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Abstract

Purpose: To study the risk factors and etiological characteristics of secondary pulmonary infection
in patients infected with the novel coronavirus. Methods: Patients infected with the novel corona-
virus who were hospitalized in the Department of Respiratory Medicine and Department of Critical
Care Medicine of Affiliated Hospital of North China University of Science and Technology from Jan-
uary 2023 to January 2025 were selected as the study subjects. Patients with secondary pulmonary
infection were assigned to the case group, while those without secondary pulmonary infection were
assigned to the control group. Clinical data were collected from the medical records of the patients.
The distribution of common pathogens in the case group was analyzed, and various indicators were
compared between the case and control groups. Conditional Logistic regression analysis was used
to study the risk factors for secondary pulmonary infection following novel coronavirus infection.
Results: Among the 84 patients with infection, sputum cultures detected a total of 94 strains of path-
ogens, including 55 strains of Gram-negative bacteria, 15 strains of Gram-positive bacteria, and 24
strains of fungi. The absolute value of white blood cells, CRP, PCT, albumin levels, partial pressure
of oxygen, and oxygenation index were identified as independent risk factors. Conclusion: The com-
mon pathogens in patients with secondary pulmonary infection following novel coronavirus infec-
tion are Gram-negative bacteria, followed by fungi. The absolute value of white blood cells, CRP, PCT,
albumin levels, partial pressure of oxygen, and oxygenation index are independent risk factors for
secondary pulmonary infection following novel coronavirus infection.

Keywords

COVID-19 Infection, Secondary Infection, Etiology

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

2019 4F 12 Hi, 74 BRIE A T £ A8 — i o Y el IR 5 5 AR R WP RCE AL SR I O [1] . L B
BB DK IRATHRIR R4~ “SARS-CoV-2” (severe acute respiratory syndrome coronavirus 2,
SARS-CoV-2), tH5t PAYI4Y(WHO)K SARS-CoV-2 JE&HL 5] I iy 44 “COVID-19” (Coronavirus
Disease 2019) [2]. HEAAMFEENE R, B8 b0 B8 Fe bR AE It 0w e /1 C B Rk35, G ARREIR &t fe )
DA 58 2y 23RN, B0 e Ry DLRFIRGE I Gy - BRI [3] . CBr A e IR 35 1 G 1297 7 R RAT 235 - 1hR) )
RS ER BER VUoE SAEIR SRR TT FE[4], N5 R4k RIS ek & . 18
BEAT FAth s 73 S G R AT I R b, R B Ak R A AR IR G R TR A R I — AN EE KR, NinyTid s
ok TR R FIC R, A S 4k R R G B A TR R E TS, (HIHRAT RHIE . BUR
HLi B A B SR AT A7 AE i . AN B AR X COVID-19 4k K Ml g i &L RIE A . e
22 BT 58347 RAPEM T2, NIGIRRA It 3% .
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Ho WEEBHIRRRAE . SRR . AP, EBE R TS EE . Hr, JEapom B s k.
BEPRI S O MR PEIER . B . BT R B R b, T RIREBF G RES.

2.2. HIERE

Foc IR E 58 T AR A R SR T N T RAT 1) GBI B e bR B SR e PRt 281297 7 R (AT B8 1 IR) ) IS A5
HE[A1USCTE B3 350 9o B e R B AR R A U BH I o 0 R A R IR i b . Bt 4 R ke, RIVER B sRA5-14
THERYY, IR BT EERUHIE AL, LR A I B SRR R e A, T F A i A Je
e, MLEIRIT AR (NBLE 48 h JE )R I 37 A JEAR[5] . AR AL RGN COVID-19 B3 4k & il sk e
(fsl2H) 84 5], COVID-19 &3 R4k KRR e AR T ILGN N COVID-19 [ 4k S i sl G2 (9 451
2H) 84 1], COVID-19 & AR 4k A Ml 2 Gy (o R 2H) 92 171

23. GirEAE

A 72 H 4 K B E Excel2013 BEAT AR BE ], Sl B/ SPSS 27.0 #HAT S0 M. K SUMIAG 56,
p<005 AEREGGTHHE L. BRESN: ESOMERZERH “HE + brrEE” £on, 4
PIRELBCR At/ 56 AEIES oA e A R KA P ArE(QL, Q3)” For, Hial A Ar # th i Ak S Bk
ARG (Z 56 THECE R M b, AR ELBCR 2 R 0e, SRS AN T 1 KA Fisher bR
e ZINESHT: PUH AL ARG BB G e 75 4k A Il e I AR 5, LR IR 240 M ik tH 1 B St
SR N E N H AR T Z N &K Logistic [81H 4347 .
3. &R
3.1. FABRFEERRMELMHBELANKEEL T

M 84 B4k i R YL R L B Y 94 MR IR, Horb 22 B4k k2 R IR R G, L 26.19%;
62 {514k J B —9p SR, (5 LE 73.81%; FEFAMERAT S LL 58.51%, FEEICPHME &L 15.96%, HE &S
25.53%., W% 1.

Table 1. Distribution characteristics of pathogen in patients with pulmonary infection

F* 1 BEAMBEALBEREEDHITR
i J5 B PrE(n = 94) F4 A EE (%)
= RS 55 58.51%
Jii ¢ e B A & 23 24.47%
W I AT 7 13 13.83%
1ifi & A BB 9 9.57%
] 2R B L 6 6.38%
PN7ESine | 2 2.14%
374 St e 1 1.06%
RS 1 1.06%
B2 RPH 15 15.96%
it % % 3K B 14 14.90%
T L A R A 1 1.06%
=N 24 25.53%
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IO i 25 TR 14 14.89%
A 4 4.25%
Bl 4 4.25%

EBEW 2 2.14%

32. MBERFERREHLMBRRERRST

XL GEREAT Gu it 2 b, R EE R P A E I VA A . PR R R
PUBGES . A4, CRP. PCT. Ak, HAEE. MRERERAGRIIFE X (p<0.05), W& 2.

Table 2. Single factor analysis of secondary pulmonary infection after COVID-19 infection

F 2 MBEERRERRAEUA R ERRSN

Jif2H (n = 84) Xt HRZH (n = 92) it p i
PERIE1(%)] 0.001 0.975
5 39 (47.3) 48 (52.5)
7 45 (52.8) 44 (47.5)
R 68.79 + 13.65 68.63 + 15.15 0.056 0.956
W R 1[4 (%6)] 0.884 0.358
H 24 (28.3) 19 (20.6)
¥ 60 (71.7) 73 (79.4)
O 2[4 (%)]
=l 16 (18.9) 19 (20.6) 0.019 0.891
7 68 (81.8) 73 (79.4)
T IR /451 (%6)] 0.974 0.324
g5} 40 (47.2) 53 (57.5)
" 44 (52.8) 39 (42.5)
PE IR (%)] 0.126 0.722
H 24 (28.3) 23 (25.0)
" 60 (71.7) 69 (75.0)
SOV (%)] 0.094 0.759
H 19 (22.6) 19 (20.6)
" 65 (77.4) 73 (79.4)
i L 991151 (%) ] 0.126 0.722
H 24 (28.3) 23 (25.0)
T 60 (71.7) 69 (75.0)
it 58 B it 9/ [161] (%)) 0.239 0.625
H 16 (18.9) 14 (15.0)
e 68 (81.1) 78 (85.0)
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AR 11451 (%)] 15 (11.00, 24.00) 14 (11.00, 17.00) -1.77 0.076
BB AL FHI51(%)] 0.062 0.804
H 82 (98.1) 87 (95.0)
G 2(1.9) 5 (5.0)
ST INRS 13 (10.00, 21.50) 11 (7.00, 12.75) -2.902 0.004
BRI RIH1(%)] 1.398 0.237
H 77 (96.2) 73 (87.5)
¥ 7(3.8) 19 (12.5)
R K 11 (7.00, 19.50) 8.5 (6.25, 12.00) -2.902 0.027
MUAGE S/[51(%)] 3.901 0.048
H 16 (18.9) 5 (5.5)
¥ 68 (81.1) 87 (94.5)
FRNVERRAEI] (%)] 0.664 0.442
H 8 (9.4) 7(7.6)
7 76 (90.6) 85 (92.4)
SE; ) 6.1 (4.40, 8.20) 7.85 (5.83, 12.50) -2.97 0.003
B 4T A 0.89 (0.70, 1.12) 0.98 (0.61, 1.47) -0.761 0.447
rR M 4 g 471 (2.43,7.20) 4.49 (2.68, 5.36) -0.594 0.553
NLR 4.95 (2.83,7.4) 3.73 (1.95, 7.73) -1.257 0.209
14T 2 125.00 (108.50, 138.50) 130.50 (117.25, 139.50) -0.52 0.603
/MR 177.00 (125.00, 236.50) 194.00 (136.25, 236.75) -0.741 0.459
D-— %k 581 (362.5, 1378) 600.5 (300.75, 932.5) -0.784 0.433
RAAIE 27 (20.5, 35) 22.5(16.5, 31.5) -1.604 0.109
HER 25 (16, 33.5) 23 (14.25, 31) -0.726 0.468
HEH 37.7 (33.75, 41.5) 39.05 (34.65, 41.95) -0.974 0.330
JillNiss 69 (55.5, 83.5) 69 (52, 82.75) -0.52 0.603
JRER 6.26 (5.43, 7.53) 5.82 (4.345, 6.7925) -1.975 0.048
ISYEEARS 10.1 (8.25, 14.9) 11.3 (8.35, 17.5) -0.842 0.400
FLIR i 2 251 (199, 347) 228 (185.75, 293.75) -1.742 0.081
e 3.8 (3.57, 4.06) 3.92 (3.49, 4.33) -0.796 0.426
BNP 475.02 (227.95, 776.47) 726.20 (345.03, 1198.45) -1.364 0.173
CRP 48.21(32.80,102.21)  37.15 (17.25, 55.98) -2.322 0.020
PCT 0.12 (0.10, 0.52) 0.10 (0.11, 0.10) -2.231 0.026
ESR 41 (31, 49) 44 (28.5, 58.25) -0.066 0.947
DOI: 10.12677/acm.2025.153667 700 I PR = 2 3t


https://doi.org/10.12677/acm.2025.153667

ZER N, B A

IL-6 15.42 (5.76, 65.59) 8.96 (7.23, 22.78) -0.972 0.331
SAA 136.39 (43.41, 195.40) 127.87 (50.305, 187.00) -0.123 0.902
E=WigiN 75.54 + 24,61 86.18 + 29.38 —2.432 0.017
A R 32.8 (30.85, 37.5) 31.8 (29.925, 35.75) -1.556 0.120
ENEr=E 250.16 + 84.87 297.17 £101.31 2432 0.023

33 MAERFERERBRLMBEARSERS

¥ EREREGU R LW RFRREATZHEE Logistic B8, MRAERALERER, ML
{6, CRP.PCT. FE FIHUE 70 [ LU A A 1 G20 R PO 7 I 40 il s S e R A ST S o PR 3K
ERAG Y E L (p<0.05). W% 3.

Table 3. Multivariate analysis of secondary pulmonary infection after COVID-19 infection

F 3 MBEERRERRAERA MRS EARS N

B1E Wald »2 OR 95%Cl p 1E

RER -0.008 0.243 1.008 0.963~1.023 0.622
WA AT I A -0.026 0.110 0.975 0.838~1.133 0.740
BT B 2 A A I [R] 0149 2971 1.161 0.980~1.375 0.085
B 0.347 0.143 1.414 0.838~1.133 0.707
Sk 0.210 7.072 0.810 0.694~0.946 0.008
CRP 0.16 3.965 1.016 1.001~1.003 0.046
PCT 0.849 4.494 6.352 1.150~35.097 0.034
HEH -0.124 4.898 0.884 0.792~0.986 0.027
ERER e -0.006 5.307 0.994 0.990~1.011 0.021
Aok -0.020 5.307 0.981 0.985~0.997 0.021

4. VWHig

T EEAR 95 5 (SARS-CoV-2) L5 4k K AR PEF 96 [ R LRI S 2 3 B a5 A S0 S e . O
W b AR TR S B A B S S DR B LA I [6]. TR SR R A 2ot W LR P A R,
W B M. T ANHLAT NK GRS, 57 e e T S B0 A (L H 2 CD4+. CD8+T 4
F) S, 1T o A S A . DRI, 3B S T ) 4k SR ) — A B R 2 S R T
BRI T REI7] 0 7R AR5 2 %I B A0 AT S, S 5 11 TR B Ly R T 0 3 i 1 I %
FHARNE 2 S5O TR, BN L R R A, AT B AR LR B3 4% . TR R
75 T T 5 A e S0 R 5 368 555 L 180 T 41 53 A0 20 8 0 R G P R o 0 70 oot 7 5 A
i AR, SN 1 R4k, TOLL #E20k 3, TOLL #E20k 7, EHFmRL: & SRS MR 2 44 . Toll
FER R SR IR 25 2 BE TR S5 A (O BRE S22 1A AR LA, 4 B B T P B ) SR 3, AT 31
S RE MRS, T B R AT (8]

— T3k 1 o {1 2 b T T [O] AR N 391 4k R R e B L SR e i ST AT
B0 SR FFT . A AR . TR A N R AN . (5] TR, 6.97%H i R kR AR
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MR, DIhERE. BEH. SEREBENT. AT 84 4k & ilifk B ge 35 4Ly B 94 #k
Joa B BT, L HR B 22 B BR Y o L 58.51%, A H 6 M iy B AR YKy il 98 5 B A1 TR W TR 1 860 22 S 2 AT 1
PGP A . KRR DA RASRE, 5522 [R5 L 15.96%, £ H Z6 M BIRAK
VOB R BERRE . WM A BRE; BB 5 H 25.53%1 R A SRR VORI 25 1 . S . Bl
B, BEE. X435 Westblade LF [7]HF 57 45 B A —F.

B AL e R B3 (SARS-COV-2) B G i 4k & 240 b B B IR e ) FE B TR 3R R 4%, 23800 Ko E ey ThRe 2
. FERbER . T IR BT A R RS 2 T . 9% [ — I R A S ST [ 101 R B, TR EEAAE ICU,
RZBMENUMGE S 8 FBE 7 SR 5 BT A B ST A O o P [ — TSR AW (LI R B, 768 e i3
158 F W R 5 5 2 2 1 I A4k T SR XU TR AR . 2 AT SR W, ERE COVID-19 f8 3 gk R B ye e n]
15 20%~30%, FHHTIFIATLAR ST 28 (VAP)FIR 28 P B IR G (IF ) B o W[12] . 1 FAH el R 2=,
R (>65 ) WEIRIA 18 I AT R 5 B0 G e A IR S S 1 I 4k Sk e KRR [13] 0 i LB 2
JR HCER (Chn H ZE K b ) A G 2 R T R (A FE BR B BT . L ER B R ) O D AR Ak R R E GG I R
RECOVERY % N\ B FiHUESE, i ZEK A ()48 FH A 4k R sk g B 38 hn 2.5 £i%, JCHAEKAEH (>10 K)EF
IFI RAEREZE EFF[14]. IL-6 ZARFEHUA AT H0H] Thi7 s ie, HIssdiE e s, HAEH 52
B AR EFNEMBPEA G )P AE 200 S 5 S0 i T8 A S R IR IE S T SR PR 2, d i vk
AR ) (AN TR ) B PR i 0 40 %8 B B[ 5] ICU AR BRI A I K (>7 R) A BIHLARGE AT bt i
Fik 55 BN 23 A 4k R R L RSN 4.2 f5. 3.8 AT 2.6 £i5[16]. B e AH ¢ it 2 1 9% (COVID-19-
associated pulmonary aspergillosis, CAPA) ¥ fe & Rl R (4% 1 ICU MRS & f% . ICU A1 % HhZEK
P FERRSRPICA R BEA . A B TSR IS B A 1S R ZE PRI« e T el 5 | P Il R M
P i NE ICUL HIMGES . FFIEZ . B4 8 R A . SRR . 22 R B BEJR . AIDS/HIV B
JIT 00 925 5 480 g 3 e A X i 8 T A S G R 2R [17] - B COVID-19 4k R fE R R 2, wl A R
i e NBEIF I ST 0 E T HURIS RIS B (5 B . it B . G T B M ICU #3%, FHhnsk
W, REWRPOETFERNEERIE, R PAT IO EREAR DR, R B R DL e il )
B R ASUAET AL 2 R XU HE A ST R . SR TP N, @ BCRRE S, ANE N R 3 AT
HEREE, AAFIERER, SO W R AR PR R B gk R 40 B R, TR I 24 st et A it
PSR IR PR DU 259 A AR, BRI A A ) e Pk YL 7 (18]

25 LRI, COVID-19 4 i iti 41 B JE G 1) 5 Jit 1 0 24 22 TQBA PR A, 4k R L TR P i B 2 Ry
MEE. GRFEZRUFEARAE. CRP. PCT. AEAME. A0 EULASTEE.
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