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1 | INTRODUCTION

Abstract

Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syn-
drome coronavirus 2 infection. This study aims to examine the changes in peripheral
blood parameters during the early stages of COVID-19 and influenza. We analyzed
the peripheral blood parameters of 169 COVID-19 patients and 131 influenza pa-
tients during the early-onset stage. Results from the patients with COVID-19 were
compared with those from healthy controls and influenza patients. In addition, re-
sults from patients with common and severe COVID-19 were further compared.
There were significant differences between COVID-19 and influenza patients in
terms of age, white blood cell count, platelet count, percentage of neutrophils,
percentage of lymphocytes, percentage of monocytes, percentage of eosinophils,
percentage of basophils, neutrophil, count and monocyte count. Two parameters
(monocyte count and percentage of basophils) were combined to clarify the diag-
nostic efficacy of COVID-19 and influenza and the area under the curve was found
to be 0.772. Comparison of peripheral blood parameters from common COVID-19,
severe COVID-19, and influenza patients revealed many differences during the early
disease stages. The diagnostic formula developed by this study will be of benefit for

physicians in the differentiation of COVID-19 and influenza.
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Nucleic acid detection is the most direct means of diagnosing
COVID-19; however, the positive rate of real-time reverse

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
that caused the coronavirus disease 2019 (COVID-19) was dis-
covered due to a viral pneumonia case in Wuhan in December 2019.
With the spread of the epidemic disease, more and more countries
and regions have successively discovered similar cases. As of 8 July
2020, the number of COVID-19 infections worldwide has exceeded
11 million and the cumulative death toll has exceeded 530 000.

transcriptase-polymerase chain reaction (RT-PCR) detection of viral
nucleic acid is 38% to 59%."? SARS-CoV-2-specific immunoglobulin
M appeared 1 week after the onset of COVID-19 and its positive rate
was 52.68% to 69%.°* However, many countries and regions possess
inadequate detection capability or the detection costs are prohibi-
tive. COVID-19 and influenza have similar symptoms during the early

stages of the illness, resulting in many COVID-19 cases being missed

Abbreviations: ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BA#, basophil count; BA%, percentage of basophils; CK, creatine kinase; COVID-19, coronavirus
disease 2019; CRP, C-reactive protein; EO#, eosinophil count; EO%, percentage of eosinophils; GGT, gamma-glutamyl transferase; LDH, lactate dehydrogenase; LY#, lymphocyte count; LY%,
percentage of lymphocytes; MO#, monocyte count; MO%, percentage of monocytes; NE#, neutrophil count; NE%, percentage of neutrophils; PLT, platelet; RT-PCR, real-time reverse
transcriptase-polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TP, total protein; WBC, white blood cell.
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or misdiagnosed. Our study explored changes in peripheral blood
parameters of patients during the early stages of COVID-19 and
influenza, and provides a reliable reference for better understanding
the changes in laboratory test indicators of these patients as well as

potential diagnostic markers for the COVID-19 disease.

2 | METHODS
2.1 | Study population

A total of 169 patients diagnosed with COVID-19 who were admitted
to the Affiliated Hospital of Shaoxing University, Wenzhou Central
Hospital, and Shaoxing People's Hospital from December 2019 to
March 2020 were included in the present study. All COVID-19 cases
were confirmed by RT-PCR assay of nasal and pharyngeal swab
specimens. The patients with COVID-19 were diagnosed according to
the Novel Coronavirus and Pneumonia Diagnosis and Treatment Interim
Guidance Report by the National Health Commission of the People's
Republic of China.” Common cases were those who had a fever, re-
spiratory tract symptoms, and pneumonia on imaging. Severe cases
were those who had one of the following three clinical manifestations:
(a) shortness of breath with a respiratory rate greater than
30 breaths/min; (b) mean oxygen saturation <93% in the resting state;
and (c) partial pressure of arterial oxygen/oxygen concentration
<300 mm Hg (1 mm Hg=0.133 kPa). Severe cases also included the
progressed of lesions by more than 50% within 24 to 48 hours, as
detected by pulmonary imaging.

A total of 131 patients with influenza were also included in the
present study. Of these, 78 patients had influenza A and 53 patients
had influenza B. All influenza cases were confirmed by RT-PCR assay
of nasal and pharyngeal swab specimens. The control group was
subjected to tests including clinical examination, computed tomo-
graphy, hepatitis B virus-DNA, anti-hepatitis C virus antibody, human
immunodeficiency virus antigen and antibody tests, and RT-PCR for
SARS-CoV-2, and the results of all tests were negative. The control
group excluded respiratory diseases.

Peripheral blood from COVID-19 and influenza patients was
collected at the hospitals as part of the first examination, and the
parameters measured. The study was approved by the Ethics
Committee of the Affiliated Hospital of Shaoxing University
(IRB-AF-016-1.0).

2.2 | Statistical analyses

SPSS 19.0 was used for statistical analyses. Continuous variables
were expressed as mean (tstandard deviation) or median (P25, P75),
and were compared using an unpaired Student t test or the non-
parametric Mann-Whitney test. Categorical variables were pre-
sented as counts and percentages, which were compared using ;(2
statistics or Fisher's exact test. Single-factor parameters (P <.05)

were included in the multivariate logistic regression analysis and the

regression equation was constructed based on multiple factors. The
receiver operating characteristic (ROC) curve was used to evaluate
the efficiency of diagnosing the disease stage of the patients. Sta-

tistical significance was defined as P <.05.

3 | RESULTS

3.1 | Analysis of peripheral blood cell parameters
from COVID-19 and influenza patients

Table 1 lists the parameters measured in the peripheral blood of the
COVID-19 and influenza patients. Of these, there were significant
differences between COVID-19 and influenza patients in terms of
age, the white blood cell (WBC) count, platelet (PLT) count, percen-
tage of neutrophils (NE%), percentage of lymphocytes (LY%), per-
centage of monocytes (MO%), percentage of eosinophils (EO%),
percentage of basophils (BA%), neutrophil count (NE#), and mono-
cyte count (MO#).

A multivariate analysis was performed to obtain the regression
formula. Using stepwise forward logistic regression analysis, we
found that two variables (MO# and BA%) were independently related
to COVID-19 (Table 2). Then, the logistic regression equation was

used to calculate the following formula:

Jointprobability (P) = 2.388 x BA% — 5.182 x MO#
+ 2.192 [AUC 0.772;
95% Cl (0.718 — 0.826)].

On the basis of ROC curve (Figure 1), the best cutoff point for
the joint probability was found to be 0.45, the diagnostic sensitivity
was 71.6%, and the specificity was 74.8%. Therefore, COVID-19
should be considered as the diagnosis when the joint probability is
greater than 0.45, while influenza should be considered when the
joint probability is less than 0.45.

The average age and the proportion of men in the severe
COVID-19 group were older and greater, respectively, than in the
common COVID-19 and influenza groups. Lymphocyte count (LY#)
and eosinophil count (EO#) of the severe COVID-19 group were
significantly lower than in the common COVID-19 and influenza
groups. The PLT count of the severe COVID-19 group was sig-
nificantly lower than that of the common COVID-19 group. MO%,
MO#, and NE# of the influenza group were significantly higher
than in the severe and common COVID-19 groups. LY%, EQO%, and
BA% of influenza and severe COVID-19 groups were significantly
lower than in the common COVID-19 group. NE% of influenza and
severe COVID-19 groups were significantly higher than in the
common COVID-19 group.

During the early stages of the disease, male sex, higher age,
and lower lymphocyte, eosinophil, and basophil levels predicted
that the COVID-19 disease was more likely to be a severe case.
Table 1 shows that WBC count, PLT count, LY%, EO%, BA%, LY#,
MO#, EO#, and basophil count (BA#) during the early stage of
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TABLE 2 Multivariate logistic regression analysis of blood routine
parameters of the COVID-19 and influenza patients

B Coefficient Odds ratio (95% Cl) P
MO# -5.182 0.006 (0.001-0.026) .000
BA% 2.388 10.895 (2.093-56.700) .005

Note: The values of the three variables were found to be independently
associated with COVID-19 based on the results from the logistic
regression analysis.

Abbreviations: BA%, percentage of basophil; Cl, confidence interval;
COVID-19, coronavirus disease 2019; MO#, monocyte count.

COVID-19 were significantly lower than in the control group
(P <.001). NE% of COVID-19 was significantly higher than that of
the control group (P <.001).

3.2 | Analysis of the abnormal rate of COVID-19
and influenza

The WBC count in the influenza group was higher than in the severe
and common COVID-19 groups, and the proportion of WBC count in
the influenza group that was above the upper limit of the reference
interval (9.2%) was higher than that of the common (0.7%) and severe
COVID-19 (0%) groups (Table 3). The abnormal rates of NE%, LY%,
and EO% in influenza and severe COVID-19 groups were sig-
nificantly higher than in the common COVID-19 group. The per-
centages of LY% in influenza and severe COVID-19 groups that were
below the lower limit of the reference interval were 55.7% and 54.2,
respectively, which were higher than in the common COVID-19
group (24.1%). The proportion of EO% in the severe COVID-19 group

(62.5%) that was lower than the lower limit of the reference interval

1.0

0.8

0.6
|

&4

Sensitivity
0.4

AUC=0.772

| | | | ! I
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

FIGURE 1 Receiver operating characteristic curve for the joint
probability derived from the logistic regression model. AUC, area
under the curve

was higher than in influenza (45.8%) and common COVID-19 (21.4%)
groups. The proportion of EO# in the severe COVID-19 group
(58.3%) that was lower than the lower limit of the reference interval
was higher than in influenza (40.5%) and common COVID-19 (22.1%)
groups. The proportion of LY# in the severe COVID-19 group (79.2%)
that was lower than the lower limit of the reference interval was
higher than in influenza (52.7%) and common COVID-19 (40%)
groups. The proportion of MO# in the influenza group (36.6%) that
was higher than the upper limit of the reference interval was sig-
nificantly higher than in the severe (4.2%) and common COVID-19
(6.2%) groups.

3.3 | Diagnostic efficacy of peripheral blood cell
parameters between severe COVID-19 and common
COVID-19 groups

BA%, BA#, EO#, EO%, LY%, and LY# had diagnostic efficacy in the
severe COVID-19 group. The severe COVID-19 group was set as the
positive group and the common COVID-19 group was set as the ne-
gative group. The area under the curve (AUC) of BA% was 0.765 (95%
confidence interval, Cl [0.672-0.858], P < .001); AUC of BA# was 0.756
(95% Cl [0.661-0.851], P<.001); AUC of EO# was 0.746 (95% ClI
[0.640-0.852], P <.001); AUC of EO% was 0.729 (95% CI [0.610-0.848],
P <.001); AUC of LY% was 0.726 (95% CI [0.613-0.838], P <.001); and
AUC of LY# was 0.726 (95% ClI [0.611-0.841], P <.001) (Figure 2).

3.4 | Analysis of the biochemical parameters
of COVID-19

During the early stage of COVID-19 disease, lower albumin (ALB)
and higher C-reactive protein (CRP), lactate dehydrogenase
(LDH), gamma-glutamyl transferase (GGT), aspartate amino-
transferase (AST), and creatine kinase (CK) predicted that it was
more likely to develop into severe COVID-19 disease. Table 4
shows that the concentrations of total protein (TP), ALB, globulin,
alkaline phosphatase, total bilirubin, blood urea nitrogen, and
total cholesterol of patients in the early stages of COVID-19
were significantly lower than those of the control group, whereas
the concentrations of AST, serum creatinine, CK, CK-myocardial
band, LDH, and CRP were significantly higher than in the control
group (P <.05). The ratio of ALB in the COVID-19 group above
the upper reference limit was 0%. TP and ALB concentrations in
the severe COVID-19 group were significantly lower than in the
common group, and the proportion of the ALB in the severe
COVID-19 group that was lower than the reference lower limit
was 58.3% compared to 29.0% for the common COVID-19 group.
Alanine aminotransferase (ALT), AST, GGT, CK, LDH, and CRP
concentrations in the severe COVID-19 group were significantly
higher than in the common COVID-19 group. The ratios of CRP,
LDH, GGT, and AST in the severe COVID-19 group that were
above the reference upper limit were 87.5%, 62.5%, 50.0%, and
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FIGURE 2 Receiver operating characteristic curve of the
parameters from the blood samples in the severe common
coronavirus disease 2019 (COVID-19) and common COVID-19
groups. BA#, basophil count; BA%, percentage of basophil; EO#,
eosinophil count; EO%, percentage of eosinophil; LY#, lymphocyte
count; LY%, percentage of lymphocyte

45.8%, respectively, which were significantly higher than in the
common COVID-19 group, being 45.5%, 21.4%, 20.7%, and
15.2%, respectively (Table 5).

3.5 | Diagnostic efficacy of biochemical parameters
between severe COVID-19 and common
COVID-19 groups

CRP, LDH, GGT, ALT, and AST had diagnostic efficacy for the severe
COVID-19 group. The severe COVID-19 group was set as the posi-
tive group and the common COVID-19 group was set as the negative
group. The AUC of CRP was 0.805 (95% CI [0.717-0.893], P <.001);
AUC of LDH was 0.770 (95% CI1 [0.665-0.874], P <.001); AUC of GGT
was 0.748 (95% Cl [0.654-0.842], P <.001); AUC of ALT was 0.746
(95% CI [0.659-0.833], P <.001); and AUC of AST was 0.733 (95% Cl
[0.628-0.838], P <.001) (Figure 3).

TABLE 4 Biochemical parameters of the COVID-19, control, common COVID-19, and severe COVID-19 groups

COVID-19 (N = 169)

TP 70.62+£5.94

ALB 41.39+4.25

GLB 29.23+3.84

ALT 21.1 (13.0-32.0)
AST 24.0 (19.0-34.1)
GGT 27.0 (16.0-56.5)
ALP 54.0 (41.0-64.0)
TBIL 11.3 (8.6-15.2)
SCr 65.0 (55.0-79.5)
BUN 3.7 (3.1-4.4)

CK 70.7 (48.2-113.5)
CK-MB  12.3 (9.4-15.7)
LDH 203.0 (164.5-256.3)
TC 3.78+0.87

TG 1.1 (0.9-1.7)
CRP 10.8 (3.0-25.8)

Controls (N =80) Statistics
76.15+4.27 t =-8.369
45.06 +2.25 t =-8.908
31.09+3.30 t =-3.723
19.0 (14.0-28.8) Z =-0.641
19.5 (17.0-23.0) Z =-4.953
20.0 (15.3-32.8) Z =-1.499
71.0 (62.0-86.3) Z =-6.792
15.2 (13.1-19.8) Z =-5.912
58.5 (51.3-72.8) Z =-2244

4.7 (3.6-5.4) Z =-5436
95.8 (73.0-115.0) Z =-3.569
12.5 (10.0-15.0) Z =-0.134
189.5 (165.8-210.0) Z=-2.127
4.96+0.83 t =-10.000
1.2 (0.9-1.9) Z =-0.664
0.3 (0.2-1.3) Z =-9.701

Note: Data were expressed as mean (SD) and medians (P25, P75).
Abbreviations: ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen;
CK, creatine kinase; CK-MB, creatine kinase-myocardial band; COVID-19, coronavirus disease 2019; CRP, C-reactive protein; GGT, gamma-glutamyl
transferase; GLB, globulin; LDH, lactate dehydrogenase; SCr, serum creatinine concentration; TBil, total bilirubin; TC, total cholesterol; TG, triglyceride;

TP, total protein.

2Comparison between the COVID-19 and control groups.
PComparison between common COVID-19 and severe COVID-19 groups.

p?
.000
.000
.000
522
.000
134
.000
.000
.025
.000
.000
.894
.033
.000
.507
.000

Common group (N =145) Severe group (N =24) Statistics P°
71.08+5.94 67.82+5.23 t =2.529 .012
41.80+4.12 38.87+4.21 t =3.222 .002
29.28 +3.87 28.95 + 3.69 t =0.403 .687
18.0 (13.0-29.0) 31.2 (24.3-61.6) Z =-3.864 .000
23.0 (19.0-31.0) 35.1 (26.3-46.0) Z =-3.648 .000
25.0 (15.0-48.5) 55.5 (25.0-157.8) Z =-3.929 .000
54.0 (41.0-63.5) 55.5 (40.6-70.0) Z =-0419 .675
11.0 (8.5-15.1) 12.3 (8.8-15.4) Z =-0.669 .504
64.7 (54.0-79.5) 71.3 (62.5-80.8) Z =-1552 121

3.6 (3.1-4.3) 4.2 (3.2-4.7) Z =-1.586 .113
70.2 (47.0-106.0) 90.5 (66.8-210.2) Z =-2.567 .010
12.3 (9.4-15.1) 12.9 (9.0-16.4) Z =-0401 .689

198.0 (159.0-235.5) 272.0 (221.2-340.8) Z =-4.195 .000

3.82+0.87 3.58+£0.87 t =1.259 .210

1.1 (0.9-1.7) 1.1 (0.8-1.6) Z =-0432 .665

7.9 (2.3-21.1) 37.2 (22.3-61.8) Z=-4.855 .000



CHEN ET AL

1035
MEDICAL ViRoLoGY — YWILEY

TABLE 5 Biochemical parameters of the common COVID-19 and severe COVID-19 groups

Common group (N = 145)

Severe group (N = 24)

Below the lower

All patients Overall reference limit reference limit

N (%) N (%) N (%) N (%)
TP 27 (16.0) 20 (13.8) 19 (13.1) 1(0.7)
ALB 56 (33.1) 42 (29.0) 42 (29.0) 0 (0)
GLB 2(12) 2(14) 0 (0) 2(14)
ALT 32 (18.9) 25 (17.2) 5(3.5) 20 (13.8)
AST 36 (21.3) 24 (16.6) 2(14) 22 (15.2)
GGT 44 (26.0) 32 (22.1) 2 (14) 30 (20.7)
ALP 35 (20.7) 27 (18.6) 24 (16.6) 3(21)
TBIL 22 (13.0) 19 (13.1) 8 (5.5) 11 (7.6)
SCr 9 (5.3) 6(4.1) 4 (2.8) 2(14)
BUN 78 (46.2) 69 (47.6) 68 (46.9) 1(0.7)
CK 26 (15.4) 20 (13.8) 16 (11.0) 4 (2.8)
CK-MB 10 (5.9) 8 (5.5) 0 (0) 8 (5.5)
LDH 50 (29.6) 35 (24.1) 4 (2.8) 31 (21.4)
TC 40 (23.7) 32 (22.1) 25 (17.2) 7 (4.8)
TG 39 (23.1) 35 (24.1) 2(14) 33 (22.8)
CRP 87 (51.5) 66 (45.5) 0 (0) 66 (45.5)

Above the higher

Below the lower
reference limit

Above the higher
reference limit

Overall N(%) N (%) N (%) Va p?
7 (29.2) 7(29.2) 0 (0) 2571 .109
14 (58.3) 14 (58.3) 0 (0) 8016 .005
0 (0) 0 (0) 0 (0) 0.000 1.000
7 (29.2) 0 (0) 7 (29.2) 1210 271
12 (50.0) 1(4.2) 11 (45.8) 13742 .000
12 (50.0) 0 (0) 12 (50.0) 8342 004
8(33.3) 6 (25.0) 2 (8.3) 2714 099
3(12.5) 1(4.2) 2 (8.3) 0.000 1.000
3 (12.5) 2 (8.3) 1(4.2) 1438 .230
9 (37.5) 9 (37.5) 0 (0) 0.843 .359
6 (25.0) 0(0) 6 (25.0) 1219 270
2(8.3) 0 (0) 2 (8.3) 0006 .941
15 (62.5) 0 (0) 15 (62.5) 14.546 000
8 (33.3) 7 (29.2) 1(4.2) 1446 229
4(167) 0 (0) 4(16.7) 0.648 421
21 (87.5) 0 (0) 21 (87.5) 14.530 .000

Abbreviations: ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen;
CK, creatine kinase; CK-MB, creatine kinase-myocardial band; COVID-19, coronavirus disease 2019; CRP, C-reactive protein; GGT, gamma-glutamyl
transferase; GLB, globulin; LDH, lactate dehydrogenase; SCr, serum creatinine concentration; TBil, total bilirubin; TC, total cholesterol; TG, triglyceride;

TP, total protein.
#Comparison of total abnormal rate between common and severe groups.

<
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— CRP(0.805)
— LDH(0.770)
a GGT(0.748)
4 — ALT(0.746)
AST(0.733)
- — Reference Line
=

0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

FIGURE 3 Receiver operating characteristic curves of
biochemical parameters for the diagnosis of the common coronavirus
disease 2019 (COVID-19) and severe COVID-19 groups. ALT, alanine
aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive
protein; GGT, gamma-glutamyl transferase; LDH, lactate
dehydrogenase

4 | DISCUSSION

Coronaviruses are a large family of viruses known to cause serious
diseases including the Middle East respiratory syndrome (MERS) and
severe acute respiratory syndrome (SARS). SARS-CoV-2 is a new
strain of coronavirus that has never been found in humans before. At
present, the whole-genome sequencing of the virus has been com-
pleted.® However, changes in the disease, diagnosis, treatment, and
prognosis are not well understood. Influenza viruses (including in-
fluenza A and B) are another cause of contagious respiratory disease.
The clinical manifestations of COVID-19 and influenza are very si-
milar; both can lead to increased mortality, with COVID-19 having a
higher mortality rate than influenza.”® The mortality rate of severe
COVID-19 is significantly increased.” Therefore, it is very important
to distinguish between COVID-19 and influenza early and to carry
out appropriate treatment. The present study analyzed data from
COVID-19 and influenza patients in an attempt to find patterns re-
garding the development of these diseases to provide useful in-
formation for clinical diagnosis and treatment.

Analysis of peripheral blood parameters revealed significant
differences between COVID-19 and influenza patients in many in-
dicators. These included age, WBC count, PLT count, NE%, LY%, MO
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%, EO%, BA%, NE#, and MO#. In addition, many indicators in the
severe COVID-19 and influenza groups were significantly different
from the common COVID-19 group, such as NE%, LY%, EO%, BA%,
NE% abnormal rate, LY% abnormal rate, and EO% abnormal rate.
Many indicators in the influenza group were intermediate to the
severe COVID-19 and common COVID-19 groups, such as NE%,
LY%, EO%, BA%, LY#, EO#, and BA#.

Monocytes and macrophages play central roles in the immune
response of humans and in protecting the body from influenza in-
fection. They are necessary for the influenza virus to infect lym-
phocytes and regulate lymphocyte apoptosis by synthesizing and
expressing viral neuraminidase.'® Increased numbers of peripheral
blood monocytes have been found in patients with influenza.** The
decrease in eosinophils and basophils may be due to the stress re-
sponse in the case of acute lung injury caused by a viral infection,
wherein glucocorticoid secretion in the bone marrow would suppress
the release of eosinophils and basophils. During the later stages of
COVID-19, eosinophils continue to increase in number and this is
synchronous with improvements in radiology and symptoms.*?

This study showed that the peripheral blood MO# of the patients
with influenza was significantly higher than that of the patients with
COVID-19. The BA# in the COVID-19 group was lower than that in
the control group, whereas the BA# in the patients with influenza
was lower than that in the patients with COVID-19. Two parameters,
MO# and BA%, were combined to derive an equation using logistic
regression analysis. The AUC was found to be 0.772 according to the
ROC curve. This diagnostic formula could help physicians differ-
entiate between COVID-19 and influenza.

Many viral infections can cause thrombocytopenia. Both MERS
and SARS can cause peripheral blood PLT reduction.*>* In this
study, patients with COVID-19 also showed significantly lower PLT
counts, and the PLT count of severe COVID-19 patients was sig-
nificantly lower than that of common COVID-19 and influenza pa-
tients. PLT count is an independent risk factor for COVID-19.%° This
study also found that the severe COVID-19 group was older and had
a higher percentage of men than that of the common COVID-19 and
influenza groups. The age of the patient can be related to the prog-
nosis of the disease.'® Previous studies have shown that men are
more susceptible to SARS-CoV-2 and have a higher mortality rate,
which is related to endogenous testosterone.’’

Studies have shown that liver injury is common in patients with
COVID-19"® and autopsy results of patients with COVID-19 have
shown hepatocyte degeneration, neutrophil infiltrating focal ne-
crosis, lymphocytes and mononuclear cells in the hepatic lumen area,
cell infiltration, and microthrombosis. Liver injury is associated with
longer hospital stays and may be related to the prognosis of patients
with COVID-19. Some COVID-19 patients without a history of liver
disease are found with a liver injury before using any medication.*”
This study showed that during the early stage of the disease, the TP
and ALB in the severe COVID-19 group were lower than in the
common COVID-19 group, whereas the CRP, GGT, ALT, and AST
were significantly higher. These indicators are significant in their

ability to predict, in the early stage of the disease, patients who will

develop severe COVID-19. During the early stage of COVID-19, LDH
and CK in the severe COVID-19 group were significantly higher than
in the common COVID-19 group. The decreases of LDH and CK in
serum are related to the elimination of viral messenger RNA (mRNA),
with the COVID-19 viral mRNA clearance time positively correlated
with a hospital stay. Decreases in LDH and CK may indicate a good
prognosis for COVID-19.%°

In summary, COVID-19 and influenza can cause different chan-
ges in peripheral blood parameters, which should be considered in
the early stages of COVID-19 and influenza. The diagnostic formula
developed in this study should help us to enable differentiation of
COVID-19 and influenza during their early stages.
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