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Abstract

Objective: To analyze the distribution characteristics and drug resistance of pathogenic bacteria
from sputum culture positive patients with infectious pneumonia in general wards and intensive
care units of respiratory and critical care medicine departments, so as to provide rational drug
use basis for anti infection treatment of patients. Methods: BDPhoenix100 automatic microbiolog-
ical analyzer and agar dilution method were used for bacterial identification and drug sensitivity
test. The drug sensitivity results were interpreted according to the 2021 edition of the American
Association for Clinical Laboratory Standardization (CLSI). The sputum samples of patients with
infectious pneumonia were isolated, identified and tested for drug sensitivity. The distribution
characteristics and drug resistance of pathogens were further analyzed by WHONET5.6 software.
Results: From September 2021 to September 2022, a total of 298 non repetitive strains were iso-
lated from sputum samples submitted by the Department of Respiratory and Critical Care Medi-
cine of Qingdao Central Hospital, including 25 strains of Gram-positive bacteria (8.39%), 18
strains of Staphylococcus aureus (6.04%), 6 strains of Streptococcus pneumoniae (2.01%), and 1
strain of Streptococcus lactis (0.34%); 273 strains of Gram-negative bacteria (91.61%), the top 5
were Klebsiella pneumoniae 77 strains (25.84%), Pseudomonas aeruginosa 63 strains (21.14%),
Acinetobacter baumannii 42 strains (14.09%), Escherichia coli 25 strains (8.39%) and Maltropho-
monas maltophilia 21 strains (7.05%). Staphylococcus aureus were sensitive to quinuputin/dafopratin,
vancomycin, rifampicin, mupirocin, linezolid and teicoplanin. Klebsiella pneumoniae has different
degrees of resistance to common antibacterial drugs, and is most sensitive to carbapenems, ami-
kacin, and polymyxin. The high resistance rates are chloramphenicol, ciprofloxacin, cefotaxime,
ampicillin/sulbactam, respectively. The resistance rate of Pseudomonas aeruginosa to quinolones
was high, the resistance rates of levofloxacin and ciprofloxacin were 28.57% and 22.22% respec-
tively, and the resistance rate to aztreonam was also high, 26.98%. The drug resistance of Acine-
tobacter baumannii is particularly serious, and the drug resistance rate to various commonly used
antibiotics is more than 40.00%. Escherichia coli was resistant to quinolones and cephalosporins.
The results of natural drug resistance of Stenotrophomonas maltophilia to most common antibio-
tics showed that the drug resistance rate to compound sulfamethoxazole was the lowest, 14.29%,
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and the drug resistance rates to levofloxacin, chloramphenicol, and ceftazidime were 19.05%,
28.57%, and 57.14%, respectively. Conclusion: The bacteria isolated from sputum samples of the res-
piratory and critical care medical department are resistant to common antibiotics to varying degrees,
and the rate of bacterial resistance is still rising year by year. The situation is serious, and as a global
public health problem, great attention should be paid to it. It is particularly important to formulate
treatment plans based on drug sensitivity results and patients’ conditions, strengthen local bacterial
resistance monitoring and hospital sense awareness of medical staff.
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BT 2 A, TR 2 U AR SR B AR B A e R IR E TR L
1T R BT AU E T SRR (0 BE B e e B ), DR T 24 SR 2 A i 25 T SR B4R T[], S22
MG H M Z, Bilkp EPUBIIATT TR T IR Bk R[2]. AT 40 0T 2021 4F 9 H %5 2022 4E 9 A
5 T T R, 5 s T 5 2 T S e I 4 £ 2 b AR 5 0% B 2 A o TR T 2515 0, LA
I PR e TT & HE R 25 4R AR
2. 55
2.1. ¥

2021 4E 9 A% 2022 4F 9 7 817 L BE BRI 5 fes B0 1 SR 25056 -5 B A 5 I A Ay

iE

IRARA T 70 B AR SE 353 Bk, S B [R]— RE 70 0 Y 010 A Tk A R 1 s L e A T L o 1 1 A 11 6
PR HEREOBERKEN . SUBERESE, IR 298 MREUE K

22. A&

221 BIEARESEFR

B 2O JE 0 ST IR AR B B T OB, B IRRTEATIRIR A, A SRR AR TR
EOM G HATE IR . A PRARHE: CIAI: bR LR T 2.5 BREHIRAE S LR i < 10
4~ H WBC > 25 4.

222 fiESBEESHERE

i1t BDPhoenix100 4= H 2N AW 4 B AR 25 o A A, R BRAR R E AT 258058, 14 2021
5 [ i PR 5256 Z AR E P23 (CLSI) [ XS 24 B2 SRdh AT 152 o o 4% R Pk - < 0 €036 % BRI ATCC25923.
KA ATCC25922. fifl S ANshAT B ATCCL19606. #iZk{E Ml ATCC27853. WE3 2F I (A B
ATCC17666. [iti % w8 fHH B ATCC70063.
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2.3. RGO

K WHONETS.6 B A X 20 b 45 58 S 25 B SR AT 70 A THEC8Uls DA 1 70 LU (%) R0
3. &R
3.1 BEFOBEAREN DB R

298 PRAEH IR 202 #R(67.69%) 7> 25 T WP L fis BRE @ 5 R bR A, 96 ARy B TIPS fE
FIE W 55 (32.329%), P 2L FHTEE 25 £K(8.39%), 7 lJE 4 (A A ERTE 18 #K(6.04%) . i A Bk
6 F£(2.01%), (=FLEEERE 1 #R(0.34%); = =MIPER 273 FR(91.61%), (5 ELRT 5 750 il f& il 4 7 T 411 B
77 1£(25.84%) . HZRER L 63 #5(21.14%). fifl 2 A B B 42 $R(14.09%). KJIHI% A B 25 1(8.39%) 1
Mg LR IR A BB 21 #R(7.05%), ol EAA L 1.

Table 1. Distribution and constituent ratio of 299 pathogenic bacteria

5% 1. 299 tRIRIRE 7 R AR EE

Organism No. of strains Constituent ratio (%)

Gram-positive bacteria

Staphylococcus aureus 18 6.04
Streptococcus pneumoniae 6 2.01
Streptococcus dysgalactiae 1 0.34

Gram-negative bacteria

Klebsiella pneumoniae 77 25.84
Pseudomonas aeruginosa 63 21.14
Acinetobacter baumanii 42 14.09

Escherichia coli 25 8.39
Stenotrophomonas maltophilia 21 7.04
Klebsiella spp 7 2.35
Serratia spp 6 2.01
Enterobacter cloacae 5 1.68
Pseudomonas spp 5 1.68
Acinetobacter spp 4 1.34
Proteus spp 4 1.34
Burkholderia spp 3 1.01
Providencia spp 3 1.01
Moraxella catarrhalis 2 0.67
Morganella spp 2 0.67
Citrobacter spp 1 0.34

DOI: 10.12677/acm.2022.12121608 11157 I IR 2= =23t e


https://doi.org/10.12677/acm.2022.12121608

M %

Continued
Haemophilus influenzae 1 0.34
Actinobacillus 1 0.34
Achromobacter 1 0.34

Total 298

3.2. E=ZHMEHEIARESR

25 A 22 BH A B R 16 PR o) B TP S o EOE I JE N 5 R AR AR, O R B TR A EORE MR A
Hoh % F il 257 (Multi-drug resistant bacteria, MDROS)3t 22 #£(88.00%), 43724 ¥ (A & BkE 16 #k
(64.00%), Jifi % BEEKEA 6 1(24.00%). 18 k4 ik (08 4 BR 1 b bk 2 B 2%y 88.88%, H4A ML M 24
Fk(Methicillin-resistant Staphylococcus aureus, MRSA)4 #k, F 48 75 M ABUR KR (Methicillin-sensitive  Staphy-
lococcus aureus, MSSA)14 ¥k, IIXTEBCE THAMREIT i BHR. FAEF. SILY R, FIEmi. &%
P EUR, KRR EIRZYIM 250k, MRSA X KH4r & WATE 25 T 253 3505 T MSSA, R R K I
Xof B AR i i FR ORI 245 ) MRSAL, 14 #& MSSA R A5 2 Bkt BRI s i RO B i 24, ASHERR MRSA
RARAR A D BT 28, ARINTEZ MRSA Btk —2 0. 6 BRI R BERKR SN2 BN 1, 1575
R 1k, BIEHRECD, RIATRZ50 4. FERE 2.

Table 2. Resistance and susceptibility of Staphylococcus aureus to antimicrobial agents (%)

* 2. EREFBKEXERANEGYOTH A RERR(%)

MRSA (n = 4) MSSA (n = 14)
Antimicrobial agents
R S R S
Quinupristin/Dalfopristin 0.00 100.00 0.00 100.00
Ciprofloxacin 25.00 75.00 14.29 85.71
Vancomycin 0.00 100.00 0.00 100.00
Rifampicin 0.00 100.00 0.00 100.00
Mupicocin 0.00 100.00 0.00 100.00
Sulfamethoxazole 0.00 100.00 14.29 85.71
Linezolid 0.00 100.00 0.00 100.00
Tetracycline 25.00 75.00 7.14 92.86
Gentamicin 25.00 75.00 7.14 92.86
Erythromycin 75.00 25.00 21.43 78.57
Teicoplanin 0.00 100.00 0.00 100.00
Clindamycin 75.00 25.00 21.43 78.57
Penicillin 100.00 0.00 85.71 14.29
Oxacillin 100.00 0.00 0.00 100.00
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33 EZ[AMEARIAESER

274 BRAEZBIVER R, 186 R B8 TIPS fE B @ b A AR AR, 88 MRy B TR S fs EURE I
9% 55, MDROS 3 129 #:(47.08%). i % 5w A « HISHECR IR . 60 S AT . KipIR A Mg
TEE IR B L 229 PR 5 T EE L I PE R ARG 83.58%, L1 £ HEi 25 i fk L 105 #£(38.32%),
IAME S B A e AT E . WEREE. DA R, BERREE . AT E. &R 8RAE. A%
ERMEIKHEE. IR S IS0 w 3t 45 R, 2904 16.42%, (Hl THAE G2, AR&S0TE
X, RIUEAKT SR A T AR 245 0 0. TE L2 3.

Table 3. Resistance and susceptibility of Gram-negative bacteriums to antimicrobial agents (%)

3. BEMAMENEBIE AR 2 R MNBUEE (%)

Antimicrobial
agents

Aztreonam
Chloromycetin
Levofloxacin
Ciprofloxacin
Cefotaxime
Cefepime
Ceftazidime

Piperacillin
tazobactam

Ampicillin
sulbactam

Trimethoprim
sulfamethoxazole

Amikacin
Gentamicin
Imipenem
Meropenem

Polymyxin

Klebsiella Pseudomonas Acinetobacter E i . Stenotrophomonas
pneumoniae aeruginosa baumanii scrztre]n:cgg coli maltophilia
(n=77) (n=63) (n=42) (n=21)

R S R S R S R S R S
16.88  81.82  26.98  66.67 - - 48.00  44.00 - -
22.08 76.62 - - - - 24.00 72.00 28.57 47.62
16.88 81.82 28.57 58.73 52.38 45.24 72.00 28.00 19.05 57.14
2468 7532 2222 6984 5476 4524  80.00  20.00 - -
24.68 75.32 - - 50.00 26.19 72.00 24.00 - -
19.48 80.52 15.87 71.43 47.62 47.62 52.00 36.00 - -
1429 8442 1746 7778 5000 50.00 40.00 52.00 57.14  19.05
14.29 81.82 12.70 79.37 47.62 47.62 16.00 80.00 - -
24.68 66.23 - - 40.48 47.62 52.00 16.00 - -
18.18 81.82 - - 47.62 52.38 56.00 44.00 14.29 85.71
2.60 97.40 0.00 100.00 26.19 7381 0.00  100.00 - -
15.58 84.42 6.35 92.06 52.38 42.86 32.00 68.00 - -
6.49 92.21 12.70 82.54 50.00 50.00 4.00 96.00 - -
6.49 93.51 9.52 87.30  50.00  50.00 4.00 96.00 - -
1.30 98.70 0.00 100.00 0.00 100.00 4.00 96.00 - -

331 MREEAEE
77 BRITR e AR B 59 Ry TR b RN A, 18 #k T RICU B F5 A, MDROS

5 K] 36.36%, I B T B 4 S 4 50 TR /H AT 1 (Carbapenem-resistant Klebsiella pneumonia, CRKP) 5 #k,

RN 6.49%. BEARGTIRE B, PKRE. SRERBOABUK, i 255000 510 259 & Him 2
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RE 0 Ale R B R 22.08%. AP A 24.68%. LUMENT 24.68%. & NI A/ET ELIH 24.68%, HAMZG¥IM
it 25 235 1F 10%~20%2 [A] o

3.3.2. ARBEEE

63 PREAZRAB LR 45 hor B T80 s bR A4S, 18 ¥k T RICU & KR A, MDROS
15 L 39.68%, i Bk T 25 I S 4 47 B APt 4 (Carbapenem-resistant Pseudomonas aeruginosa, CRPA) 8 #4,
or 280 12,700 A AR 50 I A1 o w4 T 245 470 Bz v PRV TR 245 30 Ao, 0 2 SR B2 . IR VD B2 )T 24
R HIN 2857%. 22.22%, RAMIEFHIM 2GRN 26.98%, BRIk B IM @I R EONBUK, R
R IR K A B B 2 TR 2R T 24 1

3.33. HIBAENTE

42 WREQS AT T 24 $Ror B8 TEm e b5 BER AR A, 18 FRr T RICU B#EHKIRA, MDROS
5 U 57.14%, T Bk 5 5 4 2560 2 RS 4 1 (Carbapenem-resistant Acinetobacter baumanii, CRAB) 21 £k,
for H 26 9 50.00% . il S ANSAT B T 2530 RO 8, RHIE PR & 2854 R i 25 224515 40.00% LA |,
SRR R R BONBUR, 255N 26.19%, B A KR 2 A5 K 255k

3.34. KIRFHE

25 BRR B PRA W b 17 k2> 88 T8l b B AR A, 8 ¥k 72 5 T RICU IR FR A, MDROS /i
1) 88.00%, T hk 7 2% /A 2 I T 1% (Carbapenem-resistant Enterobacteriaceae, CRE) 1 £, #: H %N 4.00%.
K54 o BTN 2T R AR H 5, 0TI . SRR R 2 2 &R R PR R, IRKE
R 230y 32.00%, MAKIFK-REINZ T, 2R TUAREF I 2530y 84.00%, 11 WRF P8 AR A P 2
i 2% 20.00%. i CREL ¥k, HAZMRA 2 RG24k

3.35. BEFEFRENE

21 MRV SF SRR B AR 11 RO B TR s R R AR AS, 10 AR 22 T RICU JBF IR AL . 1
77 5F SRR B SR 0 K 2 BOH LU 2R AR 2, AR B 2 Al R R R R BT R v I 2 R Ak, A
14.29%, XA E. FEE R SKAhIE N 25265 5 19.05%. 28.57%. 57.14%.
4. W1ig

KRR R BRSO BB IR 5 fE FORE R SR 2021 4F 9 H~2022 4 9 F IE R bR A S
SYESH 298 BRAEE SRR B, S BHVERR 25 R, DIE BRI AR, R 273 R, EE
DA 28 o0 P A0 R SR B SRS AZM R v, HUGR R A ARG 2 2F I AR .

SO A ERTE T MRSA K HI 30K 22.22%, I T~ 2021 £E CHINET H [ 40 3 i 24 W 0 45 5[ 1] 30.00%
MRSA X} - BRSSPI 2P0 FE M 25, 0 RIRN RS, DU ZE. e, B e S e vh i 2 55
PRI AR FRRE N2, REITEER. FIRET. SITP R AN/ s, f)Zsmk
&\ BHRL T Zibk . AW MRSA BERAT B, RIHRTT- MRSA T 25 73 A2 72 R BR P, 148 2021
A5 CHINET Rl gl R BoRFREAR R IUE T B R B hT . RIS 2k, it B mIaE . FE-F.
FH 48 S I R e PRSI (D TR 24 2240 009 0.1% . 5.2%. 7.6%, {HL[E A 41 A I 28 ME L[4 R0 5 1 5 K [51i 24
(ORI o 4 B €081 267 3K A1 7E = Be SR A5 14 s 28 AR AT LA DG fi 28 [6] I B0 26 7E 8.9%~16.0%, #1 X R4k
Jiti ¢ o MRSA B0 BB/ WL, AR R AN J5 Rk A2 B IE, 5 &0 T 3R I ROE RS AH
K[7], BT MRSA 5T 25 K (1 2 Sk, HARMEIRIT N 785 % [ MRSA iy i 25451 J& 254 ] i
MR R[8], FFRIE A HERIG SRR 2, 38 MRSA fiti 7% 8538 I PR 45 = 1 0k /> 20 B i 24 7T e
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T P T TR 1) 3 O B 2 IR R, RN A IR B SR AR 1 il 28 AN R LA DG i 96 R, A
FUH 2 BAPE B G 2 B R AR R 91.61%, LU BB AR R B 2 VAT B O . AT R B X bt
B ZIAAAAE AR R BEMN 2, KM AT B 0T 5 24 W0 it 24 26 350 B S v T il 6 S TR AT 18, W B0 28 Bl
KRR, ZRERMINZAGIRE D W, CHINET W45 F2 W il 2% 5 55 A7 7 Bk 85 0 2R 250 24 5208
S RFHES, B 2019 95 2 R R SA, 2021 A 45 LR oR ot 36 R R AL s mE R 2 263 73K 24.4%
23.1%, AT 5T 43 5 HE RO 8 5 B A RS 3 B R g AN e85 A TR 24 %2 30 6.49%, /T 2021 CHINET
HMEE R TR CRAP A H ZeT A Rk B R Ry, AHI Tt rb i S M5 A ] v oxof 56 287 85 v 01 0 e 1
A (TR 2528 4 530 12.70%F0 9.52%, BB RAKT 2021 CHINET Wizt 5, AR5t CRAB [ %N
50.00%, /)T 2021 CHINET Wil 45 3R 72.3%. WEZ2 28 ZE 9% B B e on) Skl fthne . e b 2. =78
WL SR 25385 T 2021 CHINET Hidll4h

AR BEAE W 5 i S R 2 RHE T SHUMOE S A B 2B E R, BT A N
I ARG () EEBUR B, BEET TSP A, RN 25505 =T, MDROS iz i 245 B ik (1A
R BT, R 24 Rt SO 0 B K AR R 9], )R B N Tk L I (Extended-Spectrum
S-Lactamases, ESBL)FIT# 7 25 )i liff (Carbapenemase) [10]/2 5 32 2% VAT B R 24 P () 7 A e R 18, TRk
B I LW BU I8 O R 43 I PR PP 20 25, 38U IR R TS AR 3 N [11]. W& 28 5%
T I B R A AR BORSRIN 24, WG PR S F T 1 B B 24038 97 I R B R B 22 S TR B
WAL, 5] SR G Gk I 5 B0 2 R i EE [12]

T T X P o FERE PR 2 AR A 4 B R JEE T D 2 M 3 B A e DR B PR 24 T AT 4y
PRI, ANIRIHIX PRI BRI 24 22 S B SR o DAL, 0 TR PR I 46 J8 2 IR 2 B0 MR YR 7 AR A RE A AK S48 P B
BHRILH, BHAIVEIRIT RUR RAE R RAKYE 25 s Ra5 & BE G B2, SEEMRIBT £,
e AR, X U Bk kN7 224 i b ko 0 T i 24 1 WA, X T 24 Y A S P DA D A B T 24 7 A
[ PP A 42 R 12 ok e A R (1000 5 o) AN AR RIS st B2 45 N 2 B Sk S TR (1 B 9% /i 245 1 11 A 4

S Hk
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