the number of microorganisms grown on the dish;

10 — conversion per 1 g of suspension;

K — conversion factor of the sample per 1 g of bioptate.

Bacteriological studies and identification of
isolated cultures are performed in accordance with
national and international standards [2, 3].

Statistical processing was performed using con-
ventional methods [1].

RESULTS AND DISCUSSION

In the study of biopsy, pathogens that are of
etiological importance in the development of puru-
lent wound infection were detected in 61 samples
(75.3%) of 81. In 20 cases, accounting for only a
quarter of the material delivered to the study, the
growth of microflora was absent.

Of the colonized microflora of bioptates, one
species of microorganisms was isolated in 40 samp-
les from 61 (65.6%). Associations (two or more) are
present in a third of positive samples — 21 (34.4%).
The total number of isolated microorganisms is
86 strains.

Structure of isolated microorganisms isolated in wound bioptates study
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Total - 86 25 10 3 16 7 2/1 2 6 5 4 2 1 1 1

The spectrum of isolated microorganisms by
taxonomic affiliation has the following structure. Gr
+ flora accounted for 77% (66 cultures) of the total
number of microorganisms isolated in bioptates and
82.5% (33) of the samples where the strains are
found in monoculture. The number of Gr-flora
representatives is much less — 23% (20) of the
number of all isolated bacteria and 17.5% (7) of the
number of microbes isolated in the monoculture.

In the Gram positive group, of all monocultures
staphylococci — 55% (22), enterococci — 22.5% (9),
streptococci — 5% (2S.pyogenes) dominate. S.aureus
is the leader among staphylococci — 17 cultures, in 5
cases S.haemoliticus is isolated. The genus Entero-
coccus is represented by two species: E.faecalis (6)
and E.faecium (3).
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Of all isolated gram-negative cultures, by generic
and species characteristics cultures are identified as
follows: genus Pseudomonas (P.aeruginosa — 6),
Escherichia (E. coli —5), Proteus (P.mirabilis — 4,
P.penneri — 1), Enterobacter (E.amnigenus — 2),
Acinetobacter — 1, Klebsiella (K.pneumoniae — 1).
Of these, in monoculture only 7 strains are isolated:
P.aeruginosa (5), E.coli (1), P.penneri (1).

Of all cases found in bioptates of monocultures,
82.5% are related to 4 species of etiologically
significant microorganisms in purulent-inflam-
matory processes: S.aureus, E.faecalis, P.aerugi-
nosa, S.haemoliticus (Fig.). A similar trend is obser-
ved in the total number of microorganisms. Ac-
cording to data [10], among microorganisms isolated
from wounds in medical establishments of Ukraine
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in 2017-2016, the following ones prevailed: Staphy-
lococcus — 47.1% (48.8%), E.coli — 10.7% (Entero-
coccus — 8.6% (8.1%), P.aeruginosa — 6.4% (6.5%),

K.pneumoniae — 6.4% (6.0%), Enterobacter — 4.5%
(4,4%), A.baumannii — 2.5% (3.1%) and others —
13.8% (12.6%).

|1

L]

@ S.aureus EE.faecalis ElP.aeruginoza [3S.haemoliticus O Others

Main pathogens isolated in monoculture during bioptates study

In bioptates taken from wounds in patients at our
clinic, growth was observed in 75.3%, while in
sampling the material with a swab — in 86.5%. For
comparison, in Ukraine, when studying material
taken from wounds, cultures were isolated: 2017 — in
41% of samples, 2016 — in 39.9% [6].

In parallel inoculation of bioptates and smears
from the wound surface, a complete coincidence of
the study results was observed in 35 patients (43%).
More than half of the study results were significantly
different — 47 (57%) patients. Thus, in 23% in the
absence of growth in the bioptate, from the swab
cultures of microorganisms: S.aureus, P.aeruginosa,
S.anginosus,  C.albicans,  Corynebacteriumspp.,
S.simulans, S.agalactia, S.epidermidis, P.putida,
S.haemoliticus were isolated. By species spectrum,
these microorganisms are representative of normal
human microflora, saprophytes and strains wich
have signs of Thospital ones (S.aureus,
P.aeruginosa).

In general, when comparing the quantitative and
species spectrum of microorganisms isolated in
biopsy specimens and smears from swabs, the
difference is significant. Thus, in the study of
bioptates 86 strains were isolated, and in the material
from the wound surface — 110. On the surface of the
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wound there was no growth in 11 cases (13.5%)
against 20 (almost 25%) in bioptates. One type of
flora was isolated from 37 wound surfaces (about
46%), herewith 61 samples (75%) — from wound
bioptates with monoculture. Associations (two or
more) are present in 33 (41%) wound samples and
only in 21 bioptates (26%). This indicates that when
taking smear from the wound, saprophytic micro-
flora can be inoculated, instead of the flora that
causes inflammation, that is, there exists threat of
random antibacterial therapy.

Based on the above data, we can conclude that
the wound surface is more contaminated with
external flora than bioptate. Considering the spe-
cificity of the department of purulent-septic surgery,
it gives reason to recommend this method for the
study of patients with surgical infection of the soft
tissues and chronic wounds with the aim of
identifying the causative agent of the inflammatory
process and prescribing etiotropic treatment, taking
into account the antibiograms of isolated cultures.

The antibiograms of the main agents of wound
infection isolated from the material of patients of the
department of purulent-septic surgery have the
following features:
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S.aureus is 100% sensitive to vancomycin and
linezolid. The sensitivity to erythromycin, oxa-
cillin, clindamycin, levofloxacin is 83%, 80%,
78%, 76%, respectively. Penicillin showed resis-
tance in 44% of strains.

E.faecalis showed sensitivity to ampicillin,
vancomycin, linezolid in 100% of cases, instead of
ciprofloxacin — only 13%.

S.haemoliticus is 100% sensitive to vancomycin
and linezolid; clindamycin — 67%, levofloxacin —
56%, erythromycin, oxacillin — 44%, oxacillin —
only 11%.

P.aeruginosa strains differed from other cultures
by polyresistance to antibacterial drugs. Of these,
only 20% were sensitive to imipenem, amikacin,
ciprofloxacin, cefepime, ceftazidime — a third of
cultures (33%), meropenem, cefoperazone by 50%,
cefoperazone/sulbactam — 60%. The highest level of
sensitivity was observed for phosphomycin — 83%.

CONCLUSIONS

1. Tte study shows a quantitative and qualitative
difference in the study of bioptates and smears from
wound surfaces, this enables to recommend the
study of wound bioptates in patients with surgical
infection of soft tissues.

2. Due to research performed, we have been able
to identify the dominant causative agent of surgical
infection and to personalize antibacterial therapy.

3. Topical and personalized etiotropic anti-
bacterial therapy contributed to faster elimination of
the pathogen from the wound and preparation of the
wound for closure, thereby reducing material costs for
antibiotics and the average bed-day. The overall treat-
ment results improved and material costs decreased.

4. In multi-type hospitals, multidisciplinary teams
should be fotmed for effective antibacterial therapy
of patients with resistant and hospital-acquired
infections.
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