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[ Abstract ] Objective To analyze the distribution, antimicrobial resistance trends, and clinical
characteristics of Gram-negative bacteria in patients with bloodstream infections (BSIs) in a hospital in Yiwu
area. Methods Data on Gram-negative bacterial strains isolated from positive blood cultures at Yiwu Central
Hospital between January 2019 and December 2024 were retrospectively collected and analyzed using
WHONET 5.6 and SPSS 26.0. Inter-year differences were compared using the chi-square test, and annual trends
were assessed using the Cochran-Armitage trend test. The Benjamini-Hochberg procedure was applied for
multiple comparison correction. Results A total of 1,478 Gram-negative strains were isolated. The top five
species were Escherichia coli (50.81%), Klebsiella pneumoniae subsp. pneumoniae (24.22%), Pseudomonas
aeruginosa (7.10%), Acinetobacter baumannii (3.86%), and Enterobacter cloacae (2.64%). The detection rate and
proportion of E. coli increased rapidly year by year, while the proportion of K. pneumoniae subsp. pneumoniae
began to decline from 2023. Regarding departmental distribution, the top five departments were
Gastrointestinal Hernia Surgery (21.31%), Hepatobiliary-Pancreatic Surgery (18.61%), the Intensive Care Unit
(11.50%), Vascular Surgery (4.26%), and the Emergency Intensive Care Unit (3.45%). The proportion of isolates
from surgical departments, particularly Gastrointestinal Hernia Surgery, rose markedly. Additionally, the
detection number and proportion among young and middle-aged patients (21~50 years) increased annually. The
detection rates of extended-spectrum B-lactamase (ESBL)-producing E. coli, ESBL-positive K. pneumoniae subsp.
pneumoniae, carbapenem-resistant E. coli, carbapenem-resistant K. pneumoniae, carbapenem-resistant P.
aeruginosa, and carbapenem-resistant A. baumannii were 42.21%, 16.39%, 1.33%, 17.21%, 15.24%, and 59.65%,
respectively. Trend analysis revealed that K. pneumoniae subsp. pneumoniae exhibited significant annual
decreases in resistance rates to all tested antimicrobials. For E. coli, only the cefoperazone-sulbactam resistance
rate showed a significant downward trend, while it remained highly susceptible to carbapenems, amikacin, and
tigecycline (resistance rates <2% in most years). P. aeruginosa showed significant decreasing trends in resistance
to cefoperazone-sulbactam, ceftazidime, cefepime, carbapenems, and fluoroquinolones. No statistically
significant resistance trends were observed for A. baumannii, which remained highly susceptible only to
polymyxin B and tigecycline. Conclusion E. coli and K. pneumoniae subsp. pneumoniae were the predominant
Gram-negative pathogens causing BSIs in this hospital. The proportion of isolates from surgical departments
represented by Gastrointestinal and Hernia Surgery increased rapidly, accompanied by an elevated proportion of
middle-aged and young adult patients aged 20~50 years. Overall antimicrobial resistance rates remained stable,
with decreasing trends detected for certain species. Continuous antimicrobial resistance surveillance, routine
etiological testing before antimicrobial administration, and rational drug selection should be implemented to

curb bacterial resistance.
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F1 2019—2024 FMiREAFE=AHAEAKRHER [n (%) ]
Table 1. Distribution of Gram—negative bacteria in bloodstream infections from 2019 to 2024 [n (%) 1]

95 JEL 20194 20204 2021 4F 2022 4 2023 4 2024 4F &t

PN b 49 (36.84) 67 (40.36) 69 (40.83) 82 (48.52) 191 (53.50) 293 (60.54) 751 (50.81)
JIi 5 B 7 A M 8 I A 32 (24.06) 47 (28.31) 48 (28.40) 53 (31.36) 83 (23.25) 95 (19.63) 358 (24.22)
el Al EA M BT 10 (7.52) 11 (6.63) 8 (4.73) 7 (4.14) 23 (6.44) 46 (9.50) 105 (7.10)
S A ST 20 (15.04) 7 (4.22) 7 (4.14) 8 (4.73) 9 (2.52) 6 (1.24) 57 (3.86)
FIVA AT T 5 (3.76) 8 (4.82) 3 (1.78) 3 (1.78) 10 (2.80) 10 (2.07) 39 (2.64)
A SRR - 4 (241) 7 (4.14) 2 (1.18) 5 (1.40) 7 (1.45) 25 (1.69)
PR S A A 2 (1.50) 3 (1.81) 4 (2.37) 1 (0.59) 7 (1.96) 6 (1.24) 23 (1.56)
RN R TR 2 (1.50) 5 (3.01) 5 (2.96) 2 (1.18) 3 (0.84) 4 (0.83) 21 (1.42)
W& AR - 1 (0.60) 3 (1.78) 7 (4.14) 3 (0.84) 3 (0.62) 17 (1.15)
R 6 (4.51) 2 (1.20) 4 (2.37) 1 (0.59) 2 (0.56) 2 (0.41) 17 (1.15)
HoAth 7 (5.26) 11 (6.63) 11 (6.51) 3 (1.78) 21 (5.88) 12 (2.48) 65 (4.40)
it 133 (100.00) 166 (100.00) 169 (100.00) 169 (100.00) 357 (100.00) 484 (100.00) 1478 (100.00)

®2 2019—2024 EMHBARE=AMEREZENT [0 (%) ]
Table 2. Departmental distribution of Gram-negative bloodstream infections from 2019 to 2024 [n (%) ]

Bl 20194F (n=133) 20204FE (n=166) 20214F (n=169) 20224F (n=169) 20234F (n=357)  20244F (n=484)
B SR 1 (0.75) 13 (7.83) 6 (3.55) 10 (5.92) 121 (33.89) 164 (33.88)
JH ARSI} 8 (6.02) 45 (27.11) 49 (28.99) 47 (27.81) 56 (15.69) 70 (14.46)
ICU 29 (21.80) 22 (13.25) 19 (11.24) 30 (17.75) 36 (10.08) 34 (7.02)
AN 2 (1.50) 5 (3.01) 7 (4.14) 3 (1.78) 18 (5.04) 28 (5.79)
E-ICU 10 (7.52) 13 (7.83) 6 (3.55) 2 (1.18) 9 (2.52) 11 (2.27)
HoAle 83 (62.41) 68 (40.96) 82 (48.52) 77 (45.56) 117 (32.77) 177 (36.57)
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#3 2019—2024 F MR BAFE=REEERTH [0 (%) ]
Table 3. Age distribution of Gram—negative bloodstream infections from 2019 to 2024 [n (%) 1]

FERRAYE (B)  20194F (n=133)  20204F (n=166)

2021 4F (n=169)

20224F (n=169) 20234 (n=357) 20244 (n=484)

<1 1 (0.75) 2 (1.20)

1~10 2 (1.50) 5 (3.01) 9 (5.33)
11~20 0 (0.00) 4 (2.41) 5 (2.96)
21~30 1 (0.75) 2 (1.20) 5 (2.96)
31~40 5 (3.76) 8 (4.82) 6 (3.55)
41~50 9 (6.77) 20 (12.05) 16 (9.47)
51~60 19 (14.29) 25 (15.06) 29 (17.16)
61~70 30 (22.56) 33 (19.88) 37 (21.89)
71~80 28 (21.05) 40 (24.10) 30 (17.75)
81~90 36 (27.07) 23 (13.86)

>9] 2 (1.50) 4 (2.41)

0 (0.00)

27 (15.98)
5 (2.96)

1 (0.59) 3 (0.84) 1 (0.21)
2 (1.18) 10 (2.80) 14 (2.89)
4 (2.37) 21 (5.88) 32 (6.61)
8 (4.73) 37 (10.36) 53 (10.95)
10 (5.92) 52 (14.57) 68 (14.05)
9 (5.33) 29 (8.12) 71 (14.67)
32 (18.93) 61 (17.09) 89 (18.39)
21 (12.43) 51 (14.29) 52 (10.74)
47 (27.81) 55 (15.41) 62 (12.81)
30 (17.75) 28 (7.84) 37 (7.64)
5 (2.96) 10 (2.80) 5 (1.03)
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F4 2019—2024 FMRBERKFIEFETWHATIE [0 (%) ]
Table 4. Antimicrobial resistance of Escherichia coli from 2019 to 2024 [n (%) ]
o 20194F 2020 4F 2021 4 20224 2023 4F 2024 4%
B2 P
(n=49) (n=67) (n=69) (n=82) (n=191) (n=293)
KRR /AT L AH 2 (4.08) 7 (10.45) 7 (10.14) 4 (4.88) 5 (2.62) 7 (2.39) -2.98 0.038
W P AR/ b £ 3 5 (10.20) 5 (7.46) 6 (8.70) 8 (9.76) 6 (3.14) 12 (410)  -249 0.084
Sk ar 28 (57.14) 31 (46.27) 34 (49.28) 41 (50.00) 78 (40.84) 144 (49.15) -0.75 0.837
KAt nE 14 (28.57) 15 (22.39) 16 (23.19) 18 (21.95) 29 (15.18) 53 (18.09) -2.06 0.128
BSEIIIEA 24 (48.98) 32 (47.76) 33 (47.83) 40 (48.78) 72 (37.70) 144 (49.15) -0.24  0.866
ST i 10 (20.41) 12 (17.91) 24 (34.78) 28 (34.15) 29 (15.18) 72 (24.57)  -0.24  0.866
ST 8 (16.33) 10 (14.93) 10 (14.49) 8 (9.76) 23 (12.04) 25 (8.53)  -2.09 0.128
Jefth e 0 (0.00) 1 (1.49) 2 (2.90) 1 (1.22) 1 (0.52) 5 (1.71) 0.26  0.866
R 0 (0.00) 1 (1.49) 1 (1.45) 1 (1.22) 1 (0.52) 5 (1.71) 0.61  0.866
Bk R AL 1 (2.04) 1 (1.49) 0 (0.00) 1 (1.22) 1 (0.52) 2 (0.68)  -0.88 0.821
LT TR B 17 (34.69) 31 (46.27) 35 (50.72) 35 (42.68) 79 (41.36) 129 (44.03) 0.17  0.866
TR 29 (59.18) 40 (59.70) 42 (60.87) 45 (54.88) 97 (50.79) 174 (59.39) -0.31 0.866
Bmr 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (0.34) 0.90 0.821

E: RS FE RS (BPRkn) A5, 724 Cochran—Armitage A % ¥ #4831+ % ; P 4 Benjamini—Hochberg (BH) A& iE)5 69 PAE, *.
Z AT S AR REATHAGREE (GEVITEK 2 £ 2 AR BHFFAREAL, O35 WAL T HcEiNan ), w25 200058 ERE
KARECH 5 I AAREFGHM BN AR, RAAL IR XI55,
5 2019—2024 £ MFH B LM AT EAFMKLHMHETE (2 (%) ]
Table 5. Antimicrobial resistance of Klebsiella pneumoniae subsp. pneumoniae from 2019 to 2024 [n (%) ]

o 20194F 2020 4F 2021 4F 2022 4F 2023 4F 2024 4F
YLz P
(n=32) (n=47) (n=48) (n=53) (n=83) (n=95)
Sk AL R /A L AH 13 (40.62) 16 (34.04) 12 (25.00) 8 (15.09) 11 (13.25) 12 (12.63) -4.38  <0.001
WREL P AR/ b £ 3 13 (40.62) 17 (36.17) 14 (29.17) 12 (22.64) 12 (14.46) 12 (12.63) -4.50  <0.001
Sk 14 (4375) 25 (53.19) 21 (43.75) 17 (32.08) 25 (30.12) 28 (29.47) -2.96 0.003
KA fbnE 15 (46.88) 23 (48.94) 16 (33.33) 11 (20.75) 16 (19.28) 19 (20.00) -4.46  <0.001
AR 15 (46.88) 23 (48.94) 19 (39.58) 15 (28.30) 24 (28.92) 24 (2526) -3.36  <0.001
kA5 14 (43.75) 20 (42.55) 16 (3333) 11 (20.75) 16 (19.28) 19 (20.00) -3.84  <0.001
SAPE T 13 (40.62) 18 (38.30) 16 (33.33) 12 (22.64) 17 (2048) 16 (16.84) -3.72  <0.001
Jeftht e 12 (37.50) 14 (29.79) 11 (22.92) 6 (11.32) 11 (13.25) 9 (9.47) -437  <0.001
MR 12 (37.50) 12 (25.53) 10 (20.83) 5 (9.43) 11 (13.25) 8 (8.42) -421  <0.001
B AR A 11 (34.38) 8 (17.02) 10 (20.83) 4 (7.55) 10 (12.05) 5 (5.26) -4.09  <0.001
LT TRD B 13 (40.62) 17 (36.17) 18 (37.50) 15 (28.30) 18 (21.69) 15 (15.79)  -3.77  <0.001
CwiE Ll 14 (43.75) 15 (31.91) 12 (25.00) 9 (16.98) 14 (16.87) 10 (10.53)  -451  <0.001
Bk 8 (25.00) 11 (23.40) 3 (6.25) 5 (9.43) 2 (2.41) 4 (4.21) -4.65  <0.001

E: RS FE RS (BPkkn) A5, 24 Cochran—Armitage A %% ¥ 483+ % ; P 4 Benjamini—Hochberg (BH) A iE)5 69 PAE, *.
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Table 6. Antimicrobial resistance of Pseudomonas aeruginosa from 2019 to 2024 [n (%) ]

o 2019 4F 20204 2021 4 20224F 2023 4F 2024 4
Y24 P

(n=10) (n=11) (n=8) (n=7) (n=23) (n=46)
KRR /AT L AH 5 (50.00) 1 (9.10) 2 (25.00) 4 (57.14) 3 (13.00) 2 (4.30) -3.14 0.009
WRHLPE /AR IH 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1 (530) 2 (4.30) 1.17 0.271
kA At 4 (40.00) 1 (9.10) 2 (25.00) 4 (57.14) 2 (870) 2 (4.30) -2.82 0.016
SkAm 5 4 (40.00) 1 (9.10) 2 (25.00) 2 (28.60) 0 (0.00) 1 (2.20) -3.64 0.003
N2 3 (30.00) 1 (9.10) 4 (50.00) 2 (28.60) 5 (21.70) 1 (2.20) -2.51 0.022
EX 3t 2 (20000 1 (9.10) 4 (50.00) 2 (28.60) 2 (8.70) 1 (2.30) -2.48 0.022
B AR A 1 (10.00) 0 (0.00) 0 (0.00) 1 (1430) 0 (0.00) 1 (2.20) -0.85 0.396
RATER 1 (10.00) 0 (0.00) 0 (0.00) 1 (1430) 0 (0.000 0 (0.00) -1.64 0.125
HNTP A 2 (20.00) 1 (9.10) 1 (12.50) 2 (28.60) 2 (8.70) 0 (0.00) -2.33 0.028
eI IR B 2 (20000 1 (9.10) 1 (1250) 2 (28.60) 1 (430) 0 (0.00) -2.59 0.022
ZHWEB 0 (0.00) 0 (0.00) 0 (0.000 0 (0.00) 0 (0.00) 0 (0.00) - NE
EEVIE 10 (100.00) 11 (100.00) 8 (100.00) 7 (100.00) 20 (87.00) 43 (93.48) - -

E: B REASF SRS (BPkkn) Aot NE%%@%H%%@F%%%“X?‘&T%, 74 Cochran—Armitageﬁ%@%‘?ﬁi‘l’i‘; P4
Benjamini—Hochberg (BH) A EJG 69 P4, *. 3% 25 R & A3 skt AT 26 40K 36 (AF VITEK 2 £ Z M TR B E R B, O35 Ak

VISR kAN ), w2 % 2 R RAR RO BT S RARES D B AR EARAN, R IR RAREC) 54
JO T 5P IR A A KRG, FOP AR R ARIME R, RN A H 5,

! ARGRAR

R7 2019—2024 FMF B REERHTEMALTIE [0 (%) ]
Table 7. Antimicrobial resistance of Acinetobacter baumannii from 2019 to 2024 [n (%) ]

20194F 20204F 2021 4F 2022 4 2023 4F 2024 4F
B ZW) P

(n=20) (n=7) (n=7) (n=8) (n=9) (n=6)
Sk FRUVR /AT L AH 8 (40.00) 4 (57.14) 2 (28.60) 6 (75.00) 3 (33.30) 4 (66.70) 0.72 0.761
DRPIPE MBI 10 (50.00) 5 (71.40) 3 (42.90) 6 (75.00) 4 (44.40) 5 (83.30) 0.76 0.761
kA Az 11 (55.00) 5 (71.40) 3 (4290) 6 (75.00) 3 (33.30) 5 (83.30) 0.17 0.887
L 9 (45.00) 2 (28.60) 1 (14.30) 6 (75.00) 3 (33.30) 3 (50.00) 0.27 0.887
R eae] 11 (55.00) 5 (71.40) 3 (4290) 6 (75.00) 3 (33.30) 5 (83.30) 0.17 0.887
KW 11 (55.00) 5 (71.40) 4 (57.14) 6 (75.00) 3 (33.30) 5 (83.30) 0.17 0.887
TR 2 (10.00) 2 (28.60) 5 (71.43) 5 (62.50) 1 (11.10) 4 (66.70) 2.13 0.214
WM A 9 (45.00) 4 (57.14) 5 (71.43) 7 (87.50) 4 (44.40) 5 (83.30) 1.37 0.559
IE TR TR B 10 (50.00) 4 (57.14) 3 (4290) 6 (75.00) 4 (44.40) 5 (83.30) 0.90 0.761
SR 9 (45.00) 5 (71.40) 2 (28.60) 6 (75.00) 1 (11.10) 5 (83.30) 0.14 0.887
ZHEER B 0 (0.00) 0 (0000 0 (0000 0 (0.00) 0 (0000 0 (0.00) - NE
EAL S 3 (15.00) 2 (28.60) 2 (28.60) 7 (87.50) 4 (44.40) 3 (50.00) 2.55 0.139
KPR F* 3 (15.00) 1 (14.30) 2 (28.60) 5 (62.50) 2 (22.20) 3 (50.00) 1.90 0.251
IR 0 (0.00) 0 (0.00) 1 (14.30) 0 (0.00) 1 (11.10) 0 (0.00) 0.83 0.761

E ARG FRRE (B R kn) ARt
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