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Abstract

Background The study aims were to evaluate the species distribution and antimicrobial resistance profile of Gram-
negative pathogens isolated from specimens of intra-abdominal infections (IAl), urinary tract infections (UTI), respira-
tory tract infections (RTI), and blood stream infections (BSI) in emergency departments (EDs) in China.

Methods From 2016 to 2019, 656 isolates were collected from 18 hospitals across China. Minimum inhibitory con-
centrations were determined by CLSI broth microdilution and interpreted according to CLSI M100 (2021) guidelines.
In addition, organ-specific weighted incidence antibiograms (OSWIAs) were constructed.

Results Escherichia coli (E. coli) and Klebsiella pneumoniae (K. pneumoniae) were the most common pathogens iso-
lated from BSI, IAl and UTI, accounting for 80% of the Gram-negative clinical isolates, while Pseudomonas aeruginosa
(P aeruginosa) was mainly isolated from RTI. £. coli showed < 10% resistance rates to amikacin, colistin, ertapenem,
imipenem, meropenem and piperacillin/tazobactam. K. pneumoniae exhibited low resistance rates only to colistin
(6.4%) and amikacin (17.5%) with resistance rates of 25-29% to carbapenems. P aeruginosa exhibited low resistance
rates only to amikacin (13.4%), colistin (11.6%), and tobramycin (10.8%) with over 30% resistance to all traditional
antipseudomonal antimicrobials including ceftazidime, cefepime, carbapenems and levofloxacin. OSWIAs were differ-
ent at different infection sites. Among them, the susceptibility of RTI to conventional antibiotics was lower than for IAl,
UTl or BSI.

Conclusions Gram-negative bacteria collected from Chinese EDs exhibited high resistance to commonly used
antibiotics. Susceptibilities were organ specific for different infection sites, knowledge which will be useful for guiding
empirical therapies in the clinic.
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Background

Antimicrobials are frequently used in emergency depart-
ments (EDs) in China and a study noted that the propor-
tion of emergency patients treated with antibiotics was
as high as 39.31 to 43.45% from 2016 to 2019 [1]. Anti-
biotic stewardship in EDs should avoid administration
of broad-spectrum antibiotics, shorten their use times,
as well as minimizing their unnecessary use [2]. How-
ever, as patients presenting to EDs are often in an acute
state, physicians have to make decisions in a very short
time frame and they prescribe antibiotics empirically. For
critically ill infected patients, guidelines recommend to
start antibiotic treatment in the first hour of recognition
[3], which means that it is frequently impossible to get
microbiology results to guide the choice of antimicrobial
therapy. In order to support the choice of empiric anti-
biotic treatments, consensus guidelines as well as local
antibiotic drug susceptibility detection and various anti-
microbial surveillance programs have been introduced in
China [4, 5].

One approach to individualized empiric antibiotic ther-
apy is the Weighted-Incidence Syndromic Combination
Antibiogram, which is comprised of information about
the likelihood a treatment regimen will be effective for all
relevant organisms for a given infection based on exist-
ing large datasets [6—8]. A similar approach is the organ-
specific weighted incidence antibiogram (OSWIA),
which estimates probable susceptibilities of organ spe-
cific isolates to specific antibiotics [9]. The Study for
Monitoring Antimicrobial Resistance Trends (SMART)
global surveillance program monitors in vitro suscep-
tibilities of clinical Gram-negative bacilli to antimicro-
bial agents obtained from blood stream infections (BSI),
intra-abdominal infections (IAI), urinary tract infections
(UTI) and respiratory tract infections (RTI). The purpose
of the present study was to determine the prevalence and
susceptibilities of various bacteria to conventional antibi-
otics in patients attending Chinese EDs through a retro-
spective analysis of the SMART data collected from 2016
to 2019 and to determine differences of organ distribu-
tions between the infecting bacterial strains.

Methods

Ethics

In this study, the patient informed consent was waived
and authorized by the Ethics Committee of Sir Run Run
Shaw Hospital, Zhejiang University School of Medicine
(Approval Number: 20210811-33).

Isolates

All bacterial isolates were collected from discarded clini-
cal specimens of hospitalized patients with BSI, IAI, UTI
and RTI between 2016 and 2019 who were admitted to
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the EDs of 18 hospitals across China (Supplementary
Table 1). The IAI specimen is derived from tissues or
organs within the abdominal cavity, including the stom-
ach, intestines, liver, spleen, pancreas, kidneys that have
been infected by pathogens, resulting in infectious dis-
eases [10]. RTI refers to an infection of the tissues in the
respiratory system by pathogens such as viruses, bacte-
ria, or fungi. RTI specimens from the respiratory tract
included nasal and throat swabs, sputum samples, bron-
choalveolar lavage fluid, respiratory secretions, and oth-
ers [11]. Identification of isolates was initially made by
each hospital laboratory and then the specimens were
sent for laboratory re-identification using MALDI-TOEF/
MS (Bruker Daltonics, USA). Any duplicate isolates col-
lected from the same patient were excluded from the data
analysis.

Antimicrobial susceptibility testing

Testing was carried out in the Peking Union Medical
College Hospital clinical microbiology laboratory using
the Trek Diagnostic System (Thermo Fisher Scientific).
Clinical isolates and reference strains were detected
using the microbroth dilution method. Minimum inhibi-
tory concentrations (MICs) were determined with refer-
ence to the antimicrobial breakpoint of the CLSI M100
(2021) [12]. The antibiotics tested were amikacin (AMK),
cefepime (FEP), ceftazidime (CAZ), aztreonam (ATM),
ceftriaxone (CRO), colistin (COL), ertapenem (ETP),
levofloxacin (LVX), cefoxitin (FOX), imipenem (IPM),
tobramycin (TOB), meropenem (MEM) and piperacil-
lin—tazobactam (TZP).

Definition of antimicrobial-resistant strains

Carbapenem resistance of Escherichia coli (E. coli) and
Klebsiella pneumoniae (K. pneumoniae) refers to resist-
ance to any of IPM, MEM or ETP. Carbapenem-resistant
Pseudomonas aeruginosa (P. aeruginosa) was defined as
resistance to IPM or MEM.

Quinolone resistance to E. coli, K. pneumoniae and P
aeruginosa was defined as resistance to LVX.

Third generation cephalosporin resistance to E. coli and
K. pneumoniae was defined as resistance to any CRO or
CAZ, and the strains susceptible or intermediate to car-
bapenems (IPM, MEM or ETP). P. aeruginosa resistant to
third-generation cephalosporin was defined as resistance
to CAZ (CAZ-resistant PA) and the strains susceptible or
intermediate to carbapenems (IPM, MEM).

OSWIA calculation

Data were retrospectively analyzed to establish the dis-
tribution of bacteria in various organs for BSI, IAI, UTI
and RTI. OSWIA values were determined as previously

described [9].
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Results

Patient characteristics and specimen source

Between January 01, 2016 and December 31, 2019, a
total of 656 isolated were obtained from ED patients.
The patient characteristics are detailed in Table 1. The
patients average age was 60.6 years (range: 1-101), com-
prising 388 males and 268 females. Most infections were
hospital-acquired (HA) (58.1%), while 249 (38.0%) were
community-acquired (CA) and for 26 data were not
applicable. The isolates included 210 strains from IAI col-
lected during surgery from the peritoneal fluid, appendix,
abscesses, pancreas, gall bladder, liver and stomach. A
total of 122 strains from BSI, 112 strains from UTI mainly
from the urine, and 208 strains from RTI taken from

Table 1 Patient characteristics

Variable Patient (N = 656), n (%)
Gender
Male 388 (59.1)
Female 268 (40.9)
Average age (range), years 60.6 (1-101)
Age categories, years
<39 104 (15.9)
40-59 173 (26.4)
> 60 379(57.8)
Timing of infection onset
Community-acquired 249 (38.0)
Hospital-acquired 381 (58.1)
Not applicable 26 (4.0)
Specimen source
BSI: Blood 122 (18.6)
IAl 210(32.0)
Abscess 26 (4.0)
Appendix 100 (15.2)
Gall bladder 29 (44)
Liver 15(2.3)
Pancreas 2(0.3)
Peritoneal fluid 36 (5.5)
Stomach 1(0.2)
Other 1(0.2)
UTl 112(17.1)
Ureter 3(0.5)
Urine 109 (16.6)
RTI 208 (31.7)
Bronchoalveolar lavage 8(1.2)
Endotracheal aspirate 2(0.3)
Sputum 196 (29.9)
Thoracentesis 2(0.3)
Unconfirmed infection 4(0.6)

Abbreviations: BSI blood steam infection, /Al intra-abdominal infection, RT/
respiratory tract infection, UT/ urinary tract infection
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bronchoalveolar lavage, endotracheal aspirate, thoracen-
tesis or sputum were identified, as well as 4 strains from
unconfirmed organs.

Distribution of Gram-negative bacteria obtained from BSI,
1Al, UTl and RTI

Enterobacterales were the most common Gram-nega-
tive bacilli isolated from emergency patients with BSI,
IAI and UTI (Fig. 1). E. coli accounted for 48.4% in BSI,
58.6% in IAI and 72.3% in UTI, while K. pneumoniae
accounted for 24.6%, 21.4% and 11.6%, respectively and
other Enterobacterales were much less common than E.
coli and K. pneumoniae. The pathogen distribution in
RTI was distinctly different from the other three infec-
tion types, with P aeruginosa and K. pneumoniae being
the most common species each accounting for about 40%
of the Gram-negative pathogens. Since the composition
ratio of Gram-negative bacteria was different at different
infection sites (Fig. 1, Supplementary Table 2) the varying
patterns between infected organs should be considered
when prescribing empirical treatments.

Distribution of Gram-negative bacteria from 2016 to 2019
The distribution of Gram-negative pathogens was sta-
ble between 2016 and 2019, with E. coli, K. pneumoniae
and P. aeruginosa being the top 3 species, accounting for
more than 80% of the clinical isolates (Fig. 2, Supplemen-
tary Table 3).

Distribution of Gram-negative bacteria in different age
groups of patients

Among the strains collected, regardless of the organ
of origin, the predominant species were P aeruginosa,
E. coli and K. pneumoniae. However, the composition
ratio of the main bacterial groups were different in infec-
tion sites within age groups (Fig. 3a-d) and were generally
different especially in the age group <39 years (Fig. 3e,
Supplementary Table 4).

Monitoring of drug susceptibility

Drug resistance rate monitoring of major Gram-negative
bacteria from 2016 to 2019

E. coli exhibited<10% resistance to AMK, COL, ETP,
IPM, MEM and TZP, with the exception in 2016 to TZP,
but generally TZP resistance rates were reduced between
2016 and 2019. Otherwise, resistance rates were more
than 30%, with the exception of FOX (16.2%). K. pneumo-
niae exhibited < 20% resistance only to AMK and 6.4% to
COL between 2016 and 2019. P. aeruginosa only exhib-
ited low resistant rates of 13.4% to AMK, 11.6% to COL
and 10.8% to TOB from 2016 to 2019 (Table 2).



Fu et al. BMC Infectious Diseases (2024) 24:501

urinary tract infection

100%

80%

60%

40%

Proportion

20%

0%

BSI

mE. coli

i P. mirabilis

W S. marcescens

TIAI UTI

u K. pneumoniae

u K. aerogenes

B K. oxytoca

RTI

u P. aeruginosa

B E. cloacae
m Others
Fig. 1 Distribution of Gram-negative bacilli in BSI, IAl, UTI and RTI. Abbreviations: BSI, blood steam infection; IAl, intra-abdominal infection; UTI,

100%

2016
2017
2018
2019
Total
0‘I% 20I% 40‘% 60I% 80I%
Proportion
B E. coli u K. pneumoniae 5 P. aeruginosa

= P. mirabilis

B S. marcescens

a b
BSI IAI
100% - 100% - - -
80% - 80% ‘
= =
£ 60% A £ 60%
B B
2 2
S 40% A S 40%
~ ~
20% A 20%
0% - 0%
<39 40-59 >60 <39 40-59 >60
Age (years) Age (years)
mE coli mK. p u P. aerugi W P. mirabilis

Proportion

® K. aerogenes WE. cloacae W S. marcescens

m K. aerogenes
m K. oxytoca

100%
80%
60%
40%
20%

0%

UTI

<39 40-59 >60
Age (years)

Proportion

u E. cloacae
u Others
Fig. 2 Composition ratio of Gram-negative bacteria in EDs from 2016 to 2019. Abbreviation: ED, emergency department.

100%
80%
60%
40%
20%

0%

RTI

<39 40-59 >60
Age (years)

m K. oxytoca mOthers

100%
90%
80%
70%
60%

40%
30%
20%
10%

0%

Proportion

50% -

Page 4 of 10

Total

<39 40-59 >60
Age (years)

mBSI ®mIAI ©“UTI =RTI

Fig. 3 Comparison of the composition ratio of microbiota in different infected organs and age groups. Abbreviations: BSI, blood steam infection;
IAl, intra-abdominal infection; RTI, respiratory tract infection; UTI, urinary tract infection.



Page 5 of 10

(2024) 24:501

Fu et al. BMC Infectious Diseases

wejldeqozel-u

dz1 ‘unAweiqol go ‘wauadoidaw pyIH ‘UIDBXOOAS| XAT ‘Wauadiwl Jd] ‘UnIXoyad X0 ‘dwidayad 474'wauadelss 43 ‘DUoXeuyad Q) ‘Ullsijod 7O ‘DWIpIZe1yad 7D ‘Weu0a.IZe [y ‘UdeyIWe Y)Y [SUOLIDIAJIGQY

Uo112913p Ou - ‘Dduelsisal Bnup |eineu N

%€ 0L LT WEEDL  (6L90)8  (%00E)6 N (€€ L N N (%91)S (%0086  (%L9E) Ll (%001)€ (0s=U) 6107
L/ EL (eEVL)S  (W6THSL  (%6THSL (%6TH) Sl N O6ErE) Tl N N @%EY)S (698701 (98K /L (%98)€ (s =U)8L07
(%97€) 6 - @9YE 6 (6T TL (%96 N O6ETH) LL N N 89 L OETh) Ll (%00S) €L (%T61)S (9z=U) 107
(%9'L) 01 - 6T 6 (%9809 (O6vTS) L N (%E€e)/ N N %S6)T  (%6TH6  (%9h)0L  (%06L) b (lz=u)9l0z
(%S'LE) TY (%8'OL) L (%L'SE) OV  (%9'9F) Ly (%E'6E) ¥y N (%0°€€) LE N N (%9LL)EL (%8'VE)6E (%S'SH) LS (%YEL)SL  =U) ewo:._msmuﬂ
(%9'8€) /1 - %SEDEL 6999l (ST EL  (BTEN) 6L  (%FLE VL (LPESL (%499 (%89 € (%9785) /L (%EVH) SE  (%T8)8 (rh =) 6107
(%S'81) 01 - OeL9)6  (%TSEI6L  (6SBLIOL  (%6ST VL (%960 9L (%6SBLIOL  (%9ITH) € (%99 € (%967) (%07Y) 67 (%0°EL) s =u)
(%L'59) 51 - @OLDEL  9/P)0T  KOLE)EL (69K 0T (%YTS)TC  (%OLEEL  (%8S) € %8V T (6TSK) 6L (%6TE 9T (%061)8 (cr=u)/
(%8'50) 8 - %8508 (TSPl (%8SD8 (W6 EL (0SSO Ll (%SSE) LI (%TSH) b (%L6) € (%S°SE) (%°19) (%9°2) (lg=u)
(%T'62) 05 - (%L'STEY  (%V'0V) 69 (%L'ST¥h (%9'8E)99  (%8'9E) €9 (%L'8T)6v  (%¥'vy) 9L  (%b'9) LL (%8'9E) €9 (%0'¥h) STL (%SLL)0E ) %.EoE.MHu b
%19 ¥ - (%000 (LSS PY (%0000 (6L0DS8  (6TES) L€ S L (LSS vy (%S E  (%ILE)ST  (9%L9€) L ©%€'1) L (6, =) 6107
%71 S - OVl %S9968 v L L0l (LL99T 6T LSSIBE (EWIE (6067) 07 (%98 L (O6¥ L) L (69 =) 8107
(%6'8) - ®%8DE  GrvS) ey (%SEE (€009l (%SLWEE  (BLS)Y (v 65 (%€9)S  (%6E0D9L (%005 €L (%ST)T (6,=u) 107
(%S'21) 0L - %89S YL9)SE  (W0NY  (%E9DSL  (%6V9) L€ % 8)S el (688)S  (YIV T 69/P)OL (%€ E (Ls=u)9loz
(%T°6) 9T - (%TE)6 (%L'9S) L9l (%88 (BTIL) 9 (%L¥Y) LZL  (%TV)TL (%0°LS)TIL  (%9'S)9L (%0°LE)88 (%S'SK)LS  (%STL  (¥8T=u)1jo>3
dzL goL Waw XA Wdl X0 d34 d13 fo}'h) 100 ZvD WLV MY

(%) 6107 01 9107 WOl (psouibniap g ‘apjuownaud "y ‘1jo02 ') elia1deq aAlebaU-WeID) J0few JO S31RJ 3DURIS|SaI [RIGOIDIWIUR 04 U] T dlqeL



Fu et al. BMC Infectious Diseases (2024) 24:501

Detection rate and drug susceptibility of specific
antibiotic-resistant bacteria from 2016 to 2019

Isolation of carbapenem-resistant, quinolone-resistant

or third-generation cephalosporin-resistant E. coli, K.
pneumoniae and P. aeruginosa

In isolates, the carbapenem-resistant E. coli and P. aer-
uginosa showed an overall downward trend. However,
the rate of detection of carbapenem-resistantE. coli was
relatively low, being only 1.3% in 2019, while for car-
bapenem-resistant P. aeruginosa in 2019 it was 30.0%
and for carbapenem-resistant K. pneumoniae strains in
2019, 34.1%, the rate being higher than in 2018 (18.5%).
The rate of detection of quinolone-resistant E. coli or K.
pneumoniae showed a decreasing trend in the four years
studied, being 55.7% in 2019 for the detection of qui-
nolone-resistantE. coli and 36.4% for K. pneumoniae. The
detection rate of quinolone-resistant P aeruginosa was
26.7% in 2019 and lower than in 2018 (42.9%). The detec-
tion rates of third-generation cephalosporin-resistant E.
coli and K. pneumoniae as well as P. aeruginosa showed
an irregular trend from 2016 to 2019, being between
44.3%-63.2% and 9.1%-24.1% as well as 2.9%-15.4%,
respectively throughout the years. Compared to E. coli
there were only few numbers of third-generation ceph-
alosporin-resistant K. pneumoniae and P aeruginosa
isolates found between 2016 and 2019 (Fig. 4, Supple-
mentary Table 5).

Specific drug resistance rates (%) of strains to antibiotics
from 2016 to 2019

ForE. coli, the resistance rate of carbapenem-resistant
E. coli to AMK was 33.3%, and to the other antibiotics
tested were > 60%, apart from COL (25.0%). Quinolone-
resistant E. coli exhibited the lowest resistance rates to
AMK (4.3%), ETP (5.6%), IPM (5.0%) and MEM (5.6%).
The resistance rates of third-generation cephalosporin-
resistant E. coli was 2.0% to AMK and 0% to ETP, IPM
and MEM.
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Carbapenem-resistantK. pneumoniae were 57.1%
resistant to AMK and quinolone-resistant K. pneumoniae
were 42.0% resistant to AMK, with low resistance rates
only found to COL (8.2% and 10.1%), respectively. Third-
generation cephalosporin-resistant K. pneumoniae was
6.7% resistant to AMK and 0% to ETP, IPM and MEM.

For carbapenem-resistant P aeruginosa, the drug
resistance to AMK was 30.4%, for TOB 28.0% and for
COL (10.9%). For quinolone-resistant P. aeruginosa, only
resistance rates to AMK (24.4%) and TOB (26.1%) as well
as COL (9.8%) remained low. Third-generation cepha-
losporins resistant P aeruginosa,showed low resistance
rates of 0% to AMK, IPM, MEM and TOB (Table 3).

Antimicrobial susceptibility monitoring during empiric
treatment of different infection sites and organs

In the weighted susceptibility assessment of different
infection sites, it was found that the susceptibility of the
same antibacterial drug at different organs and infection
sites was different. For example, AMK, TOB, ETP, IPM
and MEM were the antibiotics with > 90% susceptibility
for BSI, but only AMK and MEM were > 90% effective
antibiotics against IAI. High-susceptibility to antibiotics
in UTI included AMK, TOB and MEM (all > 90%), and
except for AMK, COL and TOB, the susceptibility to
other antibiotics at the site of RTI infections was < 80%
(Fig. 5, Supplementary Table 6).

Discussion

This study analyzed Chinese data from the global SMART
surveilance program and found that the most frequently
isolated Gram-negative bacteria were Enterobacterales,
a finding similar to previous results from SMART stud-
ies and the China Antimicrobial Surveillance Network
(CHINET) [13, 14]. Enterobacterales are of particular
concern given their ability to develop and spread resist-
ance to penicillins, cephalosporins, carbapenems and
quinolones [12, 15, 16]. As these are the most commonly
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Fig. 4 Isolation (detection) rate of carbapenem-resistant, quinolone-resistant, third-generation cephalosporin-resistant E. coli, K. pneumoniae and P,

aeruginosa from 2016 to 2019
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Table 3 Drug-resistant rates (%) of carbapenem-resistant, quinolone-resistant, third-generation cephalosporin-resistant E. col, K.

pneumoniae and P. aeruginosa between 2016 and 2019 (n/%)

E. coli K. P. aeruginosa
pneumoniae

Carbapenem  Quinolone-  Third Carbapenem  Quinolone Third Carbapenem  Quinolone Third genera-

-resistant (0 resistant (= generation - resistant (n -resistant (n generation -resistant (0 -resistant (1 tion cepha-

=12) 161) cephalosporin = 49) =69) cephalosporin = 46) =41) losporin

- resistant (n = - resistant (n - resistant (n
150) =30) =12)

AMK 4 (33.3%) 7 (4.3%) 3 (2.0%) 8 (57.1%) 29 (42.0%) 2 (6.7%) 4 (30.4%) 10 (24.4%) 0 (0.0%)
ATM 11 (91.7%) 98 (60.9%) 113 (75.3%) 7 (95.9%) 61 (88.4%) 19 (63.3%) 31 (67.4%) 33 (80.5%) 1(91.7%)
CAZ  9(75.0%) 69 (42.9%) 79 (52.7%) 45 (91.8%) 59 (85.5%) 18 (60.0%) 27 (58.7%) 25 (61.0%) 12 (100.0%)
COL 3 (25.0%) 10 (6.2%) 7 (4.7%) 4(8.2%) 7(10.1%) 4(13.3%) 5(10.9%) 4(9.8%) 1(8.3%)
CRO  12(100.0%) 117 (72.7%) 150 (100.0%) 49 (100.0%) 65 (94.2%) 27 (90.0%) N N N
ETP 2 (100.0%) 9 (5.6%) 0 (0.0%) 49 (100.0%) 45 (65. 2%) 0 (0.0%) N N N
FEP  9(75.0%) 94 (58.4%) 118 (78.7%) 5(91.8%) 5 1%) 18 (60.0%) 30 (65.2%) 25 (61.0%) 7 (58.3%)
FOX 1(91.7%) 31 (19.3%) 21 (14.0%) 9 (100.0%) 58 (84. 1%) 14 (46.7%) N N N
IPM  8(66.7%) 8 (5.0%) 0 (0.0%) 4 (89.8%) 62.3%) 0 (0.0%) 44 (95.7%) 25 (61.0%) 0 (0.0%)
VX 9(75.0%) 161 (100.0%) 108 (72.0%) 5(91.8%) 100.0%) 21 (70.0%) 27 (58.7%) 41 (100.0%) 6 (50.0%)
MEM 9 (75.0%) 9 (5.6%) 0 (0.0%) 43 (87.8%) 3(62.3%) 0 (0.0%) 40 (87.0%) 27 (65.9%) 0(0.0%)
TOB - - - - - - 7 (28.0%) 6 (26.1%) 0 (0.0%)
TZP 9 (75.0%) 22 (13.7%) 5(10.0%) 45 (91.8%) 48 (69.6%) 4(13.3%) 32 (69.6%) 26 (63.4%) 9 (75.0%)

N natural drug resistance; -, no detection

Abbreviations: AMK amikacin, ATM aztreonam, CAZ ceftazidime, COL colistin, CRO ceftriaxone, ETP ertapenem,FEP cefepime, FOX cefoxitin, IPM imipenem, LVX

levofloxacin, MEM meropenem, TOB tobramycin, TZP piperacillin-tazobactam

used antibiotics in hospitals, such resistance would leave
physicians with very limited treatment options. The
vast majority of the pathogens were E. coli, K. pneumo-
niae and P. aeruginosa (86.4%), with resistance rates for
cephalosporins in the range of 31.0%—57.0% and for ATM
44.0%-45.5%, indicating a high rate of ESBL-producing
strains [17], which underlines the global health prob-
lem of cephalosporin resistance [18]. Previous SMART
surveilence results found ESBL rates of 46.3%-49.1%
for E. coli and 25.6%—-26.8% for K. pneumoniae [13]. In
the 2021 CHINET surveillance, resistance to third-gen-
eration cephalosporins was detected in 55.6% of E. coli
and 43.8% of K. pneumoniae, also indicating the high
ESBL prevalence in China [14]. The resistance rates for
the fluoroquinolone LVX (36.6%—56.7%) were in a simi-
lar range to cephalosporins in this study, which might
reflect the overuse of fluoroquinolones, especially since
the development of cephalosporin-resistance [19, 20].
They were similar to the rates reported by the 2021 CHI-
NET surveillance of LVX resistance detected as 53.6%
for E. coli and 28.3% for K. pneumoniae isolates [14].
One approach to overcome cephalosporin resistance is
the use of combination of a B-lactam and a -lactamase
inhibitor [21], such as tazobactam, which led to essen-
tially reduced resistance rates of about 10% for otherwise
cephalosporin-resistant E. coli and K. pneumoniae in the
present study. Of concern is the rising resistance rate of

K. pneumoniae to carbapenems,which reached25%—-29%
in the present study and was similar to the rate of about
25% found in the 2021 CHINET surveillance study [14].

Resistance rates for COL were generally low, but sus-
ceptibility breakpoints have been abolished in recent
CLSI guidelines. Treatments with COL should be applied
with maximum renally adjusted doses, since the previous
MIC of 2 pg/mL could not be achieved in 50% of patients
with normal renal functions and acute kidney injury
occurs frequently with conventional doses. Recommen-
dations include strongly preferred alternative drugs for
active or combination treatments [22, 23]. Also, TOB is
not commonly used in China, which might explain the
low resistance rates found in the present study.

P aeruginosa was the third most common pathogen
detected and the most common Gram-negative pathogen
found in RTI. It exhibited > 30% resistance to traditional
antipesudomoas antibiotics, including CAZ, FEP, TZP,
IPM, MEM and LVX. These results are similar to those
reported in a recent SMART study that investigated P
seudomonas resistance to antibiotics in China [24].

This present survey included only isolates collected in
EDs, since patients admitted to EDs are frequently can-
didates for urgent empiric antibiotic treatment, which
should be administered according to the site of infec-
tion and the clinical severity of symptoms [25]. The char-
acteristics of infected patients and physicians’ routine
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Fig. 5 Organ distribution related susceptibilities. a Differences in susceptibility of antibiotics at different infection sites. b Differences in weighted
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treatments in the ED differed compared to other depart-
ments. This is because the infected site may initially not
be clearly defined, patients cannot be observed for a long
period of time, and etiological evidence is rarely avail-
able; doctors and nurses in EDs also have a very heavy

workload. It is therefore convenient to use drugs which
only need administration once a day to ED patients,
including ETP once a day, AMK intramuscular injec-
tion, as well as LVX once a day, which can be sequenced
simultaneously.
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In order to offer guidelines for chosing an empiric
treatment, organ specific therapy based on pathogen dis-
tribution differences and their antibiotic resistance vari-
ations have been developed [6, 8]. Of these, OSIWA was
first applied for HA and CA infections of different intra-
abdominal organs [9]. In the present study, we expanded
the evaluation of OSIWA for the empirical treatment
of IAI also to UTI, BSI and RTI. When considering the
distribution of pathogens at a single infection site — for
example E. coli caused more than 50% of all IAI and
more than 60% of all UTI — whereas for RTI infections
E. coli was the pathogen in < 15% of all cases (Fig. 3). The
OSIWA shown in Fig 5 indicate the probabilities of suc-
cessful empiric drug treatment for single infections sites.
For RTI and IAI the choice of empirical antibiotics with
expected efficacy was limited, but for UTI and BSI more
antibiotics are available.

Limitations of the present survey were the relatively
low sample numbers since only isolates from EDs have
been included, which have had an influence on the resist-
ance patterns reported and combination treatments with
[-lactams, aminoglycoside and fluoroquinolone were not
considered. In addition, since in the SMART data collec-
tion detailed data regarding resistance mechanisms are
not included, susceptibility test results only can infer the
mechanism of ESBL production in cephalosporin but not
in carbapenem resistance.

Conclusions

The pathogens isolated from BSI, IAI, UTI and RTI
between 2016 and 2019 in Chinese EDs were mainly E.
coli, K. pneumoniae and P. aeruginosa,but therewere con-
siderable resistance pattern differences as well as organ
distributions between the bacterial strains. OSIWA
determinations led to organ specific antibiotic drug effec-
tiveness patterns, which should help to guide the choice
of suitable empirical antibiotic treatments, especially for
urgent infected cases in EDs.
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