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ABSTRACT

Introduction: The aim is to study the microbiological and clinical efficacy of decamethoxine-
based quaternary ammonium antiseptic inhalations in the complex management of respiratory
infectious complications in critically ill children. Methods: The use of inhalation of antiseptic
medicinal decamethoxine (DCM) was studied in patients with ventilator-associated pneumonia
(VAP) (n=30), of ages 12-18 years. All patients received standard intensive care according to the
guidelines. Inhalations of 5 mL DCM (0.02%) antiseptic per inhalation TID for 7 days in combina-
tion with systemic antibiotic therapy were used in the study group (n=15). Clinical microbiological
studies and assessment of Toll-like receptor (e.g. TLR-4) serum levels were performed in patients.
Results: The use of DCM inhalations along with systemic antibiotic therapy improved parame-
ters of dynamic compliance by 3.4-fold and decreased lung resistance by 2.4-fold in patients af-
ter 48-72 hours of mechanical ventilation. The microbial spectrum of patients at the beginning
of VAP was represented by gram-positive (S. aureus — 28.6%, S. pyogenes — 10.2%) and gram-
negative (P aeruginosa — 16.3%; A. baumannii — 12.24%; K. pneumoniae — 10.2%) pathogens.
The pathogens were isolated in the monoculture (20.4%) and in microbial associations (79.6%). A
significant decrease by 3 orders of magnitude (log (2.644-0.43) CFU/mL) in the microbial count in
tracheobronchial secretions was determined after 7 days of additional use of DCM inhalations when
compared to the initial levels of microbial colonization (p<0.001). The microbial spectrum of the
respiratory tract was predominantly represented by S. aureus (27.78%), A. baumannii (11.11%) and E.
cloacae (5.56%) in monoculture (61.11%), whereas the microbial count was 4 orders of magnitude
higher in the comparison group, versus that of the study group (p<0.001), and was represented
by microbial associations (93.33%). A strong correlation was found between the reduction of the
gram-negative pathogen count and the decrease of TLR-4 serum levels (r-Pearson=0.893), that al-
most reached baseline levels after DCM inhalations, while TLR-4 levels remained 2 times higher than
baseline levels after the use of systemic antimicrobial therapy alone (p<0.001). Conclusion: The
use of DCM inhalations in combination with systemic antibiotic therapy provides for an effective
reduction of pathogen count in the respiratory tract, leading to the early (48-72h) improvement
in lung ventilation and TLR-4 serum levels, and subsequent significant improvement of treatment
efficacy in severe VAP patients.
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INTRODUCTION

Respiratory infections in critically ill patients are as-
sociated with threatening factors, which significantly
impair course of the main pathology, make treatment
more complicated and increase treatment cost, and
increase mortality of the affected patients. Pneumo-
nia is one of the most frequent (6-52%) and serious
hospital-acquired infectious complications which oc-
cur in critically ill children, and which is treated in the
intensive care unit (ICU) '°. Pneumonia is diagnosed
in 9-10 cases per 1000 of all hospitalized critically ill

patients .

According to the data of North American and
European researchers, the incidence of ventilator-
associated pneumonia (VAP) in patients of multidis-
ciplinary ICU reaches 23.8-32.0%°. Patients on me-
chanical ventilation (MV) belong to a special risk
group. The specified risk index of VAP is found in
30% of patients who undergo MV. According to the
National Nosocomial Infection Surveillance (NNIS)
system data, VAP can develop in 6 cases per 1000
patient ventilator days. Thus, the mortality rate in
patients with VAP varies from 20-50%, and in some
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cases, when the etiological factor of this complication
is multidrug-resistant agents, may exceed 70% ">,
The microbial factor is crucial in causing VA and in-
fluences the recovery of patients with this pathology.
The current thought is that opportunistic pathogens,
such as Pseudomonas aeruginosa, Enterobacteriaceae,
Staphylococcus aureus, Candida albicans, have been
postulated to frequently acquire multi-drug antimi-
crobial resistance (17%)°.

According to scientifically substantiated recommen-
dations, the main task of the prevention and treat-
ment of ventilator-associated respiratory infections in
critically ill patients is the rational administration of
the antibiotic therapy in adequate doses. At the same
time, avoiding de-escalation systemic antibiotic ther-
apy, along with the obligatory consideration of mi-
crobiological confirmation of the etiology of the dis-
ease and the individual susceptibility of the patient in
response to treatment, should be taken into account.
Reducing the duration of systemic antibiotic therapy
and ensuring a minimum effective period of treat-
ment is a leading priority "',

Due to the imperfection of existing approaches to sys-
temic antibiotic prevention and treatment of VAP,
there is an urgent need for the improvement of current
methods as well as alternative methods for control-
ling poly-resistant respiratory tract infection. Besides
well-known standard approaches to antibacterial pre-
vention and treatment, a number of advantages of in-
halations of antimicrobial agent in the treatment of
VAP have been established. According to data from
some of these research studies, the use of inhalation
is particularly justified in combination with systemic
administration of antibiotics in the treatment of VAP
caused by poly-resistant pathogens .

Nowadays, the focus of research is on the complex use
of antibiotics and antiseptics in the management of in-
fectious complications due to the spread of antibiotic
resistance in causative agents of respiratory complica-
tions. High antimicrobial properties, slow occurrence
of resistance in pathogens, and low toxicity of antisep-
tics open up new prospects for their use in the fight
against causative agents of VAP. There has been data
on the effective reduction of risk of VAP development
in children who have received oral and pharyngeal
cleansing with chlorhexidine and povidone-iodine
antiseptics prior to the intubation of the trachea '*™*%.
Moreover, Ukrainian scientists have established the
clinical efficacy of oral sanitation (before endotra-
cheal intubation) with decamethoxine-based antisep-
tic remedy Decasan’, which belongs to the family of
quaternary ammonium compounds (QACs), in the
prevention of respiratory complications in adults and
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children patients at the ICU'**’. Administration of
Decasan was by means of oral sanitation (before en-
dotracheal intubation) %,

The successful experience and high efficacy of the in-
halatory use of Decasan in the treatment and pre-
vention of infectious complications among patients
with chronic respiratory diseases (bronchial asthma,
chronic obstructive pulmonary disease, etc.) have
been demonstrated. The efficacy of Decasan use in
inhalations, according to the results of this study, has
led to greater scientific and practical interest in the de-
velopment of new approaches to treating respiratory
complications caused by poly-resistant pathogens in
patients on long-term mechanical respiratory sup-
port?!.

The aim of this study was to study the microbiologi-
cal, clinical efficacy of decamethoxine-based quater-
nary ammonium antiseptic inhalations in the com-
plex management of respiratory infectious complica-
tions in critically ill children.

METHODS
Study Design and Ethical Considerations

A clinico-microbiological prospective, random-
ized, double-blind, placebo-controlled study of
the efficacy of decamethoxine-based antiseptic
drug use in inhalations in patients with respira-
tory infectious complications was conducted. A
completed medical form of an antiseptic based
on decamethoxine (1,10-Decamethylene bis (N,
N-dimethylmethoxycarbonylmethyl) ~ ammonium
dichloride) was used; Decasanﬂ (which contains
decamethoxine 200 pg/ml), was produced by
the pharmaceutical company Yuria-Pharm, LLC
(Ukraine).

re-registered in Ukraine on December 22, 2016

Antiseptic remedy Decasan  was

according to Order No. 1391 indefinitely (validity of
the registration certificate number UA/5364/01/01
After
approval from a research ethics committee, patients

on the territory of Ukraine is unlimited).

were enrolled in the research and were managed
in the ICU of Vinnytsia Regional Clinical Hospital
(Vinnytsia, Ukraine) from 2016-2017. This trial was
conducted with the mandatory notification of the
patients’ parents and their written consent, according
to the measures concerning the patients’ health,
observance of their rights, human dignity, and moral
and ethical standards, as stipulated by the principles
of the Helsinki Declaration of Human Rights, the
Council of Europe Convention on Human Rights
and Biomedicine, relevant laws, and orders of the
Ministry of Health of Ukraine.
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Patients and Inclusion Criteria

30 patients who had undergone MV for 48 hours
or more were enrolled in the study. Ventilator-
associated pneumonia was diagnosed according to the
criteria of the US Centers for Disease Control and
Prevention (CDC). According to these recommen-
dations, the diagnosis of VAP was based on clinical
symptoms, radiologic criteria and mandatory addi-

2225 All exam-

tional microbiological confirmation
ined patients were 12-18 years old (the mean age in
the study group was 14.61+1.96 years in the compari-
son group the mean age was 15.3+1.87 years). There
were 16 (53.3%) girls and 14 (46.7%) boys.

Themain criteria for selecting patients for participa-
tion in this study were the following:

-Age of the patients (from 12 to 18 years) at the begin-
ning of the study.

-Patients were on mechanical ventilation for >48
hours.

-Patients had a diagnosis of VAP, which was made on
the basis of the following criteria:

+ clinical symptoms — acute onset, fever greater
than 38.0 °C for 3 days or hypothermia below 36.0
°C, intoxication syndrome, discharge from the endo-
tracheal tube, severe respiratory failure, tachycardia,
and/or bradycardia;

+ auscultation — diminished vesicular respiration,
crepitus or presence of crackles;

+ data of US investigation of the lungs — increased
echogenicity of the lung tissue or presence of infiltra-
tion foci;

+ data of chest X-ray — infiltrative focal or segmental
changes in the lungs;

+ reduction of oxygen saturation

+ laboratory research methods: complete blood count
(leukocytosis with shift of the formula to the left,
or leukopenia, accelerated erythrocyte sedimentation
rate);

-Patient and his/her parents were willing and able to
cooperate throughout the entire study.

-Patients in the observation group were addition-
ally differentiated by the severity index, according to
the criteria of “The point scoring system of pneu-

> According to

monia severity index in children
this, the degree of disease manifestation was assessed
based on clinical, laboratory and instrumental meth-
ods (Tables 1 and 2). According to the above men-
tioned scoring system, patients were classified as the
following: 4" degree (7 patients); 5" degree (23 pa-
tients).

Exclusion Criteria

Criteria for exclusion of patients from the study were
as follows:

-Female participant were ineligible to participate in
the study if they were pregnant and/or breastfeeding.
-Patients with acute kidney injury or chronic kidney
disease accompanied by anuria or oliguria were not
eligible to participate in the study.

-Patients who has comorbid pathologies (heart fail-
ure, diabetes mellitus or other acute conditions) were
excluded; in the opinion of the Investigator, these
pathologies could influence safety and results of the
study

-Patients who were currently participating in another
clinical study.

-Patients who were unable to provide consent for
his/her participation in the trial (coma).

-One of the parents did not provide a consent for the
child’s participation in the clinical trial.

Interventions and management

All patients received standard, complex intensive
management, according to the guidelines for treat-
ment of the underlying pathology. Respiratory sup-
port was performed using a device “Hamillton-C2”
in ASV mode (FiO2, 30%, positive end-expiratory
pressure (PEEP): 2 cm H2O, eak inspiratory pressure
(PIP): 15-20 cm H2O), with the correction of pa-
rameter according to the dynamics of spontaneous
breathing recovery, state of hemodynamics and oxy-
gen saturation of the blood.

Patients in both groups received complex intensive
care for the stabilization of the parameters of hemo-
dynamics (volume, inotropic and vasopressor sup-
port), hemostasis, rheological parameters, acid-base
balance and electrolyte levels, and provision of effec-
tive anesthesia and sedation.

All patients received systemic antibiotic therapy,
which was empirically administered at the beginning
of treatment according to the de-escalation princi-
ple of antimicrobial management, followed by correc-
tion according to the results of antibiotic susceptibility
testing of the isolated VAP pathogens. Empirical an-
tibiotic therapy was consistent with the generally ac-
cepted approaches of VAP treatment.

Randomization

All patients were divided into two groups: a DCM
group and a comparison group (n=15 per group). Pa-
tients of the study group received systemic antibi-
otic therapy according to clinical guidelines together
with inhalations of decamethoxine from the first day
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Table 1: Point Scoring System of Pneumonia Severity Index

Clinical characteristics and demographics

Characteristics Score
Age: 3 - 15 years +10
Comorbidity

Congenital heart disease +30
Renal disease +10
Immunodeficiency +10
Impairment of consciousness +20
Cyanosis +15
Tachycardia +10

Laboratory features
Characteristics Score
Leukocytosis +10
Leukopenia +20
Anemia +10
pH<7.35 +30
BUN>11 mmol/l +20
Hct< 30% +10
Sa02 <90% +20
Multilobar Infiltration on X-ray +15
Toxic shock syndrome +40
Pleural effusion +30
Destruction +50

Table 2: The Scale of Pneumonia Severity Index In Children

Severity Index Degree Scores
the 4t degree 91-130
the 5*" degree >130

Mortality Risk (%) Recommendations for the
place of medical assistance

8.2 Hospital admission

29.2 Hospital admission

of VAP. Decamethoxine was administered as 5 ml
through a nebulizer TID (three times daily) for 7 days.
Patients in the comparison group received systemic
antibiotic therapy together with the inhalations of
physiological solution in the same quantities and tim-
ing as patients in the main group. The nebulizer was
connected at the inspiratory end at 15-20 cm higher
than the special “Y-like” convector.

Clinical assessment

Treatment efficacy was assessed on the basis of dy-
namic of clinical parameters, mechanical ventilation
parameters and its duration, and from information of
microbiological analyses of the tracheobronchial se-
cretions. Treatment efficacy for the study and com-
parison groups was assessed on the basis of general
clinical parameters (body temperature, self-efficacy,
and oxygen saturation), laboratory (WBC count in
peripheral blood) and information of instrumental
(chest X-ray) methods, as well as changes in parame-
ters of respiratory function (dynamic compliance — C
dyn, positive end-expiratory pressure — PEEP, peak
inspiratory pressure — PIP). The research was carried
out at the following stages: 1°* — at the beginning of
MYV, 2™% _ after 24 hours of MV, 3"¢ — after 36 hours
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of MV, 4t — after 48 hours of MV, and 5" — after
72 hours of MV.

Microbiological study

Clinically significant pathogens of VAP were isolated
and then identified according to their morphological,
tinctorial, cultural and biochemical properties. Mate-
rials for the microbiological study was taken from the
surface of endotracheal tubes during their scheduled
change or on the indication to orotracheal intubation.
If sanitary fibrobronchoscopy was performed, then
bronchial washings were taken for the microbiologi-
cal examinations. If patients returned back to sponta-
neous breathing, then sputum was used as a material
for microbiological evaluation.

The initial microbiological study was performed prior
to the administration of antibiotic therapy and then at
3, 7, or 14 days of treatment. Isolated microorgan-
isms were finally identified according to their mor-
phological, cultural and biochemical features using
common methods. Biochemical properties of gram-
positive and gram-negative strains were identified
by standardized test systems, such as STAPHY-test
24, ENTERO-test and NEFERM-test 24 (PLIVA —
Lachema a. s. Brno, Czech Republic). Final identi-
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fication was performed by the automatic bacteriolog-
ical analyzer ViteK 2 Compact (BioMérieux, France).
Quantitative analysis of microorganisms in the bio-
logical material was performed according to standard
methods along with specific identification of the mi-
croorganisms.

The degree of general microbial colonization of the
respiratory tract was estimated by the microbial count
in 1 ml of biological material, expressed as log
CFU/ml, and conducted in a certified bacteriologi-
cal laboratory of the Microbiology Department of Na-
tional Pirogov Memorial Medical University, Vinnyt-
sya.

Assessment of immunological marker

Serum levels of Toll-like receptors (TLR-4) were as-
sessed as an additional parameter of treatment ef-
ficacy. TLR-4 is a signaling molecule of the non-
specific immune response of an organism to infec-
TLR-4

serum levels were determined in patients on the 1°¢,
7th

tions caused by gram-negative bacteria®.

374, and

days of treatment. Serum TLR-4 levels
were determined using ELISA method according to
the manufacturer’s instructions for the Human TLR4
ELISA Kit (NeoBiolab, USA).

In brief, 100 pL of standard solutions (concentrations
of estradiol 0; 1.0; 2.5; 5.0; 10.0; 25.0 ng/mL), 50 uL of
enzymatic conjugate (streptavidin-peroxidase) were
added and mixed for 10 seconds into microliter plates
with antibodies to estradiol adsorbed on them. In-
cubation of these covered wells was performed for 60
minutes in humid chamber (37 °C) for the formation
of antibody-antigen-antibody-enzyme complexes.
Each well was then washed to remove no -conjugated
reagents, then 50 uL of chromogenic substrate were
added to each well. The mixed wells were incubated
for 15 min at 25 °C. After the reaction was stopped
with addition of 50 ;L of top solution, the optical den-
sity (O.D.) at 450 nm was immediately obtained (dif-
ferential filter was at 630 nm), using testing technique
STAT FAX 303/PLUS.

Samples of serum were conserved at 20 °C below zero
in Eppendorf microtubes before testing. All samples
were in good condition for the study prior to testing.
There were no hemolyzed samples with blood rolls or
lipemic serum; thus, all samples were in good condi-
tion prior to the testing. The analyses of the biological
material were carried out in the Scientific and Clinical
laboratory of the Department of biological and Gen-
eral Chemistry of Vinnytsya National Pirogov Memo-
rial Medical University (Attestation science license
02.03.2015) per the order of the Ministry of Health
of Ukraine (Ne 049/15).

Analysis of the obtained data was performed in Mi-
crosoft Excel 2016 and Statistica 5.5. Statistic varia-
tion analysis methods were used. The statistical sig-
nificance of the obtained data was analyzed accord-
ing to the student’s t-test. The r-Pearson criterion
was determined for the assessment of relationship be-
tween parameters. Difference between the indicators
were considered statistically significant if the proba-
bility of fairness of the null hypothesis was less than
5% (p<0.05).

RESULTS

Respiratory monitoring

Gradual decrease, by 3.4-fold, of dynamic compliance
was detected after 48 hours for the comparison group,
while in the main study group there were no such
changes in the dynamic compliance (Table 3).

An increase of resistance (by 2.4-fold) and signifi-
cant increase in PIP values (20-22 cm water column)
were determined in patients of the comparison group.
Maximum changes of the parameters on the graphic
screen were also established in this group. These
changes were accompanied by prolonged purulent-
inflammatory process in the lungs, which was possibly
caused by the lack of efficacy of antimicrobial therapy
or as a result of the persistence of resistant microor-
ganisms, in comparison with patients who received
additional nebulization with DCM in the early VAP
period (Table 3).

Etiology of VAP and microbiological charac-
teristics

From the results of the microbiological evaluation of
the 30 samples of biological material, which were re-
ceived from VAP patients (n=30) at the early period
of the disease, 49 strains of opportunistic microorgan-
isms were isolated and identified by their morpholog-
ical, tinctorial and biochemical properties (Figure 1).
In patients with VAP at the onset of the disease,
the microbial spectrum of pathogens was predom-
inantly represented by gram-positive (S.aureus —
28.6%, S.pyogenes — 10.2%), and gram-negative
(Paeruginosa — 16.3%; A.baumannii — 12.24%;
K.pneumoniae - 10.2%) bacteria. Yeast-like fungi
of the genus Candida were found in less quantity
(10.2%). Opportunistic pathogenic microorganisms
were isolated from the respiratory tract through the
endotracheal tube in monoculture (20.4%) and in mi-
crobial associations (79.6%) before the initiation of
antimicrobial therapy (Figure 2).

The clinical strains of opportunistic gram-positive mi-
croorganisms S.pyogenes, S.epidermidis, Kocuria spp.,
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O .S.aureus

B P.aeruginosa

28,57% B A.baumannii

LS. pyogenes

B K. pneumoniae

B E. aerogenes

& Kocuria spp.

n C.albicans

B E. cloacae

m S epidermidis

B .S. maltophilia

Figure 1: Structure of pathogens from the total number of microbial strains at the treatment initiation.

Quantitative value of opportunistic microbial strains, that have colonized airways in patients with VAP in both
groups before the treatment initiation.

N observation group monoculture O observation group association of microorganisms
Meomparlson group monoculture B comparlson group assodatlon of microorganlsmes
5. moitaphifia 100,00 0,00

S.epidermidis

E. cloacoe

C.albicans

Kecuria spp.

E. aerogenes

K_pneumoniae

S.pyogenas

P.aerughosa

Aboumannil Rz

Sauvreus [l 2500l

Figure 2: Occurrence in monoculture and microbial associations in patients with VAP before treatment.
Qualitative and quantitative distribution of identified microbial strains according to incidence of monocultures
and microbial associations inpatients with VAP before the initiation of antimicrobial therapy.
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Table 3: Changes of respiratory parameters in patients during different periods of the observation (M + m)

Parameter At the After
beginning of 24 hours of MV
MV

Group of patients without using decamethoxin (comparison group), n = 15

Cdyn 3.81 0.2 1.12 +0.1*
(mL/cm H20)

C dyn/kg 1.06 + 0.1 0.87 +0.2

(mL/cm H2O/kg)

C20/C 326 +£0.1 2.24 £+ 0.8%
Rpk 189.0 9.1 401.0 & 9.0*
(cm HoO/L/kg)

PIP 124+1.8 14.6 4 2.4*
(cm H20)

PEEP 3.0 & 0.06 5.2 4+ 0.04*
(cm H20)

Group of patients using decamethoxin (main study group), n = 15

Cdyn 4.02 0.1 4.03+0.2
(mL/cm H20)

C dyn/kg 114403 1.08 £ 0.4
(mL/cm H20O/kg)

C20/C 3.68 £0.6 349+0.8
Rpk 208.0 = 9.6 209.0 4 10.0
(cm H2O/L/kg)

PIP 11.9 2.0 122+1.8
(cm H20)

PEEP 3.1 +£0.04 2.2+ 0.04
(cm H2O)

After After After

36 hours of 48 hours of 72 hours of MV

MV MV

1.38 + 0.3* 223 +£0.1* 4.01 +0.2
0.96 £ 0.1 0.98 £ 0.1 1.04 + 0.1
2.44 £ 0.7* 2.87 £ 1.3 342+09

280.0 = 9.1% 2020+ 74 198.0 + 8.0
21.2 &£ 2.2* 18.6 = 1.9 14.0 2.0
4.9 £0.08 5.0 4 0.08* 2.4+ 0.08
4.06 0.2 4,021+ 0.3 4.02+0.2
1.09 £ 0.2 1.114+04 1.12 4+ 0.6
362+04 3.70£0.8 3.68 £0.6

208.7 = 9.6 2112+ 8.6 206.8 8.2
120 +24 13.4+23 12.0 £ 2.2
2.4+ 0.04 2.6 +0.04 2.2+ 0.08

Note:* p<0.05 when comparing patients in two groups

and gram-negative representatives of genus Enter-
obacter were isolated in association with other bacte-
ria and yeast-like fungi of the genus Candida. In the
vast majority of cases, Klebsiella and non-fermenting
gram-negative bacteria (A.baumannii, Paeruginosa)
were isolated from patients as part of microbial asso-
ciations. According to the results of the observation
of patients with VAP, qualitative changes in the con-
ditional pathogenic microflora of the respiratory tract
during treatment were seen.

On the 3™ day after treatment initiation in both
groups, the predominance of microbial associations
in the sputum of patients was noted (study group —
85.2%; comparison group — 87.1%), in comparison
with isolated pathogens in monoculture (study group
— 14.8%; comparison group — 12.9%). However, sig-
nificant differences were found between the composi-
tion of stains in the two groups of patients. In patients

who received additional inhalation therapy with De-
casan for 3 days, S.aureus (29.63%) and P.Aeruginosa
(22.22%) were found as leading isolates from the tra-
cheobronchial tract. S.pyogenes and C.albicans were
also isolated (11.11% in each case). The presence of
A.Baumannii and K.pneumoniae (7.41% each) were
rarely observed. In the comparison group, Pseu-
Further-
more, S. aureus was determined only in 19.35% of

domonas aeruginosa prevailed (22.58%).

cases. Also, Acinetobacteria and Klebsiella were iso-
lated from patients in the comparison group (12.9%),
which were somewhat more frequent than in the main
group. Candida spp. were registered within the 3 days
as part of the microbial associations in 9.68% of cases.
The incidence of other types of gram-positive and
gram-negative bacteria was negligible in both groups
(3.23-3.7%) (Figure 3).
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5. maltophilia

E. cloocae
C.nfbicans
E. terogenes

K.pneumanice

5.pyogenes

B 1 X [

P.aeruginosa

Abaumanni I 100,00 IR
Sourcus I 10000 I

A0 AL RO HILOD

N abservation group monaculture

Ocomparison group monoculture

“10000 . . ]

S 100,00 Coo o s

TR THEILOG ML
& observation group assaciation of microorganisms

B comparison group assoclation of microorganisms

Figure 3: Occurrence in monoculture and microbial associations in patients with VAP at the 7t/ treatment
day. Qualitative and quantitative distribution of identified microbial strains according to incidence of monocul-
tures and microbial associations in patients with VAP after seven days of antimicrobial therapy.

After the 7" day of observation of the group of pa-
tients who received additional inhalation administra-
tion of DCM, it was noted that within the tracheo-
bronchial tract were S.aureus (27.78%), A.baumannii
(11.11%) and E.cloacae (5.56%), which were predom-
inantly in monoculture (61.11%). These pathogens
were isolated from 11 patients. Associations of gram-
negative bacteria were determined (Paeruginosa —
33.33%; K.pneumoniae — 5.56%; E.aerogenes —
5.56%), as well as C.albicans (11.11%) in the tracheo-
bronchial aspirate of the 4 cases of the same group
(Figure 3).

Paeruginosa (a pathogen of airway infections) was
found in monoculture only in 1 patient in the com-
parison group. The 7" day microflora of the respi-
ratory tract was represented mainly by associations of
microorganism in 14 (93.33%) patients with VAP; this
consisted of 89.29% of all isolated microorganisms in
the comparison group.

On the 14*" day, in the sputum of 5 seriously ill pa-
tients, the main pathogens of infectious complications
that were identified were the following: in 1 case,
S.Aureuswas found (its quantity did not exceed log 2
CFU/ml); A.baumannii was also found in 1 of the pa-
tients (who had a significant regression of the clinical
disease); and in 3 patients, a small number of P. aerug-
inosa was found (log 3-6 CFU/mL).
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Microbiological examinations of the biological ma-
terials received from the airway of patients demon-
strated that at the beginning of treatment, the aver-
age values of the number of microorganisms were
conditionally expressed in log; the results for the
main group (6.73£0.32 CFU/mL) did not differ sig-
nificantly from the level of microbial colonization in
the respiratory tract of patients in the comparison
group (5.8610.28 CFU/mL; p>0.05). During treat-
ment, there was a microbiologically determined grad-
ual decrease in the quantitative content of microor-
ganisms in the samples obtained from the patients in
both groups. In the group of patients who received
inhalation administration of DCM, a significant de-
crease in microbial colonization was observed, start-
ing from the 3" day of treatment (log (5.49+0.27
CFU/mL) (Figure 4).

Microbial colonization of the respiratory tract of pa-
tients in the comparison group on the 3¢ day of treat-
ment was 1.1 log higher, indicating 14-fold increase
in the absolute amount of microorganisms in the spu-
tum from the respiratory tract of the patients in the
comparison group (p<0.001). A significant reduc-
tion of the microbial count in the tracheobronchial
secretions, by 3 orders of magnitude (log (2.644-0.43)
CFU/mL), were found in patients after decamethox-
ine use, as compared to the baseline microbial colo-
nization (p<0.001), which in absolute amount corre-
sponded to their decrease in CFU per 1 mL of 10*
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Figure 4: Microbial colonization rate of airways in patients with combined use of DCM with antibiotic ther-
apy. *: average values of the total number of microorganisms in 1 mL of tracheobronchial aspirates are ex-
pressed in log (CFU/mL). Average number of microorganisms in 1 mL of tracheobronchial aspirates expressed in
log (CFU/mL) from the beginning of antimicrobial therapy and during treatment of patients with VAP; significant
decrease of pathogens is represented on the 7t"day (p<0.01).

times. The values of microorganisms in the investi-
gated material did not exceed the critical-permissible
level of microbial loading, which is in decimal log-
arithm consisting of 4 CFU/mL. The main group of
VAP-causing pathogens were not determined in the
sputum from most of the patients after 14 days of ther-
apy (Figure 5).

In patients of the comparison group, i.e. who received
only standard systemic antibiotic therapy, higher rates
of microbial airway colonization were observed dur-
ing the 1st week of treatment. On the 7" day, the
number of opportunistic pathogens that were de-
termined in these patients with VAP reached log
(6.49£0.35) CFU/mL, exceeding by 4 orders of mag-
nitude the amount of microorganisms in the inflam-
mation locus in patients of the observation group
(p<0.001).

TLR-4 assessment

A significant decrease in the microbial count in the
tracheobronchial secretion of patients in the compar-
ison group was observed only after 10 days of sys-
temic antibiotic therapy (p<0.001). The total micro-
bial count was expressed in log in 1 ml of tracheo-
bronchial secretion. After 14 days of treatment, there
was about a 2-fold decrease in total microbial count,
in comparison with the 7" day data, and amounted
to 3.44+0.23 CFU/mL, which exceeded this indicator

in the study group by 13-fold.

A smaller increase in serum TLR-4 levels in the early
period of treatment was observed in patients who re-
ceived inhalations of decamethoxine. Indeed, TLR-
4 level was noted to be 1.42 times lower in patients
of the study group on the 3rd day after treatment,
when compared to the comparison group (p<0.001;
(Figure 6).

A significant increase (by 1.7 fold) of serum TLR-
4 level (p<0.001) was detected together with an in-
crease in colonization rates by gram-negative bacte-
ria in the tracheobronchial aspirate on the 37 day (r-
Pearson=0.880) in the comparison group.

The positive dynamics of the microbial count in the
aspirates obtained from the patients in the main group
were accompanied by the decrease in TLR-4 level af-
ter the 7*" day of treatment. A strong correlation be-
tween the reduction of gram-negative pathogens of
respiratory infections and the decrease of TLR-4 lev-
els, compared to baseline indices (r-Pearson=0.893),
has been established as proof of the efficacy of the
additional application of DCM in the complex treat-
ment of patients with VAP. In comparison, TLR-
4 serum levels in VAP patients receiving only sys-
temic therapy remained two times higher (p<0.001)
than that of the primary group, and correlated with
an increased number of gram-negative microorgan-
isms in the tracheobronchial aspirates of patients (r-
Pearson=0.801).
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Figure 5: Microbial colonization of airways in patients with VAP in the comparison group. *: average values
of the total number of microorganisms in 1 mL of tracheobronchial aspirates expressed in log (CFU/mL). Average
number of microorganisms in 1 mL of tracheobronchial aspirates expressed in log (CFU/mL) from the beginning
of antimicrobial therapy and during treatment; in significant difference of average values is present after the 37¢

and 7th day (p>0.05) of antimicrobial treatment.
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Figure 6: The rates of TLR-4 in serum of patients with VAP (in ng/mL). Columns demonstrate the in significant
difference of TLR-4 levels at the beginning of antimicrobial treatment in both groups (the 15*day — p >0.05) and
show rapid significant increase of serum TLR-4 concentrations when only systemic antibiotics were used during
therapy course (on the 37¢ day — p<0.01 and on the 7t day —p <0.001).
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DISCUSSION

From a microbiological point of view, it is well-known
that VAP, which occurs after 96 hours of mechani-
cal ventilation (late-onset VAP), is usually caused by
antibiotic-resistant bacteria and requires rapid initia-
tion of broad-spectrum antibacterial therapy. How-
ever, recent data suggests that in the vast majority of
cases, the infection in patients with early VAP onset
is caused by a nosocomial microflora. In this case, in-
fectious complications are usually caused by bacteria,
resistant to antimicrobial agents®~'"*°.

According to the results of our study, it was found that
the spectrum of pathogens in patients with VAP, at
the onset of the disease, is predominantly represented
by gram-positive and gram-negative bacteria. As well,
there is representation of a smaller number of yeast-
like fungi of the genus Candida, S.aureus, S.pyogenes,
A.baumannii, Paeruginosa and K.pneumoniae which
were isolated from patients even at the early mani-
festation of VAP. Candida colonized the respiratory
tract of patients with VAP somewhat less frequently
(10.2%). Only in 1 of the patients was S. maltophilia
identified in the monoculture and considered as the
etiological agent of VAP. Indeed, the microbial spec-
trum of pathogens isolated from VAP patients was
mostly well-known prominent microorganisms asso-
ciated with this complication in critically ill children.
According to some experimental and clinical trials,
one of the most important points to emphasize is
that among many kinds of antimicrobial therapy, ad-
ministration of antimicrobial agents in inhalations by
means of a nebulizer in patients undergoing MV is
highly effective. The use of antimicrobial therapy
through a nebulizer during MV ensures rapid direct
delivery of a medicinal antimicrobial drug directly
into the lung parenchyma, creating its high concen-
tration directly at the site of the largest microbial col-
onization, which in turn leads to an effective rapid
destruction of the VAP pathogens. Moreover, the in-
halation administration of drugs reduces the risk of
the potential systemic toxic effects of the drugs'*™'¢.
According to the results of our study’s clinical ob-
servation, the inhalation use of an antiseptic based
on DCM showed significant benefits in the treatment
of severe patients with VAP. Clinical data of respira-
tory functions showed that in the group of patients
who received only standard systemic antibiotic ther-
apy (without DCM use) during 48-72 hours of MV,
a gradual decrease of dynamic complication (by 3.4-
fold) and resistance (by 2.4-fold) were determined,
when compared to the group of patients who used
DCM (p<0.05). This is in line with the findings of the

high efficiency of inhalation use of DCM in the com-
plex treatment of respiratory infections as demon-
strated by other researchers?'.

Our study show that patients with VAP who received
inhalation of quaternary ammonium antiseptic de-
camethoxine in the complex management of respira-
tory infectious complications, had a significant de-
crease in microbial colonization. Meanwhile, for
patients receiving only standard systemic antibiotic
therapy, higher rates of airway colonization by oppor-

tunistic microorganisms were observed during the 1°*

week of treatment. On the 7"

day, the quantitative
content of pathogens in the respiratory tract of pa-
tients in the comparison group exceeded (by four or-
ders of magnitude) the number of microorganisms in
situ in inflammation of patients who additionally re-
ceived nebulizer therapy with DCM (p<0.001).
According to our findings, the advantages of addi-
tional inhalation management with DCM in the en-
hancement of microbial eradication and normaliza-
tion of some factors of innate immune response in pa-
tients with VAP have been demonstrated. Our results
revealed that respondents who received inhalations
of DCM antiseptic drug for 7 days had a decrease of
the microbial count in the tracheobronchial secretion,
which was accompanied by a decrease of nonspecific
immune response factor levels (TLR-4). The occur-
rence was mediated and maintained by gram-negative
bacteria persistence. Consistent with the analysis of
current studies, which suggest a strong correlation be-
tween the decrease of TLR-4 serum concentrations
and colonization degree by gram-negative microor-
ganisms in the respiratory tract of patients in the ob-
servation group (r-Pearson=0.801), the DCM admin-
istration led to an early recovery period of patients
with VAP.

The conducted clinical and microbiological study
herein, of the effectiveness of inhalation use of an
DCM-based antiseptic drug in the complex treatment
of VAP, showed an early decrease in the absolute
number of opportunistic pathogens in the respira-
tory tract. Moreover, their rapid eradication, minimal
changes and rapid recovery of respiratory parameters
after mechanical ventilation corroborate the positive
effect of DCM on the clinical course of VAP.

CONCLUSIONS

The most obvious finding to emerge from this
study was that early inhalation of quaternary ammo-
nium decamethoxine-based antiseptic drug Decasan’,
through a nebulizer during the first 7 days in complex
antimicrobial therapy, provides gradual improvement
(by 3.4-fold) of the dynamic compliece and a 2.4-fold

2860



Biomedical Research and Therapy, 5(12):2850-2862

reduction of lung resistance during 48-72 hours of
mechanical ventilation. This was accompanied by ef-
fective early (on the 3d day) reduction of the abso-
lute amount of microorganisms (by 10*-fold) in 1 ml
of tracheobronchial sputum, compared to that of the
initial level of microbial colonization. Our findings
demonstrate significant qualitative changes in the mi-
crobial spectrum, as characterized by prevalence of
monoculture (61.11%) on the 7¢" day, but not in mi-
crobial associations (93.33%). There was an observed
complete eradication of pathogens of infectious com-
plications from the respiratory tract of patients after
14 days of management, in comparison with tradi-
tional treatment (p<0.001).

In summary, the decrease of gram-negative microor-
ganism counts in the respiratory aspirates of patients
with VAP (who received DCM inhalations) was ac-
companied by a slight increase of TLR-4 serum level
in the early period (3" day), and was closely corre-
lated with a faster (1.42-fold) reduction of rate TLR-

4 levels to baseline on the 7t"

day of treatment (r-
Pearson=0.893). This confirm the positive influence
of inhalation use of quaternary ammonium antisep-
tic on respiratory functions of critically ill children, as

well as on the clinical course of VA in those patients.
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ABBREVIATIONS

Cayn — Dynamic compliance

CDC — Centers for Disease Control and Prevention
CFU — Colony-forming unit

DCM — Decamethoxine

ICU — Intensive care unit

LLC — Limited Liability Company

MV — Mechanical ventilation

NNIS — National Nosocomial Infection Surveillance
PEEP — Positive end-expiratory pressure

PIP — Peak inspiratory pressure

QACs — Quaternary ammonium compounds

TLR — Toll-like receptors

US — Ultra sound

VAP — Ventilator-associated pneumonia
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