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Abstract: Objective To investigate the changing antibiotic resistance profile of Haemophilus influenzae and Moraxella
catarrhalis strains collected from hospitals across China from 2005 through 2014. Methods A total of 7 983 strains of H. influenzae
and 1 713 strains of M. catarrhalis were collected from 17 general hospitals and 2 children’s hospitals. Antimicrobial susceptibility
testing was carried out according to a unified protocol using Kirby-Bauer method or automated systems. Results were analyzed
according to CLSI 2014 breakpoints. Beta-lactamases were detected by nitrocefin disk test. Results The prevalence of H. influenzae
increased with time from 0.69% in 2005 to 1.57% in 2014. The prevalence of M. catarrrhalis increased with time from 0.03%
in 2005 to 0.41% in 2014. Among the 7 983 clinical strains of H. influenzae, the the highest resistance rate was to trimethoprim-
sulfamethoxazole, which increased significantly from 44.4% in 2005 to 64.6% in 2014. The resistance rate to ampicillin, ampicillin-
sulbactam and azithromycin also increased from 20.6%, 11.8% and 2.2% in 2005 to 41.8%, 24.8% and 14.2% in 2014, respectively.
However, the resistance rate to cefotaxime, ciprofloxacin and chloramphenicol decreased in recent years. The resistance rate of
H. influenzae strains to amoxicillin-clavulanic acid and cefuroxime increased slightly but still lower than 25%. The resistance rate
to ampicillin and the prevalence of p-lactamases in the H. influenzae strains from children (36.7%, 33.8%) were higher than in
the strains from adults (25.7%, 22.5%). The resistance rate to ciprofloxacin was 4.7% in the H. influenzae strains from children,
significantly lower than that in the strains from adults (15.8%). The overall prevalence of B-lactamases was 29.9% in the H. influerzae
strains. A total of 383 H. influenzae strains were found resistant to ampicillin but B-lactamase negative. The 1 713 clinical strains of M.
catarrhalis remained highly susceptible to the second and third generation cephalosporins, amoxicillin-clavulanic acid, levofloxacin
and trimethoprim-sulfamethoxazole (80%-100% susceptible). The resistance rate to azithromycin increased from 41.2% in 2006 to
57.8% in 2013. The prevalence of p-lactamases was 93.3% in these M. catarrhalis. Conclusions H. influenzae and M. catarrhalis
are still susceptible to cephalosporins, amoxicillin-clavulanic acid, azithromycin, chloramphenicol and ciprofloxacin, which can be
used as the first choice in clinical practice. Nearly 60% of these strains were resistant to trimethoprim-sulfamethoxazole, which is
inappropriate for clinical therapy. The resistance profile of M. catarrhalis does not change much in the 10-year period.
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Table 1 Distribution of Haemophilus influenzae and Moraxella catarrhalis by hospital from 2005 to 2014

Hospital

Haemophilus influenzae Moraxella catarrhalis

Children's Hospital of Shanghai

Children's Hospital of Fudan University

Peking Union Medical College Hospital

The First Affiliated Hospital of Guangzhou Medical University
Beijing Hospital

Tongji Medical College of HUST

West China Hospital, Sichuan University

Gansu Provincial Hospital

First Affiliated Hospital of Kunming Medical University

Sir Run Run Shaw Hospital, Zhejiang University School of Medicine
The First Affiliated Hospital of Anhui Medical University

Inner Mongolia Medical College Hospital

The First Aﬁmed Hospital, Zhejiang University

The First Affiliated Hospital of Chongging Medical University

Rui Jin Hospital Shanghai Jiao Tong University School of Medicine
The First Affiliated Hospital of Xinjiang Medical University

The First Affiliated Hospital of China Medical University

Huashan Hospital, Fudan Unversity

Tianjin Medical University General Hospital

Total

2267 17
1745 840
778 74
534 106
431 83
1433 431
150 KL
145 26
121 4
67 S
66 1
56 48
64 2
40 3
19 5
24 5
32 4

6 19

5 5
7983 1713

#2  WUREE AT AR BRI AL BTA IR B AR P Y
Ryt
Table 2 Prevalence of H. influenzae and M. catarrhalis among
all clinical isolates

H.influenzae M.catarrhalis
Year
Number  Total % Number Total %
2005 157 22774 0.69 7 22774 0.03

2006 585 33945 1.72 98 33945 0.29
2007 755 36001 2.10 95 36001 026
2008 850 36216 235 145 36216 040
2009 894 43670  2.05 231 43670 053
2010 734 47850 1.53 214 47850 045
2011 826 59287 1.39 118 59287 0.20
2012 960 72397 1.33 214 72397 030
2013 968 84572 1.14 265 84572 031
2014 1241 78955 1.57 326 78955 041

7 983 BRUUERIE AT E S, JLE (<18%) &
BhE 52778k, 15 66.1%, MA (=18 %) Btk
2706 ¥k, 5 33.9%., JLESBEKT, FEE3S
RUFIL#E3 750 Bk, SILEDBHK 71.1% ;
4~10 % 958 #k, & 18.2% ; 11~18 % 569 ¥k,
5 10.7%. 2% HER B E 6 575 B, & 82.4%,
NEAITALBEE 14088, 5 17.6%, HEAE
MAFE FELSE APRIERA, & 89.6% (7 153/
7983), HKAEMEIRA L 5.5% (438/7 983 ).
MR ATRAS (5 0.7%( 55/7 983 ). M AR i 0.5%( 38/
7983), HAFRA S 3.7% (299/7 983 ),

1713 Bk RS, LE (<18% ) 28
B 1173 8k, 5 68.5%, B (=18 %) ZEGtk 540
B, 315%. JLESEKRS, 4EB 3 KU
TILE 941 Bk, GHILED BN 80.2% ; 4~10 %
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Table 3 Susceptibility of of Haemophilus influenzae to antimicrobial agents by year from 2005 to 2014

(%)
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Total
Antibiotic (n=157) (n=590) (n=755) (n=851) (n=894) (n=734) (n=827) (n=960) (n=968) (n=1247) (n=7983)
R S R §$ R S R 8 R S R S R S R § R S R S R 8§
Amplcdim 206 67.7 260 67.6 30.1 62.1 32.9 59.5 268 63.9 31.7 59.0 29.9 59.6 359 54.7 39.3 49.5 41.8 50.7 33.2 5718
Ampicillin-
11.8 882 10.9 89.1 7.2 928 8.6 914 81 91.9 14.5 855 13.2 86.8 16.6 83.4 24.6 754 24.8 752 149 85.1
sulbactam
Cefuroxime 49 916 29 943 15 969 2.6 945 27 955 7.2 884 4.4 93.1 107 83.9 154 797 222 722 84 879
Cefotaxime 233 76.7 107 893 46 954 76 924 73 927 89 911 8.8 912 128 87.1 12.0 87.9 10.7 88.8 10.1 89.8

Ciprofloxacin 252 748 6.3 937 6.9 93.1 11.2 88.8 14.0 86.0 142 85.8 14.0 860 74 926 6.3 93.6 8.7 999 9.3 906

Azithromycin 22 978 1.6 984 28 972 15 985 33 967 42 958 2.7 973 49 951 72928 142 858 5.1 949

Chloramphenicol 19.6 67.1 120 78.1 169 75.7 152 79.1 10.3 81.7 12.5 783 18.3 704 152 71.5 103 75.1 10.5 76.1 13.5 762

Trimethoprim-

444 497 489 49.2 59.4 38.1 60.9 37.5 63.0 34.0 64.5 34.0 62.5 352 66.1 32.4 61.3 369 64.6 343 61.4 36.6

sulfamethoxazole
clavulanicacid

0 100 67933 42958 26 974 24 976 56 944 21 979 83 917 17.1 829 194 806 7.4 926

B
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Table 4 Susceptibility of Haemophilus influenzae isolates from children and adults by year from 2005 to 2014
(%)
2005 2006 2007 2008 2009
Antibiotic Children Adults Children Adults Children Adults Children Adults Children Adults
(n=56)  (n=101) (n=426) (n=164) (n=596) (n=159) (n=635) (n=216)  (n=644)  (n=250)
S R N R S R S R S R S R S R S R S R S R
Ampicillin 709 164 66.0 23.0 600 33.1 871 80 584 340 768 14.6 54.8 37.2 73.0 200 593 296 772 18.7
Ampicillin-sulbactam 929 7.1 854 146 859 141 9.2 3.8 923 7.7 947 53 913 87 920 80 919 81 922 78
cefuroxime 945 36 898 57 931 36 975 12 97.1 12 961 26 948 22 938 38 953 28 959 23
cefotaxime 826 174 740 260 882 11.8 920 80 964 36 912 88 929 7.1 920 80 902 9.8 940 6.0
Ciprofloxacin 852 148 69.1 309 964 3.6 87.1 129 9.6 34 79.1 209 983 1.7 81.1 189 951 49 81.7 183
azithromycin 100 0 963 37 981 19 994 06 974 26 959 41 987 13 976 24 972 28 946 54
Chloramphenicol 792 113 600 244 769 130 81.1 94 753 183 775 109 78.1 16.7 826 103 819 109 812 84
Trimethoprim-
57.1 393 485 474 439 55.1 64.6 329 347 63.6 533 427 321 67.1 557 434 31.1 673 462 50.7
sulfamethoxazole
Amoxicillin-
L. 100 0 ND ND 935 6.5 80.0 200 960 4.0 875 125 984 1.6 922 78 977 23 969 3.1
clavulanic acid
meropenem ND ND ND ND 931 69 ND ND 100 0 100 0 100 0 100 0 972 28100 0
2010 2011 2012 2013 2014
Antibioti Children Adults Children Adults Children Adults Children Adults Children Adults
ntibiotic
' (n=458)  (n=280) (n=539) (n=288) (n=613) (n=34T) (n=569)  (n=399) (n=745) (n=502)
S R S R S R S R S R S R S R S R S R S R
Ampicillin 53.8 342 67.8 27.7 55.0 33.5 69.5 22.4 48.1 40.8 684 257 46.6 409 54.6 36.4 453 453 59.7 36.0
Ampicillin-sulbactam 844 156 874 12.6 86.1 139 885 11.5 805 195 903 9.7 722 27.8 824 176 722 278 815 185
Cefuroxime 89 84 91.1 5.1 927 48 939 35 80.1 132 925 49 775 174 843 11.2 683 257 802 152
Cefotaxime 927 73 905 95 893 107 922 7.8 842 156 927 7.3 858 142 919 77 876 123 908 8.1
Ciprofloxacin 97.0 3.0 81.5 185 887 11.3 846 154 949 5.1 883 117 948 52 916 81 951 49 834 153
Azithromycin 979 21 914 86 985 15 937 63 958 42 931 69 928 72 929 7.1 841 159 895 105
Chloramphenicol 77.1 12.5 80.5 127 65.0 22.1 839 9.0 656 17.1 79.2 128 741 7.5 767 145 70.7 9.6 83.6 11.7
Trimethoprim- 285 710 432 534 294 69.1 489 48.1 268 723 466 514 337 652 454 529 313 678 410 578
Amoxicillin-
K . 933 67 97.0 3.0 987 13 962 3.8 90.6 94 940 6.0 81.3 187 849 151 798 202 B8l.S5 18.5
clavulanic acid
Meropenem 966 3.4 100 0 966 34100 0 939 61 972 28 988 08 945 33 966 34 988 12

=0 il

ND, not determined.
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Tir kIR PEFER-RhER . FAEER.
LBEEZRIRY EMGRET 30%, #RHAEK
5T R AT R R Gy AT DAAR R 2 s R A
iRzEYy, {8 R H A e -BE R R LM A =R
IR E A
HAFEARGRGTRBAENFENEES
Yy, WETERK AT ZEH, BRSMEXR
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T AR 258 #k ( B-lactamase negative ampicillin-
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£S5 2005—2014 FR B ERIE N H HTTE AV R MEURE
Table 5 Susceptibility of Moraxella catarrhalis to antimicrobial agents by year from 2005 to 2014

(%)
2005(n=T7) 2006(n=98) 2007(n=95) 2008(n=145) 2009(n=231) 2010(n=214)
Antibiotic
R S R S R S R S R S R S
Ampicillin-clavulanic acid ND ND 0 100 0 100 19 98.1 0 100 0.7 99.3
Cefaclor ND ND 0 96.2 0 100 0 100 ND ND 0 100
Cefuroxime ND ND 3.1 844 0 100 0 875 0 100 0 100
Ceftriaxone ND ND 0 100 0 100 0 86.4 0 75.0 0 85.7
Azithromycin ND ND 412 58.8 349 65.1 34.7 644 465 523 39.7 57.5
Levofloxacin ND ND 0 100 0 100 0 100 0 100 0 100
Trimethoprim-sulfamethoxazole 100 0 200 800 8.7 848 109 873 111 86.9 107 879
2011(n=118) 2012(n=214) 2013(n=265) 2014(n=326) Total(n=1 713)
Antibiotic
R S R S R S R S R S
Ampicillin-clavulanic acid 0 100 0 100 0 100 0 100 03 99.7
Cefaclor ND ND 0 100 ND ND 0 100 0 97.1
Cefuroxime ND ND ND ND 0 100 0 100 1.4 91.3
Ceftriaxone 0 100 0 100 0 100 25.0 75.0 1.7 88.1
Azithromycin 479 479 46.4 53.6 57.8 42.2 48.1 50.5 45 542
Levofloxacin 0 100 0 100 0 100 0 87.5 0 98.6
Trimethoprim-sulfamethoxazole 9.6 88.5 11.1 86.9 8.7 87.0 9.5 89.6 11.0 87.1

ND, not determined.
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At BT T X T A B R W A R S H
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Trimethoprim-sulfamethoxazole versus vancomycin for MRSA infections

PAUL K H[RIEXT EAE FEANM L& E O
FERE (MRSA ) BB EL K& “RAJEE” MRSA
YR B HATEAT. PR BENL. FELRUEIR
RE, tt’ﬁé'?ﬁ*rf"-ﬁﬁﬂi&lﬂ%% ( TMP-SMX )
SAHBRAITH. HBREELAMCHBER. Il
B4 . 0 M BB AT LA KA 35 b vk 0 i s D Y
B, LIEX TMP-SMX #I (5() T EEW
RN EE, RAGQESROCTRAYL. m
BTRRG, MR, R m B EE %
BB R A SRE RN RE R R MR B L,
FE—HABELBRERLNIS%. GANNENRN
TMP 320 mg, SMX 1600 mg, BH 2K, Fid
EZNBEANEMAREE 10~20 mg/L ( 65% ik
AN HEEENSRELRS 15mg/L LLLE ),

ARB 252 FIRE R, 97% BEMEFRM
FEPE, 91 B 36% YA Egy, ZERFE T RART,
HiAE RIRIT BUFFEERT[R R . TMP-SMX 4 17 d, 73‘
HERA 14 d; B EE AT RE[F A 252 H A bt
K (REEFET) BB FIH 10% F 7%0

FARMEMERLERTEEN, ZTESW
BIR, TMP-SMX 2IR¥7 L — s ek B &

[ B IE HG{E L R 2.00 (95%CT, 1.09~3.65)],
EVHES ., mMEERREN -y EREE. W
R LR LGB X

Xt i) 3 Bk G 8 E B 43 A B R R SR VA T B ]
>48 h H7E TMP-SMX 4 /5 27%, A HEEA
i 30%, MTEIRITE 7R, WA MBS G
SRR 15% F1 8%, ERLHKITEE N, HAP
TCR XU B 2518 1.90 (95%CI, 0.92~3.93 ),
1.40 (95%CI, 0.91~2.16), X HEE EXHT
HERIRIT JRIERSHH TMP-SMX 34%( 14/41)
M HEEH 18% (9/50 ),

BHEFHHERAD 23 ZRAENMLES
WE>15mg/L, HHAALEENERRTSM,
TMP-SMX FI &5t F—4 70 kg # BEHHF TMP
92 mg-kg'-d'. MFEREAKRE, FETHE
AR, HETHEIERHS F™E MRSA ¥ (4
MBS ), TMP-SMX BT AT HEE,

In the literatue. Trimethoprim-suifamethoxazole versus
vancomycin for MRSA infections. Clin Infect Dis, 2015:61
(1 September).
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