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Detection of serotypes and virulence genes of Klebsiella pneumoniae from feces

CAO Jing-rong', GAO Shi-chao', CHEN Jing'?, CHEN Dian-dian', DUAN Yuan-yuan',
WANG Pei-chang' (1 Xuanwu Hospital of Capital Medical University, Beijing 100053, Chi-
na; 2 Jiangxi Health Vocational College, Nanchang 330201, China)

[Abstract] Objective To understand the distribution of serotypes and virulence genes of Klebsiella pneumoniae
(KPN) isolated from feces specimens, and provide basis for clinical treatment. Methods KPN isolated from feces
specimens of healthy physical examination people and hospitalized patients without diarrhea in a hospital between
November 2013 and June 2014 were collected. Mucoid phenotype, 6 kinds of capsule serotypes(K1, K2, K3, K5,
K54, and K57), and 6 kinds of virulence genes (rmpA, fimH, Aero, mrkA. wabG, and ironB) were detected,
distribution of capsule serotypes and virulence genes in KPN of different mucoid phenotypes and from different
populations were analyzed. Results A total of 510 feces specimens were collected, 92 were from healthy physical
examination people and 418 from hospitalized patients without diarrhea, 107 strains of KPN were isolated ( 19 from
healthy physical examination people, and 88 from hospitalized patients without diarrhea) , the total isolation rate of

KPN from feces specimens was 20. 98% , 24 isolates were hypermucoviscous phenotype KPN (HMVKP) stains,
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and 83 were non-HMVKP strains. 6 kinds of capsule serotypes and 6 kinds of virulence genes were all detected
among KPN, the major were K1, K2, K57, and K54 serotypes(48. 60%) ; the detection rates of virulence genes
mrkA and wabG were the highest (90.65% and 83.18% respectively), simultaneous detection of rmpA + fimH +
Aero +mrkA + wabG gene was most common (30. 84% ), which mainly distributed in K1,K2,K57,and K54 sero-
types. rmpA and Aero virulence genes were mainly detected in K1,K2,K57,and K54 serotypes. Among healthy
physical examination people, the main serotype of KPN was K1 type(26.32%),while K3 and K57 types were not
detected; 6 kinds of capsule serotypes were all detected from hospitalized patients without diarrhea, the major types
were K1, K2, K57, and K54. HMVKP strains carrying 4 kinds of virulence genes was higher than non-HMVKP
strains (83.33%[20/247 vs 32.53%[27/83], ¥’ =19.51,P<C0.01). The total detection rate of K1, K2, K57, and
K54 serotypes in HMVKP strains were higher than non-HMVKP strains (91. 67%[22/247] vs 36. 14%[30/83]);
the detection rates of rmpA and Aero genes were both 95.83% , which were higher than those in non-HMVKP
strains (31.32% and 30. 12% respectively) ( both P<C0.05). Conclusion Hypervirulence capsular serotypes and

multiple virulence genes are detected in KPN from feces, especially HMVKP strains and strains from hospitalized

patients, which should be paid attention.

[Key words] Klebsiella pneumoniae ; pneumoniae; virulence gene; serotype; epidemiology
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Y PESRAG AR AR AR 1A H RGP 259 2
BRI IE . HEBR bR E A R R R e R
15 R E FLR 50 S8 A0 0 B 20 W IR R
92 My s 3k B[R] 0T AR B TS A B AR S 0 AR A
418 {1 s ATEFRIE  ZEM MR P IE F B8 H oK UL 2
ANNIS 2 ) DN E A SR I Y i N 7 e R S
s e B4 [l R AG: 30 B AR AR D #RAE  AR 4 T VR IE
BHESWITE KPN B RO AE T - 80 CUKA .

1.2 EEZMNE LKA PCR X (Veriti 9902, Ap-

[ Chin J Infect Control,2016,15(11):807 = 812]

plied Biosystems, USA) , H 3K AL (AL TN — X 2R T,
o & D), %R 12 {X (U-Genius, Gene Company,
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Germany) , 4 ¥4 4 #H (Thermo scientific, China) ,
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BRZS H A I ke JEDHRT 6 Fh 5 A5 if 35 8 (K1, K2,
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Table 1 Reference sources of primer sequences of different genes

AN S5 -37) F BUKJE (bp) ok U8 2 2 S0k

K1 F:GGTGCTCTTTACATCATTGC 1283 [1.2.8,9]
R:GCAATGGCCATTTGCGTTAG

K2 F:GACCCGATATTCATACTTGACAGAG 641 [1,2,8,9]
R:CCTGAAGTAAAATCGTAAATAGATGGC

K5 F: TGGTAGTGATGCTCGCGA 280 [1,9]
R:CCTGAACCCACCCCAATC

K54 F:CATTAGCTCAGTGGTTGGCT 881 [1,8]
R: GCTTGACAAACACCATAGCAG

K57 F.CTCAGGGCTAGAAGTGTCAT 1037 [1,8]
R:CACTAACCCAGAAAGTCGAG

K3 F: TAGGCAATTGACTTTAGGTG 549 [1]
R: AGTGAATCAGCCTTCACCT

khe F: TGATTGCATTCGCCACTGG 428 [8]
R: GGTCAACCCAACGATCCTG

rmpA F:ACTGGGCTACCTCTGCTTCA 536 [1.8,9]
R:CTTGCATGAGCCATCTTTCA

fimH F:ATGAACGCCTGGTCCTTTGC 688 [1]
R: GCTGAACGCCTATCCCCTGC

Aero F:GCATAGGCGGATACGAACAT 556 [9]
R:CACAGGGCAATTGCTTACCT

mrkA F:CCGCTCGAGTTACTGATAAGTAATTTCGTAAG 609 [14]
R: CGCGGATCCATGAAAAAGGTTCTTCTCTCTG

wabG F:CGGACTGGCAGATCCATATC 683 [1]
R: ACCATCGGCCATTTGATAGA

ironB F:GGCTACTGATACTTGACTATTC 992 [1,8]

R: CAGGATACAATAGCCCATAG
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e
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42 ] AR 15~94 % AR (60 +£13) % .60 %
LA b3 i 59. 8100, F&fE bi A KPN {43 8 %8
20. 98 %% , filt A #5408 Ry 20. 65 % (19/92) 4k
g A5 75 HR B B RN 21, 05 %0 (88/418)
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AN EEAE K1L.K2 K57 K54 1 7% 8 A i .
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F 2107 Bk KPN 3% il 75 B F 55 g & A6 D 25 2R
Table 2 Capsular serotypes and virulence genes in 107 strains of KPN
L3 W ; AN %L HRED : A
rmpA fimH Aero mrkA wabG ironB

K1 17(15. 89) 15.89(17) 13.08(14) 14.95(16) 14.95(16) 14.95(16) 0. 00C0)
K2 14(13.08) 12.15(13) 8.41(9) 12.15(13) 13.08(14) 13.08(14) 0. 00C0)
K57 11(10.28) 9.35(10) 6.54(7) 9.35(10) 8. 41(9) 9.35(10) 0.00C0)
K54 10(9. 35) 1.87(2) 8.41(9) 0.93(1) 9.35(10) 9.35(10) 0.00C0)
K5 7(6.54) 0. 00C0) 0.93(1) 0.00C0) 5.61(6) 0.93(1) 0. 00C0)
K3 1€0.93) 0.00C0) 0.93(1) 0. 00C0) 0.93(1) 0.93(1) 0. 00C0)
Ao HY 47(43.93) 6.54(7) 24,30(26) 7.48(8) 38.32(41) 34.58(37) 2.80(3)
&t 107(100. 00) 45.79(49) 62.62(67) 44.86(48) 90. 65(97) 83. 18(89) 2.80(3)

M: DNA Marker DL2000; 1—6 ¥k i 43 %] & 1M 35 & K1, K2,
K57.K54.K5 FIl K3;7 2y [ P 4 B 8—13 YKk I8 43 ] o 35 07 A R
rmpA. fimH Aero.mrkA wabG Fl ironB

& 1
Figure 1

KPN i i 2 % 5 J3 4 B PCR 973 B ok ] 3%
PCR amplification results of KPN serotypes and

virulence genes

2.3 RRAAZESSB KPN xR 552 AR H»HF
fat ARG KPN I 5 A K1 59y 3(26. 32%) ,

KA E] K3 f1 K57 B, FRedEETE B o Fif i
RIS A K L DL K1 K2, K57, K54 3 £, K5 fil K3
B G 6. 82 % FI 1. 13 %0 4 B AR IR 15 f 3 B 3
SimH . mrkA wabG 75 6 M MLE BRI P IE R .
W33,

2.4 FRAHRABKPN G hFALE LR 5
AR R RG22 R 56 PH ) 24 Bk
(22,43 %)« 15 Z W 2R A B ORI 3] K1, K2, K57
K54 175 AL 5 @ 26 AU 83 #K(77.57%6) .6 Fifil
R R . R RCR B R B A 4 R
TUUEH 5 83.33%(20/24) 15 AR v B W B T 1Y)
32.53%(27/83) (52 =19.51,P<C0.01), HEhH KM
B K1 K2, K57, K54 IfiL 75 79 B K ol 91, 67 %
(22/24) i FAE = RBCR LA 19 36. 1426 (30/83)
rmpA . Aero B 1L K H RN 95. 83 % . By T
R FE AL H3A 31, 32%6.30. 12%6) (o B 551k
19.52.31.21.32. 50, P<<0.05), W3 4,

F3 A ABEIEMEARA 52 KPN (9 i v 80 5 3 ) 3 5 43 A

Table 3 Distribution of serotypes and virulence genes of KPN from feces specimens in different populations

150 B . REE AR ,

rmpA fimH Aero mrk A wabG ironB

BEREEKLE 19(100. 00) 36.84(7) 73.68(14) 42.11(8) 89.47(17) 78.95(15) 5.26(1)
K1 5(26.32) 26.32(5) 15.79(3) 26.32(5) 21.05(4) 15.79(3) 0.00C0)
K2 1(5.26) 5.26(1) 5.26(1) 5.26(1) 5.26(1) 5.26(1) 0. 00C0)
K5 1(5.26) 0.00C0) 0.00C0) 0.00C0) 5.26(1) 0.00C0) 0. 00C0)
K54 1(5.26) 0.00C0) 5.26(1) 0.00C0) 5.26(1) 5.26(1) 0.00C0)

E i 11(57.90) 5.26(1) 47.37(9) 10.53(2) 52.63(10) 52.63(10) 5.26(1)
EEEEEaE 88(100. 00) 47.73(42)  60.23(53) 45.45(40)  90.91(80) 84.09(74) 2.27(2)
K1 12(13. 64) 13.64(12) 12.50(11) 12.50(11) 13.64(12) 13.64(12) 0. 00C0)
K2 13(14.77) 13.64(12) 10.23(9) 13.64(12) 14.77(13) 14.77(13) 0.00C0)
K5 6(6.82) 0. 00C0) 1. 14C1) 0. 00C0) 5. 68(5) 1. 14(1D 0.00C0)
K54 9(10.23) 2.27(2) 9.09(8) 1.14(1) 10.23(9) 10.23(9) 0. 00C0)
K57 11(12.50) 11.36(10) 7.95(7) 11.36(10) 10.23(9) 11.36(10) 0.00C0)
K3 1(1.13) 0.00C0) 1. 14(D) 0. 00C0) 1. 14(D 1. 14(D 0.00C0)
ey 36(40.91) 6.82(6) 18. 18(16) 6.82(6) 35.23(31) 31.82(28) 2.27(2)
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Table 4 Distribution of capsular serotypes and virulence genes of KPN in strains of different mucoid phenotypes
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20 5 MRELCYD

HAIERE 0 HEBO

rmpA fimH Aero mrkA wabG ironB
ERRRET 24(100.00) 95,83(23) 66.67(16) 95.83(23) 91.67(22) 91.67(22) 4.17(1)
K1 5(20. 83) 20. 83(5) 16. 67(4) 20. 83(5) 16. 67(4) 12.50(3) 0. 00(0)
K2 11(45.83) 45.83(11) 25.00(6) 45.83(11) 45.83(11) 45.83(11) 0. 00(0)
K57 5(20. 83) 20. 83(5) 16.67(4) 20.83(5) 16.67(4) 20. 83(5) 0. 00(0)
K54 1(4.17) 0. 00¢0) 4.17(1) 0. 00¢0) 4.17(1) 4.17C1) 0. 00¢0)
Pt 2(8.33) 8.33(2) 4.17(1D) 8.33(2) 8.33(2) 8.33(2) 4.17¢1)
EERFBRREE 83(100. 00) 31.32(26) 61.45(51) 30.12(25) 90.36(75) 80.72(67) 2.41(2)
K1 12(14. 46) 14.46(12) 12.05(10) 14, 46(12) 14.46(12) 14.46(12) 0. 00C0)
K2 3(3.61) 2.41(2) 3.61(3) 2.41(2) 3.61(3) 3.61(3) 0. 00¢0)
K57 6(7.23) 6.02(5) 3.61(3) 6.02(5) 6.02(5) 6.02(5) 0. 00(0)
K54 9(10. 84) 2.41(2) 9. 64(8) 1.20(1) 10. 84(9) 10. 84(9) 0. 00(0)
K5 7(8.43) 0. 00¢0) 1.20(1) 0. 00¢0) 7.23(6) 1.20(1) 0. 00¢0)
K3 1(1.20) 0. 000 1.20(1) 0. 00C0) 1.20(1) 1.20(1) 0. 00¢0)
P 45(54,22) 6.02(5) 30.12(25) 6.02(5) 46.99(39) 43.37(36) 2.41(2)
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HEEMME. ARHEFME KPN BB FE K 20.98%.,
FEE Tk e BB Y 22, 6% L i B AR IR S
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K3 Fl K5 B AAAE T 3F i 2 il R B p v, 42 7R Hv]
AE 5 = B R R R R T ) O R AR K (H TR £
Pt b IR A B — 2D B XA A R3S
fEbRAS KPN G & BE £t B R A6 25 1 v 0 DL K 7Y

Ul AR BE R A S B 2 i ) KPNL B A 5k
1 28 1 7 B R 8 TR TE S Iy 1 | R I DR 1 R R R
o 107 #k KPN Iy B 43 % 47 B (43.93%0) ,
5% 6 Bl i AR H BT &7 g K, EEAE
16T B B AL (95. 74 %6 ,45/47) 33 2 [l 75 7 7] fig
AR T B R AT At 7 B ) o3 B M L DA
A4 100375 780 5 43 80 KPN 9 43 A R AT A 3

A 6 Fp g ST I mrkA wabG 1 fimH ¥
H R IR R ironB K Y AR, 5 DAEHRES AL
FimH o mrkA 4350 T EUFD T B @ B 89 35 i &
M5 KPN 5 b 5z 20 M (% 25 B AH G 1 wabG %
PR 43 W 44t 1 2% e = S P 2 0, = & ¥ & KPN
B EEBURIN T . AH mrkA wabG Fl fimH 3 H
T B 7 I Y AR R L 4R R R ) KPN A
HEREE M R AR 2 S rmp A FE DR 2 B W TR
PR W 380 S 5 22 W G 3 DR Y 2 3 R S S 1y
LK A YERR B . R4 rmpA Fl Aero %
IRl H 264331 A 45. 79 Y0 Fil 44. 86 %0 (H1E B Bh
TR P ZH R R >95%, W rmpA
Aero B[R0 85 8 BB AR O HAE RN AL P IR A
31,3200 1) KPN K 2] rmp A FeH L 0T g 5 A 55
T3 FAAAEAN ] TR R A O, AR IR A
— 5. Adl KPN o K3 Al K5 i 5 29 5 6 I 21
rmpA Fl Aero FERD . 5 R R R B4 =
4 MR FE GRS TAeERFFRENE . 5
DAFERF SR 45 R — 50, m A KPN g 36
A R, ERAERE R EE I HE T fimH 7R 6 i



+ 812 »

A = RGP il 24 A 2016 4E 11 A5 15 %5 11 ] Chin J Infect Control Vol 15 No 11 Nov 2016

I35 B PP ARG

AL ZE A TR I 23 RO g 3 X ) Wy
FEfE 7> By KPN AR & 3L KPN #5717 2 Ff o 7
3L BYRNRE 3 D e IR e R e ) i A
T W A I M 56 3 KPN S0 R 7 i i, (H A
1R UEAT 2 O B A G A T 7R 4 T R 5 L 3K
MR 2 — 2 B M 36 2 L 55 7 3 I 5 9 i 25 0 A ok
AOBILTR o S il R B 4 b B 3 KPN 5 1S i) ek e 72 1t
A

(& % x k]

O] 48 75 M. XU SR ) 7 0 . 45 507 77 Y ok 75 2 4 g i 1
blap s i 98 50 8 E B BOW P20 L1 1 PR A 98 4% 35, 2013,
31(9):698 = 701,704,

(2] B XIBIT B 4. Bl 9¢ 5 6 0 B P K1LUK2 1003 7 3 bk
¥4 o3 A K FC T 2 P 23 7 LD 0. op R e 5 47 % 7, 201515
(3):204 - 208.

(3] BT XU 1 B AR 4. v 3 J 1 48 7 o 1 BB 5 A ki e
o 1 2 Mt it 25 AL DE S L0 . H AR A B R 4 2k 3K 2015, 38
(6):392 - 396.

(4] gk, T B AR, B SR 2L AL K 25 K1 B ¢ 7 3 1A
P — MR A 23 B ST 25 ML 3 7 LD 0. AR S 22 A 35, 2014, 94
(46) :3666 — 3670.

(5] Z5eme, WSt XU, 45 2 BOBE DR I 5 A o8 2 e o U i
il 98 5 T AR B9 23 500 L LT 25 R KR D BESE LT DL R AR AR 5
2207 ,2014,37(2) 1136 — 139,

[o] B HAE. Z4k R % 5. R AL 28 50 A i 25 PELT . b

R 24,2015, 14 (5): 314 - 316.

(70 7 S0, 4506 56 A AT D R 40 18 KPC #0175 25 45 1865 1 WF 58
70 o e P i 2 72 2012, 11(4) + 266 = 269,

[8] Fnif, R 5CE , XA, % PCR %5 fili & 7 B {11 B A9 ok 3 4
IL3E BT, A AR IR, 2012,23(4) ; 554 - 557,

[9] Wang]J, Yan Y, Xue X, et al. Comparison of pyogenic liver
abscesses caused by hypermucoviscous Klebsiella pneumoniae
and non-Klebsiella pneumoniae pathogens in Beijing: a retro-
spective analysis[ J]. J Int Med Res, 2013, 41(4); 1088 —
1097.

[10] Shen DX, Wang J, Li DD. Klebsiella pneumoniae liver abscesses
[J]. Lancet Infect Dis, 2013, 13(5):390 — 391.

[11] Liao CH, Hung YT, Chang CY, et al. Capsular serotypes and
multilocus sequence types of bacteremic Klebsiella pneumoni-
ae isolates associated with different types of infections[J]. Eur
J Clin Microbiol Infect Dis, 2014, 33(3):365 — 369.

(12] PR AR A B3 L 45 o 280 3 28 I % e 3 {11 T oy 8 5 3
BRI MR PR E R A&, 2014, 37(5)
379 — 382,

[13] Shon AS, Bajwa RP,Russo TA. Hypervirulent (hypermuco-
viscous) Klebsiella pneumoniae: a new and dangerous breed
[J]. Virulence, 2013, 4(2):107 — 118.

(141 BB, PRIt B S48 5 I 48 o o (00 1T 1R e 2 A e i 24 42878 3 F
FELI]. EBRR B R 2 24 35, 2015,36(10) : 1330 — 1332,

(150 J7 o, BESF BUAH , 45 F1 R 98 = 1 & e i 4% e 3 1 | 1 B
ASAL A HT LT, PR EE2£,2010,39(5) 1551 = 552,554,

(A 34 4 - 22 038D



