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Abstract: Objective To understand the changing resistance profile of Proteus, Serratia, Citrobacter, Morganella and Providencia
in hospitals across China according to the data from CHINET Antimicrobial Resistance Surveillance Program 2005-2014. Methods
Antimicrobial susceptibility was tested by using Kirby-Bauer method or automatic minimum inhibitory concentration determination
according to a unified protocol. Results A total of 21 663 clinical isolates were collected from January 2005 to December 2014.
The proportion of Proteus and Serratia isolates increased with time from 1.41% in 2005 to 2.09% in 2014, and from 0.99% in 2005
to 1.28% in 2014 among all the isolates. No change was found for the proportion of Citrobacter, Morganella, or Providencia. Less
than 10% of the Proteus isolates were resistant to cefoperazone-sulbactam, piperacillin-tazobactam, ceftazidime, cefoxitin, amikacin
and tigecycline. Less than 10% of the Serratia isolates were resistant to cefoperazone-sulbactam, piperacillin-tazobactam, amikacin
and tigecycline. Less than 20% of the Citrobacter isolates were resistant to cefoperazone-sulbactam, piperacillin-tazobactam,
cefepime, amikacin and tigecycline. Less than 10% of the Morganella isolates were resistant to cefoperazone-sulbactam, piperacillin-
tazobactam, cefepime, amikacin and tigecycline. Less than 20% of the Providencia isolates were resistant to cefoperazone-
sulbactam, piperacillin-tazobactam, cefepime, cefoxitin and tigecycline. Conclusions The antibiotic resistance of Proteus, Serratia,

Citrobacter, Morganella and Providencia isolates in hospitals across China is growing during the period from 2005 to 2014.

Strengthening infection control and rational antibiotic use are effective to slow the growth of drug resistance.
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Table 1 Proportion of Proteus, Serratia, Citrobacter, Morganella and Providencia isolates among
all the clinical isolates from 2005 to 2014

[n (%) ]
Year Total Proteus spp Serratia spp Citrobacter spp Morganella spp Providencia spp
2005 22774 320 (1.41) 226 (0.99) 193 (0.85) 80 (0.35) 16 (0.07)
2006 33945 541 (1.59) 224 (0.66) 222 (0.65) 143 (0.42) 35(0.10)
2007 36 001 523 (1.45) 253 (0.70) 277 (0.77) 127 (0.35) 41 (0.11)
2008 36216 642 (1.77) 273 (0.75) 264 (0.73) 138 (0.38) 59 (0.16)
2009 43 670 876 (2.01) 389 (0.89) 345 (0.79) 146 (0.33) 68 (0.16)
2010 47 850 883 (1.85) 437 (0.91) 350 (0.73) 195 (0.41) 70 (0.15)
2011 59287 1106 (1.87) 535 (0.90) 376 (0.63) 165 (0.28) 65 (0.11)
2012 72397 1424 (1.97) 923 (1.27) 573 (0.79) 280 (0.39) 99 (0.14)
2013 84 572 1777 (2.10) 1 059 (1.25) 789 (0.93) 298 (0.35) 79 (0.09)
2014 78 955 1 654 (2.09) 1010 (1.28) 644 (0.83) 353 (0.45) 98 (0.12)
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Table 2 Distribution of Proteus, Serratia, Citrobacter,

Morganella and Providencia isolates during the period from

2005 to 2014

n(%)]
Species Number
Proteus spp 9 746
Proteus mirabilis 8 066 (82.3)
Proteus vulgaris 1393 (14.3)
Proteus penneri 238(2.4)
Other Proteus 49(0.5)
Serratia spp 5329
Serratia marcescens 4 663 (87.5)
Serratia fonticola 284 (5.3)
Serratia liquefaciens 244 (4.6)
Serratia odorifera 47 (0.9)
Serratia plymuthica 39 (0.7)
Serratia rubidaea 26 (0.5)
Other Serratia 26 (0.5)
Citrobacter spp 4033
Citrobacter freundii 2936 (72.8)
Citrobacter koseri (diversus) 530 (13.1)
Citrobacter braakii 300 (7.4)
Citrobacter amalonaticus 77 (1.9)
Other Citrobacter 76 (1.9)
Citrobacter farmeri 51(1.3)
Citrobacter youngae 47(1.2)
Citrobacter sedlakii 15(0.4)
Citrobacter werkmanii 1(0.02)
Morganella spp 1925
Morganella morganii 1901 (98.8)
Other Morganella 24 (1.2)
Providencia spp 630
Providencia rettgeri 349 (55.4)
Providencia stuartii 244 (38.7)
Providencia alcalifaciens 20 (3.2)
Other Providencia 17 (2.7)

R 3.2% (20/630 ),

{EBE R E B RN ICU , WIRANEL | M8 AR
WS NEE, BREANRE NI, 43 A ER S AN
JEK A AR 9.9% . 5.9% ., 4.6%. 4.6%. 3.5%.

PR R VR A TR M PR e %2, FLUR Ok 43
7/ A 1| RN T S I 7 (37 s 1| N s ¥ ot e 7 N )
33.8% (7326 ¥k ). 302% (6554 Fk ). 6.6% (1424
FED). 3.9% (852 %k ). 2.7% (585 ¥k ). 2.6% (575
PR Do 45 1R m HASTEAT B S LA PRI R bR A 22 I
7 40.8% 1 21.3%, VWEEEUIRBIRAIE, &
63.2%, FIERFT B8 AR IR AR A Z UL,
31.9% Fi1 28.6%, FEML A & LA PR AR WA AS R £,
H7 32.5% F1 23.4%, % B T 8 DL WRN PRI
brAs 3, 5 44.4% F131.4%.

10 LW B, B4 7—9 H A A&
MR, R 292 % (26.1 %~32.8% ),

2.2 YRR 2 TR 2 SR AR

221 IR IE AR EE A E P R
AR AR TE AT (82.8%), A 3 673 RN 1T
ESBL #:ll, #Hi% K 31.4%, 10 4E[A] 240K )
EE S, M 2005 4EAY 17.2% & FE R 2014 4R R
39.8%, W3 3. ABTUHFFE)E XS S fmmsbk, B AR
I -t e FP ISR S 25 5580 50 % (57.4 %, 54.6 % ),
XoF Sk FOWR B -7 ELIH . WRA PG AR-Ahm B Skq
e SLAPE T BORRA . BRI 25 R LT
10% (1.6 %~7.4 %), XFJEAbEER . W HE ;7 |
KB R85 1.5 %, 93 %, 1.5 %, I
4,

222 VWHEREE VHEEBUREYDEENE
(187.5 % ), VD5 Tl J W 2 R PE AR-EF L3 S Amepk |



PERBLSHTZYE 2016 T 5 B 20 B2 16 525 3 B8 Chin J Infect Chemother, May. 2016, Vol. 16, No. 3 287
#3 A E AT R 2GR I 25 R AR
Table 3  Susceptibility of Proteus mirabilis to antimicrobial agents
(%)
o P. mirabilis ESBL(+) P. mirabilis ESBL(—)
Antimicrobial agent P2 mirabilis (n=8 066) (n=1163) (n=2510)
R S R S R S
Piperacillin 253 66.3 68.9 14.7 10.8 83.5
Cefoperazone-sulbactam 1.5 95.7 3.0 90.9 0.9 97.8
Ampicillin-sulbactam 232 68.1 52.8 31.5 15.7 76.7
Piperacillin-tazobactam 1.6 96.6 2.1 94.0 0.8 98.0
Cefazolin 50.1 15.1 97.0 1.1 38.2 18.5
Cefuroxime 33.1 66.2 92.9 6.2 13.2 85.9
Ceftazidime 6.2 91.9 17.9 77.1 1.2 97.9
Cefotaxime 28.2 69.0 93.1 5.0 7.6 89.6
Cefepime 11.6 73.8 384 25.0 2.1 89.2
Cefoxitin 4.4 93.0 8.2 86.0 2.6 95.3
Ertapenem 1.5 95.5 33 94.1 0.6 96.6
Imipenem 8.7 79.6 10.3 77.0 8.3 82.6
Meropenem 1.5 96.6 1.5 96.8 0.6 98.2
Amikacin 7.4 91.3 19.4 78.5 3.1 96.0
Gentamicin 30.9 62.9 61.1 27.6 19.9 75.3
Ciprofloxacin 389 53.1 75.5 15.1 30.4 61.6
Trimethoprim-sulfamethoxazole 57.8 40.7 91.3 8.0 48.8 49.8
Tigecycline 7.9 62.2 15.6 57.7 32 69.2
K410 ARSI AT T 40 RO 70T 25 ) R I 25 SR AU
Table 4  Susceptibility of Proteus isolates to antimicrobial agents during the periods from 2005 to 2014
(%)
Antimicrobial agen Total (=9 746) 2005-2008 (=2 026) 2009-2011 (n=2 865) 2011-2014 (n=4 855)

R S R S R S R S

Piperacillin 232 69.0 22.8 71.1 243 69.8 22.6 66.9
Cefoperazone-sulbactam 1.6 95.7 1.5 95.7 1.5 96.1 1.8 95.4
Ampicillin-sulbactam 21.8 68.9 13.9 75.6 20.2 71.9 26.9 63.4
Piperacillin-tazobactam 1.6 96.7 2.1 96.3 2.3 95.4 0.9 97.6
Cefazolin 57.4 13.1 52.8 15.7 54.4 16.9 62.3 8.9
Cefuroxime 41.2 57.8 36.9 62.0 39.4 59.6 45.8 53.2
Ceftazidime 6.1 92.1 6.5 91.5 7.0 91.1 53 93.1
Cefotaxime 26.1 70.8 21.7 75.1 25.5 70.7 30.0 67.6
Cefepime 10.7 75.9 10.6 76.8 12.7 74.0 9.6 76.6
Cefoxitin 43 92.7 4.8 92.5 4.7 93.0 3.5 92.7
Ertapenem 1.5 95.7 3.1 95.3 1.3 95.7 1.5 95.7
Imipenem 9.3 78.0 5.5 76.0 7.9 78.2 12.3 78.9
Meropenem 1.5 96.6 1.9 95.4 1.3 95.6 1.4 97.9
Amikacin 6.7 922 12.4 86.3 7.2 91.2 3.9 95.2
Gentamicin 27.8 66.5 31.6 66.0 28.6 67.2 25.8 66.4
Ciprofloxacin 34.8 57.4 29.0 62.8 33.0 59.5 383 53.8
Trimethoprim-sulfamethoxazole 54.6 434 53.4 44.6 56.3 40.4 54.1 44.7
Tigecycline 7.4 65.1 NA NA 11.1 73.0 7.3 64.8

NA, not available.
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Table 5 Susceptibility of Serratia isolates to antimicrobial agents during the periods from 2005 to 2014
(%)
Antimicrobial agent Total (n=5 329) 2005-2008 (1=976) 2009-2011 (n=1 361) 2011-2014 (=2 992)
R S R S R S R S
Piperacillin 27.0 69.5 30.4 66.3 22.5 74.1 283 68.2
Cefoperazone-sulbactam 6.2 85.0 2.5 87.2 5.9 86.5 7.8 83.3
Ampicillin-sulbactam 73.9 15.8 77.1 13.6 69.4 19.1 75.2 14.9
Piperacillin-tazobactam 5.1 89.9 4.0 87.8 53 88.4 53 91.3
Cefazolin 97.0 1.2 97.4 1.7 96.4 1.6 97.1 0.8
Cefuroxime 87.4 72 86.3 7.5 84.7 8.8 89.9 5.8
Ceftazidime 12.0 83.3 20.4 74.5 12.1 82.8 8.6 87.0
Cefotaxime 315 59.6 34.8 56.6 25.0 64.7 34.1 57.9
Cefepime 124 74.6 12.0 69.1 13.7 74.2 11.9 76.5
Cefoxitin 29.2 39.2 35.7 41.0 23.8 47.3 27.1 334
Ertapenem 6.3 91.2 1.6 96.8 39 90.6 7.6 91.1
Imipenem 5.7 84.2 3.9 80.7 5.6 84.9 6.4 85.1
Meropenem 4.7 93.7 1.9 95.5 3.7 93.8 6.6 92.8
Amikacin 9.0 90.1 23.4 753 9.8 89.6 39 95.3
Gentamicin 19.9 79.4 26.8 72.8 17.9 81.6 18.6 80.7
Ciprofloxacin 12.9 80.2 8.1 82.4 10.9 82.1 15.3 78.6
Trimethoprim-sulfamethoxazole 11.1 85.3 9.7 87.7 17.1 73.1 8.9 90.1
Tigecycline 3.1 90.1 NA NA 13.5 81.1 2.8 90.4

NA, not available.
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Table 6 Susceptibility of Citrobacter isolates to antimicrobial agents during the periods from 2005 to 2014

(%)
Antimicrobial agent Total (n=4 033) 2005-2008 (n=956)  2009-2011 (n=1 071)  2011-2014 (n=2 006)
R S R S R S R S
Piperacillin 52.1 40.1 61.3 323 55.1 38.5 435 46.7
Cefoperazone-sulbactam 12.2 73.2 11.1 73.6 13.7 71.4 12.0 73.9
Ampicillin-sulbactam 52.1 40.9 57.1 35.8 54.0 39.2 46.5 46.5
Piperacillin-tazobactam 14.0 72.7 18.6 63.3 18.0 68.4 9.6 79.7
Cefazolin 86.6 7.2 86.7 8.8 88.5 7.1 85.5 6.1
Cefuroxime 522 433 58.0 384 53.1 42.4 46.9 48.0
Ceftazidime 35.9 58.3 37.7 55.3 38.8 54.7 33.2 62.1
Cefotaxime 49.8 435 55.8 37.6 50.3 42.8 445 48.9
Cefepime 19.7 66.8 25.8 55.4 225 59.5 15.5 75.9
Cefoxitin 73.8 22.8 70.0 26.2 80.5 17.2 72.8 23.1
Ertapenem 6.7 88.9 7.1 81.8 5.7 87.6 7.1 90.1
Imipenem 7.2 82.3 9.4 71.8 7.4 79.2 6.0 88.9
Meropenem 6.1 91.5 5.6 90.6 5.7 90.7 6.7 92.5
Amikacin 9.2 88.6 16.7 78.6 10.4 87.1 4.8 94.3
Gentamicin 29.7 68.9 37.5 61.1 33.7 63.9 23.9 75.1
Ciprofloxacin 26.9 65.6 34.4 57.0 30.5 61.8 21.5 71.6
Trimethoprim-sulfamethoxazole 37.1 60.5 47.4 51.5 41.6 51.2 29.6 70.1
Tigecycline 1.8 95.0 NA NA 2.7 91.9 1.7 95.2
NA, not available.
Fo T 10 A [ FEEMR G R A A XL R 25 O T 2 AR R R
Table 7 Susceptibility of Morganella isolates to antimicrobial agents during the periods from 2005 to 2014
(%)
Antimicrobial agent Total (n=1 925) 2005-2008 (1n=488) 2009-2011 (n=506) 2011-2014 (n=931)
R S R S R S R S
Piperacillin 23.9 65.8 31.1 57.6 242 64.2 18.3 73.1
Cefoperazone-sulbactam 2.5 90.7 1.9 91.0 1.6 91.8 3.4 89.8
Ampicillin-sulbactam 52.4 24.7 453 29.8 52.4 26.6 56.8 20.3
Piperacillin-tazobactam 4.1 92.8 33 92.6 4.4 92.0 43 93.2
Cefazolin 98.2 1.1 97.9 1.5 98.6 0.6 98.3 1.1
Cefuroxime 77.6 13.1 74.1 13.9 79.2 14.5 79.4 11.4
Ceftazidime 14.0 78.8 14.0 73.6 13.9 78.5 14.1 82.1
Cefotaxime 27.6 65.7 334 59.5 26.2 64.6 235 71.9
Cefepime 4.8 86.0 5.1 83.5 4.4 85.5 4.9 87.6
Cefoxitin 20.0 44.8 24.2 41.6 20.4 50.2 14.3 44.2
Ertapenem 1.8 96.8 2.4 97.6 0.8 96.2 23 97.0
Imipenem 21.0 41.1 21.6 30.0 18.9 40.7 22.1 49.3
Meropenem 1.8 96.2 0.9 94.8 24 96.3 2.0 97.1
Amikacin 5.4 93.4 12.8 85.3 42 94.9 2.0 96.9
Gentamicin 35.0 60.7 453 50.9 343 62.6 29.9 64.8
Ciprofloxacin 24.9 57.5 322 44.8 24.9 56.3 21.1 64.9
Trimethoprim-sulfamethoxazole 54.1 434 63.4 353 59.2 35.8 46.1 52.5
Tigecycline 5.3 83.3 NA NA 0 83.3 5.4 83.3

NA, not available.
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2.2.6 Z ({25 (MDR) MR B R iA M2y air i 5 PRsEs s EERERR L ARRIE (20 %) ;
(CRE) 5 Fhpd JE h ek 1ok th R 51k &K 3, MDR  FFERIE AP TE B TE 5 % 47, CRE TR LAEEAREA
AR DA WS R A I i m (11.0%), B4R wi e (189 %), WHEEERK (6.8 %),
PR MGRRATIIEIRZ (9.6 %), AHFEE W& 9. &£ 10,

F8 10 AT UER B T AN BB T 24540 AT 24 R AR
Table 8 Susceptibility of Providencia isolates to antimicrobial agents during the periods from 2005 to 2014

(%)
Antimicrobial agent Total (n=630) 2005-2008 (n=151) 2009-2011 (#=203) 2011-2014 (1=276)
R S R S R S R S
Piperacillin 36.9 47.6 53.0 30.9 34.6 48.9 26.6 59.4
Cefoperazone-sulbactam 10.9 82.9 10.8 87.2 10.5 81.1 11.4 81.5
Ampicillin-sulbactam 60.9 27.1 74.8 19.6 62.1 25.3 50.3 33.5
Piperacillin-tazobactam 7.6 86.3 8.0 87.3 9.6 82.2 6.0 88.8
Cefazolin 84.1 7.1 84.8 7.6 77.0 11.1 87.7 4.6
Cefuroxime 37.7 58.0 49.0 47.6 25.7 71.5 41.3 51.7
Ceftazidime 21.9 76.1 22.7 74.0 16.9 82.6 25.5 72.1
Cefotaxime 29.1 64.6 374 53.1 20.1 73.6 31.6 65.4
Cefepime 15.7 73.5 17.4 63.1 15.1 81.4 15.3 73.5
Cefoxitin 14.6 83.8 17.0 83.0 21.4 78.6 8.2 87.8
Ertapenem 5.4 92.3 0 100 2.6 96.1 8.8 87.7
Imipenem 15.4 67.8 7.3 72.0 10.4 74.6 26.2 57.9
Meropenem 53 93.6 1.4 98.6 22 96.8 10.3 88.0
Amikacin 36.3 61.0 56.7 39.3 51.1 473 14.3 83.0
Gentamicin 46.8 47.9 65.3 31.3 56.9 40.1 29.3 62.6
Ciprofloxacin 53.5 34.8 71.3 20.7 57.7 29.6 40.6 46.5
Trimethoprim-sulfamethoxazole 68.1 28.6 79.3 18.6 73.7 21.2 56.2 412
Tigecycline 13.6 54.5 NA NA 20.0 40.0 13.3 55.4
NA, not available.
#*9 5 MR MDR HEERAEE TR
Table 9 Prevalence of multi-drug resistant strains among five bacterial species from 2005 to 2014
Proteus spp Serratia spp Citrobacter spp Morganella spp Providencia spp
Year MDR MDR MDR MDR MDR
strain/total % strain/total % strain/total % strain/total % strain/total ’

2005 16/320 5.0 7/226 3.1 35/193 18.1 6/80 7.5 2/16 12.5

2006 19/541 3.5 6/224 2.7 31/222 14.0 4/143 2.8 2/35 5.7

2007 30/523 5.7 11/253 43 39/277 14.1 3/127 2.4 4/41 9.8

2008 45/642 7.0 10/273 3.7 37/264 14.0 2/138 1.4 12/59 20.3

2009 55/876 6.3 25/389 6.4 43/345 12.5 4/146 2.7 13/68 19.1

2010 49/883 5.5 8/437 1.8 43/350 12.3 1/195 0.5 6/70 8.6

2011 84/1 106 7.6 30/535 5.6 38/376 10.1 3/165 1.8 4/65 6.2

2012 89/1 424 6.2 37/923 4.0 40/573 7.0 6/280 2.1 16/99 16.2

2013 85/1 777 4.8 46/1 059 43 42/789 5.3 5/298 1.7 7179 8.9

2014 88/1 654 5.3 55/1010 5.4 41/644 6.4 4/353 1.1 3/98 3.1

Total 560/9 746 5.7 235/5 329 4.4 389/4 033 9.6 38/1 925 2.0  69/630 11.0

MDR, multi-drug resistant.
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10 5 FEEY CRE BEHRIK H %

Table 10 Prevalence of carbapenem-resistant Enterobacteriaceae strains among five bacterial species from 2005 to 2014

Proteus spp

Serratia spp

Citrobacter spp

Morganella spp

Providencia spp

Year CRE ) CRE o CRE % CRE . CRE .
strain/total strain/total strain/total strain/total strain/total

2005 19/320 5.9 12/226 5.3 19/193 9.8 19/80 23.8 3/16 18.8
2006 30/541 5.5 13/224 5.8 26/222 11.7 36/143 252 4/35 11.4
2007 35/523 6.7 12/253 4.7 20/277 7.2 17/127 13.4 1/41 24
2008 45/642 7.0 8/273 2.9 35264 13.3 34/138 24.6 3/59 5.0
2009 66/876 7.5 22/389 5.6 27/345 7.8 23/146 15.8 1/68 1.5
2010 52/883 5.9 36/437 8.2 35/350 10.0 28/195 14.4 7/70 10.0
2011 118/1 106 10.7 33/535 6.2 24/376 6.4 46/165 27.9 19/65 29.2
2012 218/1 424 15.3 66/923 7.2 35/573 6.1 67/280 239 26/99 26.3
2013 159/1 777 8.9 84/1 059 7.9 56/789 7.1 38/298 12.8 21/79 26.6
2014 148/1 654 8.9 76/1 010 7.5 67/644 10.4 55/353 15.6 19/98 19.4
Total 890/9 746 9.1 362/5 329 6.8 344/4 033 8.5 363/1 925 18.8 104/630 16.5

CRE, carbapenem-resistant Enterobacteriaceae.
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