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Abstract. Microbiological profile of sputum in stable adult patients with bronchiectasis in the Dnipro region of
Ukraine. Gashynova K.Yu., Suska K.S., Dmytrychenko V.V. Chronic respiratory tract infection and relapsing
exacerbations worsen the quality and reduce the life expectancy of patients with bronchiectasis. This work aimed to
identify the spectrum of pathogens and to determine their profile of antibiotic resistance in the sputum of patients with
bronchiectasis in the Dnipro region. Sputum of 60 patients in a stable phase with confirmed bronchiectasis was a
subject to microbiological examination and determination of antibiotic sensitivity according to generally accepted CLSI
recommendations. According to the results of the study, it was found that 70% of patients have sputum colonization by
pathogens in the stable phase of the disease, and the most common pathogens are Pseudomonas aeruginosa and
Haemophilus influenzae, which is in line with the global trend. Haemophilus influenzae was sensitive to ampicillin,
amoxicillin, amoxicillin/clavulanate, piperacillin/tazobactam, cefuroxime, ceftriaxone, cefotaxime, cefepime, cipro-
floxacin, levofloxacin and moxifloxacin in a hundred percent of cases. However, more than half of the strains of
Pseudomonas aeruginosa were resistant to one or more drugs with anti-Pseudomonas activity. In particular, the
highest level of resistance was identified to such drugs as imipenem, aztreonam, ceftazidime. The problem of antibiotic
resistance is alarming and once again indicates the need for the regular microbiological examination of the sputum of
patients with bronchiectasis even in a stable phase for subsequent rational administration of antibacterial therapy.

Pedepar. Mukpoouosornyeckuii npogpuab MOKpPOTHI Y CTa0WJIBHBIX B3POCJbIX 00JbHBIX OpPOHXOIKTa3Heil B
JuenpoBckom perunoHe Ykpaumnbl. I'ammnoBa K.IO., Cycbka K.C., [Imutpuuenko B.B. Xponuueckas unpexyus
OblXamenbHblX nymeu u peyuousupyrowjue 060Cmpenust YXyoulaiom Kaiecmeo U CHUNCAIOM NPOOOINCUMETbHOCHIb
JHCUBHU NAYUEeHMOs ¢ Oponxodkmaszuetl. Llenvio dannol pabomel 6bLI0 GbIsGNIEHIE CREKMPA NAMO2EHO8 U ONPEdeeHUe
ux npouis aHmubUOMUKOPE3UCMEHMHOCIMU 8 MOKpOme NAYueHmos ¢ Oponxoskmasuell JJHenpoeckozo pecuomua.
Moxpoma 60 nayuenmog 6 cmabunvhol gaze ¢ NOOMEEPIHCOECHHOU OPOHXOIKMAZUEU NOONEAHCATA MUKPOOUONO2U-
YeCKOMY UCCLE008AHUIO U ONPEOETICHUIO AHMUOUOMUKOYYBCMEUMENbHOCIIU CO2TACHO 0OUEeNPUHSIMbIM PEKOMEHOAYUIM
CLSI. o pezynbmamam uccredosanusi ycmanoeieno, umo 70% nayuenmog umeiom KOAOHUZAYUIO MOKPOMbl
NAmMo2eHHbIMU 8030youmensimu 6 cmadbuibHoll gase 3a601e6anus, a Haubosee YacmviMy G030YOUMENsIMU ABNAIOMCS
Pseudomonas aeruginosa u Haemophilus influenzae, umo coomeemcmeyem mupogou menoenyuu. Haemophilus
influenzae Ovlia uysCMEUMENbHA K Npenapamam  AMRUYUIIUH, AMOKCUYUIIUH, AMOKCUYULIUN/KIAGYIAHAM,
NUNEPayULIUH/Mmazobaxmam, yeypokcum, yedpmpuakcou, yepomaxcum, yegpenum, yunpoproxcayut, 1eeoproxcayun
u Mmokcugroxcayurn 6 cma npoyenmax cayuaes. Oonaxo 6onee nonogunvl wimammos Pseudomonas aeruginosa
OKA3ANUCH PE3UCMEHMHbIMU K 0OHOMY U OoJlee npenapamam ¢ aHMUCUHESHOUHOU AKMUBHOCHbIO, 6 HACMHOCHU,
CAMBLIL BbICOKULL YPOBEHb PE3UCHEHMHOCMU BbIGNIEH K NPENAPAmam UMunenem, azmpeonam, yegpmazuoum. Ilpobnema
AHMUOUOMUKOPE3UCTEHMHOCMU HACMOPAJICUBAEN U 8 OYEPEOHOU pa3 YKA3bIBAem HA HeOobXOOUMOCMb Pe2YsipHO20
MUKPOOUONLO2UYECKO20 UCCIeO08AHUSI MOKPOMbL NAYUEHMOE C OPOHX0dKmMasuell daxce 6 cmabuibHol hasze ¢ yenvio
NOCNeOYIOUe20 PAYUOHAIbHO20 HAZHAYEHUsT AHMUOAKMEPUATbHOU Mepanuu.

Bronchiectasis (BE) is a chronic respiratory
disease characterized by clinical cough syndrome,
sputum production, chronic respiratory infection and
radiologically abnormal permanent bronchodilation
[11]. The prevalence of BE in Europe and North
America ranges from 67 to 566 per 100,000
population, while in China it is 1,200 per 100,000.
Chronic respiratory infection, inflammation and
exacerbation are the main components of the alte-
ration vicious circle which leads to damage to the
bronchial walls and lung tissue [12]. Neutrophilic
inflammation occupies a key position in the body's
immune response to infection; in turn, neutrophil
proteases lead to further damage to the tissues of the
respiratory tract and trigger a cascade of
pathophysiological reactions [11]. One of the main
challenges for scientists and clinicians is the
identification of etiological factors in the deve-
lopment of BE which is associated with the
heterogeneity of various aspects of the disease [10].
From a clinical point of view, the classic patient
with BE suffers from daily productive cough with
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periodic exacerbations, but there is a population of
patients in whom BE can be detected accidentally
during the examination for pneumonia or
hemoptysis. In turn, some patients may have an
almost asymptomatic course of the disease. From a
functional point of view, patients can have both
normal external respiratiry function and obstructive
or restrictive disorders [8].

Exacerbations of BE is a key target for therapy as
they are associated with increased severity of local
and systemic inflammation and progressive lung
damage [16]. Limited data indicate that during
exacerbations patients with BE often secrete those
bacterial species that usually colonize sputum in a
stable phase [4]. Detection of the pathogen during
exacerbation may be a consequence of bacterial
growth of a pre-existing microorganism, and may be
associated with gaining of new strains [15]. Existing
recommendations for the management of BE
patients suggest to study the culture of sputum at
least once a year in a stable phase 11].
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Pseudomonas aeruginosa and Haemophilus in-
fluenzae are now the most common bacteria found in
the sputum and broncho-alveolar lavage of patients
with BE, but other pathogens, including fungi,
mycobacteria and viruses can also colonize the
airways of patients [12]. It is known that the micro-
biological profile of sputum and the sensitivity of the
detected pathogens to antibiotics in BE patients de-
pends on many factors, including geographical location
[12]. At the same time, there are only isolated data on
the state of this problem in Ukraine [2, 3, 14].

The aim of the work is to study the microbio-
logical profile of sputum of BE patients in the stable
phase and the profile of antibiotic resistance in the
Dnipro region of Ukraine.

MATERIALS AND METHODS OF RESEARCH

Patients with BE (residents of Dnipropetrovsk
region) were prospectively included in the study on
the basis of the Department of Occupational Di-
seases and Clinical Immunology of the State Estab-
lishment "Dnipropetrovsk Medical Academy of
Health Ministry of Ukraine" from October 2018 to
October 2019. Inclusion criteria: adult men and
women with BE confirmed by high-resolution com-
puted tomography on the basis of the following
radiographic criteria: 1) no bronchial narrowing in
the direction from the center to the periphery; 2) the
inner diameter of the bronchi is larger than the
diameter of the corresponding pulmonary artery or
3) visualization of the peripheral bronchi with an
interval of one centimeter from the surface of the
visceral pleura [6]. The stable phase of BE (absence
of change of symptoms and a therapeutic mode
within at least 8 weeks) was obligatory. Exclusion
criteria: cystic fibrosis, active tuberculosis, history
of malignancy, pregnancy and lactation.

Sputum samples were considered suitable for
evaluation if they contained <10 squamous epithelial
cells in the field of view under microscopy.
Microbiological examination of sputum samples was
performed by conventional bacteriological methods
of growth on nutrient media [9]. Sputum was
obtained by the method of spontaneous expecto-
ration, in patients with unproductive cough it was
planned to study the induced sputum. Susceptibility to
antibacterial drugs was determined using the disco-
diffusion method according to standards [7, 13].

Statistical analysis was performed using
STATISTICA 6.1 (StatSoft Inc., USA, N AGAR909
E415822FA). Data were presented as mean
(standard deviation, SD) in the case of quantitative
variables, or as absolute numbers and percentage
(n,%) in the case of qualitative variables. The
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distribution of variables was analyzed using the
Shapiro-Wilk test. The chi-square criterion was used
to compare two independent binary samples. The
95% confidence interval was calculated for
independent variables, with p<0.05 being considered
significant [1].

RESULTS AND DUSCUSSION

60 patients with BE in a stable phase were
included in the study. The average age of patients
was 52.9+14.3 years (from 23 to 74 years), 15 of
them were men (25%). Patients mostly had no
history of smoking — 46 patients (76.7%) never
smoked. In 52 (86.7%) patients sputum was obtained
during spontaneous expectoration. Pathogens were
detected in the sputum of 43 patients (71.7%), eight
of whom had a combination of pathogens (13.3%).
Pseudomonas aeruginosa (n=15) was the most com-
mon, of which six were mucoid strains (40%) and
Haemophilus influenzae (n=15). The results of iso-
lation of pathogens are presented in Figures 1 and 2.

Among the combinations of pathogens there were
combinations of Haemophilus influenzae with Can-
dida albicans (n=2), with Escherichia coli (n=1),
with Klebsiella pneumoniae (n=1) and with As-
pergillus spp (n=1); combinations of Pseudomonas
aeruginosa with Haemophilus influenzae (n=1), with
Aspergillus niger (n=1); combination of Escherichia
coli with Candida albicans (n=1).

Among 15 clinical isolates of Pseudomonas
aeruginosa, seven (46.7%) were sensitive to such
antibacterial drugs as ticaricillin/clavulanate, pipera-
cillin/tazobactam, aztreonam, ceftazidime, cefepime,
imipenem, meropenex, ciprofloxacin, levofloxacin
gentamicin, amikacin, tobramycin, three (20%) were
resistant to one of the drugs (levofloxacin, gen-
tamicin, imipenem) and five isolates (33.3%) were
polyresistant. Among those with resistance, non-
mucoid clinical isolates predominated — ix of the
nine non-mucoid (66.7%) and two of the six mucoid
(33.3%) were resistant to one or more antibacterial
drugs, but statistically the difference was insig-
nificant (p=0.9 by the criterion of chi-square).
According to the data presented in Figure 3, Pseu-
domonas aeruginosa in this patient population was
the most resistant to imipenem (33.3%), aztreonam
(26.7%) and ceftazidime (26.7%). In turn, most
clinical isolates were sensitive to ticarcillin/cla-
ulanate (93.3%), piperacillin/tazobactam (93.3%)
and levofloxacin (93.3%). Resistance to cefepime,
meropenem, gentamicin and tobramycin was found
in 20% of Pseudomonas aeruginosa isolates, and to
ciprofloxacin and amikacin in 13.3%.
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[ Pathogen was not revealed (28%) OPseadomonas aeruginosa (25%)
EIHaemophilus influenza (25%) B Candida albicans (7%)
OStaphylococcus aureus (5%) OAspergillus niger (3%)

B Streptococcus pneumoniae (3%) B NF-Gram-negative bacteria (2%)

B Escherichia coli (2%)

Fig. 1. Profile of microbiological pathogens revealed in sputum of patients with BE in a stable phase

‘ ‘ X - ‘ \ ‘ N
1000 CFU/ml 10000 100000 1000000 10000000 10000000
CFU/ml CFU/ml CFU/ml CFU/ml CFU/ml
—0— Pseudomonas aeruginosa Haemophilus influenzae
= Candida albicans =X~ Staphylococcus aureus
== Aspergillus niger Streptococcus pneumoniae

NF I'pam-HeraTuBHa naju4ka Escherichia coli

Fig. 2. Qualitative findings of isolated microorganisms in patients with BE in a stable phase
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Fig. 3. Resistance phenotype of Pseudomonas aeruginosa to antibacterial drugs

All clinical isolates of Haemophilus influenzae
(n=15) were sensitive to such drugs as ampicillin,
amoxicillin,  amoxicillin/clavulanate,  piperacil-
lin/tazobactam, cefuroxin, ceftriaxone, cefotaxime,
cefepime, ciprofloxacin, cyprofloxacin.

Among other pathogens resistance of two isolates
of Staphylococcus aureus (66.7%) and one isolate of
Streptococcus pneumoniae (50%) to drugs from the
group of macrolides (erythromycin, azithromycin)
and to clindamycin was revealed as well.

Among all clinical isolates that had resistance to
at least one of the antibacterial drugs, only one
isolate had a combination with another microor-
ganism —polyresistant Pseudomonas aeruginosa
(mucoid strain) with Aspergillus niger (9.1%).

CONCLUSIONS

1. Almost 87% of patients in the stable phase of
the disease produce sputum and in 70% of patients
pathological pathogens are detected using bacte-
riological methods of sputum examination. Pseudo-
monas aeruginosa and Haemophilus influenzae
prevailed.

2. There is a problem of polyresistance of Pseu-
domonas aeruginosa to antibacterial drugs, in
particular, more than a quarter of strains were
resistant to imipenem, aztreonam and ceftazidime.
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At the same time, there was no statistically sig-
nificant difference between the sensitivity to anti-
bacterial drugs between mucoid and non-mucoid
strains of Pseudomonas aeruginosa. The presence of
an additional pathogenicity factor, such as the
mucoid phenotype, requires further study.

3. Haemophilus influenzae in this population of
patients was present in one hundred percent of cases
sensitive to penicillins and protected penicillins,
cephalosporins of the second, third and fourth
generations, fluoroquinolones of the second and
third generations. In turn, Staphylococcus aureus
and Streptococcus pneumoniae have shown extre-
mely high levels of resistance to macrolides and
lincosamides, but the prevalence of these pathogens
in this population is low, so further observations and
studies are needed.

4. Based on the results obtained in BE patients in
the Dnipro region, we consider it appropriate to
monitor the microbiological profile of sputum of
patients in a stable phase. And for the treatment of
patients with frequent exacerbations, it is advisable
to prescribe an antibiotic according to the resistance
profile.
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conflict of interest.
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