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[HE)] Bi FT TR S (SARS-CoV-2) BYL S EA BEAEIL G0 L% S H 5,
PAK37 ‘CHLE30 min2Y 1EJG FIRCE, DR s Sl 25 R e it . ik WERERINHE - ARE
[£20224E12 H 26 H ~20234E1 H 17 H SARS-CoV-2/E 4L Il % AbR A2 87561 NCOVID-194H, [FIISARS-
CoV-2AZ IR 1 1 1 i B 8 2 SO st HR2H s[RI 6 202248 H ~ 11 H SARS-CoV-24% I B ¥4 1) B A 1%
% B3 I8 AT A28 072451 94ECOVID-194H, COVID-1940 513 Stk — 3540 A AR (5441 FITG
AEHEYL (2 82141) , COVID-194 A NRA., R, ER . GERAY, RIEMCHCE: Ak
L NIRAEEA (> 380 g/L)  (32f)) FNESATREEA (< 380 g/L) (22D , K37 CHE
FEMNIE A ABEARA, XA ERT S & B &S S Bk, 88 COVID-1941[1.88%
(54/2 875) 1534ECOVID-194H H A EEEEZR[0.071% (20/28 072) 1ZR B G52 (F = 356.97.
P < 0.001) , COVID-194154ECOVID-194H EE HAl (WBC) . 448 (RBC) | M4 EH
(HGB) . Im4iffatk % (HCT) Fifi/MR (PLT) ZRIITLELGITHERE N (Z=—1.680. P =0.093, =
1.376. P=0.185, t=1.069. P=0.299, t=1.127. P=0274, Z=—0.532, P =0.601) ; ¥4
ML &8 (MCH) o ZL40M~F IR (MCV) MSE¥ M40 E AR EMCYV (MCHC) #5534
Fit#E N (1=—3.194, P=10.005, Z=—3.622. P < 0.001, Z=—2.435, P=0.015) ; COVID-19
HipR, hR, ERANfE B R AR 0N0.18% (4/2 242) | 3.96% (18/455) . 17.88%
(27/151) F118.52% (5/27) , ZRBE LT ER N (Z=260.40, P < 0.001) , FEIGHRA HA
HAL, G s R SRR DL R 8 R v R AR 2 I LR R G R L (= 9797, 18.87.
20.66, 93.85, PHJ<<0.001) ; fasEMlrh, &R L5 R EH 2 RGN (F =3.068. P=
0.08, ¥ =1.06. P=0.937) . AEEHAIRARZIT CIRE30 mintyH UL IE, HIERFWBC. RBC.
HCT. MCV. MCHMMCHCZ S H Giil%# & L (Z=—4.953, t=10.137, t=8.614, 1 =—6.307.
t=—4918. Z=—6.334, P¥J< 0.001) ; TfPLT (Z=—1.317. P=0.188) FIHGB (r=0212. P =
0.833) ZRTLLHHE . WMABEH (MCHC> 380 g/L) Fi4iE & #i J5 WBCHIPLT Z R I8 G %
TF#E L (Z=—4.283, —3.489, P #<<0.001) , MFAEEMAFAREANEPLTZ R LS 4= X
(Z=—1.923, P=0.054) . £5if SARS-CoV-2/&J& 7 HIAEEEI S, ELREE R I E A a1
W, VBRI KEAN, BT AL SEWBCHIPLTRY I 45 S ARAG, A I 2 TE VA B vl 4R
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[ Abstract] Objective To investigate the influence of cold agglutination caused by severe acute respiratory
syndrome coronavirus 2 ( SARS-CoV-2) infection on routine blood parameters and the effect of 30 min correction

at 37 C, and to improve the accuracy of routine blood test results. Methods From December 26th, 2022
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to January 17th, 2023, a total of 2 875 blood routine samples of patients infected with SARS-CoV-2 were
collected from the First People’s Hospital of Tianmen, which were classified as the coronavirus disease 2019
(COVID-19) group. Total of 50 influenza patients with SARS-CoV-2 nucleic acid negative were selected
as the control group, while 28 072 inpatients with SARS-CoV-2 nucleic acid negative were selected as the
non-COVID-19 group from August to November 2022, and the COVID-19 group was further divided into
the cold agglutination group (54 cases) and the non-cold agglutination group (2 821 cases). The COVID-19
group was divided into four groups: light, medium, severe and critical groups. According to the mean
corpuscularhemoglobin concentration (MCHC) results, the cold agglutination group was divided into the
strong cold agglutination group (> 380 g/L) (32 cases) and the weak cold agglutination group (<< 380 g/L) (22 cases).
The cold agglutination specimens were warmed at 37 °C, and the changes of blood routine parameters in each
group before and after the correction were compared. Results The cold agglutination rate of the COVID-19
infected group was 1.88% (54/2 875) compared with that of the non-COVID-19 group [0.071% (20/28 072)],
the difference was statistically significant (= 356.97, P < 0.001). There were no significant differences in
white blood cell (WBC), red blood cell (RBC), hemoglobin (HGB), hematocrit (HCT) and platelet (PLT)
between COVID-19 infected patients and non-COVID-19 infected patients (Z= —1.680, t=1.376, t = 1.069,
t=1.127, Z=—0.532; P = 0.093, 0.185, 0.299, 0.274, 0.601); The differences of mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH) and MCHC were statistically significant (r=—3.194, Z= —3.622,
—2.435; P =0.005, < 0.001, 0.015). The incidence of cold agglutination in mild, medium, severe and critical
COVID-19 patients was 0.18% (4/2 242), 3.96% (18/455), 17.88% (27/151) and 18.52% (5/27), respectively,
with significant difference (Z = 260.40, P < 0.001). Comparison between moderate and mild, severe and light,
critical and light, and severe and medium showed statistically significant differences (y*=97.97, 18.87, 20.66, 93.85;
all P < 0.001). There were no significant difference between severe and medium type, severe and critical type (¢’ =
3.068, P =0.08; = 1.06, P = 0.937). The cold agglutination group samples were all corrected after incubation at
37°C for 30 min, and there were significant differences between WBC, RBC, HCT, MCV, MCH and MCHC before
and after correction (Z =—4.953, t = 10.137, t = 8.614, t =—6.307, t =—4.918, Z =—6.334; all P <0.001),
PLT (Z=—1.317, P=0.188), HGB (¢ = 0.212, P = 0.833) had no significant difference. There were also significant
differences between WBC and PLT before and after incubation in strong condensing group (MCHC > 380 g/L)
(Z =—4.283, —3.489; both P < 0.001), but there was no significant difference in PLT before and after mild
condensation group (Z=—1.923, P=0.054). Conclusions Patients with COVID-19 are prone to cold agglutination,
and the condensation increased with the severity of the disease. Besides affecting erythrocyte parameters, cold
agglutination may also lead to lower level of WBC and PLT. Therefore, timely correction of COVID-19 cold
agglutination can improve the accuracy of blood routine test results.

[Key words] Corona virus disease 2019; Cold agglutination; Mean hemoglobin concentration; Red
blood cell; Platelet; Warming method
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To R (2 821451) , A EHEERN1.88% (54/
2 875) , COVID-194H EF 4% O AU IRk 7 12
JPTEEAT GETRO ) R (22420 | h
(455> B (151D L fEEA (2761 4
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corpuscularhemoglobin concentration, MCHC) %55t
O NTRAERELL (> 380 g/L) (320D ANgHA K
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Bt B FIEBR COVID-19 (1) 50451 I W i JRk e 7 i &5 Kb
ARAE RN 1EEL20224E8 A ~11 A ECOVID-19
SR IME AR A28 07261 99ECOVID-194, H
T B A2061, VAHREEZ90.07% (20128 072) .
X R bR . OFT BRI EE (severe acute
respiratory syndrome coronavirus 2, SARS-CoV-2)
BRI A YE: @5 L thfil 5 ¥ g 4 Bk
(34/20532/18) ; @MAEAMKTI0 g/LEH
S A B A T[33.3% (18/54) 1H1[34.0%
(17/50) 1; @MW RIS 2 R it jdoo 3 ke, B
TOFD (E0) SRR T4 SR e I BH 4
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1f12.0 mIBUENRA], LRIk, bR AR &) )5 5
BN FHH XN-90004 H 3l 1L 7 B A J JR 36 e &
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COVID-1941 54FCOVID-1941 % WBC.
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(Z=—1.680. t=1.376. t=1.069, t=1.127.
Z=—0.532; P =0.093, 0.185, 0.299. 0.274,
0.601) ; MCV. MCHFMCHCZ 34 4iit 2% 5 X
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(t=—4.431. P < 0.001, Z=—3.505. P < M. seAEEA (MCHC > 380 g/L) 5554
0.001, Z=—1.760. P=0.047) ; EHH/FWBC. EREEH (MCHC < 380 g/L) 37 “CIR & Al )& ML i
RBC. HGB. HCTHMPLTZ R LG it %= X 168

(Z=—0.071. P=10.943, t=1.022. P =0.094, DR A AR R A 3245 BB I AR A (MCHC >
t=10.000, P=1.000, r=0.551., P=0.584, Z= 380 g/L) ¥ & /SWBC. RBC. HCTHIPLT¥ & &
—1.760. P=0.078) . W32, ETIEER (Z=—4.283. t=10.576. t = 8.348.

=1 COVID-19 #1 549E COVID-19 4 H 35 A itk 3 #5540

iz X [H] COVID-1941 (2 87551 4ECOVID-1941 (28 07241 Guit& PfH
WBC (x 10%L) * 3.5~9.5 6.96 (4.51, 8.35) 5.06 (5.11, 6.08) Z=—1.680 0.093
RBC (x 10%/L) ° 3.8~5.8 2.43+0.96 1.77+0.91 t=1376 0.185
HGB (g/L) ° 115~175 99.19 +25.32 86.65 = 29.86 £=1.069 0.299
HCT (%) ° 35~50 2423 +8.54 19.60 + 7.80 t=1.127 0.274
MCV (fL) ° 82~100 101.94 £ 10.07 113.67 + 8.62 t=—3.194 0.005
MCH (pg) * 27~34 46.59 (36.10, 47.03) 5226 (45.40, 52.32) Z=—3.622 < 0.001
MCHC (g/L) * 316~354 457.11 (366.25, 448.75) 45835 (398.00, 452.25) Z=—2.435 0.015
PLT (x 10°L) * 125~350 229.91 (127.0, 303.75) 219 (181.25, 279.00) Z=—0.532 0.601

et BOESRH M (P25, P75) 1%EoR, ° BUERHA xts BoR

T2 S4GIAESEAS 50 FIxTIRA B 37 CHELE #l J5 MLH I FE br
EiEL7N it B A mEJE Giit i PfY
WBC (x 10°L) *

AR 6.96 (4.51, 8.35) 7.48 (4.88, 9.44) Z=—4.953 < 0.001
o R A 6.89 (4.96, 10.91) 6.81 (5.0, 10.98) Z=—0.071 0.943
RBC (x 10"/L) *

e ik 2.43£0.96 3.1£0.88 t=10.137 < 0.001

XA 3.38+0.86 3.40+0.87 t=1.022 0.094
HGB (g/L) *

BN 99.19 +25.32 99.33 +26.47 t=0212 0.833

YR 106.26 £ 28.72 106.26 £ 27.98 ¢£=10.000 1.000
HCT (%) °

AN 2423 + 8.54 30.04 £7.83 t=8.614 < 0.001

X 2 32.17 £ 8.44 32.51+£7.65 t=0.551 0.584
MCV (fL) °

AR 101.94 £ 10.07 97.19+9.58 t=—6.307 < 0.001

X 2 95.41 +8.98 94.90 + 8.88 t=—6.307 < 0.001
MCH (pg) *

AR 46.59 (36.10, 47.03) 31.4 (29.5, 34.03) Z=—4918 < 0.001

ot A 31.41 (29.45, 34.03) 31.12 (29.08, 33.58) Z=—3.505 < 0.001
MCHC (g/L) *

g i 457.11 (366.25, 448.75) 326.87 (313, 340.25) Z=—6334 < 0.001

of HEZH. 328.8 (311.75, 349.00) 327.42 (312,50, 344.75) Z=—1.988 0.047

PLT (x 10°L) *
KB 229.91 (127.0, 303.75) 230.19 (123.5, 304.75) Z=—1317 0.188
of HE2H. 72 (49, 182) 76 (51.5, 173.25) Z=—1.760 0.078
F: SRS HXARE 1 0 BIERA M (P25, P75) 18R, *: HdRRM x5 &R
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Z=—3.489, P#< 0.001) , MCV. MCHAIMCHC
WERERTEEN (1=—6.072, Z=—4937, Z=
—4.937, P¥J< 0.001) ; EAEAEHGBER LS
HEE N (r=—1.343, P=0.189) . JHABESR
2H 2241 B3 bR AHGBAIPLTIR & 1 5 2 % L4t
¥ E Y (1=1.509, P=0.146; Z=—1923, P=
0.054) , MCV. MCHMMCHCH) & #{% T 15 & 7
(t=—3.174, P=0.005, Z=—3.980, P < 0.001,
Z=—4015, P <0.001) , WBC. RBCHIHCTI| &

e TIRER (Z=—2242. P=0.025, ¢=8818.
P <0.001, t=5574. P<0.001) . W3,

Fi.v COVID-194 AN [A] 5 PR 73 284 55 25 v Bt AR 3L
RREZR

COVID-1941 &3, BRI B HAEERN
0.18%, f&HE AR R H1A18.52%, ARIEAKS
REHRBERRABARITRRERA SR
X (Z=126040, P < 0.001) , /R ERE
FEINE A B E Z SE . WR4.

3 32 BISESREE F LR 22 Bl 5574 S B AL H AR A 37 “CHl 7 /5 I AR b

Bzt 37 CIRHH 37 CHAER Grit P18
WBC (x 10°L) *
TRA L 5.59 (4.23, 721) 6.26 (4.53, 7.74) Z=—4.283 < 0.001
AR 7.18 (5.04, 10.02) 7.41 (5.15, 11.35) Z=—2242 0.025
RBC (x 10"/L) °
TRA R 2.09 +0.98 3.04 +0.98 t=10.576 < 0.001
AR 2.94+0.67 3.27+0.69 t=8.818 < 0.001
HGB (g/L) *
TRVA SRR 95.19 + 28.95 94.16 +29.93 t=—1343 0.189
SR 105.00 + 17.93 106.86 + 18.59 t=1.509 0.146
HCT (%) °
TR R 20.93 +9.00 28.73 + 8.85 1=18.348 < 0.001
BEMEY 2 | 29.04 + 4.84 31.96 +5.71 t=5574
MCV (fL) °
SR AL 102.92 +10.38 96.35+10.32 t=—6.072 < 0.001
TR 100.51 £ 9.66 98.41 + 8.48 t=—3.174 0.005
MCH (pg) *
TR AR 53.66 (39.48, 59.83) 31.34 (29.25, 32.65) Z=—4937 < 0.001
FHA RN 36.31 (34.28, 37.85) 32.46 (30.75, 34.28) Z=—3.980 < 0.001
MCHC (g/L) *
SRS 438.5 (396.0, 514.5 327.5 (315, 336.75) Z=—14.937 < 0.001
TR 361.50 (353.5, 371.5) 330.55 (311.25, 343.00) Z=—14015 < 0.001
PLT (x 10°’L) *
TRyA AR 237 (160.75, 307.25) 251 (168.25, 317) Z=—13.489 < 0.001
S AL 205 (71.5, 299.5) 211.5 (60.75, 280.25) Z=—1.923 0.054
T BIFNSHXERE 1 HEERA M (P25, P75) 1HR, *: HiRRM x+s FoR
F 4 COVID-19 HAFIFG KR/ Y 8 A BEEER [ ] (%) ]
7t 1% AUk E[R2 S
2| 2242 4 (0.18) 2238 (99.82)
Y 455 18 (3.96) 437 (96.04)
Gigit] 151 27 (17.88) 124 (82.12)
fa B 27 5 (18.52) 22 (81.48)
a1t 2875 54 (1.88) 2821 (98.12)
ZfH 260.40
Pfy < 0.001

e HIAIPIPIELE: R ve 2R 42=97.97. P < 0.001, ER vs 58 =18.87. P < 0.001) , fGEM vs. R 4 =20.66. P < 0.001,

A vs. A =9385, P<<0.001, fGEM vs. A, ' =3.068. P=0.080, T vs. EHEA: ' =1.06. P=0.937
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R . RBCIRRIHIAPT R (144 B 2 BE A 52 1L FE 1)
AT R A AT . 135 CA AN, RBCAHMDIE R
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RINVIFA B 22 KA, BREEHLehi R (nl/idn
i) iR, HEABERR RS A KRR
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£, AR SR, COVID-192H B At R 3%
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MFEMSHNMCHCH %57, HRSHLER, £
RCOVID-19/& L 5] A BB R 5 Hoh K & 5]
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MCHCH % 57, thnlHe5IECOVID-19 835 ¥4 &t
AR ED, FEIHERZER K. 5404 E
EFEBE T, WH.26% (5/54) RN IEKYL ST
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