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Abstract

Objective: To explore the predictive value of laboratory indicators and combined indicators for as-
sessing the severity of COVID-19 patients and to construct a clinical predictive model. Methods: A
retrospective study was conducted on 107 patients diagnosed with COVID-19 according to the Di-
agnosis and Treatment Protocol for Novel Coronavirus Infection (Trial Version 10). These patients
were admitted to the Department of Respiratory and Critical Care Medicine at a hospital between
December 2022 and December 2024. The patients were categorized into a non-severe group (60
cases, including mild and moderate cases) and a severe group (47 cases, including severe and criti-
cal cases). General patient data and laboratory results were collected. Univariate and multivariate
binary logistic regression analyses were performed to identify indicators influencing disease sever-
ity. The selected indicators from the multivariate analysis were used to construct a risk assessment
nomogram using R4.3.3 software. The model’s calibration and clinical utility were evaluated using
receiver operating characteristic (ROC) curves, calibration curves, and decision curve analysis. Re-
sults: The severe group exhibited alower HALP (Hemoglobin, Albumin, Lymphocyte, Platelet) index
and higher CRP (C-reactive protein) and BUN (blood urea nitrogen) levels compared to the non-
severe group (P < 0.05). The nomogram constructed using these three indicators demonstrated an
AUC (area under the ROC curve) of 0.886 (95% CI: 0.8226~0.949) for predicting severe COVID-19.
Calibration and decision curves further confirmed the model's good fit and clinical value. Conclu-
sion: The predictive model based on the HALP index, CRP, and BUN shows strong performance and
can effectively predict the severity of COVID-19 patients.
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1. 518

COVID-19 %1% T 2019 4 i 15 B R I, /& B ™ B 2 It RPIR 254 fiE 5 IR 7 2 (Severe acute respiratory
syndrome coronavirus 2, SARS-CoV-2) 5| & (1) — 2 H A 1 A& Gt 1) 2 P i e B e 59, SARS-CoV-
2 E—PHEEE RNA TS, HARRREE iz A RraeJ1ag, SR HiT O S8kl 7 2 w4 i 700
JINFETI[1]. WP . 2B BRI R 2RO RS E R $ 5 COVID-19 H# It
TR R [2]. RS BB B 1) Iz Beh S 5 ey T F B AR e 8, H BRE B M HORE COVID-19 B {T)
AREIET %

HRIOGT COVID-19 B IAR BE, H AR RILAT LL R, Pud, £54175%] COVID-19 = fE 4
fifebr. AWFFMIERSEPR R, @il COVID-19 B i — Bk, seibs=f8hs, AP HALP fa %L
A CRP TE TN 16 ™ B AR B b B m R e, B AN 7 T DU I PR 27 S Al — e Ak 4

2. IsFRERSFTE
21 KHHR
e 2022 47 12 A 2024 4 12 BT 7RIS 5 W B R R NP 5 S TR IS 2 R B T 1
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COVID-19 &3k 117 5, Hrb 10 flEF AT hikEATRBEMm AR, A9 107 ] COVID-19 &
., B 8, A 52 B, ER 40, fEEA 7 B, K 107 BlEE N 2 4, AEEEA AR,
HY(60 ), EREHAFEER ., fEEA(AT H). INIRE: (1) ARHEHT R R B IR 2T T R (AT T
R HREA, R, ERL, fEEA COVID-19 H#; (2) Fi >18 %, MAIAMR: () KRR EE.
HeBRbrie: (1) MHERFENEASESE; (2) GHEMME; 3) A MBAGL. H & 5% RFHEM
WEE . (4) FATEIAR KN FH 25 Pt it B . AW 7@l TP A 3 2% 0 it

2.2. BRWIER

T I T AR ) 2R SRR R — BRI S0 U  — AT R LR RS L PRSI AR EE AR H(BMI).
WK S DRI S A FRE: L . REIRI . eCo . RAEAE. 18k PHZEE RO S =B C RN
HA(CRP). FFERJE(PCT). MAHEAHD). HEF(ALB). #REAM. /MR ITE(PLT). MaOEA -
FIEE - R EEGE - i MRFEE(HALP 1840 AN ZBE(ALT) AEEZEF(AST) WLEF(Cr). JREA
(BUN), D-—%f#k(D-dimer), FLEZ(Lac). HALP fa#it 5 A HALP= MZLE A (g/L) x HEH(9/L)
x A0 H(10%L) x I/ BB (109/L).

23. Gt FERE

NiFH SPSS 27.0 Giit H AR BT 00T . FFE IER MR TR X +s For, 4 LR
Rt RS AR IES AR R YR DL M(P25, P75)HIA, 411l ELHCR Al Mann-Whitney U K236 ; 50
BEABI (%) 27, K 2 Kl sk Fisher ¥EHfkG 46 . A H] Logistic [m1Y= 73 By i 6 H i A= R BT el /4% () ik 57
faRiE, NH RStudio (4.3.3)3 1 Fy i 51| 4 ] R th 4 S e s it 2k i1 5 ROC #h 4k R IR, 15 AUC,
AUC BT 1, RWNZHEA X o RE JIHIT . emlRe k2, AT TR 2R 18 3% A 1) ol 2Rt i
T A5 R RS HE I AR, Hosmer-Lemeshow L& AGE: P > 0.05, i B %A HoA Ktk RS
J1o 21l DCA,  TiIASE B 55 3 b bl i 175 100 BT T B PRI Y BB A I PR 4 3R 28, 0 TR SR E I R I i, L
BT G R4 3R A

3. &R
3.1. EfFHESIEEFEN—ARERIELE

TR R HE — TRV, EE . M ZE S EAA Gt = (P < 0.05), AR NMISELE 2 41
Z B ZFA G R (P <0.05), BMI, WM EE . DH 52 K KR & IHETE 2 A ZE RS EE (P>
0.05), W% 1.

Table 1. Comparison of general data between the two patient groups
1 MABE—MRERELR

TiH e FEAELL(n = 60) HIELL(n = 47) P18
i 66.50 + 12.27 75.57 +11.00 <0.001
P51 [ (%)] 0.013
5 25 (41.6) 31(77.5)
% 35 (58.3) 16 (34.0)
BMI 25.00 (22.30, 27.70) 24.77 (22.87, 26.67) 0.872
W 52 (1] (%)] 0.849
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H 45 (75.0) 36 (76.6)
& 15 (25.0) 11 (23.4)
R S [451(%)] 0.913
A 48 (80.0) 38 (80.9)
o 12 (20.0) 9 (19.1)
B IHIE[H(%)] 0.521
o L P 97 28 (46.7) 19 (40.4)
B PRI 13 (21.7) 12 (25.5) 0.541
RN 14 (23.3) 16 (34.0) 0.223
Jii R BT 5 (8.3) 11 (23.4) 0.031
12 - BH 2 PE It 2(3.3) 3(6.3) 0.046

3.2. EfFASIFEFFARNEEISIRILER

AT 2 HSIG EARAR LR L, M & (Hb). I FI(ALB). k4B E(ALC). ML A -
HEE - #EYH - L RTE 2 (HALP #5450 C MEEH(CRP). FEF5 R E(PCT). JREZA(BUN). D-—
B (D-dimer). FLEE(Lac)Z 7 B Git2£7E (P < 0.05). ALEF(Cr). DA EBFALT). BEEE
(AST)Z w4t & (P > 0.05), W% 2.

Table 2. Comparison of laboratory indicators between the two groups

2. MEREERRELR

T H AR SEL (n = 60) HFELL(n = 47) P {H

Hb (g/L) 132.10 + 15.67 128.43 +17.03 0.249
ALB (g/L) 38.60 + 4.00 34.61 +3.96 <0.001
ALC (*10°) 1.15 (0.31, 1.99) 0.76 (0.21, 1.31) <0.001
PLT (*10°) 154 (27.75, 280.25) 181.00 (60.00, 302.00) 0.429
HALP f5% 34.60 (7.41, 61.79) 18.66 (4.43, 32.89) <0.001
CRP (mg/L) 18.45 (~13.45, 50.35) 4361 (—11.00, 98.22) <0.001
PCT (ng/ml) 0.08 (—0.005, 13.08) 0.16 (-0.25, 41.16) <0.001
BUN (mmol/L) 5.25 (2.94, 7.56) 6.49 (2.42, 10.56) <0.001
Cr (umol/L) 62.92 (35.77,90.07) 59.00 (33.10, 84.9) 0.913
ALT (U/L) 30.50 (6.52, 54.48) 33.00 (7.00, 59) 0.799
AST (U/L) 31.19 (9.21, 53.17) 37.14 (2.74, 71.54) 0.053
D-dimer (ug/mL) 0.40 (—0.08, 0.88) 0.70 (-0.08, 1.48) <0.001
LR 1.10 (0.20, 2.00) 1.4 (0.4,2.4) 0.024

3.3. BEZE T Logistic BIVFS 4T

WERE L R BEZER L. AR E . IR E . HALP #8380, C MEH . BEERIE. JRE
R D- Rk FLRIIAN A K ot Logistic [0 4T, Z5RUE R Rl MBI BT L. AEA .
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WEARAR . HALP #8. C RMIERA. REREFHAGSHIEE P < 0.05), PCT £RFELiH
7 (P >0.05), W% 3.

Table 3. Univariate binary Logistic regression analysis

52 3. BEE T Logistic BV

RE| B Wald P OR 95% ClI
R 0.068 12.300 <0.001 1.070 1.030~1.112
el 0.998 6.097 0.014 2.712 1.228~5.989
iR S 1.212 4.363 0.037 3.361 1.078~10.484
ALB (g/L) —0.249 18.130 <0.001 0.779 0.695~0.874
ALC (*10°) -1.949 14.513 <0.001 0.142 0.052~0.388
HALP $5% -0.095 19.486 <0.001 0.910 0.872~0.949
CRP (mg/L) 0.025 12.425 <0.001 1.025 1.011~1.040
PCT (ng/ml) 2.699 1.130 0.288 14.865 0.103~2154.664
BUN (mmol/L) 0.241 8.565 0.003 1.273 1.083~1.496
D-dimer (ug/mL) 0.336 1.847 0.174 1.399 0.862~2.272
LR 0.387 2312 0.128 1.473 0.894~2.427

3.4. ZLEE =TT Logistic BT 4T

He EIRFLR K 7T Logistic [V 8 22 58 e it o e SCIRHR PR ELAEEEES . MR RESENR Sz . bk EL 40
MRAEXHE . A A HALP 485, C M A RKERRMAZ[H R T Logistic [\1H, £55L RS HALP fi5
. CRP ZFAAGFEX, e, MhHl. MBI, A&EA. MEMREXHE. JRERRERHT
gitEE . &4,

Table 4. Multivariable binary Logistic regression analysis

% 4. ZEZEJT Logistic BYINHr

URE| Vi SE {4 Wald P OR 95% ClI
RS 0.031 0.027 1.374 0.241 0.908 0.849~0.970
5 -0.533 0.631 0.713 0.398 0.587 0.170~2.022
i 5 1.616 0.980 2.718 0.099 5.031 0.737~34.343
ALB (g/L) —0.069 0.073 0.882 0.348 0.933 0.809~1.078
ALC (*10°) 0.387 0.698 0.307 0.579 1.472 0.375~5.777
HALP f5%¢ -0.097 0.034 8.100 0.004 0.908 0.849~0.970
BUN (mmol/L) 0.228 0.114 4.000 0.045 1.256 1.005~1.571
CRP (mg/L) 0.022 0.010 5.022 0.025 1.022 1.003~1.041

3.5. HESIZ%E

A F3AR 2 K 2 7T Logistic [=] U943 47 ik t i 546 % F8 bx HALP 484k, CRP. BUN, J% A RStudio
433 A ESILE . W 1.
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Figure 1. Nomogram
1. Bz

3.6. IGARTMARE R TEMG

A F3R A 2] ROC HiZk, AUC 4 0.886 (95% ClI: 0.8226~0.949) (14| 2), R#E(E N 0.850, 4%
SR 0.830, FERIZETN L COVID-19 B EmE CERE AR EME. LE 2.
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|
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Figure 2. ROC curve and AUC of the prediction model
B 2. FUNREH ROC #hiZk & AUC

3.7. FANEEIRIROERZE

Hosmer-Lemeshow &0 B2 A 56 3 22 H TR 46 T 22 F s bRt 22 2 A 2 /e R 522, P > 0.05
VLA Z Mg B X, Rl G RiF. ZHIEAYZ Hosmer-Lemeshow &L LA P = 0.765,
FWZ TR AR AT . Bkt 287 Hoser-Lemeshow 01418 FE R 36 (0 A 404K, o TR % 55 52
PrRmEe 2 [ 06 22, WA TROIISEZRY (¥ e 7733k 47 PP, R A Booststrap 72 H 4l 1000 & hilRSHE I 2k, Xf
FIRELE 1desl JETEFARE BL T TR 5T S0 PriEZe; B4k Apparent /& 2E T2 BB 7E AR 500G it 5
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XTRZEN 0.048, o ERFEFR TN COVID-19 i35 i 115 ™ HRE BF 1) Pl A 26 15 S Pl — Btk s, i B
IR B R RO, BT R DL 3.
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o .
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Figure 3. Calibration curve of prediction model
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3.8. FMRARY DCA
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Figure 4. DCA of prediction model
B 4. FUNREE) DCA
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4. ¥1ig

FE4 1T COVID-19 JEIGHFEHEAL T 52T, Rl Bl SR A W th I BT 5 U s J S Bk s )
TEOUT, AL A EL AR R A EERE T AR B A E B I SE R . AR AT HALP,
CRP 1 BUN (W51 2 IR, AMYEA REFR) T zkae, ARG HE BRI RERH. SCRER

FTRMAE AR L, AR S B PRHE I E . #lln, 5 Liang ZZ[3PJFRIFRET (HintJI) MET 2
YEFE TR PR (B FE AR FRAE A R Y1 LG S A ) I R AR ML A8 2 IR AR L, ABRA TR ARy 3 T0UH # 5
RIFENR, FEORIE REFAERAVERI RIS, BRORHB T T AR IRAE . 4850 1 VPAS IS (8] I FRAIC 1 oA, BEaEH
TEIFEARMIEZER . o, 5 Knight SF[4152 H 3T K BB L[ 4C Mortality Score 1F4r R4t
(TN 10 TG IR AT IR FEbR)AH LG, ARITIS 4T /D | TSR 8, AR T I PRI AR POl AT R R4
SEILEIA AT, AT R SRR E TS . Bk, AERRME N —FER. S5t HARRER
VRS TR, RS S B B AR B TAT B, BT IR R AT 5%, T BRI s
B E A% .

RN LEFEL COVID-19 B A B E BN 2 —, CRP E R P4 EKF 1 EEAREY), BEiE
S H KO T AR 7™ B R R B IR 56 A 0 5 Kumar 25[5]45 18— %, % B CRP 1] LA Tl COVID-
19 J5 155 7™ B AR B 1A ORISR (R B D bR 5 o IR EE A PR A A B S AR S RN JORE S B T RS B, LA
TR B AR 52 EE IR s . IR EE AT 5 k> T RE S COVID-19 51 (1) JE R 1 IR B Al — R 51 o 8 J 7
FE[6] . IR EL A P L B TR N R LA T8 5 A3 1 Re I, IF AR CAP Rl EEE 25 0F 50 e SE S A0 T % %
VIAHOE[7] [8]o AWEFLH, HREL bk D40 M 20 0HE 2 B K T AR B e 2H 03, IR 4t o 4 0] {8 T 1 A o
fili COVID-19 E& 1 = E R AE bR &, 52 W JE[9] [10]145 R —5L.

H IR COVID-19 B#FmiG M HEER R, HERKTIFRG TREWEN, fE%E COVID-19
BFIRE R, PURAZIEE . S MERIERN . FALRNE. Z9EIE %R & S8 COVID-19 ik
(EAEE FR A8, 7E 6 COVID-19 B3 A R AR T im[11] . IR I AT B (1 23 52 M 4 SR B2, AT &) COVID-
19 B R H T S BB, MR EOR 3k £ [12]. Fouad SH ZE[13]#F 57X kK Bl, HJAE COVID-19 &
HIMAEAKTFHBETRE., pREE, YO E QKT LLF COVID-19 it ™ EfR L. A
WA FRE R, B R A& A ACH AR SR R R AL R KPR, AEAR ALK& R
FEMEAR, HENSVERNY), AEARARR. PUEMBUE MLRE S 2 B A YR, X T-2%
fif = COVID-19 & WA & RAE mEbIRaS 2 o0 [14] [15]. CAFIESE, HEAKFEIIKS
COVID-19 H 35 15 ™ B AL K 1Us S YIAH 5 [16] [17]. A 70 o B 20 5 1 4R (K-S BAR T IR
HEEF, %455 GholamiB 171 45— 3. 7 H T FLH, HAE COVID-19 & ARy JR R &
KPR ENZ, AR REI, AN EERREEZKTS COVID-19 & HEMENA R, wIEATI
M COVID-19 HE35 3 I ™ AL B AR s &4 . H 2 i 72 [18] [19]4ERH, BUN & COVID-19 /& 4L i [A]
Bt N FE T AT fE [ PR 2%

MLEA - AR A - RELIH - M MIEE(HALP)E N — R bR &4, T4 E IR R E. %
$e EFRIRIL. 2T AR A[20] [21], HALP 5505 i A2 ME T I Bl J5 AHOC . Huo 55 [22] 8 7t
TN, TEFEZARIAVERCT 1YY 0 111 SSER 40 fa it 2535 b, AIRKEZR HALP $830S FLR 2 10 S AR A BRI TG 13
JEAELFIIASE, WENEMETE R R, Shi Z[2310F M KB, HALP $5507E T i #4 14 # ik 26 kA8
HHIPER, S5 358 HALP 48502 PICC 38 AR VEFR K 2 I BUNFE bR . 1A T [24]9F4k T HALP $844
5 SR R A T AR ARG I RIERI SRR, BRI HALP F5 502 R 5 &R SORE P A 1 B 2 M5 [
K2, H HALP $EHS5 1 ™ EFE S R HAHC. AR RN, BEMEH HALP fa 8B K TR SRR A,
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HALP 55085 al S5 1™ AR E, H 2 HALP 5305 CRP. BUN HX & i Ll U s F500 8 2R el PR 2
RO TR D=9

K TAAE—ERIRYE, B, FAERVDN, RZEBEPHRAS, BTSN — 8/ A E

AEEE, BICAREAF R R T H, 2 — IR O R 7, ShZ XA SCIEARREh L, 5
JE it KB —P IO, A e .
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