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Abstract

Objective: To explore the risk factors for post-COVID-19 pulmonary fibrosis (PCPF) in patients
infected with the Omicron variant of COVID-19, and to provide a basis for early identification of
high-risk patients and the development of personalized intervention strategies. Methods: A retro-
spective analysis was conducted on the data of 137 Omicron-infected patients from November
2022 to December 2023. Clinical data, laboratory indicators (including CRP, IL-6, etc.), novel im-
mune-inflammatory markers (CLR, NPR, SII, SIRI, PNI), and CT imaging findings were collected.
Univariate and multivariate logistic regression analyses were performed to identify risk factors
associated with PCPF. Results: Univariate analysis showed that CRP, IL-6, CLR, NPR, SII, SIRI, and
PNI were significantly associated with PCPF (P < 0.05). Multivariate logistic regression analysis
indicated that IL-6 (OR = 1.017, 95%CI: 1.004~1.030) and PNI (OR = 0.907, 95%CI: 0.842~0.969)
were independent risk factors for PCPF. There were no significant differences in clinical charac-
teristics and CT imaging findings between the non-PCPF and PCPF groups (P > 0.05). Conclusion:
IL-6 and PNI are independent risk factors for PCPF in Omicron-infected patients, suggesting that
inflammatory responses and nutritional immune status play critical roles in the development of
PCPF. Early identification of these risk factors can help in formulating personalized intervention
strategies.
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1. 5|8

3BT Y TR 97 75 1T 28 (coronavirus disease-19, COVID-19) & H 7™ S MEIR 2R 8t 47 A E 7RI 75 2 (se-
vere acute respiratory syndrome coronavirus 2, SARS-CoV-2)/&& 4L 5| &2 (1) A= Bk A% Y . B & 8 8 AN 7 A8
S, B T A (Omicron) A8 bk OB 2 T A2 BR 2 BERAT AR, 5 00 HH 25 D098 99 (F A% e 1k 38 98 (1) R AIE
H 5 S8 NBER S R IEY[ 1] [2]. B R DA LS A H R B AT« E PR RE A
TPAEEEAE” TR SR AR ST B A O A SO B LSO A 1) o e I 8 S JBUIE , B KK e 2R -5 fiE (long
COVID) [3].

KB LR G AR R AE B AT RE SRR JONE SN S g e DA A VB SR B AR Ok, IR LA
R T BEF U BT AR A SR A AR — P R . BEICER A, B I A kR R i 2 S A R Y
RAERRIE 25%~47% [4], Hrf 4.5%~19.6%(1 83 I FIRERE XU 52 2R, RIGHT e # Jm il 7 4E 4L
(post-COVID-19 pulmonary fibrosis, PCPF) [5]. PCPF {4 COVID-19 [ & E K {3 K IE, AIREFEBUKA
PENG Dy RERAGEL A0S, PRE R R AT PR, JRARUTE A & B 6], X —in) @ O 5l AR
T2 RE

=
s
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JAE AL T 28 (0 S G T T O R R, (EAE SR R B, JUHOR AT AL A B R T 1
VifEAE T 2 BhER[ 7] PCPF 93 BRI 2200 S SARS-CoV-2 J& 4y 5 fitiifd b iz 40 M iy = s i 4, LA Al
Z TR R Ta] S5 A (4 SR« HLAL, e R RONEF i iide . B, Y1) PCPF IR /Gl R 3
HERATH L 2 JRNHE,  JFEAEIR G Ja SN i AN SRS, SERSHEVR YT, X T BRICmiThRe A 3 . o
BTG BA R (8]

AWFF B EARTT Omicron ZE RIS COVID-19 B# T gk R 4EL MG fE G N 2, BAAIE
RIGIT SR BB IE MRS, FF5 PCPF F TS A0 AR (3T 1) S8 R S

2. RS RE
2.1. RBIMN

[l EEISCEE 2022 4 11 7 28 2023 4F 12 7 I SR BERHR 27 MY J 26 — R Beicifi /) Omicron 28 5 IR
Jef¥) COVID-19 &3 o Fra Ik a3 i Chr R e R il 2297 75 R OIT 2R HR0)) #hi2, Jfilid st
I 5 't 7€ & PCR AT AZ IR AL, [RIIN 28 SARS-CoV-2 43 K 413 /7 #1551 43 #7 # 1A 29 Omicron 242 5 /2%
gt

NPRAE: (1) SERMIRR DR S EA B8 (2) MR CT BB e 3 23 1 il ¢ 5
BRI (3) CT KEFE R, THRMFRNGE, BEB AR ER.

HEBRFRAE: (1) REARBORIE; (2) (1 BeYIa) st 7 01 18] WY A & O ARG E R (3) (ERE
1F1 B i 17 90 ) 080 12 i A S A2 e 25 4 2H 99 AR S [A) 5 P i o

2.2. B CT H A REE®R S

B A 3% %5k H Somatom Drive XUJ§ CT #HATHF4H. A AERAE 10 0L L CT 24
56 (1 FEC5 R B T SR FH B B R B RS 10~15 RIS 2 CT REAR AT 0T o S AR S0P N 6
Fi: ()CT HHEEE KT 8] s (2) Wi kLR KA AR AE: (3) 52 RIMGWVEH; (4) Wikh % BEARFAE: (5) W
FERURAE DL (6) BB ELAE M KB L. BV 6 N H G, HR4E 2 5 A7 75 il £ 4 A IE 3K 2 25 2 ke
PCPF 41Al PCPF 4. A4t isWibnidh: Wik, R EY K. B8RSR SR AR
R

23, IEREHEEES S

PR FEXT R LA R IR ZERE: (1) FEAREIL: i, MR mRERBBMDE; (2) Nk TIE
SR EEAE; (3) BEAEE S EERREORIE LG (4) LI EAEIENR: MEM. RAEFERR. BT AR
(5) WARFHHE: CT RILLILERESITER: (6) Fas - KMEIRbR: @il E A HIRE.

Bl prmfe: (1) BEERSH: fiES PCPF AR ER; ) ZHEM: KRNES
HrH P <0.05 MR ZRGINZ T Logistic [FIHERL, #fi72 PCPF [T fE R % .

2.4. Gt A%

KH R4A33 BTG oM. IESRATE B et AT Shapiro-Wilk 1IEASTERL, & LD A& B
PP + BefEZE(X +5)380R, A HEECRATOIEEA ¢ #0256, A& IS A E DL A8 (Y 7 Arse) (M
(P25, P75)1%7, ZHAIHECRA] Mann-Whitney U A3, 70848 & DIEL(F - t)For, A HEECR AR
Tikis. ZRRSPCRAIEEIZ D Logistic [B1H, T H/hRb(E BHEN(AIC) L & . Frf giit ki
B, P <0.05 INNZERRA S L.

DOI: 10.12677/acm.2025.1541142 1954 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1541142

3. &%
3.1. ARIRANER

2022 4F 11 A% 2023 4E 12 A, FELILHI2 456 5] Omicron 25 R YLH) COVID-19 3, H
WS = CT 2RI NRHAE B e o 25 Vi 28 S8 5 0 . 0 ik ke, JLHERR 319 @iz, Hodr 297
BIRER I 6 A H BT IR CT S8 50k, 22 I RI7E A Bt 01 1] SE U 31 5] B i 12 W & - FL At gk et
RS . BRI 137 BIFF S BT S ARAER Omicron 28 R YL COVID-19 #3%, 4R 6 N B4
B, B AR PCPF 4079 #i1)F1 PCPF 41.(58 ).

3.2. EREARAE

3.2.1. EREARBLEXER

(1) NESAAEAE: SFEe . PR () IRPARREIR: RINCR IR KASFEE T . R B
WIS RE S BRI RIS (3) NS WS UTHITKI L (4) ZERBBOR: ik BRI
OV LA M2 B SE B (COPD) 1B MET . B MEMR . o) RGN -

3.2.2. BASKWEER

(1) RIEFEFR: C %5 [ (C-reactive protein, CRP). 4% 6 (Interleukin-6, IL-6); (2) &EIMIHEE:
ALk VG R 1) HE A (Activated Partial Thromboplastin Time Ratio, APTT-ratio). ¥ IflL )53 51 /% (Pro-
thrombin Time%, PT%)~ £F4E5 (4 J5 4% 7= )(Fibrinogen Degradation Products, FDP). D- - 3/&(D-dimer);
(3) HFIhRE: NEIRAIEFL LN (Alanine Aminotransferase, ALT). K42 FRE I 5 £ HE(Aspartate Aminotrans-
ferase, AST). AiJHZL K (Total Bilirubin, TBIL). -2+ & Bt % £l Gamma-glutamyltransferase, GGT)~ TR
fi#(Alkaline Phosphatase, ALP); (4) 'S IJEE: IfilJR 2 %(Blood Urea Nitrogen, BUN); (5) {CMULSbREX): FL
P2 it S (Lactate Dehydrogenase, LDH). JJLE& ¥R T MB %!(Creatine Kinase-MB, CK-MB)s
3.2.3. MBI - KIEER

AT 5 AW g% - SEFRbR, Bt A F:

(1) C x5 A 5 itk 2 41 g LE A (C-reactive protein to lymphocyte ratio, CLR):
CLR = 17 C S B & H (CRP, mg /L)

W ELA 4 (x10°/L)
(2) H RN A 5 i /N B B (Neutrophil to platelet ratio, NPR):
LA 5 (< 10°/L)
MR (x10°/L)

(3) ARG I KAE$8 H(Systemic immune-inflammation index, SII)
SIT 114N TR (>< 109/L) x R AN T2 (>< 109/L)
) AL 4 (< 10°/L)

(4) ARG HRNE [ W $5 % (Systemic inflammation response index, SIRT)
PR T (< 10°/L ) SAZAHL T (x10°/L)

SIRI
IR T8 (x10°/L)
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(5) TiiJ5E 77620 (Prognostic nutritional index, PNI)
PNI = L% F1 8 [ (g/L) + 5x Ik ELAI T (x10°/L)

3.2.4.CT ®BFRM

CT HHME R (KK BRI EE kA5 (o RSN k8 ey, BEBEESR(Ground Glass
Opacity, GGO)~ GGO ££5245 . GGO fE/N-[HIFGIG R . A AfE . 205048, WIRMAE . M. Of
BB RS

33. BEAES

BRE SRR, H 7N EREERS PCPF MG, 70la: (1) WML =4845: CRP. IL-6; (2)
B - REFERR: CLR. NPR. SII. SIRI. PNI(P<0.05). ARz 835 & ImREER CT & 5182
KO EZERP>0.05). HELE 1. A1,

R RSP AR TR, HEE 7 /N5 PCPF R EM M AR (P <0.05), HAGHE: (1) sk
I = HEbR: CRP. IL-6; (2) FrAdts%k - #AEFEHR: CLR. NPR. SII. SIRI. PNI. ¥ NBehf il RKFE
A CT 548 2= R IAE WA () 3R BoR tH Gevh 22 22 (P > 0.05). AN W2 1 fE 1.

Table 1. Single factor analysis of PCPF risk factors
= 1. PCPF fefeE =B E RS

ZE 3k PCPF #(n ="79) PCPF 4 (n = 58) Z/x* & P

IHs PRARHIE
FR(Z) 69 [61.5, 78.5] 70 [61.75, 75.75] 0.532 0.595
Lot 23/56 (48.94%/62.22%) 24/34 (51.06%/37.78) 1.721 0.190
R 55 (55%) 45 (45%) 0.710 0.399
R (C) 38.5 (38.4~39.0) 38.5 (38.2~39.0) 0.064 0.949
KPR 5.8 (4.0~7.0) 5.8 (4.3~7.0) 0.328 0.743
Wz Wik 67 (56.3%) 52 (43.7%) 0.329 0.566
W95 59 (58.42%) 42 (41.58%) 0.010 0.919
9 9 7 (58.33%) 5 (41.67%) 0.000 1.000
TP PR i 29 (70.73%) 12 (29.27%) 3.364 0.067
P iy I 5 (62.5%) 3 (37.5%) 0.000 1.000
IR RS 5 (45.45%) 6 (54.55%) 0.288 0.592
WA 52 17 (62.96%) 10 (37.04%) 0.164 0.686
I BRI s 14 (73.68%) 5 (26.32%) 1.620 0.203
NS 44 (63.77%) 25 (36.23%) 1.648 0.199
VIR 32 (62.75%) 19 (37.25%) 0.560 0.454
JE O 23 (54.76%) 19 (45.24%) 0.073 0.787
Fif 0L/ 94 22 (66.67%) 11 (33.33%) 0.998 0.318
S B R 10 (66.67%) 5(33.33%) 0.222 0.638
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COPD 7 (58.33%) 5 (41.67%) 0.000 1.000
(CAEiRR T 15 (53.57%) 13 (46.43%) 0.077 0.782
G R A 8 (66.67%) 4 (33.33%) 0.126 0.723
L F AR
CRP (mg/L) 52.81[14.51,106.24] 68.55 [52.19, 103.55] 2.386 0.017
APTT-ratio 1.13 [1.00, 1.19] 1.13 [1.07, 1.21] 1.281 0.200
PT (%) 100.20 [91.00, 110.50] 100.19 [91.25, 110.75] 0.116 0.908
FDP (mg/L) 6.95 [4.27, 6.95] 6.95 [3.55, 6.95] 0.791 0.429
ALT (U/L) 100.19 [91.00, 110.50] 100.19 [91.25, 110.75] 0.116 0.908
AST (U/L) 6.95 [4.27, 6.95] 6.95 [3.55, 6.95] 0.791 0.429
TBIL (umol/L) 28.00 [18.00, 37.50] 32.00 [20.25~42.75] 0.855 0.393
GGT (U/L) 36.00 [25.00, 68.50] 40.50 [26.25, 58.72] 0.392 0.695
ALP (U/L) 65.00 [52.50, 74.52] 73.52 [56.25, 82.75] 1.173 0.241
BUN (mmol/L) 6.58 [5.05, 8.63] 5.77[4.73,7.71] 1.308 0.191
D-dimer (ng/L) 520.60 [246.95, 843.33] 453.65 [226.35, 843.33] 0.797 0.426
LDH (U/L) 275.21 [211.00, 315.50] 268.50 [211.00, 275.21] 1.722 0.085
CK-MB (U/L) 11.60 [6.90, 13.85] 12.78 [9.48, 12.95] 0.733 0.464
IL-6 (pg/mL) 11.15 [4.47, 79.67] 35.68 [20.40, 101.94] 3.923 0.000
Froe - RIEETEH
CLR 59.44 [18.70, 138.57] 108.72 [59.10, 178.59] 3.174 0.001
NPR 0.03 [0.02, 0.04] 0.04 [0.03, 0.06] 3.693 0.000
SII 871.09 [510.16, 1571.40]  1492.63 [1108.17,2433.44]  3.993 0.000
SIRI 2.62[1.10, 4.98] 4.46 [2.59, 6.93] 3.030 0.002
PNI 41.87 [38.43~44.63] 39.05 [35.90~42.01] 2.784 0.005
CT FAARRHE
I 54 H 18] B 8] (R %00 713, 10] 7.5[5, 10] 1.749 0.080
E 954 gE 5[4, 5] 5[4, 5] 0.371 0.710
S 0.081 0.960
PRig 55 (57.29%) 41 (42.71%)
A 23 (58.97%) 16 (41.03%)
e 1 (50%) 1 (50%)
GGO 69 (56.56%) 53 (43.44%) 0.222 0.638
GGO 52738 38 (54.29%) 32 (45.71%) 0.416 0.519
GGO /N[ 3 )& 24 (51.06%) 23 (48.94%) 0.898 0.343
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R AL 7 (70%) 3 (30%) 0.238 0.626
afi sy 2 (100%) 0 (0%) 0.250 0.617
ke D i 8 (53.33%) 7 (46.67%) 0.007 0.934
60 Jis AR 23 (53.49%) 20 (46.51%) 0.233 0.629
OEFRR 12 (57.14%) 9 (42.86%) 0.000 1.000
ELE PR 17 (60.71%) 11 (39.29%) 0.023 0.879
250 250
200 200
150 T T 150 -’V T
100 100
50 | 50
0 L 0 1
JEPCPF4A PCPF#4 JEPCPF4L PCPFA
BUME - B~ SO%ABE — Bk BME - B - S0%A Rl — ROk
CRP IL-6
800 0.2
600 0.15
400 T 0.1 T
200 0.05
0 : . 0 '
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CLR NPR
15000 60
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Figure 1. Comparison of CRP, IL-6, CLR, NPR, SII, SIRI and PNI between the non-PCPF group and the PCPF group showed
that p values were all < 0.05, indicating significant differences between the two groups
1. 3F PCPF ¢A5 PCPF £AAYJ CRP, IL-6. CLR. NPR, SII, SIRI % PNI tb%%, P {&1%<0.05, HFAABERBREM
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3.4. ZHAZE Logistic 747

Z H 3 Logistic FIA &5 R B, LUFFANERRE PCPF MIMSL ARG F 2R (1) LI = fa b
IL-6: P =10.010, OR =1.017, 95%CI: 1.004~1.030; (2) A4 - KAEFEHr: PNI: P =0.006, OR =
0.907, 95%CI: 0.842~0.969. LiRZERFZH, TL-6 /K F-FHEAl PNI [ & PCPF A& A A7 Fiim e 2%
BARI BT 45 RAVE WK 2,

Table 2. Logistic regression analysis of PCPF risk factors

5% 2. PCPF B&E & % E % Logistic BV HT

TE BH IR E Wald OR (95%CI) PE

IL-6 0.01661 0.00646 2.567 1.0170 (1.004~1.0300) 0.0102

PNI 0.09769 0.03577 -2.730 0.9069 (0.8421~0.9689) 0.0063
4. Whig

AW FEEE R 137 5] Omicron 28 SRR GLK) COVID-19 B 34T BT, 7R 1 JO0E R N A1 E 97
FPERASTE PCPF RAR RPN EZMEM . WAL RERW, WS Efbr 1) CRP M IL-6, LLRHTAY
G - JAEFRAR(CLR. NPR. SII. SIRI #1 PND#45 PCPF (R4 B EM . EAFEERZ, ZRES
#E—ESE IL-6 H1 PNI J& PCPF ML fE e R 2, X — R AA HERIGARE L.

AW R R, 9 PCPF 401 PCPF AALEIGIRFHIEA CT 2B 2RI B3R BRh B3 % R, X—
RGBT 5T 45 RAFAE 2 7o IXFP 2 T el BRIE T LU R JLAN AT : %%, Omicron 728 5k BAREE 1
RO R Prosk 5, {H L35 1) e sk iR Ge /)] R S BURGY 5 1) SORE IR SRR BE R T — 8, (R
PEHI I R RIS AR AR A AE P AL R e P B 22 5. IX— W5 79 8 T Karyakarte Z5[910F 78 (0052 3, Al
I Omicron BEYL 5 1) SR INEC N —, (LML RTRFEREESR . HIK, AIFRHEMNT
Omicron A8 MREGL R, FHHERR T & H H AR Gu sl ™ B LR I 81, 3 P2 A% 1D s 346 o vHE 7] gt
— RN T A ZESR

Donoso-Navarro %[ 10]7E— T AE W) bR BV CE T et i 28 T BRI 70 R L TL-6 IR AT BT Tl
WFEFR . ABFFUESE T CRP M IL-6 5 PCPF W REAH KM VE NG MR K1, CRP M IL-6 A fgil
IS JAK-STAT {5 5388, (23 2T 2 20 fa 438 5 R 4 i 1 35 R R, AT Sl i £ 4 ALk RE o Al-Shami
BT R I PNI 5376 8 & TS 205G, IR T R B2 A8 VP4l gk e I I i et 283 1) el
TEARBFF, BATH KRG VL T H 8 59% - ZAEFEFR(CLR. NPR. SII. SIRI. PNI)5 PCPF =<k,
RIIX 5 ANMERRY S PCPF B3¢, Hi, CLR M NPR IFF R [t 7 4 B 98E B 55k IR 75 1) 7
W, PRI 1 JE OB T AR I B AT 4R AN L (RN AN SE R TRR, AT AR Ak . STT AT SIRI
VER R G SRE I L5 A PR TR bR, LT sdt— PR SE T S om AN M 98 A S RiFE PCPF R AE Hp ) ot
YER . HERMEAE RN, PNI MENRE SRS TR i & Tahs, HIREIRE 72 B 5%
The 20 ] GEIE L M S5 PTE LB R 88 MR AE, T B N 410 KU

AHE T IL-6 F1 PNI 41 € 4 PCPF FBHST S 2 . IL-6 ] Reiliid 2 EALHI 25 PCPF kA4 [12]:
T, Rt Th17 40, SECEEMRIER M HR, @idBeE STAT3 (5 5@, (i 2f4:41 i
LR AT A e At e, F0HIGIE F R AR B AR . 1 PNLVENGRY R 2, ML AT A 4
Pefptoyiads, RHHLUEE,; SCRPIUAELBDI RS, WA AR Thee, FEHl R 0E R
o ) PN ZK-F A R i 38 5470 S804 BE 0 08 A RO A7, )l o st 814 e 5 40 6 STV A A 98 AE [R]
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HO

Par
&

TP LEAE I SOE SN, AT PR AT AR AR o e TR BB, T IL-6 /K-F- 8, w25 e LA IL-
6 ZARFEPUAISFELFAST s X TR PNI B, BOIGRE FR 306, LB AN, 16 B 45 T G e i 4y
AT WPTH COVID-19 FEE B H AT EMREYT, HEill IL-6 7K-F-A1 PNL A2k, K %G 7758 B
W R ISR, GBI, DA KRR EE T MIAE 52 PCPF i€ .

5. B

o ICMN=A

AHFFE IR RS HT T Omicron A2 S ARG COVID-19 3% &4 PCPF IEKIN R, e T F4H
Hifr25-6 (IL-6)FI TG B R e B (PNDAE WAL SR R 3 . X289 PCPF [ R A T4t 1 &
BUKYE . SR, ABEFANAAAE— SRR, WIFEAR AR RN BEVI RS . AR TR B AL, &
A 7 BT [R] PR AT S P A 2 RIS IX e R I, FEiE— 4R ZR PCPF [ 4r T AL ARG HEVE T R0 . T 5 2,
AW COVID-19 G il £F4EAb Tl A EEAR 4L 137 i 2%, A B T o BB K TS A AR Vs i &= .
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