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ANTIBACTERIAL THERAPY FOR PATIENTS WITH BURN INJURIES

S.Y. Zaporozhan, *D. B. Fira, O. V. Pokryshko
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Treatment of burn wound infection is an urgent issue of contemporary medicine, including
surgery, combustiology and microbiology. It is established that infectious complications are a challenge for burn
patients. In the course of wound reparation, infectious complications may worsen. Along with surgical treatment,
mechanical removal of pathogens from burn wounds is also important as well as antimicrobials for patients with
severe burns.

Objective. The aim of the study was to define the most common pathogens of purulent-inflammatory
complications of burn wounds and their susceptibility to antibiotics.

Methods. The study involved patients treated at the Center of Thermal Trauma and Plastic Surgery of Lviv
I-Territorial Medical Association, the unit of St. Luke Hospital of Lviv. Collection of material from wound secretions
of burn wounds was performed with sterile swab. The study was performed before prescription of antibiotics, at
the end of the first and second weeks of the disease. The pathogens were isolated and identified. Antibiotic
susceptibility was studied using standard research methods. The obtained results were analyzed by means of the
software package of the microbiological monitoring system WHONET 5.2 (WHO Collaborating Centre for
Surveillance of Antimicrobial Resistance) and the program Microsoft Office Excel 2007.

Results. The study of smears from burn wounds proved that 240 strains of gram-positive and gram-negative
microorganisms that caused purulent-inflammatory processes were isolated. Among the selected causative agents
of a burn wound complicated by a purulent-inflammatory process, gram-negative bacteria predominated (60.8%
of all detected microorganisms). Gram-positive flora of S. epidermidis and S. aureus were more common in the
wound surface during the first week of the disease. In most patients with severe burns, bacterial associations
were isolated from the wound surface (66.3%) in two and three weeks, and in three weeks Candida spp. were
isolated. Non-fermenting rods A. baumannii and P. aeruginosa dominated among the gram-negative flora isolated
from the wound surface of burns. The analysis of susceptibility of microorganisms isolated from patients with
burns to antibiotics showed that almost all of the cultures were polyresistant.

Conclusions. Gram-negative microorganisms, strains of non-fermenting bacteria predominated among
the pathogens isolated from burn wounds complicated by purulent inflammation; Staphylococcus aureus prevailed
among the gram-positive ones. The most significant clinical strains were highly polyresistant to antibiotics.
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Introduction

According to the WHO, injuries, burns,
poisonings, etc. are the third in the structure of
human mortality. Every year about 840 million
people suffer from burns and about 180
thousand people die in the world. In Ukraine,
more than 100,000 cases of burns are registered
annually, and 60-80% of those burned have
superficial burns of the skin of II-III A degree,
which do not require surgical intervention [1,
2,3,4].

Treatment of burn wound infection is an
urgent issue of contemporary medicine, in
particular, surgery and combustiology. Accor-
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ding to literature [5, 6], despite the constant
improvement of wound healing methods, the
frequency of its infectious complications in
surgery is 30%. Traditional remedies and treat-
ments for infected burns are often ineffective.
This necessitates further search for new and
improvement of existing medications and
treatment that stimulate reparative processes
in infected wounds, as well as in-depth study
of the mechanisms of action of antibiotics [7].
Today, there is a wide range of medications for
conservative treatment of burns, but none of
them is sufficiently effective.

Itis established thatinfectious complications
are a challenge for patients with burns. Accor-
ding to the literature, their frequency correlates
with the depth and area of burns. Complications
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in patients with burns are caused by disturbance
of barrier function of the skin, reduction of its
protective properties due to the action of
traumatic factors and suppression of the
immune system of these patients [8, 9, 10].

The most common cause of patient mortality
is infection, which accounts for about 76.3% of
burn mortality. In cases of thermal damage,
coagulation necrosis of the epidermis, of va-
rious layers of the dermis and adjacent tissues
develops that creates favorable conditions for
massive microbial invasion. Infectious compli-
cations worsen the course of reparative proces-
ses in the wound. In patients with severe burns
antimicrobial therapy is important together
with surgical treatment aimed at mechanical
removal of pathogens from burn wounds [11,
12, 13].

The aim of the study was to define the most
common pathogens of purulent-inflammatory
complications of burn wounds and their
susceptibility to antibiotics.

Methods

The study involved patients treated at the
Center of Thermal Trauma and Plastic Surgery
of LvivI-Territorial Medical Association, the unit
of St. Luke’s Hospital of Lviv. Collection of ma-
terial from the wound secretions of burn
wounds was performed with sterile swab. burn
wounds in all patients were studied before
prescription of antibiotics, at the end of the first
and second weeks of the disease, which inclu-
ded isolation of pathogens, their identification
by morphological, cultural and biochemical
properties.

Antibiotic susceptibility was studied using
standard research methods according to the
Order of the Ministry of Health of Ukraine
No. 167 “On approval of guidelines for Deter-
mination of susceptibility of microorganisms to
antibacterials”, dated April 05, 2007 and the
recommendations of the International Com-
mittee of Clinical Standards (NCCLS, 2002).

Statistical processing and analysis of the
results was performed using the software
package of the microbiological monitoring
system WHONET 5.2 (WHO Collaborating
Centre for Surveillance of Antimicrobial Resis-
tance) and Microsoft Office Excel 2007 [14].

Results

The results of the studies showed that in
patients with burn trauma during the first week
of the disease gram-positive flora of S. epi-
dermidis and S. aureus were more common

according to microbiological examination of
smears from wound surfaces. Candida spp.
were isolated in patients with severe burns on
the third week of the disease, which might have
been associated with immunosuppression due
to thermal trauma and development of anti-
bacterial resistance [15]. Depending on this,
susceptibility of the main pathogens to anti-
bacterials was evidenced. The study found that
S. aureus showed high resistance to ceftriaxone
(78-80%) and carbapenems (70-73%), high
susceptibility to fluoroquinolones, including
ciprofloxacin (71.5%) and levofloxacin (67.5%).
P. aeruginosa strains were susceptible to carba-
penems, in particular to meropenem (80 %) and
imipenem (95%).

Onday 18-20 from the moment of the injury,
Pseudomonas aeruginosa was isolated from the
wound in 65-70% of patients. Strains of Pseudo-
monas aeruginosa were moderately resistant,
retaining susceptibility to carbapenems.

As a result of microbiological examination
of smears from burn wounds, etiologically sig-
nificant pathogens of infectious complications
in patients with dermal burns were isolated. A
total of 240 strains of gram-positive and gram-
negative microorganisms were isolated from
burn wound surfaces, which led to development
of purulent-inflammatory processes.

On the seventh day after burns in 62.3% of
cases, microorganisms were isolated from
patients in monoculture, and only 37.7% - in
associations. In two and three weeks of the
disease, most patients with severe burns had
bacterial associations isolated from the wound
surface (66.3%), and on the third week of the
disease Candida spp. were isolated due to
possible immunosuppression on the back-
ground of thermal trauma.

Acinetobacter baumannii (30.0%), Pseudo-
monas aeruginosa (20.4%) and Staphylococcus
aureus (15%) are leading in the spectrum of
isolated clinical strains (Fig. 1). Most often, they
formed associations from the second week of
the disease.

Among the isolated pathogens of purulent-
inflammatory complications of burn wounds,
gram-negative bacteria predominated (60.8 %
of all isolated microorganisms) (Fig. 2).

Non-fermenting rods A. baumannii and
P. aeruginosa (48.3% and 34.9%, respectively)
dominated in the gram-negative flora isolated
from the burn wound surface; they were most
often isolated after the first week of the disease.
In contrast, Enterobacteria accounted for only
17.1 % (Fig. 3); Escherichia coli (8.7 % of isolated
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gram-negative rods), Enterobacter cloacae
(2.7 %), Klebsiella pneumoniae (2.7 %), Proteus
mirabilis (2.0%), Proteus vulgaris (0.7%) were
isolated among them.

Gram-positive cocci were isolated 1.6 times
less (37.1%) (Fig. 4). Staphylococci were
predominant among them. They accounted for
75 % of isolated strains of cocci, and cultures of
S. aureus (40.4% of all identified strains of cocci)
were most often isolated among them. Coagu-
lase-negative cocci were represented by cultu-
res of S. epidermidis and S. haemolyticus (31.5 %
and 12.4%, respectively). Enterococci were
represented by strains of Enterococcus faecalis
and Enterococcus faecium, which accounted for
10.1 % of the coccal flora, respectively. Strep-
tococcus pyogenes was isolated only in 5.6%.
Enterococci were more often isolated in the first
week of the disease, staphylococci in the
following weeks.

Candida spp. accounted for only 2.1 % of all
isolated microorganisms.

The analysis of the susceptibility of micro-
organisms isolated from patients with burn
disease to antibiotics showed that these clinical
strains had high resistance to antibacterials,
especially those that most often infect the
wound surfaces. Almost all isolated strains were
polyresistant.

The identified strains of P. aeruginosa were
low susceptible to cephalosporins, in particular:
cefepime (92.3%), ceftriaxone (86.5%), cefta-
zidime (80.8%), cefotaxime (69.2%). Almost half
of the isolated cultures of Pseudomonas

34 %

6,7 %

12,4 %

aeruginosa were resistant to aminoglycosides:
to gentamicin - in 46.2% cases, to amikacin -
42.3 %. Meropenem and imipenem showed also
low effectiveness, although they were reserve
antibiotics. Clinical strains of P. aeruginosa
showed resistance in 51.9 % and 82.7 % cases,
respectively. The most effective antimicrobial
against Pseudomonas aeruginosa was doxycyc-
line. Resistance to it was only 19.2 %.

Like P. aeruginosa strains, isolated cultures
of A. baumannii had a high level of antibiotic
resistance. Cephalosporin antibiotics, in parti-
cular ceftazidime (97.2 %), ceftriaxone (95.8 %),
cefepime (91.7 %), cefotaxime (86.1 %), were
ineffective against acinetobacteria. Strains of
A. baumannii to gentamicin and amikacin
(73.6 % and 79.2 %, respectively) were highly
resistant. They were also low susceptible to
fluoroquinolones, i.e.: levofloxacin (76.4 %),
ciprofloxacin (68.1%), gatifloxacin (63.9%).
Meropenem and imipenem were more effective
than other groups of antibacterials against
acinetobacteria, only in 31.9% and 40.2% of
resistant cultures of A. baumannii.

Isolated cultures of S. aureus were resistant
to oxacillin (63.9%) that indicated methicillin
resistance of these strains, as well as cepha-
losporin antibiotics, in particular: cefepime,
ceftazidime, ceftriaxone (from 19.4 % to 33.3 %,
respectively). Staphylococcus aureus was highly
resistant to azithromycin (66.7 %) and linco-
samides such as clindamycin (72.2 %) and
doxycycline (52.8 %). Fluoroquinolones were
also low effective, i.e.: ciprofloxacin (58.3 %) and
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levofloxacin (25.0-44.4 %), as well as aminogly-
cosamides: gentamicin (30.6 %) and amikacin
(38.9%). In contrast to non-fermenting bacteria,
clinical strains of S. aureus were the most sus-
ceptible to carbapenems: meropenem and
imipenem resistant cultures of Staphylococcus
aureus were only 8.3% and 5.6% of strains.

Discussion

Burns destroy the first barrier of human
innate immunity that protect tissue from the
colonised external world, and microorganisms
can easily spread and infiltrate necrotic tissue
[15, 16]. Our data confirmed many published
studies, which have reported gram-negative
bacteria as the commonest microorganisms
that colonize burn wounds [17]. Initial burn
wounds are sterile. However, within a few days,
Gram-positive strains, such as Staphylococcus
aureus, coagulase-negative Staphylococcus, and
Streptococcus spp., start to colonize the wounds
from deeper structures (hair follicles and
glands). In the second phase, a Gram-negative
shift takes place, where P. ageruginosa, E. coli,
and Proteus are the predominant isolates [18,
19, 20]. If left untreated, this colonization can
lead to infection [20, 21]. Our data confirmed
the steps of infectious process developing on
burn wounds. The study had established that
S. aureus among gram-positive microbes and
P. aeruginosa among gram-negative microbes
were the most frequent microbial isolates in
our patients(40.4% and 34.9% respectively).
Similar observation was seen in the study by
Tsolakidis S. et. al. [18].

In our study, we found a variable percentage
of antibiotic resistance among the cultured
bacteria. The analysis of the studied isolates
susceptibility to antibiotics showed that most
often infecting the wound surfaces clinical
strains had high resistance to antibacterials.
Almost all isolated bacteria were multiresistant.
63.9% of identified S. aureus belong to MRSA
staphylococci. This had less incidence with
other studies on MRSA in burn patients by
Mandal [21]. Isolates of S. aureus (more than
70 % of all of them) were found as highly
resistant to cephalosporins, including cefepime,
ceftazidime, ceftriaxone, to lincosamides, such
as clindamycin (72.2 %) and doxycycline

(52.8 %). S. aureus was highly resistant to fluo-
roquinolones, i.e.: ciprofloxacin (58.3 %) and
levofloxacin (25.0-44.4 %), as well as aminogly-
cosamides: gentamicin (30.6 %) and amikacin
(38.9 %). However, isolates of S. aureus were
susceptible to fluoroquinolones, including
ciprofloxacin (71.5 %) and levofloxacin (67.5%).
In contrast to non-fermenting bacteria, clinical
strains of S. aureus were the most susceptible
to carbapenems: meropenem and imipenem;
only 8.3 % and 5.6 % of strains of S. aureus were
resistant to these antibiotics.

P. aeruginosa strains as well as S. aureus
were resistant to cephalosporins, in particular:
cefepime (92.3 %), ceftriaxone (86.5 %), cefta-
zidime (80.8 %), cefotaxime (69.2 %); to ami-
noglycosides: gentamicin (46.2 %), amikacin
(42.3 %); to meropenem and imipenem (almost
half of the isolated cultures of P. aeruginosa).
and moderate resistant to carbapenems, in
particular: to meropenem (80 %) and imipenem
(95 %). The most resistant antibiotics found in
most of studies were cephalosporins and
quinolones [7, 8, 23, 24, 25]. In contrast, some
authors reported no isolated bacteria found
resistant to gentamicin [24], or susceptible to
aminoglycosides [25].

Conclusions

Itwas established thatamong the pathogens
isolated from complicated purulent-inflamma-
tory burn wounds, gram-negative microorga-
nisms of non-fermenting bacteria predominated
and Staphylococcus aureus among gram-po-
sitive ones. The most significant clinical strains
were highly multiresistant to antibiotics.
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AHTHBAKTEPIAJIBHA TEPAIIIA V XBOPHX 13 OIIIKOBOIO TPABMOIO

. . C. I‘/'I.u3anop0)|(a|-|, 4. B. ®ipa, O. B. MokpuLuko
TEPHOIMLIbCbKUM HAUIOHAJIbBHUN MEAVYHNN YHIBEPCUTET IMEHI 1. 5. TOPBAYEBCHKOIO,
TEPHOIIJ1b, YKPAIHA

BcTtyn. JlikygaaHHA 0nikogoi paHOBOI iHGeKYii € akmyasnsHo npobaemMoro Cy4acHoi MeouyuHU, 30Kpema
Xipypaii, kombycmionozii i Mikpobionozii. Bidomo, ujo y xeopux 3 onikamu iH@eKkyiliHi ycknaoHeHHs CmaHoeaame
cepliozHy npobaemy. IHpekyiliHi ycknadHeHHSA nozipwyroms nepebie penapamusHUX npoyecie y paHi. BooHo4ac
i3 XipypeiyHUMU Memodamu AiKy8aHHA, CNPAMOBAHUMU HO MeXaHiYHe sudasneHHs 36yOHUKI8 3 0niKosuX PaH,
8aX(1UBE 3HOYEHHS MAE 30CMOCYBAHHA AHMUMIKPOBOHUX NIKAPCbKUX 30C06i8 Y X8OPUX i3 MAHKUMU ONIKAMU.

Mema. BusHa4umu Halibinbw nowupeHi 36yOHUKU 2HIilIHO-3aNaNbHUX YCKAAOHEeHb ONiKOBUX PAH Y X80pUX
ma ix yymausicme 0o aHmMubiomucis.

Memodu. [jocnidxeHHs hpog8oousa0Ck y NAYiEHMI8, Wjo nepebysasnu Ha CMAYioOHAPHOMY NiKy8AHHI y yeHmpi
mepmMivyHoi mpasmu i naacmuyHoi xipypzii KHI1 «I-e mepumopianbHe medu4He 06'€OHAHHA M. Jlbeoga»
8idoKpeMneHo20 niopo30iny «JlikapHs cesmozo Jlyku» M. Jlesis. 3abip mamepiasny i3 paHos8ux 8udisieHb 0NIKOBUX
paH 30ilicHr8anU 30 00NOMO200 CMepuAbHO20 MAMNOHY. JoCaiOxeHHS nposoouau y xeopux 0o noyamky
30CMOoCy8aHHA QHMUBIOMUKIB, HANPUKIHYI Nepwo2o i dpy2020 MUXMCHA 30X80PHBAHHA. Budinanu 36y0HUKU,
ideHmudgikysanu ix. Yymaueicme 0o aHmubiomukie sug4asnu 3a 00NOMO20H0 CMAHIAPMHUX Memodis
0ocnioxceHHA. OmpumMaHi pesynemamu niodasanu aHanizy, Akull 8K1OYA8 nakem npo2paM cucmemu
MiKpo6iosoziyHo2o MoHimopuHay "WHONET 5.2" (WHO Collaborating Centre for Surveillance of Antimicrobial
Resistance) ma npozpamy «Microsoft Office Exel 2007 ».

Pe3yaemamu. Y pe3ynbmami npogedeH020 00CNidxeHHA Ma3Kie 3 onikosux paH eudineHo 240 wmamie
2paMNO3UMUBHUX MA 2pAMHe2AMUBHUX MIKPOOP2AHI3Mi8, AKi CHPUYUHAAU 2HIilIHO-3anaasHi npoyecu. Ceped
guoineHux 36yOHUKI8 2HIlIHO-3aNAAbHUX YCKAAOHeHb ONiKOBUX PAH Nepesaxanu 2pamHezamusHi 6akmepii
(60,8% ycix sudineHux MikpoopeaHiamis). Bnpodoex: nepwo2o0 muxcHs 30X80PHOBAHHS y PaHOBIl NosepxHi
yacmiwe 3ycmpidyanuca 2pamnosumusHa ¢aopa S. epidermidis ma S. aureus. [licas d8ox i mMpeox MuxcHie
30X80PHOBAHHSA y 6inbUIOCMI NAYIEHMIB i3 BAMHCKOH ONIKOBOK MPABMOIO 3 pAHOB0I N0BEPXHI 8UCIBANU acoyiayii
6akmepili (66,3%) ma HO MpembOMYy MUXHI 30X80PHBAHHA 8uUdinanu we U 2pubu pody Candida spp. ¥
2pamHe2amueHili ¢aopi, UCiAHIl i3 paHO80I No8epxHi onikie, 0OMiHysanu HepepmeHmMyrodi naauyku A. baumannii
ma P. aeruginosa. Peyasmamu aHOAi3y 4ymaugocmi MikpoopzaHiamis, sudineHux 8id Xx8opux i3 onikogor
X80p060t0, 00 AHMUbIOMUKI8 NOKA3A/U, WO NPAKMUYHO BCi BUCIAHI Kybmypu byau nosipe3ucmeHmHuMU.

BucHoeku. Ceped sudineHux 36y0HUKIi8 2HilIHO-3aNANbHUX YCKAAOHEHb ONiKOBUX PAH nepesaxcaau
2pamMHe2amMueHi Mikppop2aHi3mMu, Wimamu HegpepmeHmMyrYux 6akmepiti, ceped 2pamno3umMuUeHuUX - 3010mucmi
cmaginokoku. Halibinbw 3Ha4ywi KAiHIYHI Wmamu 6yau 8UCOKO nosipe3ucmeHmHUMU 00 aHMubiomucis.

K/TFOUOBI C/IOBA: Ma3Ku 3 OoNiKOBMX paH; WITaMU MiKpoopraHiamiB; aHTN6GioTnKN;
Pe3nNCTeHTHICTb.
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