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Distribution of pathogens and antimicrobial resistance: An analysis of Chi-
na healthcare-associated infection cross-sectional survey in 2010

WEN Xi-mao, REN Nan, WU An-hua (Xiangya Hospital , Central South University, Chang-
sha 410008, China)

[Abstract] Objective To study the distribution and antimicrobial resistance of pathogens causing healthcare-asso-
ciated infection (HAI) and community-associated infection (CAI). Methods Statistical analysis was conducted
based on data about the distribution and antimicrobial resistance of pathogens reported to China healthcare-associated
infection cross-sectional survey of National Healthcare-associated Infection Surveillance System from March 1 to De-
cember 31, 2010. Results A total of 6 965 strains of pathogens causing HAI were isolated from 740 hospitals,
20.69% of which were gram-positive bacteria, 66. 03% were gram-negative ones, and 10. 62% were fungi;
Pseudomonas aeruginosa ranked at the top of the pathogens causing HAI(17. 17%), followed by Escherichia coli
(13.51%) , Acinetobacter baumannii (11. 01%), Klebsiella pnewmoniae (10. 73%), and Staphylococcus aureus
(8.38%), the above bacteria constituted 61. 25% (4 266/6 965) of pathogens causing HAIL 13 653 strains of
pathogens causing CAI were isolated, 28. 68% of which were gram-positive bacteria, 46. 90% were gram-negative
ones, and 10. 41% were fungi; Escherichia coli ranked at the top of the pathogen causing CAI (12. 14%), followed
by Pseudomonas aeruginosa (7.75%) ,other Streptococcus (6.28%), Staphylococcus aureus (5.51%), and virus
(5.33%), which in total accounted for 37. 01% (5 053/13 653) of pathogens causing CAIL The isolation rate of ce-
foxitin-resistant Sta phylococcus aureus and Staphylococcus epidermidis was 75. 28% and 67. 86% respectively in
HAI, and 49.23% and 56. 09% respectively in CAl; Resistant rate of Escherichia coli » Klebsiella pneumoniae and
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Pseudomonas aeruginosa to ceftazidime ranged from 34. 24% to 62. 89% , with a higher rate of around 10% in HAI

than that in CAI (all P<C0. 01). The resistant rate of Acinetobacter baumannii to cefoperazone-sulbactam was

40.00% and 59. 33% in CAI and HAI respectively. Conclusion The distribution of pathogens causing HAI is high-

ly concentrated, and the infection caused by non-fermentative bacteria is quite serious; distribution and antimicrobial

resistance of pathogens are different in HAI and CAI, therefore, the usage of antimicrobial agents in clinical should

be different accordingly.

[Key words| China Healthcare-associated Infection Surveillance System; healthcare-associated infection; community-asso-

ciated infection; cross-sectional survey; pathogen ; drug resistance, microbial; rational drug use
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Table 1 The scale and grade of 740 hospitals participating

in the survey

Characteristic No. of Constituent
hospitals ratio( %)
No. of hospital beds
<300 221 29. 87
300~599 282 38. 11
600~899 110 14. 86
=900 127 17. 16
Grade of hospital
Teaching hospital * 56 7.57
Upper first-class hospital 128 17. 30
Middle first-class hospital 84 11. 35
Upper second-class hospital 324 43.78
Middle second-class hospital 85 11. 49
Special hospital 63 8.51

* Affiliated hospital of medical university or college
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Table 2 Sources of pathogens in infection (No. of cases, constituent ratio [ % ])

Infection site Healthcare-associated infection Community-associated infection ¥ P
Upper respiratory tract 215(3.09) 618(4.53) 24, 66 0. 00
Lower respiratory tract 4 150(59. 58) 8 245(60. 39) 1.25 0.26
Urinary tract 701(10. 06) 1 223(8.96) 6. 68 0. 01
Gastrointestinal tract 182(2.61) 667(4. 88) 60. 32 0. 00
Intraabdominal tissue 132(1.90) 275(2.01) 0. 34 0. 56
Surgical site 638(9. 16) 167(1.22) 774. 38 0. 00
Skin soft tissue 422(6. 06) 1 084(7.94) 24,10 0. 00
Blood stream 271(3.89) 375(2.75) 19. 90 0. 00
Other sites 254(3. 65) 999(7. 32) 108. 85 0. 00
Total 6 965(100. 00) 13 653(100. 00)

Other sites included: pleural cavity, vessel catheter, central nervous system, oral cavity, genital tract, bone and bone joint, and the others
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Table 3 Constituent ratio of pathogens in healthcare-associated infection and community-associated infection (%, No. of iso-

lates)
Pathogen Healthcare-associated infection Community-associated infection 1 P
Gram-positive bacteria 20.69(1 441) 28.68(3 915) 152.96 0. 00
Staphylococcus aureus 8.83(615) 5.51(752) 82.21 0. 00
Staphylococcus epidermidis 2.61(182) 2.51(343) 0.19 0. 66
Other Staphylococcus 2.14(149) 2.52(344) 2. 86 0. 09
Streptococcus pneumoniae 0. 88(61) 2.320317) 53.59 0. 00
Other Streptococcus 1.39(97) 6. 28(858) 249. 84 0. 00
Enterococcus faecalis 1. 67(116) 1.43(195) 1.75 0.19
Enterococcus faecium 1. 47(102) 0.86(117) 16. 20 0. 00
Other Enterococcus 0.37(26) 0.52(71) 2.12 0.15
Mycobacterium spp. 0.11(8) 3.38(461) 220.73 0. 00
Other gram-positive coccus 1.22(85) 3.35(457) 81.51 0. 00
Gram-negative bacteria 66.03(4 599) 46.90(6 403) 678. 35 0. 00
Escherichia coli 13.51(941) 12. 14(1 657) 7.91 0. 01
Klebsiella pneumoniae 10. 72(747) 8.49(1 159) 27. 49 0. 00
Other Klebsiella bacteria 1. 09(76) 0.97(133) 0. 63 0.43
Enterobacter 3.39(236) 3.38(461) 0. 00 0.97
Proteus spp. 1. 28(89) 1. 10(150) 1.29 0.26
Citrobacter spp. 0.27(19) 0. 34(46) 0. 60 0. 44
Shigella spp. 0.03(2) 0. 08(9) 1.33 0.25
Ha fria spp. 0.07(3) 0. 04(6) 0. 64 0. 42
Pseudomonas aeruginosa 17.17(1 196) 7.75(1 058) 420. 53 0. 00
Other Pseudomonas 0. 85(59) 0.89(121) 0. 08 0.78
Acinetobacter baumannii 11. 01(767) 4. 60(628) 300. 64 0. 00
Other Acinetobacter 1.34(93) 1. 00(137) 4. 60 0.03
Alcaligenes spp. 0.17(12) 0.25(34) 1.22 0.27
Stenotro phomonas maltophilia 2.10(146) 0.83(113) 59. 83 0. 00
Haemophilus spp. 0.26(18) 0. 63(86) 12. 68 0. 00
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Pathogen Healthcare-associated infection Community-associated infection )a P
Serratia spp. 0. 69(48) 0.57(78) 1. 06 0. 30
Salmonella spp. 0.07(5) 0.18(25) 4. 44 0. 04
Other gram-negative bacteria 2. 01(140) 3. 68(502) 42,47 0. 00
Anaerobe 0.16(11) 0.37(51) 7.15 0.01
Fungus 10. 62(740) 10.41(1 421) 0.23 0.63
Candida albicans 4. 82(336) 5.14(702) 0.97 0.32
Candida tropicalis 0.75(52) 0. 48(66) 5.61 0. 02
Other Candida 0.96(67) 0. 80(109) 1. 46 0.23
Other Fungus 4.09(285) 3.99(544) 0.14 0.71
Virus 1.41(98) 5.33(728) 184.77 0. 00
Mycoplasma 0.27(19) 4.45(607) 272.83 0. 00
Chlamydia 0.00(0) 0.39(53) 43.76 0.00
Spirochaeta 0.00(0) 0.42(58) 47.90 0. 00
Other pathogens 0.82(57) 3.05(417) 103. 65 0.00
Total 100. 00¢6 965) 100. 00(13 653) - -
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Table 4 Top 10 pathogens islated from main infection sites of healthcare-associated infection and community-associated infec-

tion (%)
Lower respiratory tract infection Urinary tract infection Blood stream infection Surgical site infection

Fank Healthcare-associated Community-associated ~ Healthcare-associated Community-associated ~ Healthcare-associated Community-associated ~ Healthcare-associated

1 P. aeruginosa 22.24 K. pneumoniae 11. 24 E. coli 30. 96 E. coli 45. 30 E. coli 17.05 S. epidermidis 18. 67 E. coli 25. 86

2 A. baumannii 14, 65 P. aeruginosa 9. 67 C. albicans 7.99 E. faecalis 5. 48 S. epidermidis 13. 64 E. coli 15.82 S. aureus 14,26

3 K. pneumoniae 14,48 Other Streptococcus 7.86 P. aeruginosa 7.42 K. pneumoniae 4,17 S.aureus 9.09  Other Staphylococcus 14.87 P, aeruginosa 11,91

4 S. aureus 8. 14 C. albicans 7.19 E. faecium 6.85 E. faecium 4,09 Other Staphylococcus 7.39 S, aureus 8. 86 A. baumannii 6. 90

5 E. coli 8.00 A. baumannii 6.45  Other Fungus 5. 99 Enterobacter 3. 68 A. baumannii 5. 68 K. pneumoniae 4. 11 S. epidermidis 5. 96

6 C. albicans 5. 04 E. coli 6.17 K. pneumoniae 5.28  P. aeruginosa 3. 35 K. pneumoniae 5. 68 Alcaligenes spp. 3.80 K. pneumoniae 5. 33

7 S. maltophilia 3.11 Mycoplasma 5. 85 E. faecalis 5. 14 Proteus spp. 3.35 P. aeruginosa 5. 11 Virus 3. 48 E. faecalis 4.55

8 Enterobacter 2. 89 Other Fungus 4. 50 Enterobacter 3. 99 C. albicans 2.86 C. albicans 4.55 P. aeruginosa 2. 85 FEnterobacter 4.55

9 S. epidermidis 1,49 Mycobacterium 4.37 A, baumannii 3, 28 S. aureus 2. 45 Enterobacter 3. 41 Other Streptococcus 2. 85 Other Staphylococcus 4. 23

10 Other Staphylococcus 1.47 S, aureus 4,27 S.aureus 2.57  Other Staphylococcus 2.45  E. faecium 3,41 Other Pseudomonas 2.85  E. faecium 2.51
Total 81.52 67.57 79. 46 77.19 75.00 78.16 86. 05
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Table 5 Drug-resistant rate of pathogens in healthcare-associated infection and community-associated infection
Healthcare-associated infection ~ Community-associated infection
Pathogen Antimicrobial agent Detection Drug-resistant Detection Drug-resistant X P
rate( %) rate( %) rate( %) rate( %)
S. aureus Oxacillin 65. 53 72. 46 60. 37 50. 88 41.79 0. 00
Cefoxitin 28. 94 75.28 25.93 49,23 26. 71 0. 00
S. epidermidis Oxacillin 40. 11 83.56 25. 36 72. 41 2.83 0.09
Cefoxitin 15. 38 67. 86 11. 95 56. 09 0.97 0.33
E. faecalis Ampicillin 58. 62 44,12 54, 36 35.85 1.19 0.28
Vancomycin 66. 38 9.09 60. 51 10. 17 0. 06 0. 80
E. faecium Ampicillin 64. 71 81. 82 64. 10 72. 00 1. 89 0.17
Vancomycin 86. 27 6. 81 77.78 8.79 0.24 0. 62
E. coli Ceftazidine 75. 03 62. 89 67.95 52.93 17.54 0. 00
Levofloxacin 63.12 64. 14 57.09 56. 66 8.48 0. 00
K. pneumoniae Ceftazidine 71. 49 50. 94 73. 60 37. 40 25. 95 0. 00
Levofloxacin 58.77 33.94 62.73 24, 48 12.13 0. 00
P. aeruginosa Piperacillin/tazobactam 72. 49 39,22 72. 40 31.33 11. 04 0. 00
Ceftazidine 64. 88 46. 78 65. 69 34,24 23. 84 0. 00
Cefepime 57.94 48. 05 57.18 37.02 16. 03 0. 00
Ciprofloxacin 68. 23 43.26 66. 35 32.34 19. 07 0. 00
Amikacin 52.59 34, 50 48. 11 24, 95 12.16 0. 00
A. baumannii Cefoperazone / Sulbactam 46. 81 59.33 51.75 40. 00 20. 67 0. 00

Of nosocomial strains ,the No. of isolates were: S. aureus 615, S. epidermidis 182,

E. faecalis 116, E. faecium 102, E. coli 941,

K. pneumoniae 747, P. aeruginosa 1 196, A. baumannii 767 ; Of community strains,the No. of isolates were: S. aureus 752, S. epidermidis

343, E. faecalis 195, E. faecium 117, E. coli 1 657, K. pneumoniae 1 159, P. aeruginosa 1 058. A. baumannii 628
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