Medical Diagnosis & “£i2Hf, 2026, 16(1), 124-131 Hans DUl
Published Online February 2026 in Hans. https://www.hanspub.org/journal/md
https://doi.org/10.12677/md.2026.161017

RFM IR EIKARRRITIRF IR 2514
Sh

&L, BAW?, &P

TR EE R E AR, LR BT
2T ERAEB MR R BE, AR BF T

Weks H . 202641 H9H; #HHHEM: 20264F2H2H; &KAHM: 20264F2H9H

HE

E 0 W JE R Bt A B 1R 12 28 1 i A6 S R T R L RO A T8 SR AR E AR 24 4, R I RAB HE IS 9T SR ALK 38

T ERESHT20154F 1 B ~20244512 F Bt B2 Wi 12 72 1 il 4 S5 BR B R 4L ) 1564 B Al R
Bkl X4 B B R IO 1848k IR B H Il R BEFRE AT AT . SR 156512 1l & SEBRE
Byt B 567.9% (106/156), &1 1532.1% (50/156), B AT R BAE B E & 550% (78/156),
BN EBEF65 LT BHE 569.2% (54/78), REBEREF6S LI NEE 585.9% (67/78), FENRER
ERBFIE32.1% (50/156), F=FFREXRMK514.1% (22/156); #XIRBERGRFE 1590.4%
(141/156); BRYRT DL B — KA G AN E 556.4% (88/156), H—HIRXMERGBEE 520.5%
(32/156), MLIEGEFHHRHERGBRIIHB 1517.3% (27/156); 156H1R 1L/ & BERRETRGL B &
HH51.9% (81/156) AMMEMH =, M156/5112 i & SRR ARG B & THEFAL(IL REEwR . FEKSE)
A EH184RIT R ERRE, H 11684 B B ILBRA, 598K EMERRA, SHEREMK, 48%kE
K BRERER, BHRNAER. AHRBRRIFR RN AR T 0%, W PSS/ FEFE
KN Z5E N42.4%, NEBRNMAERN27.2%, REIMNEMERE. LEFVE. ERVE. itE
. PR 2 ER. &0 KRN R EREBRAGR TAX, 2EFWE0Mm, 20T Bk,

<65 HIMAR<6SHILE. RBREFEEZREFRWERASHMMBES, BRBEEE. RER
WA KIF N B RSN 2 E, (EXEEER LRSS R ESR. KRBT, AERPRHER
GERY, NSEHYER, BAEANEGERNAY, IR BRI 248,

X in
RBI R BERER, RATHY, WHHE, HEEY

EIREE

NESIH: EHE, BRI, At RN 5 ERR R AGRAT R R IE R 2 BT ). R 2, 2026, 16(1):
124-131. DOI: 10.12677/md.2026.161017


https://www.hanspub.org/journal/md
https://doi.org/10.12677/md.2026.161017
https://doi.org/10.12677/md.2026.161017
https://www.hanspub.org/

FHiE &%

Epidemiological Characteristics and
Drug Resistance Analysis of
Invasive Streptococcus

pneumoniae

Infections

Weixia Li?, Chengfan Yang?, Shuhua Lu!*

IClinical Laboratory, Affiliated Hospital of Jining Medical University, Jinning Shandong
2School of Clinical Medicine, Jining Medical University, Jinning Shandong

Received: January 9, 2026; accepted: February 2, 2026; published: February 9, 2026

Abstract

Objective: To analyze the epidemiological characteristics and drug resistance of invasive Strepto-
coccus pneumoniae infection in hospitalized patients in a certain hospital, and to provide a basis for
precise clinical diagnosis and treatment. Methods: A retrospective analysis was conducted on the
clinical data of 156 patients with invasive Streptococcus pneumoniae infection diagnosed in the hos-
pital from January 2015 to December 2024. Drug sensitivity analysis was performed on 184 non-
repetitive Streptococcus pneumoniae strains isolated from their sterile sites. Results: Among the
156 patients with invasive Streptococcus pneumoniae infection, 67.9% (106/156) were male and
32.1% (50/156) were female. Adult and minor patients each accounted for 50% (78/156). Among
adult patients, 69.2% (54/78) were under 65 years old, and among minor patients, 85.9% (67/78)
were under 6 years old. The incidence was highest in the fourth quarter, accounting for 32.1%
(50/156), and lowest in the third quarter, accounting for 14.1% (22 /156). Community-acquired in-
fection was the main type, accounting for 90.4% (141/156). The infection types were mainly single
bloodstream infection, accounting for 56.4% (88/156), single central nervous system infection ac-
counted for 20.5% (32/156), and bloodstream infection combined with central nervous system in-
fection accounted for 17.3% (27 /156). Among the 156 patients with invasive Streptococcus pneu-
moniae infection, 51.9% (81/156) were admitted to the intensive care unit. A total of 184 Streptococ-
cus pneumoniae strains were isolated from the sterile sites (blood, cerebrospinal fluid, pleural and
peritoneal fluid, etc.) of the 156 patients, including 116 strains from blood samples, 59 from cerebro-
spinal fluid samples, 5 from pleural fluid, and 4 from peritoneal fluid. The drug sensitivity results
showed that the resistance rates of the strains to erythromycin, clindamycin, and tetracycline were
all over 90%, the resistance rate to sulfamethoxazole/trimethoprim was 42.4%, and the resistance
rate to penicillin was 27.2%. No resistance was found to ertapenem, levofloxacin, ofloxacin, vancomy-
cin, and linezolid. Conclusion: Invasive Streptococcus pneumoniae infection in this hospital is more
common in the community, shows seasonal distribution, and is more common in males, adults under
65 years old, and children under 6 years old. Minor patients are more likely to have combined central
nervous system and bloodstream infection, and their conditions are more severe. Streptococcus pneu-
moniae is highly resistant to macrolides and other drugs, but remains highly sensitive to quinolones
and glycopeptides. In clinical treatment, especially for central nervous system infection, drug sen-
sitivity results should be referred to, high-resistance drugs should be avoided, and special resistance
patterns of cerebrospinal fluid isolates should be paid attention to.
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T EAMAT GRS . 88258 . P HREARRBMESN, RS T BUR 221 4 5 3K B i (invasive pneu-
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T4 IPD (R Bt B IR PRRRAE 0 J5E 1 7 A A it 241550, LASA IPD Wil IR i2Va SR E A A BdE 5 5 %
WA -

2. MN57E
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SRR R R BLCAN B8 ML P 5% . MOREAR 98 55) . HERRARHE: DU MR S5 PR A A o 3 25 H il
REEPREE . AW RS EGAC I 0 25 i HEELLES . 2025-08-C035), #8450 B R = .
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R T4 & bt B EH IR TR AR AR A o S BR[A— BB R RAE B A AR R AR A SR
B EE R, URE E KD B R REAT 2
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M BB B bR AN L5 FR (A g B, k), T4 E sl h 8595 . IPH G HFh 2 5t
O i B4R o AR TG B AR VR (I K . DR WA B 1 R A0 L IV 1 35 P A ML 1 1 77
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PR AR 5% NG PR AT SC 30 SR E Db 2 2024 - RRObR1HE(CLST M100-S34)JEAT FI 520 4% Witk A A 5
BRI ATCC 49619.

2.5. G EAE

K] WHONET 5.6 S T 25 B8R ST 241 . A SPSS 22.0 8R4 T— Bz o fr. iHEHE
WATFEIER A, PAHALE(P25, P15)K R, THEEERIUEIEL(H /)RR, ARIEECRH 2 /36
Fisher HiVIREZ . L P<0.05 NESBEA ST %5 L.

3. 58
3.1. BHEARHES RITRESD

20154E 1 H 1 HZE 2024 46 12 A 31 H, L#i2 IPD B 156 . JHGIEM AR ILE 1, 2018 4£95%
BilE i 2 (27 ), 2020 (9 ), 2021 FJ5 2 NEEH . BEERPAMECY 17.5(1,54)%, WHEH 1 H
WA 82 % B 106 H11(67.9%), Ltk 50 H1(32.1%). MAE K RFEE K 78 BI(F A7 50%). WA EH
W, <65 B3 54 51(69.2%), >65 %3 24 111(30.8%). ARMELFEF, <6 £ 67 11(85.9%), HAEY)L
(28 R~3 %) 50 151(64.1%), Z2JLHI(28 R~1 %) 34 15(43.6%); Jo#iA ) LI .

IPD K% IR0, SEIUZREEGS0 6, 32.1%)F5 44 Fl, 282%)Nm Kk, H==p
(22 1], 14.1%) R AT EA% o AL X IRIG YL 141 11(90.4%), BEBEIRASPERE G 15 161(9.6%). 3L 81 $1(51.9%)
BENFERE R E(CU)RTT . SMATE RUF, ¥R EEUTFE 126 151(80.8%), HBNHFL 26 141(16.7%), P
WAET: 4 151(2.6%)-
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Figure 1. Distribution of invasive Streptococcus pneumoniae infection cases by year
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3.2. BB EEKRKIR

156 fl &, H— Mg 88 1(56.4%), H—HXME RE(IE )R 32 #(20.5%), M5
XA RGUE IRIERGE 27 11(17.3%), FAMFBALEGL 9 51(5.8%). M5 HAXIE RS E H BRI A 24 i
NABEEE, H 28 R~1 ZWEJUHEE 176, HARMFEERFD 70.8%. MNEELETAILSEH
184 FRAR 5 52 il 4 BEER B o b ASKIR > A 40 R < 1ML 116 #R(63.0%), 6 59 #k(32.1%), Bl /K 5 #k(2.7%),
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3.3. BRASKBERHFIRKRFFHEL S

A AR R A X RS M S e L 451 (98.7% vs. 82.1%, P < 0.001) 5 ICU AfE%(66.7% vs. 37.2%, P <
0.00)¥)REm T HRNEHE . TEEYRA b, REUE B B — & g LM T N (47.4% vs. 65.4%, P=
0.024), T3-S FAXFHE RS0 A FFEGL I L] 2 2 i T BN (30.8% vs. 3.8%, P < 0.001). PZHAEZTT4
A PERRE RS B A TG 7 TR 22 G G vk 2 s (P P> 0.05), W4 1.

Table 1. Comparison of clinical characteristics between adult and pediatric patients with invasive pneumococcal disease

T 1. BASARBFRE M IR BT ER B & m R 3

o ENpE N
PR - \ " ‘ IS P
(A ¥4 i b (%) 1% R EE (%)
- 22 28.2 22 28.2 0.000 >0.999
- iecd:3 20 25.6 20 25.6 0.000 >0.999
R
BEFEE 9 11.5 13 16.7 0.847 0.357
FVUZEE 27 34.6 23 29.5 0.471 0.493
oA — Iff] i R e 37 47.4 51 65.4 5.110 0.024
AR M R GG 15 19.2 17 21.8 0.157 0.692
MR + XS R 24 30.8 3 3.8 17.752  <0.001
RS PR

MR + i 5 1 1.3 0 0.0 - 0.500
B — i S 5% 1 1.3 3 3.8 0.257 0.612
G5 0 0.0 4 5.1 - 0.060
Bl= = 52 66.7 29 37.2 13.584  <0.001
JRYL SRR A X IR AP 77 98.7 64 82.1 12465  <0.001
MER I ER 59 75.6 67 85.9 2.641 0.104
T ERE 17 21.8 9 11.5 2.954 0.086
BE N BET™ 2 2.6 2 2.6 0.000 >0.999
531 5 56 71.8 50 64.1 1.060 0.303

34. BYER

184 FRAT 4 BERR T 1O BAR 2GR 45 L6 2. WRRAT B R . wRE RN R 28R W m, 250N
98.4%- 94.6%FH 91.3%. X iffifiic FHLEME/ FH AR IE [N 24 38R 42.4%. TR R 25N 27.2% (50/184). K&
RIS e RGP R . BRI T35 KRR 25 M 24 B B A

BB I, BITA S0 PR 8% 2% i 24 il 8 BEBR B 150 20 58 E B AR AN . Nk 3 R, I E ok s
BRI (n = 59)%F T 85 3 T 24 32 1505 84.8%,  HLRT S FIE 15 R Sk il 28 (1) T 24 22.(22.0% K1 16.9%) i 3 15 T
WS BRI F R (n = 125, TRZ5R 35N 0.8%F1 1.6%), ZFIH S5 X P<0.001). FLHEHK
S HABSTH A AR LR EE R, W& 3.
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Table 2. Antibiotic sensitivity results of 184 Streptococcus pneumoniae strains

= 2. 184 MRAD R BEPKE I B AR AL R

ENC kY| i R4 A HREL R AL SR Tiif 24 %
TR R 174 0 10 184 94.6%
By S P AR 4 6 115 125% 3.2%
kAN 14 26 144 184 7.6%
Skf i 12 22 150 184 6.5%
AEE 15 0 169 184 8.2%
Je At e 0 2 182 184 0.0%
AR SN 181 0 3 184 98.4%
FrAEHI R 0 1 183 184 0.0%
2% i 50 0 134 184 27.2%
X0 25 43 116 184 13.6%
BEPEIL R 1 0 183 184 0.5%
AR E 0 4 180 184 0.0%
HEw 50 0 134 184 27.2%
WEZN X 168 2 14 184 91.3%
i i R P / R A e 78 49 57 184 42.4%
AEHER 0 0 184 184 0.0%

VE: *CLSI M100-S34 7575 25 H 5 S 78 AR (I B ) G R 3T 55, 125 AR ARG E CRIR B AR o

Table 3. Comparison of drug resistance rates of Streptococcus pneumoniae from cerebrospinal fluid and non-cerebrospinal fluid
sources

3. BRSNS RRIRA R IR E R 25 R L

PUE AW i B (n = 59) R (n = 125) 27 P
KB R 57/59 (96.6) 114/125 (91.2) 1.058 0.304
L AIE 13/59 (22.0) 1/125 (0.8) 22.776 <0.001
DS (el 10/59 (16.9) 2/125 (1.6) 13.074 <0.001
AER 6/59 (10.2) 9/125 (7.2) 0.472 0.492
RS N 58/59 (98.3) 123/125 (98.4) 0.000 >0.999
e 11/59 (18.6) 14/125 (11.2) 1.892 0.169
BV R 1/59 (1.7) 0/125 (0.0) 2.130 0.321
HER 50/59 (84.8) 0/125 (0.0) 145.459 <0.001
IEZN S 54/59 (91.5) 114/125 (91.2) 0.005 0.942
i e P P/ A e 31/59 (52.5) 47/125 (37.6) 3.665 0.056
R & 0/59 (0.0) 0/125 (0.0) - -
AR E 0/59 (0.0) 0/125 (0.0) - -
JEAb S e 0/59 (0.0) 0/125 (0.0) - -
A+ 0/59 (0.0) 0/125 (0.0) - -
) 2 e iz 0/59 (0.0) 0/125 (0.0) - -
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KR ARG T I AEREBE IPD FIRAT I = S 23R, 25 R48R 71X IPD M ARED A,
TR IR s BT IR i 2R, R R S B B T = .

A TR IPD B h B R £(67.9%), 52 B FiE —F[5] [6]. HE B “XUE” FR 701,
FEF<6 % JLERI<65 BN, =65 & L4 EH WA AL, XA RES AT A RO FEAREA R,
BOYH A N R R e E A e R, JLE M IPD B AR (3
EERR, RRERLE <6 & LE L EL 85.9%, HEJUMEEEIZRE, ME T 38401 IPD HIHk
G, AT AR T P R BRI AR O B[ 7]

AW RN IPD R B T, BKAECEN. B—RE) @k, ERMIK, X 50K FEER T
R R B S TR 3R A DR (8]0 TR AR IR S L, R IX FRAF IR B o 456 32 5:(90.4%), $&7R IPD
(IR % AR RIAEALX o SRTT, AR B AL DR B G L9 J ICU NE R B E S TR, 2
JLEE IR G J5 99 17 vT BETE G RosdE e N B, ST DG AME

TR R b, MR i IR R R L. — AN RBER B, R B3 R A IR A& I F TP ik 4
2 RGURGL I LB 525 T RN (30.8% vs. 3.8%), HA A B LB . IXATRES 224U
Wi B R B A TG . TR BUAE K9], X EIRIGIREEAE, XTEEL IPD B4 )L, RIARBRIEAL A X
P R 1) P RE

iR 24P 53 BT 485 SRR A P01 59— B o il A BEBR 6 KR R R (LB R) MR BEIZ R e R 22)
VUIR 2R 2GR i 24 2R I 90%, 1X 55 4= [ ) 28 AR A 24 W D AR FF[10]-[12] IR RGN E A X
CAE BAEAZRIEIRIT IPD iE#E. & NRE R, B HEIRSE (0 8 20) A M e I 28 (F1) 2% e i)
HRFE 100% UK, GRS S8V AR B R R I 25 ik, BURE >97%, XYl {E N E
i HMEVA T BT 24 TR R G EE Ak T . RIS 2025 R CLST TERGHEE e, Fal e v W SIS 7 T I 4 VA T
AL S B BT VP 13], AT S0 AR AR 28 2R G e v (1 B SR A3k 1 AR Hb A0 B 58 SR

AW T IRABAT T I R I I B R 7 B ik R BB (O 25188 K. A 7 8 R i 2 MR35k B IS
SHURE B BRI T RN 25 22 (84.8%) M i, HOM B8 =AM R G UM NG . Sk A il i) BT 24 22 th
BERTIAENCER Y Bk, X—ZRFEET CLSI X755 R K AL ATR Z X iifis 28 102 W47 4
TS [14]0 XGRS, 0Tl 2 BEER PR XA 8 RG0S, 25 AS BRI 31 HH A IR s 7 119 25 Sl
S AT ST OR W, D6 25U FH G RE 28 3T AT VPN . RV TT LA IR IR S I, T 78 0 RS
HERMARENBN, EEAHEERIE =GR R, VEN TR T HERSHY.

AW T ) JR BRAEAE T H O S O RIBERE 78, FEAREA IR, H AT IS 5 8 R FHLURIEE 7L, o
PARNIR T R 1 50 AL 7 S5 253 R o RSRREZ ol BIREYEREAL, 4560 FIRATIR 715,
DABE AxTH Hb 35 7~ IPD (RAT FUAEE S5 2498 7%

5. &t

LREFrIR, APt IPD EER LA AR, GFRTHKET, Btk B4LEHEHEBRNE R RS
RSB, JCHRERIL, 5 R E MGG IR RGUEGe . il R BERR X KPR N BE R A 24
I 25K P2, HX T B . M RS R BUR. BocB IR, IR BN B B R R =
LB ZR I 25 3 B35 T e, I PRVG YT TP 22 R G IR G I A0 228 1 T I 8 9 i ) 25 s R . 22
DR A i 25 WD it e A R I U TT 5, IR R e il ¢ BEBK R i 4, DAMARAS
BRI IPD FR G f At
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