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Introduction
Urinary tract infections among the most common bacterial infectious diseases encountered at all 
ages. Escherichia coli are being the etiologic agent in 50–80%. Therefore, it is an important public 
health problem. E.coli causing urinary tract infections express pilli, fimbriae and others adherence 
virulence factors.

Goal
To detect the some adherence virulence factors of Uropathogenic Escherichia coli (UPEC) in 
Ulaanbaatar, Mongolia

Materials and Methods
 A total of 76E.colisampleswere collected. These samples were positive bacteriological examination 
of urine, performed at the bacteriological laboratory of the State Central Third Hospital and State 
Central First Hospital, Ulaanbaatar, Mongolia. The  biofilm formation was evaluated  by the growth 
rate of E.coli on plastic surface.The detection of the virulence factors type 1 fimbriae (fimA gene) and 
P-fimbriae (papC) was performed  by multiplex PCR using gene specific primers.Curli expression 
was determined by using congo red agar.

Results
The evaluation of bacterial biofilm formation using 96 well plates showed 40 negative (52.6%), 
32 weak biofilm (42.1%) and 4 moderate biofilm (5.3%) formation for E.coli and no strong biofilm 
forming strain was detected. The cell surface protein (curli) was detected by Congo red agar. The 
result was 71% positive for studied E.coli strains. The detection result of pili genes by multiplex 
PCR showed that fimH gene detected for 73 (96.1%) and papC gene detected for 18 (23.7%) E.coli 
cultures.

Conclusion: Almost half of surveyed Uropathogenic E.coli isolated in Ulaanbaatar, Mongolia had 
ability of biofilm formation and it has been determined by the  bacterial surface protein (curli), which 
is one of bacterial adherence factors, may cause biofilm formation. 

Keywords: biofilm formation, cell surface protein (curli), UPEC (uropathogenic E.coli)
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¯íäýñëýë:

Õ¿íèé õýâèéí áè÷èë áèåòýí E.coli íü ãàäíû 
õ¿÷èí ç¿éëèéí ¿éë÷ëýëýýð áàéðøëàà ñýëãýâýë 
íºõöºëò ýìãýã òºðºã÷ øèíæ ÷àíàðòàé áîëíî. 

Íºõöºëò ýìãýãòºðºã÷ øèíæòýé E.coli øýýñ 
ÿëãàðóóëàõ ýðõòýíèé ýä ýñèéã ýìãýãø¿¿ëýõ øèíæ 
÷àíàðòàé áîëñíîîð èëýð÷ áóé ºâ÷íèéã E.coli-èéí 
øàëòãààíò îïïîðòóíèñò õàëäâàð ãýäýã.1

Øýýñíèé çàìûí õàëäâàð ¿¿ñãýã÷ E. coli (UPEC) 
íü öèñòèò, íåôðèò çýðýã øýýñíèé çàìûí õàëäâàð 
(ØÇÕ)-ûí àíõäàã÷ øàëòãààí áîëäîã áºãººä ØÇÕ-
ûí 70–95%-èéã ¿¿ñãýäýã.2 ØÇÕ íü á¿õ íàñíû 
õ¿íä, ºíäºð õóâüòàé òîõèîëääîã õàëäâàðò ºâ÷èí 
þì.3,4 Íàñàíä õ¿ðñýí ýìýãòýé÷¿¿äèéí 40-50%, 
ýðýãòýé÷¿¿äèéí 20% îð÷èì íü öèñòèò, íåôðèò 
áîëîí áàêòåðèóðèãààð ºâääºã áà õ¿í àìûí 
íàñ õ¿éñíýýñ õàìààðààä òîäîðõîé õóâü íü 
øèíæ òýìäýãã¿é áàêòåðóðèáîëæ áàéäàã.5,6 ÀÍÓ-
ä æèë á¿ð E.coli-ààð ¿¿ñãýãäñýí ØÇÕ 6-7 ñàÿ 
á¿ðòãýãääýã.7

UPEC íü øýýñíèé çàìûí õó÷óóð ýñýä Ð áîëîí 
type 1ñîðìóóñ, ýñèéí ãàäàðãóóãèéí óóðàã ãýõ 
ìýò àäãåçèéí ýðõòýíöýð¿¿äèéí òóñëàìæòàéãààð 
õîëáîãäîí áèîôèëüìèéã ¿¿ñãýæ, ¿ðýâñëèéí 
óðâàëûã ºðí¿¿ëäýã.2 Íÿíãóóä íü õîðóó ÷àíàðûí 
îëîí õ¿÷èí ç¿éë¿¿äèéí òóñëàìæòàéãààð 
ýñèéí ãàäàðãóóä àäãåçè áîëæ ººð õîîðîíäîî 
õîëáîãäîí ýñèéí ãàäíàõ ìàòðèêñèéí ïîëèìåðèéã 
íèéëýãæ¿¿ëýí ãàäàðãóóä á¿ðõ¿¿ë ¿¿ñãýõ ¿éë 
ÿâöûã áèîôèëüì ãýíý.8 Íÿíãóóä íü áèîôèëüì 
¿¿ñãýñíýýðýý àíòèáèîòèê òýñâýðò ÷àíàð íü 10-
1000 äàõèí íýìýãäýæ íÿíãèéí ýñðýã àíòèáèîòèê 
ýì÷èëãýý ¿ð ä¿í ìóóòàé áîëäîã áàéíà.2,9

Çîðèëãî: Øýýñíèé çàìûí õàëäâàð ¿¿ñãýã÷ 
E.coli-èéí çàðèì àäãåçèéí õîðóó ÷àíàðûí õ¿÷èí 
ç¿éëèéã èëð¿¿ëýõ

Ìàòåðèàë, àðãà ç¿é: 

ÓÍÒÝ áîëîí Øàñòèíû íýðýìæèò óëñûí 
ãóðàâäóãààð òºâ ýìíýëãèéí íÿí ñóäëàëûí 
ëàáîðàòîðò 2013 îíû 11 ñàðààñ 2014 îíû 2 
ñàðûí õóãàöààíä õèéãäñýí øýýñíèé àðèóí ÷àíàð 
òîäîðõîéëîõ øèíæèëãýýãýýðèëýðñýí 76 E.coli-
èéí ºñãºâðèéã öóãëóóëñàí.

Áèîôèëüì ¿¿ñãýõýä îðîëöäîã ýñèéí ãàäàðãóóãèéí 
óóðãèéã (curli) èëð¿¿ëýõäýý êîíãî óëààí áóäàã 
áîëîí ñàõàðîçûã íýìýëòýýð àãóóëñàí òàðõè-
ç¿ðõíèé øºë á¿õèé òýæýýëò îð÷èí áýëòãýí íÿíã 
òàðüæ ºñãºâºðëºí êîëîíèéã õ¿ðýýëýí òîä õàð 
ºíãº ºãñíèéã ýåðýã ãýæ ¿íýëýâ.8

Íÿíãèéí õóâàíöàð ãàäàðãóóä àäãåçè áîëæ 
áèîôèëüì ¿¿ñãýõ øèíæèéã òîäîðõîéëîõäîî 
96 õîíîãòîé,õàâòãàé ¸ðîîëòîé, áè÷èë óðâàëûí 
ñàìáàðò 0,45%-èéí ãëþêîç á¿õèé DMEM 
àãóóëñàí îð÷èíä íÿíãèéí áóëèíãààñ õèéæ 18-24 
öàãèéí òóðø 370Ñ õýìä ºñãºâºðëºí 0,5%-èéí 
êðèñòàë âèîëåòîîð áóäààä ELISA àïïàðàòàä 
óíøóóëæ ä¿ãíýñýí.10

E.coli íÿíãèéí ÄÍÕ-ã õàëààæ áóöàëãàõ àðãààð 
ÿëãàæ fimH F:TGCAGAACGGATAAGCCGTGG, 
R:GCAGTCACCTGCCCTCCGGTA; papC  F: 
GTGGCAGTATGAGTAATGACCGTTA, R:
ATATCCTTTCTGCAGGGATGCAATA äàðààëàë 
á¿õèé ºâºðìºö ïðàéìåðóóäûã (COSMO 
GENETECH) àøèãëàí 508 õ.í (fimH) áîëîí 200 
õ.í (papC) óðòòàé õýð÷ì¿¿äèéã äàðààõ íºõöëººð 
îëøðóóëëàà (Table1).11

Table 1.Condition of Multiplex PCR

Temperature Time Total 
cycle

94 5 min

35 cycle
Denaturation 94 1 min

Annealing 60 1 min
Extension 72 2 min

72 10 min

¯ð ä¿í:
96 õóäàãòàé õàâòãàé ¸ðîîëò òàâãèéã àøèãëàí 
íÿíãèéíáèîôèëüì ¿¿ñãýõ øèíæèéã ¿íýëýõäýý 
ñîðüö òóñ á¿ðèéã òóñ á¿ð 3 õóäàãò õèéæ äóíäàæ 
óòãûã òîîöîí ñºðºã õÿíàëòòàé õàðüöóóëàí 
¿íýëñýí. Ñºðºã õÿíàëò á¿õèé 3 õóäàãíû äóíäàæ 
óòãûã (OD

meannegative
) òîîöîí ñòàíäàðò õàçàéëòûã 

(SD) íýìæ áîñãî õýìæýýã òîîöîõîä 0,12 áàéëàà. 
Íÿíãèéí áèîôèëüì ¿¿ñãýõ øèíæèéã Ñºðºã <0.12, 
Áàãà áèîôèëüì 0.12-0.24, Äóíä áèîôèëüì 0.24-
0.48, Õ¿÷òýé áèîôèëüì >0.48ãýæ ¿íýëýâ (Table 
2).

Table 2.Biofilm formation in Uropathogenic 
E.coli

Biofi lm formation OD E.coli (UPEC)
Negative <0.12 40 52,6%

Weak 0.12-0.24 32 42,1%
Moderate 0.24-0.48 4 5,3%

Total 76 100%

Øèíæèëãýýãýýð øýýñíèé çàìûí õàëäâàð ¿¿ñãýã÷ 
E.coli (76)-èéí 40 (52.6%)ñºðºã,32(42.1%) áàãà 
çýðãèéí áèîôèëüì ¿¿ñãýõ èäýâõèòýé, 4(5.3%) 
äóíä çýðãèéí áèîôèëüì ¿¿ñãýõ ÷àäâàðòàé 
áàéñàí áºãººä õ¿÷òýé áèîôèëüì ¿¿ñãýõ øèíæòýé 
íÿí èëýðñýíã¿é.



ÌÎÍÃÎËÛÍ ÀÍÀÃÀÀÕ ÓÕÀÀÍ, 2014, 2 (168) 7

Ýñèéí ãàäàðãóóãèéí óòàñëàã óóðàã (curli)–èéã 
èëð¿¿ëýõäýý Êîíãî óëààí àãàð áýëòãýí ºñãºâðºº 
ºñãºâºðëºæ õàð ºíãº ºãñíèéã ýåðýã, ºíãº 
ººð÷ëºãäººã¿é áîë ñºðºã (çóðàã 1) ãýæ ¿íýëýõýä 
ØÇÕ ¿¿ñãýã÷ E.coli íÿíãèéí 54 (71%) íü ýñèéí 
ãàäàðãóóãèéí óòàñëàã óóðàã (curli) ýåðýã,  22 
(29%) íü ñºðºã áàéíà. 

Figure 1. Detection of curli fiber

Figure 2. The investigation of the biofilm 
production by the Congo Red agar

A) positive B) negative

Áèîôèëüì øèíæ ýåðýã (40) òîäîðõîéëîãäñîí 
íèéò íÿíãèéí 80%-ä ýñèéí ãàäàðãóóãèéí 
óòàñëàã óóðàã (curli) èëýð÷ áàéñàí áºãººä ýíý íü 
áèîôèëüì ¿¿ñãýõ øèíæòýé õàìààðàëòàé áàéíà 
(p=0,04).

E.coli íÿíãèéí õàìãèéí ºíäºð õóâüòàé 
òîäîðõîéëîãääîã typeIñîðìóóñûã êîäëîã÷ 
fimH, PAPñîðìóóñûã êîäëîã÷ papC ãåí¿¿äèéã 
ìóëüòèïëåêñ ÏÃÓ–ààð îëøðóóëæ, îëøèðñîí 
á¿òýýãäýõ¿¿íèéã 1.5%-èéí ãåëü àøèãëàí õýâòýý 
ãåëèéí ýëåêòðîôîðåçèéí àïïàðàòàä 135V 
30 ìèíóòã¿éëãýæ UVI ìèêðîñêîïò çóðãèéã àâ÷ 
òîäîðõîéëñîí.

Figure 3. Agarose gel-electrophoresis of Multiplex 
PCR. Sm-size marker, nc-negative control, 2643-

2684 samples.

E.coli íÿíãèéí fimH, papC ãåí¿¿äèéã ìóëüòèïëåêñ 
ÏÃÓ–ààð èëð¿¿ëýõýä fimH ãåí 73(96,1%),  papC 
ãåí 18(23,7%) ñîðüöîíä ýåðýã èëýðñýí.Áèîôèëüì 
øèíæ ýåðýã (40) òîäîðõîéëîãäñîí íèéò íÿíãèéí 
95%-ä fimH, 25%-ä papCãåí èëýðñýí áºãººä 
E.coli íÿíãèéí fimH, papC ãåí¿¿ä ýåðýã áàéõ íü 
áèîôèëüì ¿¿ñãýõ øèíæòýé õàìààðàëã¿é áàéíà 
(p=0,645; p=0,746).

Õýëöýìæ:
Ýìíýëãýýñ  øàëòãààëàõ  õàëäâàð íü  äýëõèé  
äàõèíä ýð¿¿ë ìýíäèéí ñàëáàðò òóëãàìäñàí 
àñóóäëûí íýã áîëæ áàéãàà ÷ ìàíàé îðîíä 
1998-2007 îíû õîîðîíä ýìíýëãýýñ øàëòãààëàõ 
õàëäâàðûí íèéò 2141 òîõèîëäîë (íèéò õýâòýí 
ýì÷ë¿¿ëýã÷äèéí 0.02%) á¿ðòãýãäñýí íü áîäèò 
áàéäàëòàé ¿ë íèéöñýí òîî áèëýý. Ýíý òîî 
áàðèìò íü ìàíàé îðîíä óã íÿíãèéí õàëäâàðûí 
òàðõàëò áàãà áàéãàà áóñ óã õàëäâàðûã èëð¿¿ëýõ, 
îíîøëîõ, á¿ðòãýõ, òàíäàëò ìýäýýëëèéí 
òîãòîëöîî ñóë áàéãààã õàðóóëæ áàéíà.12Áèä 
ìàíàé îðîíä òîõèîëäîæ áóé øýýñíèé 
àðèóí ÷àíàð òîäîðõîéëîéëîõ øèíæèëãýýíä 
ýåðýã òîäîðõîéëîãäñîí E.coli-èéã öóãëóóëæ 
áèîôèëüì ¿¿ñãýõ øèíæèéã ¿íýëýõýä 48%ýåðýã  
òîäîðõîéëîãäñîí íü Niveditha.S (2012) Hancock.
V (2007) íàðûí ñóäàëãààíû ä¿íòýé îéðîëöîî 
áàéãàà þì.6,8

Øýýñíèé çàìûí õàëäâàð ¿¿ñãýã÷ E.coli-èéí õîðóó 
÷àíàðûí õ¿÷èí ç¿éë¿¿äèéã êîäîëñîí ãåí¿¿äèéã 
ýíãèéí áîëîí ìóëüòèïëåêñ ÏÃÓ-ààð èëð¿¿ëýõ 
øèíæèëãýý áîëîí ñóäàëãààíóóä äýëõèé äàõèíä 
õèéãäñýýð áàéíà. Õýäèéãýýð áóñàä óëñ îðíóóäàä 
èõýýð õèéãäñýí ñóäàëãàà áîëîâ÷ ìàíàé îðíû 
õóâüä õèéãäýæ áàéãààã¿é ó÷ðààñ ýìíýë ç¿éí 
ñîðüöíîîñ èëýð÷ áàéãàà E.coli-èéí õîðóó ÷àíàð 
ÿìàð áàéãàà, àëü ôèëîãåíåòèê á¿ëãèéí áîëîõ, 
ÿìàð õýâ øèíæ íü èõ òàðõàëòòàé áàéãàà çýðýã 
îëîí àñóóäëóóä òîäîðõîéã¿é áàéíà.

Áèä E.coli íÿíãèéí õàìãèéí ºíäºð õóâüòàé 
òîäîðõîéëîãääîã type I ñîðìóóñûã êîäëîã÷ 
fimH, PAP ñîðìóóñûã êîäëîã÷ papC ãåí¿¿äèéã 
ìóëüòèïëåêñ ÏÃÓ–ààð îëøðóóëæ èëð¿¿ëýõýä 
fimH ãåí 96,1%, papCãåí 23,7% ñîðüöîíä ýåðýã 
áàéñàí áîë MounaTarchouna (2013)3 áîëîí Ki 
WookYun (2013)13 íàðûí ñóäàëãààãààð fimHãåí 
83%, 96.9%; papC ãåí 20%, 3,1%-ä òóñ òóñ èëýðñýí 
áàéíà. Ýäãýýð ñîðìóóñíû òóñëàìæòàéãààð íÿí 
ýñèéí ãàäàðãóóä àäãåçè áîëîõûã õàëäâàðûí 
ýõíèé øàò ãýæ ¿çäýã. Áèäíèé ñóäàëãààãààð 
E.coli íÿíãèéí fimH, papC ãåí¿¿ä ýåðýã áàéõ íü 
áèîôèëüì ¿¿ñãýõ øèíæòýé õàìààðàëã¿é áàéãàà 
íü ìàãàäã¿é ñóäàëãààíä õàìðóóëñàí ñîðüöíû 
òîî õàðüöàíãóé öººí áàéãààòàé õîëáîîòîé 
áàéæ ìàãàäã¿é þì. Ñ¿¿ëèéí ¿åä E.coli íÿíãèéí 

A)        B)



ÌÎÍÃÎËÛÍ ÀÍÀÃÀÀÕ ÓÕÀÀÍ, 2014, 2 (168) 8

ýäãýýð ñîðìóóñíû ýñðýã ¿éë÷ëýõ ìåõàíèçìòàé 
áàéõààð øýýñíèé çàìûí õàëäâàðààñ ñýðãèéëýõ 
àíõíû âàêöèíûã ãàðãàõýìíýë ç¿éí òóðøèëò 
ñóäàëãààíóóä ÷ õèéãäýæ áàéíà.14

Ä¿ãíýëò: 
Ñóäàëãààíä õàìðóóëñàí ØÇÕ ¿¿ñãýã÷ E.coli-
èéí òàë õóâü íü áèîôèëüì ¿¿ñãýõ ÷àäâàðòàé 
áàéñàí áºãººä íÿíãèéí àäãåçèéí õ¿÷èí ç¿éëèéí 
íýã áîëîõ ýñèéí ãàäàðãóóãèéí óòàñëàã óóðàã 
(curli) íü áèîôèëüì ¿¿ñãýõýä îðîëöîæ áàéãàà íü 
òîäîðõîéëîãäîâ.

Íîì ç¿é:
1. Johnson JR. Virulence factors in 

Escherichia coli urinary tract infection. 
Clinical microbiology reviews. Jan 
1991;4(1):80-128.

2. Wiles TJ, Kulesus RR, Mulvey MA. Origins 
and virulence mechanisms of uropathogenic 
Escherichia coli. Experimental and 
molecular pathology. Aug 2008;85(1):11-
19.

3. Tarchouna M, Ferjani A, Ben-Selma W, 
Boukadida J. Distribution of uropathogenic 
virulence genes in Escherichia coli isolated 
from patients with urinary tract infection. Int 
J Infect Dis. Jun 2013;17(6):e450-453.

4. Nazemi A, Mirinargasi M, Merikhi N, Sharifi 
SH. Distribution of Pathogenic Genes 
aatA, aap, aggR, among Uropathogenic 
Escherichia coli (UPEC) and Their Linkage 
with StbA Gene. Indian J Microbiol. Jul 
2011;51(3):355-358.

5. Mabbett AN, Ulett GC, Watts RE, et al. 
Virulence properties of asymptomatic 
bacteriuria Escherichia coli. International 
journal of medical microbiology : IJMM. 
Jan 2009;299(1):53-63.

6. Hancock V, Ferrieres L, Klemm P. Biofilm 
formation by asymptomatic and virulent 
urinary tract infectious Escherichia 
coli strains. FEMS Microbiol Lett. Feb 
2007;267(1):30-37.

7. Reuter BM. Cloning and mutational analysis 
of the FimB promoters in uropathogenic 
escherichia coli, University of WISCONSIN- 
LA CROSSE; 2012: 3-4

8. Niveditha S, Pramodhini S, Umadevi S, 
Kumar S, Stephen S. The Isolation and the 
Biofilm Formation of Uropathogens in the 
Patients with Catheter Associated Urinary 
Tract Infections (UTIs). Journal of clinical 
and diagnostic research : JCDR. Nov 
2012;6(9):1478-1482.

9. Mah TF, O’Toole GA. Mechanisms of 
biofilm resistance to antimicrobial agents. 
Trends in microbiology. Jan 2001;9(1):34-
39.

10. Wakimoto N, Nishi J, Sheikh J, et al. 
Quantitative biofilm assay using a microtiter 
plate to screen for enteroaggregative 
Escherichia coli. Am J Trop Med Hyg. Nov 
2004;71(5):687-690.

11. Johnson JR, Stell AL. Extended virulence 
genotypes of Escherichia coli strains 
from patients with urosepsis in relation 
to phylogeny and host compromise. 
The Journal of infectious diseases. Jan 
2000;181(1):261-272.

12. Äàøèéìàà Ë, Ìºíõòóÿà Ø,  ÕîñáàÿðÒ,  
Ãýëýãæàìö Õ,  Ìàë÷èíõ¿¿ ×. Õ¿¿õäèéí 
ïèåëîíåôðèò ºâ÷íèé øàëòãààí, ýìíýë 
ç¿é áîëîí ¿¿ñãýã÷èéí àíòèáèîòèêò 
äàñëûí ñóäàëãàà. Ìîíãîëûí àíàãààõ 
óõààí. 2010;3(153)

13. Yun KW, Kim HY, Park HK, Kim W, Lim 
IS. Virulence factors of uropathogenic 
Escherichia coli of urinary tract infections 
and asymptomatic bacteriuria in children. 
Journal of microbiology, immunology, and 
infection = Wei mian yu gan ran za zhi. Sep 
21 2013.

14. Johnson JR, Russo TA. Extraintestinal 
pathogenic Escherichia coli: “the other 
bad E coli”. The Journal of laboratory and 
clinical medicine. Mar 2002;139(3):155-
162.

Òàíèëöàæ, íèéòëýõ ñàíàë ºãñºí:                  
Àêàäåìè÷ Ï.Íÿìäàâàà


