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Changing resistance profiles of Pseudomonas aeruginosa isolates in hospitals across
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Abstract: Objective To investigate the changing antimicrobial susceptibility profiles of Pseudomonas aeruginosa to various
antibiotics in hospitals across China from 2015 to 2021. Methods The P. aeruginosa strains were isolated from 52 hospitals
across China. Antimicrobial susceptibility testing was carried out by Kirby-Bauer method and automated systems according to
the unified protocol of CHINET program. The results were interpreted according to the Clinical & Laboratory Standards Institute
(CLSI) breakpoints. The data were analyzed with WHONET 5.6 software. Results A total of 129 701 strains of P. aeruginosa
were collected from 2015 to 2021, accounting for 8.6% of all clinical isolates. The proportion of P. aeruginosa among non-
fermentative gram-negative bacilli was only secondary to the proportion of Acinetobacter spp. Majority (91.4% + 1.0%) of the
P. aeruginosa strains were isolated from inpatients and (66.4 + 2.8)% of the strains were isolated from respiratory tract secretions.
P. aeruginosa strains showed decreasing resistance rates to the antimicrobial agents tested during the 7-year period. More than
90% of the P. aeruginosa strains were resistant to amikacin, polymyxins, and ceftazidime-avibactam. About 1.0%-19.8% of the

P. aeruginosa strains from outpatient and emergency departments, 0.6%-40.5% of the strains from ICU inpatients, 0.8%-28.8% of
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the strains from the inpatients in internal medicine wards, and 1.2%-23.3% of the strains from the inpatients in surgery wards were
resistant to the antimicrobial agents tested. About 0.8% - 18.8% of the P. aeruginosa strains isolated from children, 1.2%-26.1% of
the strains from adult patients, and 1.0% - 28.5% of the strains from the elderly patients were resistant to the antimicrobial agents
tested. Overall, 2.5%-24.2%, 0.7%-27.6%, and 0.6%-20.3% of the P. aeruginosa strains isolated from secondary hospitals, tertiary
hospitals, and children's hospitals respectively were resistant to the antimicrobial agents tested. The prevalence of carbapenem-
resistant P. aeruginosa was 27.1% (35 153/129 701). Conclusions P. aeruginosa is one of the most common clinical isolates of
non-fermentative gram-negative bacilli. P. aeruginosa isolates showed downward resistance rates to the antimicrobial agents tested
during the 7-year period. Antimicrobial resistance surveillance is an effective way for controlling the emergence and development of
antimicrobial resistance. The antimicrobial resistance profile of P. aeruginosa strains varied with specimen type, clinical setting, and

patient age. We should strengthen antimicrobial resistance surveillance and improve rational antibiotic use to prevent and control the

spread of antibiotic-resistant P. aeruginosa.
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Table 1  Proportion of P. aeruginosa among all clinical isolates in CHINET program from 2015 to 2021
. PAE/Total isolates PAE/NF-GNB
Year Total isolates GNB NF-GNB PAE
% Rank % Rank
2015 88 778 62297 21 841 7700 8.7 6 353 2
2016 153 059 109 597 38 046 13 254 8.7 5 34.8 2
2017 190 610 134 951 45985 16 562 8.7 5 36.0 2
2018 244 843 175 786 59 422 23431 9.6 4 39.4 2
2019 270 497 193 064 64 353 23 607 8.7 5 36.7 2
2020 251135 180 511 59703 21117 8.4 5 35.4 2
2021 301917 215 421 68 831 24 030 8.0 6 34.9 2

GNB, gram negative bacilli; NF-GNB, non-fermentative gram negative bacilli; PAE, Pseudomonas aeruginosa.

Data were excerpted from the results of CHINET program from 2015-2021.
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Table 2 Specimen distribution for 129 701 strains of
P. aeruginosa from 2015 to 2021
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Specimen Proportion/% Rank
Respiratory tract 66.4+2.8 1 Eﬁﬂ/‘Jﬁ{r%%ﬁﬁ%u EE 17.5% Fﬁﬁg 9.4%. 14.3% F%Z:i
Urine 8.5+0.8 2 7.3%. 9.2% [ ZE 3.5%. 21.3% R % 15.7% XFBif
e oaon ; KR SRR B HANE - BT L R R
Pleural effusion and ascites 1.7£0.4 5 i,/j >90%, er;%% 56
LE— 1203 6 222 RREBFEEKOT T 08 AT 280
lf:;:l:rospmal fluid g:igi ; Hﬁxﬁ‘%jﬁ%%ﬁg ﬁﬁ?‘j%?ﬂ? 1.0%~19.8%, 63\
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Table 3 Detection rate of Paeruginosa in clinical samples from 2015 to 2021
2015 2016 2017 2018 2019 2020 2021
Year (n=7700) (n=13254) (n=16562) (n=23431) (n=23607) (n=21117) (n=24030)
% Rank % Rank % Rank % Rank % Rank % Rank %  Rank
Urine 8.8 2 9.0 2 8.1 2 7.6 2 7.4 2 9.6 2 8.9 2
Respiratory tract 69.0 1 67.5 1 66.6 1 66.6 1 69.5 1 61.7 1 64.0 1
Wound 5.3 3 6.6 3 5.8 3 5.7 3 5.4 3 6.7 3 7.1 3
Bile 1.8 6 1.1 6 1.3 6 1.4 6 0.9 6 1.1 6 1.0 6
Blood 4.1 4 4.9 4 5.7 4 4.5 4 4.8 4 5.9 4 5.1 4
Hydrothorax and hydroperitoneum 22 5 22 5 1.4 5 1.7 5 1.0 5 1.7 5 1.8 5
Genital tract 0.3 9 0.2 9 0.2 9 0.2 9 0.2 9 0.1 9 0.2 9
Excrement 0.3 8 0.3 8 0.2 8 0.2 8 0.3 7 0.3 8 0.3 7
Cerebrospinal fluid 0.5 7 0.4 7 0.4 7 0.3 7 0.2 8 0.5 7 0.2 8
Others 7.7 7.8 10.3 11.8 10.3 12.4 114
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Table 4 Distribution of P. aeruginosa in department from 2015 to 2021
(%)
. 2015 2016 2017 2018 2019 2020 2021 2015-2021
Department
(n=7700) (n=13254) (n=16562) (n=23431) (n=23607) (n=21117) (n=24030) (mean=SD)
Outpatient and Emergency 9.3 10.2 7.1 8.1 8.5 8.2 9.1 8.6+1.0
Medicine 17.8 12.2 11.3 28.5 30.1 26.6 26.5 21.9+79
Surgery 13.6 10.0 10.7 20.5 18.6 23.0 20.5 16.7+5.2
Pediatrics 2.6 1.3 1.6 0.6 1.0 0.7 0.8 1.2+£0.7
Neurology ™ 0.9 12 23 0.6 0.8 0.8 0.8 1.1£0.6
ICU 7.9 9.8 11.4 20.0 18.3 17.2 16.6 145+4.7
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Table 4 ( continued )
(%)
. 2015 2016 2017 2018 2019 2020 2021 2015-2021
Department
(n=7700) (n=13254) (n=16562) (n=23431) (n=23607) (n=21117) (n=24030) (mean=SD)
Obstetrics and Gynecology 0.3 0.3 0.5 0.2 0.2 0.3 0.3 0.3+0.1
Dermatology 0.3 0.4 0.5 0.3 0.5 0.3 0.3 0.4+0.1
Otorhinolaryngology 0.4 0.4 0.7 0.4 0.4 0.3 0.3 0.4+0.1
Nephrology 0.3 0.4 0.8 0.2 0.5 0.5 0.6 0.5£0.2
Unknown 16.1 20.6 14.2 3.5 23 0.6 4.5 88+7.9
Other 30.5 332 38.9 17.1 18.8 21.5 19.7 25.7+8.5
"Except for outpatient and emergency, all other patients are inpatients.
“Including neurology and neurosurgery.
""Including nephrology and urology.
F 5 20152021 ALl S RO A R T 25 W0 O T 24 3 AN AU
Table 5 Susceptibility of P. aeruginosa strains to antimicrobial agents from 2015 to 2021
(%)
2015 2016 2017 2018 2019 2020 2021
Antimicrobial agent (n=7700) (n=13254) (n=16562) (n=23431) (n=23 607 ) (n=21117) (n=24030)
R S R S R S R S R S R S R S
Amikacin 92 883 8.1 89.2 6.1 91.9 62 920 47 937 45 940 35 951
Gentamicin 14.3 81.6 13.3 82.3 10.7 857 11.0 847 10.1 85.6 8.3 87.4 7.3 88.4
Imipenem 276 677 287 653 264 66.0 307 64.1 26.7  69.1 232 729 23.0 740
Meropenem 234 724 253 708 230 73.1 258 693 227 724 193 76.1 189 765
Cefepime 17.5 745 15.7  76.1 147 789 159 756 13.5 784 109  8l1.1 94  82.1
Ceftazidime 178 76.6 16.8 768 15.0  78.6 193 736 177 744 152 7187 142 805
Cefoperazone-sulbactam 16.5 67.5 17.5 68.1 14.8 71.1 17.1 69.1 15.0 70.3 14.0 74.7 13.7 74.3
Aztreonam 262 529 266 531 236 569  29.1 51.8 267 550 218 611 21.1 62.7
Piperacillin 192 703 183  69.0 17.1 716 210 663 21.0 654 164 734 155 744
Piperacillin-tazobactam 15.0  72.1 138 722 120 756 16.7  69.8 159 706 133 754 125 770
Ciprofloxacin 213 69.6 217  69.1 195 724 241 67.0 223  68.0 172 75.0 15.7 758
Polymyxins 1.1 98.9 0.5 995 09  99.1 12 984 08 992 0.7 992 08 992
Ceftazidime-avibactam* NA NA NA NA NA NA NA NA NA NA 4.1 95.3 55 945

* Ceftazidime-avibactam was tested against 318 strains of P. aeruginosa in 2020 and 1 304 strains in 2021.

NA, not available.
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Table 6  Susceptibility of P. aeruginosa strains to antimicrobial agents in terms of clinical setting

B . L AR B 25 %53 BIAE 0.8% ~28.8% .
1.2%~23.3%. 0.8%~16.6%. .3 6.

(%)

Outpatients/Emergency

ICU inpatients

Non-ICU inpatients

_ . =18 years old/Internal =18 years old/Surgery <18 years old
Antimicrobial agent (n=11074) (n=20 408 ) o

Medicine ( =26 214 ) (n=20812) (n=10158)

R S R S R S R S R S
Amikacin 5.1 92.9 6.8 91.5 5.1 92.4 53 93.3 4.0 95.2
Gentamicin 8.9 86.8 12.9 83.0 10.3 84.1 10.1 86.9 6.3 90.1
Imipenem 18.6 78.3 40.5 55.4 28.8 66.6 23.3 71.3 16.6 80.1
Meropenem 14.4 81.9 353 59.3 24.6 70.4 19.5 75.5 14.7 82.7
Cefepime 10.2 82.7 19.9 69.5 14.3 76.2 11.6 81.9 8.1 87.3
Ceftazidime 12.4 83.0 24.5 66.6 17.5 75.2 15.3 78.6 9.5 87.3
Cefoperazone-sulbactam 10.9 77.4 24.7 58.5 153 70.6 14.6 73.2 9.7 82.6
Aztreonam 19.1 65.1 36.1 449 25.7 56.2 21.9 59.6 15.1 67.9
Piperacillin 13.4 77.7 25.9 59.5 21.8 64.6 16.8 72.1 10.6 82.2
Piperacillin-tazobactam 10.8 79.7 22.4 61.7 16.0 70.9 13.0 74.9 7.4 85.8
Ciprofloxacin 19.8 70.2 24.5 66.3 24.0 65.0 18.6 74.8 5.9 90.4
Polymyxins 1.0 99.0 0.6 99.4 0.8 99.2 1.2 98.8 0.8 99.2
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Table 7 Susceptibility of P. aeruginosa strains to antimicrobial agents in terms of patient age
(%)
Age<<l8yearsold(n=13123) Age =18 and <64 years old( n=62391) Age =64 years old ( n=54 187 )

Antimicrobial agent

R S R S R S
Amikacin 3.9 95.4 6.1 92.2 5.2 92.7
Gentamicin 6.3 90.4 11.3 85.0 10.1 85.0
Imipenem 18.8 78.2 26.1 68.7 28.5 66.6
Meropenem 17.0 80.5 21.8 73.5 243 70.9
Cefepime 8.7 86.2 13.4 78.8 14.5 76.5
Ceftazidime 9.9 86.2 16.4 77.1 18.3 74.5
Cefoperazone-sulbactam 11.0 80.1 154 70.8 16.3 69.7
Aztreonam 17.5 65.9 24.8 57.1 26.7 54.3
Piperacillin 10.9 80.8 18.5 69.7 21.0 66.1
Piperacillin-tazobactam 7.7 84.5 13.8 73.3 16.3 70.5
Ciprofloxacin 5.9 89.1 212 69.6 223 68.8
Polymyxins 0.8 99.2 1.2 98.8 1.0 99.0
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Table 8 Susceptibility of P. aeruginosa strains to antimicrobial agents in different medical institutions

(%)

Antimicrobial agent

Secondary hospital ( =30 183 )

Tertiary hospital ( =91 743 )

Children’s hospital ( =7 775 )

R S R S R S

Amikacin 5.3 92.3 5.7 92.6 4.3 94.8
Gentamicin 9.5 85.5 10.9 85.1 5.7 90.7
Imipenem 242 71.7 27.6 67.1 20.3 78.1
Meropenem 19.9 75.3 235 71.9 18.6 78.8
Cefepime 11.9 79.4 14.1 77.9 10.4 83.8
Ceftazidime 15.6 77.7 17.4 75.9 10.0 86.4
Cefoperazone-sulbactam 12.8 74.6 16.3 69.6 11.9 80.3
Aztreonam 234 58.8 25.9 55.4 19.0 64.4
Piperacillin 19.4 67.5 19.1 69.2 11.0 80.8
Piperacillin-tazobactam 13.9 73.5 14.8 72.3 8.7 83.8
Ciprofloxacin 20.2 70.1 21.3 70.4 6.1 86.4
Polymyxins 2.5 97.5 0.7 99.3 0.6 99.4
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K9 2015—2021 4 CHINET 75 B2 24 i 2R L BT A AGE H 30
Table 9 Prevalence of carbapenem-resistant P. aeruginosa in CHINET program from 2015 to 2021

Vear Secondary hospital Tertiary hospital Children's hospital Total
N CRPA % N CRPA % N CRPA % N CRPA %

2015 948 240 25.3 6435 1901 29.5 317 33 10.4 7700 2174 28.2
2016 2 860 818 28.6 9630 2 836 29.4 764 282 36.9 13254 3936 29.7
2017 3204 795 24.8 12 356 3451 27.9 1002 268 26.7 16 562 4514 27.3
2018 6765 1897 28.0 15199 5073 334 1467 385 26.2 23431 7355 31.4
2019 6535 1724 26.4 16 080 4 666 29.0 992 135 13.6 23 607 6525 27.6
2020 5814 1377 23.7 14 039 3498 24.9 1264 202 16.0 21117 5077 24.0
2021 4057 745 18.4 18 004 4456 24.8 1 969 371 18.8 24 030 5572 232
Total 30183 7 596 252 91 743 25 881 28.2 7775 1676 21.6 129 701 35153 27.1

N, number of P. aeruginosa isolates tested; CRPA, carbapenem-resistant P. aeruginosa; %, prevalence of CRPA in the corresponding number of P.

aeruginosa isolates tested.
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