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Summary. Exceptionally clinically important is clear understanding of the pathophysiological mechanisms for
localization and migration of pathologic microorganisms towards the intact kidney in course of the unilateral
inflammatory process. The study aimed to determine the intact kidney’s pathogenic species composition and
numerosity in course of rat acute unilateral kidney inflammation, different time frames after the affected organ
removal. The experiment was carried out on 54 mature nonlinear white rats Rattus Norwegicus. In all animals an
acute unilateral kidney inflammation has been modeled. For modeling of the acute unilateral kidney inflammation
in experimental rats, an E.Coli strain was used. The pathogen was previously isolated from urine in patients with the
diagnosed urinary tract infection. In order to determine the affected kidney influence on the intact organ microbial
contamination, nephrectomy on the affected side was performed on the 10th, 14th and 21st days. Bacterial
concentrations in the residual kidney tissue were determined 4, 7 and 14 days after nephrectomy. Control group
constituted animals without nephrectomy. Scores were compared to the respective ones of the intact kidney in
control group, on the same day of experiment. Reliable changes of almost all microbiologic contamination scores
were detected after removal of the affected organ. Infection of the inoculated kidney spread onto intact contralateral
organ by the hematogenous and/or lymphogenous routes and persisted there for some specific time. The nature of
the infection in the contralateral kidney changed between the 10th and 14th days after inoculation – the agent
apparently penetrated the kidney tissue and developed inflammation. Removal of the inoculated kidney timely,
before the infection of the intact organ has progressed to its invasive stage, facilitated complete elimination of the
pathogen in the contralateral kidney by the 28th day.
Key words: kidney inflammation, pyelonephritis, contralateral kidney, intact kidney, nephrectomy, bacterial
contamination, Escherichia Coli.

Introduction. Acute kidney inflammation constitutes
presence of pathogenic or opportunistic flora in the kidney
tissue as its perquisite [3, 7, 11]. Therefore, studying
qualitative and quantitative composition of microorganisms
causing the disease is of primary importance in determining
the treatment strategy [2, 4, 13]. According to the global data,
population-specific composition of etiologic microorga-
nisms is constantly changing [1]. Differences in etiologic

microflora could be found in different parts of the world too
[12]. Moreover, the composition of microflora in acute
kidney inflammation may vary even within the same country
[1, 12]. Nowadays of high interest are special features of
adaptation and behavior of pathogenic and opportunistic
flora in a single organism [8, 10]. Especially clinically
important is clear understanding of the pathophysiological
mechanisms of localization and migration of microorganisms
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towards the intact kidney (in case of unilateral process) and
other organs, as well as conditions necessary for that [15].
Formation of microbial associates under certain conditions is
ambiguous too [9]. Not clear remains the identification of the
most mutually affine microorganisms and impact of surgical
trauma on the opportunistic flora migration towards the
inflammation site [6].

Objectives. The study aimed to determine the intact
kidney’s pathogenic species composition and numerosity in
course of a rat acute unilateral kidney inflammation, different
time frames after the affected organ removal.

Materials and Methods. The experiment was carried out
on 42 mature nonlinear white rats Rattus Norwegicus. All of
those were male, aged 18-20 weeks, of 180-205g weight. In all
animals an acute unilateral kidney inflammation has been
modeled. The core group consisted of 24 rats; it has been
divided into three subgroups: I (n=12) – a nephrectomy on
the affected side was performed on the 10th day of the
experiment; II (n=8) – a nephrectomy on the affected side was
performed on the 14th day; III (n=4) – a nephrectomy on the
affected side was performed on the 21st day. Bacterial
contamination of the residual kidney was determined using
routine methods on the 14th (Ia, n=4), 21st (Ib, n=4; IIa, n=4)
and 28th days (Ic, n=4; IIb, n=4; III, n=4). The control group
consisted of 18 animals, no nephrectomy was made. The
intact kidney bacterial contamination was studied on the 14th

(C1, n=6), 21st (C2, n=6) and 28th day (C3, n=6). Routine
statistical methods were used for calculation purposes.

For modeling of the acute unilateral kidney inflammation
in experimental rats, an E. Coli strain was used. The
pathogen was previously isolated from urine in patients with
the diagnosed urinary tract infection. The strain had a
number of features letting him be easily distinguished from
other E. Coli strains (autologous) which could get into the
research material (kidney tissue) from the intestine of animals
by the hematogenous, lymphogenous or ascending routes
[5, 9]. The strain we used was lactose negative and had the
ability to grow on Simmons’ medium. Based on the
combination of other biochemical tests it was confidently
identified as E.Coli [14]. A 4.05-6.55 • 107 per 1 ml colony-
forming units (CFU) suspension was prepared. 0.1 ml per
100g rat mass was injected in kidney parenchyma
unilaterally.

Results and discussion. According to the microbiologic
data, injection of the E.Coli suspension in experimental
animals’ renal parenchyma created infectious process not

only in the inoculated kidney, but in contralateral organ too.
This happens obviously due to the spread of the inoculated
pathogen onto healthy kidney by the hematogenous and
(or) lymphogenous routes.

Removal of the affected organ 10 days after inoculation
resulted in a slight decrease in the concentration of the
pathogen in the intact kidney on the 14th day (4 days after
surgery) comparing with non-operated animals (Table 1). On
the 21st day (11 days after surgery) the difference between
operated and non-operated animals has grown, whereas on
the 28th day (14 days after surgery) almost no bacteria were
isolated from the intact kidney. The nephrectomy resulted in
the elimination of infection of the contralateral kidney. This
is quite an unexpected result, as large quantities of the
introduced E.Coli strain were identified in the contralateral
kidney tissue in non-operated rats at all days of experiment.
As a possible explanation for this we suppose a difference in
the nature of infectious process in the inoculated and intact
kidneys.

Most likely it is the microtrauma that causes immediate
development of an inflammatory process in the inoculated
kidney after injection of the etiologic strain. Other
explanations may include: local immunity of the intact
kidney, lower tissue concentrations of the pathogenic
bacteria, or gradual insemination of the contralateral organ.
For some reason an infectious agent persists in the intact
kidney without evoking definite signs of inflammation. Only
evaluation of the histological data may confirm or reject this
assumption.

After the removal of the inoculated kidney on a later term –
14 days after infection was injected – the release rate of
E.Coli strain from the contralateral kidney has decreased. 7
days after surgery (day 21) amount of pathogen in the
contralateral kidney was just slightly lower compared to the
same period in non-operated animals (Table 2). 14 days after
nephrectomy (28th day) the quantitate data of identified
bacteria in the contralateral kidney of experimental animals
showed lowering, but the variety of pathogenic strains
remained similar to that of non-operated animals. Finally, the
group of animals operated on the 21st day, showed seven
days after surgery almost no difference to the kidney
parenchymal contamination scores of those without
nephrectomy (Table 2).

This suggests that the nature of infection in the
contralateral kidney changed over time. At the beginning,
pathogen persisted in the kidney (possibly in the urine, not

Note: p value specified where applicable; n.i. – not isolated.

Table 1.
Intact kidney tissue bacterial concentrations isolated from control group (no nephrectomy)

and animals receiving nephrectomy on the affected side on the 10th day (residual kidney), lg CFU (x ± Sx)
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in the parenchyma itself) without multiplying or causing any
inflammation. Thus it was easily eliminated from the body
after the permanent source of infection removal – inoculated
kidney. Over time, a penetration of the pathogen (invasion)
in the renal tissue occured, and the inflammation developed.

In this case, the pathogen in the contralateral kidney was
not eliminated even after nephrectomy on the affected side.
Therefore, a critical milestone for the transition of persistent
infection into the invasive stage was period between 10th and
14th days after inoculation of bacteria in rats.

Conclusions
1. Infection of the inoculated kidney spread onto intact

contralateral organ by the hematogenous and/or lymphoge-
nous routes and persisted there for some specific time.

2. The nature of the infection in the contralateral kidney
changed between the 10th and 14th days after inoculation –
the agent apparently penetrated the kidney tissue and
developed inflammation.

3. Removal of the inoculated kidney timely, before the
infection of the intact organ has progressed to its invasive
stage, facilitated complete elimination of the pathogen in the
contralateral kidney by the 28th day.

Reviewer:  professor Moiseenko V.O.

REFERENCES
1. Alós J.I. Epidemiology and etiology of urinary tract

infections in the community. Antimicrobial susceptibility of the main
pathogens and clinical significance of resistance / J.I. Alós // Enferm
Infecc Microbiol Clin. – 2005. – Vol.23, Suppl. 4. – P. 3-8.

2. Berger R.E. Intracellular bacterial communities of
uropathogenic Escherichia coli in urinary tract pathogenesis /
R.E. Berger // J. Urol. – 2005. – Vol. 174, ¹ 5. – P. 1843.

3. Bidet P. Virulence factors and pathophysiology of
extraintestinal pathogenic Escherichia coli / P. Bidet, S. Bonarcorsi,
E. Bingen // Arch. Pediatr. – 2012. – Vol.19, Suppl 3. – Ð. 80-92.

4. Bojic-Milicevic G. Common errors in diagnosis and
management of urinary tract infections – microbiological aspects. /

G. Bojic-Milicevic, M. Mikov, R. Dautovic // Med. Pregl. 2005. – Vol.
58. – ¹7-8. – P. 380-387.

5. Change of antimicrobial susceptibility among Escherichia
coli strains isolated from female patients with community-onset acute
pyelonephritis / S.K. Lim, I.W. Park, W.G. Lee [et al.] // Yonsei
Med. J. – 2012. – Vol.53(1). – Ð. 164-171.

6. Escherichia coli from urine of female patients with urinary
tract infections is competent for intracellular bacterial community
formation / C.K. Garo-falo, T.M. Hooton, S.M. Martin [et al.] // Infect
Immun. – 2007. – Vol.75, ¹ l. – P. 52-60.

7. Escherichia coli-mediated impairment of ureteric
contractility is UPEC-specific // R.V. Floyd, M. Upton, S.J. Hultgren
[et al.] // J. Infect. Dis. – 2012. – Vol.206(10). – Ð. 589-596.

8. Fiinfstiick R. The interaction of urinary tract infection and
renal insufficiency. / R. Fiinfsttick, U. Ott, K.G. Naber // Int.
J. Antimicrob. Agents. – 2006. – Vol. 28. – Suppl 1. – P. S72-77.

9. Impairment of the biomechanical compliance of P pili: a
novel means of inhibiting uropathogenic bacterial infections?
Immune Modulation by Group B Streptococcus Influences Host
Susceptibility to Urinary Tract Infection by Uropathogenic
Escherichia coli / J.E. Klinth, J.S. Pinkner, S.J. Hultgren [et al.] //
Infect. Immun. – 2012. – Vol.80(12). – Ð. 4186-4194.

10. In vivo susceptibility of ESBL producing Escherichia coli to
ceftriaxone in children with acute pyelonephritis / A. Peco-Anti ,
D. Paripovi , S. Buljugi  [et al.] // Srp. Arh. Celok Lek. – 2012. –
Vol.140(5-6). – Ð. 321-325.

11. Kostakioti M. Molecular blueprint of uropathogenic
Escherichia coli virulence provides clues toward the development of
anti-virulence therapeutics / M. Kostakioti, S.J. Hultgren, M. Hadjif-
rangiskou // Virulence. – 2012. – Vol. 3(7). – P. 45-51.

12. Oteo J. Extended-spectrum [beta]-lactamase producing
Escherichia coli: changing epidemiology and clinical impact /
J. Oteo, M. Perez-Vazquez, J. Campos // Curr. Opin. Infect. Dis. –
2010. – Vol.23(4). – Ð. 320-326.

13. Ramchandani M. Possible animal origin of human-
associated, multidhig resistant, uropathogenic Escherichia coli /
M. Ramchandani // CID. – 2005. –Vol. 40. – P. 251-257.

14. The impact of multidrug resistance on the pathogenicity of
Escherichia coli: an experimental study / M. Bristianou, C. Panagou,
T. Adamis [et al.] // Int. J. Antimicrob. Agents. – 2008. Vol. 31. – ¹3. –
P. 216-223.

15. Yamamoto S. Molecular epidemiology of uropathogenic
Escherichia coli / S. Yamamoto // J. Infect. Chemother. – 2007. –
Vol.13, ¹ 2. – P. 68-73.

Note: p value specified where applicable; n.i. – not isolated.

Table 2.
Intact kidney tissue bacterial concentrations isolated from control group (no nephrectomy) and animals receiving

nephrectomy on the affected side on the 14th and 21st days (residual kidney), lg CFU (x ± Sx)
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Ðåçþìå. Âèíÿòêîâå êë³í³÷íå çíà÷åííÿ ìàº ÷³òêå ðî-
çóì³ííÿ ïàòîô³ç³îëîã³÷íèõ ìåõàí³çì³â ëîêàë³çàö³¿ (íå-
ðîçïîâñþäæåííÿ) òà ì³ãðàö³¿ ì³êðîîðãàí³çì³â â ³íòàêòíó
íèðêó çà óìîâ îäíîá³÷íîãî çàïàëüíîãî ïðîöåñó. Äîñë³ä-
æåííÿ ïåðåñë³äóâàëî ìåòó âèçíà÷èòè âèäîâèé ïîïóëÿ-
ö³éíèé ñêëàä òà ê³ëüê³ñí³ õàðàêòåðèñòèêè ïàòîëîã³÷íî¿
ì³êðîá³îòè â òêàíèí³ ³íòàêòíî¿ íèðêè çà îäíîá³÷íîãî çà-
ïàëüíîãî ïðîöåñó íèðîê ó ð³çí³ òåðì³íè ï³ñëÿ âèäàëåííÿ
óðàæåíîãî îðãàíà. Åêñïåðèìåíò çä³éñíåíî íà 54 ñòàòå-
âîçð³ëèõ íåë³í³éíèõ á³ëèõ ùóðàõ Rattus Norwegicus. Âñ³ì
òâàðèíàì ìîäåëþâàëè ãîñòðèé îäíîá³÷íèé çàïàëüíèé
ïðîöåñ íèðîê. Äëÿ ìîäåëþâàííÿ çàïàëüíîãî ïðîöåñó â
íèðêàõ äîñë³äíèõ ùóð³â áóâ âèêîðèñòàíèé øòàì E.Coli,
âèä³ëåíèé ç ñå÷³ õâîðî¿ ç ä³àãíîñòîâàíîþ ³íôåêö³ºþ ñå-
÷îâî¿ ñèñòåìè. Ç ìåòîþ âèçíà÷åííÿ ñòóïåíþ âïëèâó óðà-
æåíî¿ íèðêè íà ì³êðîáíó êîíòàì³íàö³þ ³íòàêíîãî îðãà-
íà, ïðîâîäèëè íåôðåêòîì³þ ç óðàæåíîãî áîêó íà 10-òó,
14-òó òà 21-øó äîáó åêñïåðèìåíòó. Êîíöåíòðàö³¿ çáóä-
íèê³â ó òêàíèí³ ðåçèäóàëüíî¿ íèðêè âèçíà÷àëè ÷åðåç 4, 7
òà 14 ä³á ï³ñëÿ âèäàëåííÿ óðàæåíîãî îðãàíà. Òâàðèíàì
êîíòðîëüíî¿ ãðóïè òàêîæ ìîäåëþâàëè ãîñòðå îäíîá³÷íå
çàïàëåííÿ íèðîê, ïðîòå íåôðåêòîì³þ ç óðàæåíî¿ ñòîðî-
íè íå ïðîâîäèëè. Ïîêàçíèêè ïîð³âíþâàëè ç àíàëîã³÷íè-
ìè â ³íòàêòíî¿ íèðêè íà òàêó æ äîáó åêñïåðèìåíòó ó ùóð³â
êîíòðîëüíî¿ ãðóïè. Âèçíà÷åíî, ùî ï³ñëÿ âèäàëåííÿ óðà-
æåíî¿ íèðêè ó âñ³õ ï³äãðóï òâàðèí çì³íþâàëèñÿ ïðàêòè÷-
íî âñ³ ïîêàçíèêè êîíòàì³íîâàíîñò³ êîíòðëàòåðàëüíîãî
îðãàíà ïî â³äíîøåííþ äî òàêèõ, äå íåôðåêòîì³ÿ íå ïðî-
âîäèëàñÿ. ²íôåêö³ÿ ç ³íîêóëüîâàíî¿ íèðêè ãåìàòîãåííèì
àáî/³ ë³ìôîãåííèì øëÿõàìè ïîòðàïëÿëà ó ³íòàêòíèé
êîíòðëàòåðàëüíèé îðãàí ³ ïåâíèé ÷àñ ïåðñèñòóâàëà â
íüîìó. Ì³æ 10-þ ³ 14-þ äîáîþ ï³ñëÿ ³íîêóëÿö³¿ õàðàêòåð
³íôåêö³éíîãî ïðîöåñó ó êîíòðëàòåðàëüíîìó îðãàí³
çì³íþâàâñÿ – çáóäíèê ïðîíèêàâ ó òêàíèíè íèðêè ñïðè÷è-
íÿâ çàïàëüíèé ïðîöåñ â îñòàíí³é. Âèäàëåííÿ ³íîêóëüî-
âàíî¿ íèðêè äî ïåðåõîäó ³íôåêö³éíîãî ïðîöåñó ó êîíòð-
ëàòåðàëüí³é íèðö³ â ³íâàçèâíó ñòàä³þ ñïðèÿëî ïîâí³é
åë³ì³íàö³¿ çáóäíèêà ç êîíòðëàòåðàëüíîãî îðãàíó.
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Ðåçþìå. Èñêëþ÷èòåëüíîå êëèíè÷åñêîå çíà÷åíèå
èìååò ÷åòêîå ïîíèìàíèå ïàòîôèçèîëîãè÷åñêèõ ìåõà-
íèçìîâ ëîêàëèçàöèè (íåðàñïðîñòðàíåíèè) è ìèãðàöèè
ìèêðîîðãàíèçìîâ â èíòàêòíóþ ïî÷êó â óñëîâèÿõ îäíîñòî-
ðîííåãî âîñïàëèòåëüíîãî ïðîöåññà. Èññëåäîâàíèå ïðå-
ñëåäîâàëî öåëü îïðåäåëèòü âèäîâîé ïîïóëÿöèîííûé
ñîñòàâ è êîëè÷åñòâåííûå õàðàêòåðèñòèêè ïàòîëîãè÷åñ-
êîé ìèêðîáèîòû â òêàíè èíòàêòíîé ïî÷êè ïðè îäíîñòî-
ðîííåì âîñïàëèòåëüíîì ïðîöåññå ïî÷åê â ðàçíûå ñðîêè
ïîñëå óäàëåíèÿ ïîðàæåííîãî îðãàíà. Ýêñïåðèìåíò ïðî-
âîäèëñÿ íà 54 ïîëîâîçðåëûõ íåëèíåéíûõ áåëûõ êðûñàõ
Rattus Norwegicus. Âñåì æèâîòíûì ìîäåëèðîâàëè îñò-
ðûé îäíîñòîðîííèé âîñïàëèòåëüíûé ïðîöåññ ïî÷åê.
Äëÿ ìîäåëèðîâàíèÿ âîñïàëèòåëüíîãî ïðîöåññà â ïî÷êàõ
èññëåäóåìûõ êðûñ áûë èñïîëüçîâàí øòàìì E.Coli, âûäå-
ëåííûé èç ìî÷è áîëüíîãî ñ äèàãíîñòèðîâàííîé èíôåê-
öèåé ìî÷åâîé ñèñòåìû. Ñ öåëüþ îïðåäåëåíèÿ ñòåïåíè
âëèÿíèÿ ïîðàæåííîé ïî÷êè íà êîíòàìèíàöèþ êîíòðà-
ëàòåðàëüíîãî îðãàíà, ïðîâîäèëè íåôðýêòîìèþ ñ ïîðà-
æåííîé ñòîðîíû íà 10-å, 14-å è 21-å ñóòêè ýêñïåðèìåí-
òà. Êîíöåíòðàöèè âîçáóäèòåëåé îñòàâøåéñÿ ïî÷êè
îïðåäåëÿëè ÷åðåç 4, 7 è 14 ñóòîê ïîñëå óäàëåíèÿ ïîðà-
æåííîãî îðãàíà. Æèâîòíûì êîíòðîëüíîé ãðóïïû òàêæå
ìîäåëèðîâàëè îñòðîå îäíîñòîðîííåå âîñïàëåíèå ïî-
÷åê, îäíàêî íåôðýêòîìèþ ñ ïîðàæåííîé ñòîðîíû íå
ïðîâîäèëè. Ïîêàçàòåëè ñðàâíèâàëè ñ àíàëîãè÷íûìè â
èíòàêòíîé ïî÷êå â òå æå ñóòêè ýêñïåðèìåíòà ó êðûñ êîíò-
ðîëüíîé ãðóïïû. Îïðåäåëåíî, ÷òî ïîñëå óäàëåíèÿ ïîðà-
æåííîé ïî÷êè ó âñåõ ïîäãðóïï æèâîòíûõ èçìåíÿëèñü
ïðàêòè÷åñêè âñå ïîêàçàòåëè êîíòàìèíàöèè êîíòðàëàòå-
ðàëüíîãî îðãàíà ïî îòíîøåíèþ ê òàêèì, ãäå íåôðýêòî-
ìèÿ íå ïðîâîäèëàñü. Èíôåêöèÿ èç èíîêóëèðîâàííîé
ïî÷êè ãåìàòîãåííûì è/èëè ëèìôîãåííûì ïóòåì ïîïàäà-
ëà â èíòàêòíûé êîíòðàëàòåðàëüíûé îðãàí è íåêîòîðîå
âðåìÿ â íåì ïåðñèñòèðîâàëà. Ìåæäó 10-ìè è 14-ìè ñóò-
êàìè ïîñëå èíîêóëÿöèè õàðàêòåð èíôåêöèîííîãî ïðî-
öåññà â êîíòðàëàòåðàëüíîì îðãàíå ìåíÿëñÿ – âîçáóäè-
òåëü, ïî-âèäèìîìó, ïðîíèêàë â òêàíè ïî÷êè è âûçûâàë
âîñïàëèòåëüíûé ïðîöåññ â îðãàíå. Ðàííåå óäàëåíèå ïî-
ðàæåííîãî îðãàíà, äî ïåðåõîäà èíôåêöèîííîãî ïðîöåñ-
ñà â êîíòðàëàòåðàëüíîé ïî÷êå â èíâàçèâíóþ ñòàäèþ, ñïî-
ñîáñòâîâàëî ïîëíîé ýëèìèíàöèè âîçáóäèòåëÿ èç
êîíòðàëàòåðàëüíîãî îðãàíà.

Êëþ÷åâûå ñëîâà: âîñïàëåíèå ïî÷åê, ïèåëîíåôðèò,
êîíòðàëàòåðàëüíàÿ ïî÷êà, èíòàêòíàÿ ïî÷êà, íåôðýêòî-
ìèÿ, êîíòàìèíàöèÿ, Escherichia Coli.


