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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 6 gverdze naklebsa da 15 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 5. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 6. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 7. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT.
 8. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 9. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 10. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis mi-
TiTebiT da unda Seicavdes Semdeg ganyofilebebs: Sesavali, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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kuli ukmarisobis da Tirkmelebis qronikuli 
daavadebis fonze SeimCneva depresiuli 
darRvevebi, gamowveuli upiratesad kog-
nitur-afeqturi darRvevebiT im SemTx-

vevaSi, Tu anemia msubuqi xarisxisaa. Tu 
anemia mZime an saSualo simZimisaa, xdeba 
maTi SeTavseba depresiis somatur gamo-
vlinebasTan.

ETIOLOGY OF ACUTE PYELONEPHRITIS: SPECIES COMPOSITION 
AND POPULATIONAL LEVELS OF URINE MICROFLORA 

Stepan V., Fedoruk O., Sydorchuk L., Viznyuk V., Sydorchuk R.

Bukovinian State Medical University, Chernivtsi, Ukraine

Kidney plays an incredibly important role in supporting 
different functions of the organism. Not surprisingly its 
involvement into different pathological processes is bidi-
rectional including changes caused by kidney disorders, 
as well as changes of kidney function due to influence 
outside. Initially the body responds to pathogenic and 
conditionally pathogenic microorganisms by development 
of inflammation, a universal defense response realized by 
factors and mechanisms of natural resistance. The cells 
of various tissues being damaged by pathogenic or op-
portunistic microorganisms change their metabolism; they 
activate genetically determined mechanisms to provide a 
synthesis of cytokines to stimulate factors and mechanisms 
of innate immunity and initiate an inflammatory response. 
Sequences may be distant involving cardio-vascular system 
and causing diverse complications through Angiotensin-
Converting Enzyme and Monoxide Nitrogen related 
mechanisms [6,8].

However, this requires involvement of initiating mecha-
nisms that in many cases means microorganisms that 
infest urinary tract. Therefore, the first step in the study 
or diagnosis of acute inflammatory diseases is to identify 
the pathogen, species composition and population level of 
microbiota of normally aseptic organ, including kidneys 
and perirenal fatty tissue. Escherichia coli isconsidered 
to be the most frequent cause of acute pyelonephritis and 
renal infection in general. Its possible virulence factors 
include the ability to adhere and colonize the urinary tract, 
an important initiating factor in all urinary tract infections. 
Vesicoureteral reflux can be responsible for ascending 
upper tract infection, but infection with P-fimbriatedE. 
coli may lead to ascending pyelonephritis without reflux 
because of the paralytic effect of lipid A on ureteral peri-
staltic activity. Renal ischemia leads to renal damage fol-
lowing infection by reperfusion damage due to the release 
of superoxide ions. The acute inflammatory response can 
produce renal damage because of the rapid development of 

hyperimmune response with burst of phagocytic activity, 
which in parallel toeliminatingphagocytosed bacteria also 
damages renal tubules [4]. 

Several studies consider that the leading position in acute 
pyelonephritis etiology belongsto Gram-negative microor-
ganisms from Enterobacteriaceae family: Escherichia coli, 
Proteus mirabilis, and Klebsiella spp. They point out high 
susceptibility of main causative agents of pyelonephritis 
to cephalosporins, aminoglycosides, and fluoroquinolo-
nes. High resistance to aminopenicillines was noted. In 
several isolates from Enterobacteriaceae family significant 
resistance to nalidixic acid and furazidin was observed. 
However, there are multiple reports that widens microbial 
spectrum for searching pathogens in acute inflammatory 
processes of different origin, pointing on under evaluated 
role of several pathogens, as well as indication of the role 
of microorganisms in different processes of less direct 
involvement of immune response [5,7].

The empirical therapy of urinary tract infections relies on 
the predictability of the causing agents and knowledge 
of their antimicrobial susceptibility patterns.In study of 
S.Farajniaet al. [1], Escherichia coli was the most com-
mon etiological agent of urinary tract infection (74.6%), 
followed by Klebsiellaspp (11.7%), Staphylococcus sap-
rophyticus (6.4%), and Pseudomonas aeruginosa (2.2%). 
Analysis of the frequency of isolated bacteria according to 
the age of the patients revealed that Klebsiella infections 
are more prevalent in the older age groups (>10 years) and 
Pseudomonas infections are more prevalent in children and 
the elderly (<9 years and >60 years). Results of antimicro-
bial susceptibility analysis for E. coli, as the most prevalent 
cause of urinary tract infection, to commonly used antibiot-
ics are as follows: amikacin (97.8%), gentamicin (97%), 
ciprofloxacin (94%), nitrofurantoin (87.1%), nalidixic 
acid (93.7%), trimethoprim-sulfamethoxazole (48.2%), 
cephalexin (76%), and ampicillin (6.9%) [3].
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Existing scientific data shows that both etiologic structure 
and the antimicrobial resistance patterns of the causes of 
acute pyelonephritis are highly variable and continuous 
surveillance of uropathogens is important.

The aim of this study is to reveal the species composition 
and population levels of microorganisms causing acute 
inflammation of kidney and perirenal tissues.

Material and methods. This study conforms to international 
bioethical standards (European Convention on Human Rights 
and Biomedicine, the Declaration of Helsinki of the World 
Medical Association on ethical principles of scientific medical 
research involving human subjects, GCP, EUC directive #609, 
etc.) and approved by Commission for Bioethics in Research 
(IRB)of the Bukovinian State Medical University (Ukraine). 
All patients signed written permissions and obtained full 
information about the study prior to participation.

The study included 145 patients with acute pyelonephritis 
(mean age 34.15±6.79) hospitalized at the Chernivtsi City 
Emergency Hospital, Ukraine. 67 (47.2%) were male and 
78 (53.8%) were female. 

Microbiota was defined in three different portions (samples) 
of urine taken during on urination: the first one that can be 
additionally contaminated by urethral microflora, the second 
portion containing mostly bladder urine, and third containing 

mostly urine from kidney. Microbiological methods included 
determination of species composition of aerobes and anaerobic 
flora, cultivation and study of population levels of different 
taxonomic groups of microorganisms in urine. Material was 
collected upon admission to the urology department and 
prepared in accordance with existing recommendations. 
Frequency rate (ΔnC%), constancy index,dominance index 
(DI) and coefficient of dominance (CD) among species were 
selected to analyze taxonomical structure of the microorgan-
isms’ associations. Analysis of microflora’s population levels 
was performed according to the recommendations with the 
use of quantitative significance coefficient (QSC) and coef-
ficient of quantitative dominance (CQD) [7]. Species were 
considered as dominant when constancy index was 50.0% or 
higher, additional – from 25.0% to 50.0% and random species 
if value less than 25.0%.

Distribution of variables was checked in the Kolmogorov-
Smirnov test; t-test and exact Fischer test for samples less 
than five were calculated. Database was created using 
MS® Excel 2010 and statistical processing performed in 
StatSoft® Statistica v7.0 software packages.

Results and their discussion. Analysis of the species com-
position of investigated microflora obtained from the first 
portion of urine in patients of study group was performed. 
Figures depicting species composition of this microflora 
is shown in table 1. 

Table 1. The speciescomposition of the firstportion of urinemicrobiotain patients withacutepyelonephritis 

Micro-
organism

Number 
of patients

Strains 
identified

Constancy 
index (%) ΔnC% DI CD

E. coli 145 76 52.41 0.66 0.6466 0.6552
E. coli Hly+ 145 18 12.41 0.16 0.1466 0.1552
P. mirrabilis 145 2 1.38 0.02 0.0086 0.0172

S. aureus 145 23 15.86 0.27 0.1897 0.1983
No growth 145 26 17.93

According to the table 1, the total number of species 
strains of different taxonomic groups in patients at the 
time of hospitalization was 145. In 26 (17.93%) cases 
no growth of bacteria was achieved. This indicates that 
not only monomicrobial cultures were obtained, but also 
the associations of pathogens, where microbial spectrum 
dominated by Gram-negative Enterobacteriaceae(E. coli 
and E. coli Hly+).

However, pathogens were also presented by members of 
few other taxonomic groups, including the Enterobacteria-
cea family (P. mirrabilis) and Gram-positive S. aureus.. In 
no single case, anaerobic bacteria were found.

Based on the data of the table 1, dominant bacteria that 
persist in the first urine sample (portion) of patients with 
acute pyelonephritis is normal E. coli, while Staphylo-
coccus aureus and enteropathogenic Escherichia may 

be considered as additional agents. P. mirrabilis is an 
occasional contaminating organism in the first portion 
of urine.

The highest population levels (table 2) in the first portion 
of urine in patients with acute pylonephritis had entero-
pathogenic Escherichia, conventional E. coli was 21.97% 
lower, and Proteusspp was 25.89% lower. Population 
level of Staphylococcus aureus was only 6.50% lower the 
enteropathogenic Escherichia, but 14.53% higher than that 
of normal E. coli.

Notably, in 48 (33.10%) patients there was no single patho-
genic or conditionally pathogenic strain of microorganisms 
in the second urine sample identified (table 3). Bladder’ 
urine was contaminated by several pathogenic and con-
ditionally pathogenic Enterobacteriaceae (E.coliHly+, E. 
coli, P. mirrabilis).
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Staphylococcus aureus contaminated second portion of urine 
in 21 (14.48%) patients. Among Enterobacteriaceae that con-
taminate urine the leading role belonged to normal E. coli with 
consistency index reaching 38.02%, which is 8.67% more than 
E. coli Hly+, P. mirrabilis,and S. aureus).

The highest population levels were observed (table 4) in 
enteropathogenic strains of Escherichia coli. Normal E. coli 
population level was 16.58% lower, while Staphylococcus 
aureus and Proteus mirrabilis were 16.22% and 31.52% 
lower, respectively.

Table 2. Population levels of the firstportion of urinemicrobiotain patients withacutepyelonephritis (n=145)
Microorganism Population level inlgCFU/ml CQD QSC

E. coli 5.78±1.30 48.39 0.61
E. coli Hly+ 7.05±0.66 13.98 0.18
P. mirabilis 5.30±0.10 1.23 0.02
S. aureus 6.62±0.97 16.77 0.21

Table 3. The speciescomposition of the secondportion of urinemicrobiotain patients withacutepyelonephritis 

Microorganism Number 
of patients

Strains 
identified

Constancy 
index (%) ΔnC% DI CD

E. coli 145 56 38.62 0.58 0.5670 0.5773
E. coli Hly+ 145 18 12.41 0.19 0.1753 0.1856
P. mirrabilis 145 2 1.38 0.02 0.0103 0.0206

S. aureus 145 21 14.48 0.22 0.2062 0.2165
No growth 145 48 33.10

Table 4. Population levels of the secondportion of urinemicrobiotain patients withacutepyelonephritis (n=145)
Microorganism Population level inlgCFU/ml CQD QSC

E. coli 4.66±0.99 38.70 0.58
E. coli Hly+ 5.52±0.83 14.73 0.23
P. mirabilis 3.78±0.07 1.12 0.02
S. aureus 4.63±1.33 14.42 0.22

According to constancy index (55.17%) and frequency rate 
(0.79) the dominant microorganisms in the third portion of 
urine (urine from the kidney) were pathogenic and condi-
tionally pathogenic Enterobacteriaceae (E. coli Hly+, E. 

coli, P. mirrabilis) among which the leading role belonged 
to normal E. coli (table 5). Obtained data indicated that 
Staphylococcus aureus while contaminating the third por-
tion of urine is additional representative of microbiota.

Table 5. The speciescomposition of the thirdportion of urinemicrobiotain patients withacutepyelonephritis 

Microorganism Number 
of patients

Strains 
identified

Constancy 
index (%) ΔnC% DI CD

E. coli 145 58 40.00 0.57 0.5644 0.5743
E. coli Hly+ 145 20 13.79 0.20 0.1881 0.1980
P. mirrabilis 145 2 1.38 0.02 0.0086 0.0172

S. aureus 145 21 14.48 0.21 0.1980 0.2079
No growth 145 44 30.34

Table 6. Population levels of the thirdportion of urinemicrobiotain patients withacutepyelonephritis (n=145)
Microorganism Population level inlgCFU/ml CQD QSC

E. coli 3.63±1.08 44.13 0.63
E. coli Hly+ 3.58±1.01 15.01 0.22
P. mirabilis 2.15±0.07 0.90 0.01
S. aureus 3.80±1.17 16.72 0.24

Total average population levels of all microorganisms 
contaminating urine in the third urine sample was 
3.29±1.11 lg CFU/ml, which is lower than of the first 
portion by 47.44%, but 29.25% higher than of the sec-

ond, and shows persistence of isolated and identified 
Enterobacteriaceae and Staphylococcus aureus in small 
quantities.
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Our data expectedly correlates with known informa-
tion. Similarly to findings of E.S. Huang and R.S. 
Stafford [2], conditionally pathogenic Enterobacte-
riaceaeplay major role in etiology of acute pyelone-
phritis. However, our findings,in terms of etiological 
importance, placed conditionally pathogenic flora 
(normal E. coli) ahead of pathogenic microorganisms 
like enteropathogenic Escherichia and Staphylococ-
cus aureus.

Conclusion. The leading pathogens, causing acute 
inflammation of kidney are pathogenic and condi-
tionally pathogenic Enterobacteria (normal E. coli, 
enteropathogenicEscherichia, and Proteusspp) as well 
as Staphylococcus aureus.
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SUMMARY

ETIOLOGY OF ACUTE PYELONEPHRITIS: SPE-
CIES COMPOSITION AND POPULATIONAL LEV-
ELS OF URINE MICROFLORA 

Stepan V., Fedoruk O., Sydorchuk L., Voznyuk V., 
Sydorchuk R.

Bukovinian State Medical University, Chernivtsi, 
Ukraine

Acute urinary tract infection is considered to be a growing 
burden in both medical and socio-economic terms. The 
exact etiologic structure of acute pyelonephritis pathogens, 
their role and interference is unclear. Thus, we aimed on 
revealing the species composition and populational levels 
of microorganisms causing acute inflammation of kidney 
and perirenal tissues. 

The study included 145 patients with acute pyelonephritis 
(mean age 34.15±6.79); 67 (47.2%) male and 78 (53.8%) 
female. Microbiota was defined in three different portions 
(samples) of urine taken during on urination. Species were 
considered as dominant when constancy index was 50.0% 
or higher, additional – from 25.0% to 50.0% and random 
species if value less than 25.0%.

Received data expectedly correlates with other studies. 
Conditionally pathogenic Enterobacteriaceaeplay major 
role in etiology of acute pyelonephritis. Our study pro-
vides further evidence of higher etiologic significance of 
conditionally pathogenic flora (normal E. coli) over of the 
traditional pathogenic microorganisms like enteropatho-
genic Escherichia and Staphylococcus aureus.

Keywords: Pyelonephritis, microflora, conditionally 
pathogenic Escherichia.

РЕЗЮМЕ

ЭТИОЛОГИЯ ОСТРОГО ПИЕЛОНЕФРИТА: ВИ-
ДОВОЙ СОСТАВ И ПОПУЛЯЦИОННЫЕ УРОВ-
НИ МИКРОФЛОРЫ МОЧИ

Степан В.Т., Федорук О.С., Сидорчук Л.П., 
Визнюк В.В., Сидорчук Р.И.

Буковинский государственный медицинский универси-
тет, Черновцы, украина

Острая инфекция мочевых путей считается расту-
щим бременем, как с медицинской, так и социально-
экономической точки зрения. Точная этиологическая 
структура возбудителей острого пиелонефрита, их роль 
и взаимодействие по сей день остаются неясными. Та-
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ким образом, целью исследования явилось определение 
видового состава и популяционных уровней микро-
организмов, вызывающих острое воспаление почек и 
паранефральных тканей.

В исследование были включены 145 пациентов с 
острым пиелонефритом (средний возраст 34,15±6,79) 
из них 67 (47,2%) мужчин и 78 (53,8%) женщин. 
Микробиота определялась в трех различных порциях 
(образцах) мочи, отобранных в процессе мочеиспус-
кания. Виды микроорганизмов рассматривались как 
доминирующие при индексе постоянства 50,0% или 

выше, как дополнительные в случае от 25,0% до 50,0%, 
и как случайные виды при значении меньше 25,0%.

Полученные данные ожидаемо коррелируют с ре-
зультатами других авторов. Условно-патогенные 
Enterobacteriaceae играют наиболее значимую роль 
в этиологии острого пиелонефрита. Результаты ис-
следования являются еще одним доказательством 
этиологического значения условно-патогенной флоры 
(нормальной кишечной палочки) в сравнении с тради-
ционными патогенными микроорганизмами, типа энте-
ропатогенных эшерихий и золотистого стафилококка.

reziume

mwvave pielonefritis etiologia: Sardis mikrofloris Semadgenloba 
da misi populaciuri doneebi

v. stefani, o. fedoruki, l. sidorCuki, v. vozniuki, r. sidorCuki

bukovinis saxelmwifo samedicino universiteti, Cernovci, ukraina

saSarde gzebis infeqciuri daavadebebi war-
moadgens ara mxolod samedicino, aramed 
socialur-ekonomikuri problemas. mwvave 
pielonefritis gamomwvevebis zusti eti-
ologiuri struqtura, maTi roli da urTi-
erTqmedeba sadReisod Seswavlis sagans 
warmoadgens.

dakvirveba warmoebda mwvave pielonefritiT 
daavadebul 145 pacientze (saSualo asaki – 
34,15±6,79), maT Soris 67  (47,2%) mamakaci da 
78 (53,08%) qali. mikrobiota ganisazRvreboda 
Sardvis procesSi aRebul Sardis sam sxva-
dasxva ulufaSi.

mikroorganizmebis saxeoba ganixileboda, 

rogorc^dominirebuli 50% an ufro maRali 
mdgradobis indeqsis SemTxvevaSi, rogorc 
damatebiTi - 25%-dan 50%-is farglebSi da 
rogorc SemTxveviTi, Tu indeqsis maCvene-
beli 25%-ze naklebi iyo. miRebuli monace-
mebi srul korelaciaSia sxva avtorebis 
SedegebTan. pirobiT-paTogenuri Enterobacte-
riaceae metad mniSvnelovan rols asruleben 
mwvave pielonefritis etiologiaSi. kvlevis 
Sedegebi naTlad metyveleben da adasture-
ben pirobiT-paTogenuri floris (nor-
maluri nawlavuri Cxiris) gansakuTrebul 
etiologiur mniSvnelobas tradiciul 
paTogenur miokroorganizmebTan (oqros-
feri stafilokoki da enteropaTogenuri 
eSixeriebi) SedarebiT.


