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Abstract
Background: Lymphocyte count (LYM) of peripheral blood and some indices of gen-
eral biochemical analysis had diagnostic and prognostic value for coronavirus disease 
2019 (COVID-19), and the value of other remaining indices is rare.
Methods: A total of 94 patients with COVID-19 were enrolled at Renmin Hospital of 
Wuhan University. According to the severity of COVID-19, the patients were divided 
into three groups (moderate 49, severe 35, and critical 10), and 40 healthy cases 
were enrolled in the same period as healthy controls. The diagnostic and prognostic 
value of indices in peripheral blood cell count and general biochemical analysis was 
analyzed.
Results: Compared with healthy cases, the value differences in peripheral blood 
analysis in patients with COVID-19 were statistically significant (p < 0.01), the differ-
ences in LYM, neutrophil count (Neu), platelet count (PLT), and white blood cell count 
(WBC) were statistically significant among different severity of COVID-19 (p < 0.05). 
Compared with healthy cases, the differences in general biochemical results in pa-
tients with COVID-19 were statistically significant (p < 0.01), the value differences 
in direct bilirubin (DBIL), low-density lipoprotein cholesterol (LDL-Ch), and nitrogen 
(urea) were statistically significant among different severity of COVID-19 (p < 0.05). 
Neutrophil/lymphocyte ratio (NLR) had higher sensitivity and specificity for COVID-
19 diagnosis.
Conclusions: Some indices of peripheral blood cell count and general biochemi-
cal analysis were valuable in discriminating COVID-19 and predicting severity and 
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1  | INTRODUC TION

The pandemic of COVID-19 is caused by SARS-CoV-2,1 as of May 
31, 2020, the COVID-19 has spread out all over the World, and 
over 6.0 million confirmed cases and more than 370,000 deaths 
were reported globally.2 According to the published Diagnosis and 
Treatment Program of 2019 New Coronavirus Pneumonia (seventh 
trial version), COVID-19 patients are divided into four groups (mild, 
moderate, severe, and critical),3 and the COVID-19 patients mainly 
died from respiratory failure, septic shock, and multiple organ dys-
function syndrome (MODS).1-4

Many parameters had used to auxiliary diagnosis and monitor-
ing treatment of COVID-19. IL-6 and IL-10, acted as pro-inflam-
matory cytokines,5 can be used as predictors for fast diagnosis 
of patients with higher risk of disease deterioration and help phy-
sicians correctly allocate patients at an early stage.6 Some urine 
biochemical parameters are helpful to differentiate COVID-19 
patients, and urine glucose and proteinuria can be used as effec-
tive markers to predict COVID-19 severity.7 CRP, as a non-spe-
cific marker of inflammation, can reflect the severity of COVID-19 
pneumonia in the early stage, and the level of plasma is useful for 
physicians to stratify patients for intense care unit transfer.8,9 
According to retrospective cohort study, higher lactate dehydro-
genase (LDH) is associated with higher mortality of COVID-19 pa-
tients,10 and 36% patients with COVID-19 had elevated D-dimer.11 
For peripheral blood analysis, severe COVID-19 patients tend to 
have lower LYM,12,13 and the significant reduction in T-lymphocyte 
subsets was positively correlated with in-hospital mortality and 
severity following SARS-CoV-2 infection.14 NLR, as an inflamma-
tory marker, may indicate the condition of glucose metabolism 
and diabetic control level in type 2 diabetic subjects.15 Elevated 
NLR is useful to auxiliary differentiate malign from benign thyroid 
nodules.16 NLR was elevated in active ulcerative colitis and may 
be used as an activity parameter for ulcerative colitis.17 Except for 
these parameters, many other parameters also can be easy to get 
from routine blood and biochemical analysis; meanwhile, numer-
ous patients with COVID-19 were asymptomatic and severe SARS-
CoV-2 infection.18 In order to detect whether other indices from 
general laboratory testing have prognostic value in patients with 
COVID-19, and provide more evidence for clinical diagnosis and 
treatment, we investigated indices of peripheral blood analysis and 
biochemical analysis in COVID-19 patients.

2  | MATERIAL S AND METHODS

2.1 | Study design and participants

This study was approved by the institutional ethics board of Renmin 
Hospital of Wuhan University (No. WDRY2020-K066), and partici-
pants signed informed consent forms.

All 94 patients with COVID-19 enrolled in this study were di-
agnosed with SARS-CoV-2 infection in Renmin Hospital (Wuhan 
University, China) from February 1 to February 9, 2020. According 
to the Diagnosis and Treatment Program of New Coronavirus 
Pneumonia (seventh trial version),3 the case group was divided into 
three additional subgroups: moderate cases, including 24 males and 
25 females, mean age 63.0 ± 12.5; severe cases: including 18 males 
and 17 females, mean age 62.1 ± 15.5; and critical cases: including 
6 males and 4 females, mean age 60.1 ± 11.1. Other 40 healthy sub-
jects (including 20 males and 20 females, mean age 62.25 ± 9.77) 
were selected as control group. There was no significant difference 
in terms of sex or age among the four groups (p > 0.05). The detailed 
criteria are listed as follows:

Moderate group: fever, respiratory tract symptoms, and pneu-
monia on imaging.

Severe group: Patients have any of the following conditions: 
respiratory distress, RR ≥ 30 times/minute; the oxygen saturation 
(SpO2) ≤93% at rest; oxygen partial pressure (PaO2)/oxygen concen-
tration (FiO2) in arterial blood ≤ 300 mmHg; and >50% lung imaging 
progress in the short term within 24–48 h.

Critical group: Patients have any of the following conditions: re-
spiratory failure and mechanical ventilation required; shock; com-
bining other organ failure, intensive care unit is needed.

2.2 | Method

Approximately 5∼10 ml of peripheral blood was obtained with col-
lection tube from the subjects in each group, serum samples were 
separated for serum general tests using ADVIA 2400 automatic bio-
chemical analyzer (Siemens Healthcare, Germany) and matching kits, 
and the blood routine was tested by Sysmex XN900 multifunctional 
automatic blood cell analyzer (Sysmex Corporation, Kobe, Japan) 
and matching kits. All data were derived from the first test results 
upon admission.

adverse outcome of patients with COVID-19. For clinician, it is better to use more eco-
nomical and easy-to-get indices to diagnose and predict the prognosis of COVID-19.
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2.3 | Statistical analysis

SPSS 22.0 statistical software was used for statistical analysis. Count 
data were analyzed by the chi-square test; distributed measurement 
data were expressed as the mean ± SD and were analyzed by t test 
between two samples normally; and non-normally distributed data 
are presented as medians with interquartile range (P25, P75) and were 
analyzed by the nonparametric Mann-Whitney U test or the Wilcoxon 
signed-rank test. A p value < 0.05 indicates statistical significance.

3 | RESULTS

3.1 | The results of peripheral blood cell count in 
COVID-19 patients and controls

Except for lymphocyte, in order to detect whether the other re-
sults of peripheral blood cell count are associated with COVID-
19, we first compared the peripheral blood cell count results from 
COVID-19 patients and healthy cases. The values of hematocrit 
(HCT), hemoglobin (Hb), LYM, mean corpuscular hemoglobin 
(MCH), mean corpuscular hemoglobin concentration (MCHC), 
mean corpuscular volume (MCV), Neu, and red blood cell count 
(RBC) between COVID-19 patients and healthy cases were sta-
tistically significant (p  <  0.01), while there was no significance 
(p > 0.05) for PLT and WBC results between COVID-19 patients 
and healthy cases (Table 1).

3.2 | The results of blood biochemical analysis in 
COVID-19 patients and controls

To further examine whether more general biochemical results are 
associated with COVID-19, we compared general biochemical re-
sults from COVID-19 patients and healthy controls (Table 2). The 
differences in biochemical results, including albumin (ALB), ala-
nine aminotransferase (ALT), aspartate aminotransferase (AST), 
DBIL, glutamyl transferase (GGT), glucose (Glu), high-density lipo-
protein cholesterol (HDL-Ch), LDL-Ch, total bilirubin (TBIL), total 

cholesterol (TCh), total protein (TP), and uric acid (UA), were sta-
tistically significant (p  <  0.01) between patients with COVID-19 
and healthy controls; however, the differences in alkaline phos-
phatase (ALP), creatinine (Cr), and triglyceride (TG) between pa-
tients with COVID-19 and healthy controls were not statistically 
significant (p > 0.05).

3.3 | The prognostic value of peripheral blood cell 
count results in severity of COVID-19

Lymphocyte count, one result of peripheral blood cell count, was as-
sociated with the severity of COVID-19.13,14 Next, we analyzed the 
associations of other peripheral blood cell count results with COVID-
19 severity (Table 3). Among different severity of COVID-19, the dif-
ferences in LYM, Neu, PLT, and WBC were statistically significant 
(p < 0.05), while the differences in HCT, Hb, MCH, MCHC, MCV, and 
RBC were not statistically significant (p > 0.05). After multiple com-
parisons, the results showed that the value of LYM and Neu in mod-
erate cases had significant difference to severe and critical cases 
(p < 0.05), and the value of LYM, Neu, and WBC in severe cases had 
no significant difference to critical cases (p > 0.05). The difference 
in PLT was statistically significant (p  =  0.040) between moderate 
and critical cases. Compared with moderate cases, the difference 
of WBC in severe cases was statistically significant (p = 0.026), and 
other results were not statistically significant between different se-
verity (p > 0.05).

3.4 | The prognostic value of blood general 
biochemical results in severity of COVID-19

Besides D-dimer, CRP, and LDH, to further examine whether more 
general biochemical results are associated with COVID-19 severity, 
we compared general biochemical results from different severity 
of COVID-19 (Table 4). Among different severity of COVID-19, the 
differences in DBIL, LDL-Ch, and urea were statistically significant 
(p < 0.05), while the differences in ALB, ALP, ALT, AST, Cr, GGT, Glu, 
HDL-Ch, TBIL, TCh, TG, TP, and UA were not statistically significant 

COVID-19 (n = 94) Health (n = 45) z p

HCT (L/L) 0.37 (0.34, 0.40) 0.44 (0.40, 0.46) −7.312 <0.001

Hb (g/L) 129.50 (118.50, 137.00) 147.00 (135.25, 156.75) −6.326 <0.001

LYM (109/L) 0.80 (0.54, 1.05) 2.16 (1.81, 2.57 −8.526 <0.001

MCH (pg) 30.60 (29.28, 31.33) 31.80 (30.73, 32.60) −4.059 <0.001

MCHC (g/L) 346.00 (341.00, 352.00) 335.50 (332.00, 341.00 −5.053 <0.001

MCV (fL) 87.80 (84.50, 90.68) 93.85 (91.93, 95.60) −6.89 <0.001

Neu (109/L) 5.06 (3.32, 8.18) 3.19 (2.58, 4.18) −4.578 <0.001

PLT (109/L) 211.50 (156.50, 260.25) 227.50 (181.75, 273.00) −1.145 0.25

RBC (1012/L) 4.15 (3.97, 4.51) 4.65 (4.36, 4.96) −4.452 <0.001

WBC (109/L) 6.57 (4.65, 9.51) 6.06 (5.16, 7.38) −1.13 0.26

TA B L E  1   The result difference in blood 
routine test
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(p > 0.05). After multiple comparisons, the results showed that the 
value of LDL-Ch in moderate and critical cases had significant dif-
ference (p < 0.05), and the value of LDL-Ch in severe cases had no 
significant difference to moderate and critical cases (p > 0.05). The 
differences in DBIL and urea were not statistically significant among 
different severity (p > 0.05).

3.5 | The evaluation of LYM, Neu, and NLR with 
ROC curve for diagnostic value of COVID-19

To evaluate the diagnostic value of LYM, Neu, and NLR in pa-
tients with COVID-19, ROC curves were drawn. For diagnosis of 
the COVID-19, the area under ROC curve of LYM, Neu, and NLR 
was 0.966, 0.750, and 0.930, respectively. The preoperative LYM 
value of 1.345 × 109/L was the optimal cutoff value for predicting 
COVID-19 (sensitivity  =  90.4%, specificity =  92.5%), the preop-
erative Neu value of 4.37 × 109/L was the optimal cutoff value for 

predicting COVID-19 (sensitivity  =  62.8%, specificity  =  85.0%), 
and the preoperative NLR value of 2.010 was the optimal cut-
off value for predicting COVID-19 (sensitivity = 93.6%, specific-
ity = 87.5%) (Figure 1).

4  | DISCUSSION

Since the outbreak of COVID-19 in December 2019,1 the pandemic 
has spread out all over the world, and confirmed cases worldwide 
have exceeded 6.0 million by May 30, 2020.2 The pathogen of 
COVID-19 is a novel coronavirus (SARS-CoV-2),19 the character-
istics of patients with critical COVID-19 are acute respiratory dis-
tress syndrome (ARDS), septic shock, and multiple organ failure,3 
the critical COVID-19 is the main cause of high mortality, and the 
pandemic had caused more than 370,000 deaths.2 SARS-CoV-2 is 
an RNA virus that can grow in epithelial cells, COVID-19 is mainly 
diagnosed through the detection of SARS-CoV-2 RNA by real-time 

COVID-19 (n = 94) Health (n = 45) z p

ALB (g/L) 35.30 (32.25, 39.25) 44.95 (44.10, 46.68) −8.657 <0.001

ALP (U/L) 65.50 (57.00, 84.00) 73.40 (61.23, 90.40) −1.524 0.13

ALT (U/L) 28.00 (19.75, 50.25) 21.00 (17.25, 29.75) −2.866 <0.001

AST (U/L) 34.50 (26.00, 51.00) 23.50 (21.00, 27.00) −5.069 <0.001

Cr (µmol/L) 61.00 (51.00, 72.25) 63.00 (52.25, 73.00) −0.195 0.85

DBIL (µmol/L) 4.90 (3.30, 5.80) 3.05 (2.40, 4.25) −4.275 <0.001

GGT (U/L) 37.00 (23.00, 64.25) 20.00 (15.00, 36.00) −3.837 <0.001

Glu (mmol/L) 6.21 (5.53, 8.76) 4.83 (4.53, 5.23) −5.898 <0.001

HDL-Ch (mmol/L) 0.88 (0.72, 0.98) 1.35 (1.19, 1.52) −7.620 <0.001

LDL-Ch (mmol/L) 2.30 (1.83, 2.87) 3.05 (2.69, 3.39) −4.860 <0.001

TBIL (µmol/L) 11.65 (8.68, 15.23) 11.60 (9.33, 14.63) −0.071 <0.001

TCh (mmol/L) 3.68 (3.21, 4.19) 5.06 (4.55, 5.56) −7.206 <0.001

TG (mmol/L) 1.25 (0.98, 1.63) 1.14 (0.95, 1.60) −0.720 0.47

TP (g/L) 59.85 (55.95, 64.30) 72.55 (69.33, 74.88) −8.414 <0.001

UA (µmol/L) 225.50 (182.75, 309.75) 297.00 (254.50, 350.50) −3.654 <0.001

Urea (mmol/L) 5.50 (4.09, 7.90) 6.03 (5.41, 7.01) −1.349 0.18

TA B L E  2   The difference in blood 
biochemical result

TA B L E  3   The value of blood routine analysis in COVID-19

Moderate (n = 49) Severe (n = 35) Critical (n = 10) z p

HCT (L/L) 0.37 (0.34, 0.39) 0.37 (0.34, 0.41) 0.36 (0.34, 0.40) 0.07 0.964

Hb (g/L) 128.00 (119.00, 136.50) 130.00 (117.00, 142.00) 129.00 (117.75, 134.75) 0.11 0.947

LYM (109/L) 1.00 (0.70, 1.21) 0.59 (0.42, 0.86) 0.69 (0.37, 0.85) 18.60 <0.001

MCH (pg) 30.40 (29.45, 31.45) 30.70 (29.10, 31.40) 29.20 (28.65, 30.78) 2.97 0.226

MCHC (g/L) 347.00 (0.34, 0.40) 345.00 (339.00, 351.00) 347.00 (339.50, 352.00) 0.82 0.665

MCV (fL) 88.40 (85.15, 91.40) 88.70 (84.50, 90.60) 84.55 (83.70, 87.83) 3.73 0.155

Neu (109/L) 4.42 (2.84, 5.99) 6.69 (4.18, 10.27) 9.69 (3.25, 12.46) 15.38 <0.001

PLT (109/L) 232.00 (182.00, 280.50) 205.00 (149.00, 258.00) 160.00 (109.75, 224.50) 7.14 0.028

RBC (1012/L) 4.13 (3.97, 4.47) 4.24 (3.94, 4.92) 4.30 (3.95, 4.72) 1.00 0.607

WBC (109/L) 5.82 (4.40, 7.36) 7.76 (5.16, 12.04) 10.70 (4.63, 13.26) 9.71 0.008
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reverse transcription-polymerase chain reaction (rRT-PCR).20,21 rRT-
PCR, affected by sampling, operation, and reaction system, is prone 
to get false-negative or false-positive results.

Facing the so complicated situation, to achieve the purpose of 
classifying and earlier treatment, clinicians need more laboratory 
indices to auxiliary diagnose COVID-19 and clarify its severity. 
Peripheral blood cell analysis confirmed that LYM was reduced in 
COVID-19 patients than those in non–COVID-19 patients,22,23 low 
platelet count is associated with severity and mortality of patients 
with COVID-19,24,25 then we investigated the relationship between 
other results of peripheral blood cell count and COVID-19, the re-
sults (Table 1) showed that the differences in HCT, Hb, MCH, MCHC, 
MCV, Neu, and RBC were statistically significant between COVID-
19 patients and healthy cases except for LYM, and these indices also 
can be used to differentiate COVID-19 patients from healthy cases. 
For WBC and PLT, the value of distinguishing COVID-19 patients 
from healthy cases was low. SARS-CoV-2 may infect lymphocytes 
directly through ACE2 receptor on the surface of lymphocytes to 
cause lymphocytopenia26; lymphocytopenia was more prominent 
among higher severity patients with COVID-19.27-29 Our investiga-
tion also showed that Neu, PLT, and WBC were also associated with 
the severity of COVID-19, LYM and Neu had the ability to identify 
severe and critical cases from COVID-19 patients, including WBC, 
and these indices could not be used to distinguish between severe 
and critical patients; compared with moderate patients, platelets of 
critical patients were decreased, and the result is consistent with re-
ported study24,25; and WBC of severe patients was increased. The 
results indicate that multiple indices of peripheral blood cell analysis 
are useful for differentiating patients with COVID-19 from healthy 
cases, for differentiating the severity and mortality of COVID-19 
patients, clinicians should pay attention that these indices are also 
useful, but the value is different.

Neutrophil/lymphocyte ratio, as an inflammatory marker, was 
used as an index of diabetic control level, active ulcerative colitis, 
and thyroid cancer.15-17 In this study, ROC curve analysis confirmed 
that LYM, Neu, and NLR could be used as indices for distinguishing 
COVID-19 patients from healthy cases. The cutoff values of LYM 
and NLR were better for COVID-19 diagnosis and had higher diag-
nostic value. The sensitivity of Neu at the cutoff value was not high, 
if only Neu is used as a diagnostic indice, which may lead to missed 
diagnosis of patients with COVID-19. More importantly, those indi-
ces are easy to get and should be preferentially evaluated for auxil-
iary diagnosis of patients with COVID-19, especially under the heavy 
burden of medical care in each affected hospital.

Laboratories can provide many biochemical indices for clinicians 
to assess treatment effect and organ's function of patients. CRP, as 
one of the most serum acute-phase reaction proteins, usually in-
creases in pulmonary diseases with inflammatory features.30 CRP 
level was positively correlated with lung lesions in the early stage 
of COVID-19 and associated with COVID-19 severity.8 Severe and 
critical patients with COVID-19 were commonly accompanied with 
acute myocardial injury, which was one reason of deaths, and in-
creased troponin T (hs-TnT) was associated with adverse prognosis 
of COVID-19 patients.31,32 Patients with COVID-19 had significantly 
higher AST, ALT, and LDH, and these indices had very good accu-
racy in predicting patients with COVID-19.33,34 In this retrospective 
study, the results showed that many indices (including ALB, ALT, 
AST, DBIL, GGT, Glu, HDL-Ch, LDL-Ch, TBI, TCh, TP, and UA), except 
for CRP, TnT, and LDH, could be used to identify COVID-19 patients 
from healthy cases. Urea, Cr, and ALP had no difference between 
COVID-19 patients and healthy cases. The results indicated that 
COVID-19 patients usually accompanied by liver damage and met-
abolic disorders, and further confirmed that the infection of SARS-
CoV-2 can lead to multiple organ damage35; the value of urea and Cr 

TA B L E  4   The value of blood biochemical result in COVID-19

Moderate (n = 49) Severe (n = 35) Critical (n = 10) z p

ALB (g/L) 35.80 (32.45, 40.50) 35.30 (32.40, 37.90) 33.20 (29.20, 36.38) 3.50 0.174

ALP (U/L) 64.00 (56.50, 80.50) 67.00 (57.00, 90.00) 68.50 (56.75, 90.50) 0.82 0.664

ALT (U/L) 25.00 (16.00, 57.50) 29.00 (22.00, 46.00) 25.00 (18.75, 43.75) 0.36 0.835

AST (U/L) 33.00 (25.50, 54.00) 40.00 (30.00, 51.00) 32.50 (20.00, 51.50) 1.73 0.420

Cr (µmol/L) 60.00 (50.50, 68.50) 67.00 (51.00, 76.00) 71.50 (55.25, 102.25) 4.12 0.128

DBIL (µmol/L) 4.30 (3.15, 5.50) 5.30 (3.90, 6.80) 4.95 (3.70, 9.78) 6.04 0.049

GGT (U/L) 30.00 (20.50, 54.50) 41.00 (30.00, 64.00) 59.00 (32.00, 81.25) 4.61 0.100

Glu (mmol/L) 5.85 (5.51, 8.17) 6.39 (5.55, 8.96) 7.74 (5.98, 11.34) 2.53 0.283

HDL-Ch (mmol/L) 0.93 (0.79, 0.99) 0.80 (0.67, 0.99) 0.90 (0.72, 0.99) 2.84 0.242

LDL-Ch (mmol/L) 2.48 (2.03, 2.98) 2.17 (1.73, 2.76) 1.82 (1.41, 2.24) 10.39 0.006

TBIL (µmol/L) 11.30 (8.40, 14.65) 13.10 (9.20, 18.00) 11.60 (8.43, 23.95) 2.97 0.227

TCh (mmol/L) 3.81 (3.36, 4.38) 3.56 (3.13, 4.02) 3.28 (3.13, 3.88) 3.85 0.146

TG (mmol/L) 1.18 (0.99, 1.58) 1.33 (0.98, 1.67) 1.32 (0.84, 2.41) 0.78 0.676

TP (g/L) 60.90 (56.35, 64.00) 59.30 (55.80, 65.10) 59.15 (56.08, 61.75) 0.80 0.671

UA (µmol/L) 235.00 (187.50, 296.500) 226.00 (170.00, 327.00) 196.00 (179.25, 367.00) 0.35 0.840

Urea (mmol/L) 4.91 (3.84, 6.50) 6.30 (4.60, 8.60) 7.87 (3.49, 12.00) 6.34 0.042
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had no difference between COVID-19 patients and healthy cases, 
less than one third of the damage to kidney function may be the 
reason. The results also indicated that DBIL and urea had ability to 
distinguish severe and critical patients from moderate patients, and 
LDL-Ch could be used to differentiate severity of COVID-19. The 
findings of this study also suggested that DBIL, LDL-Ch, and urea 
can be used as severe and mortal predictors of COVID-19 patients.

5  | CONCLUSIONS

Our results suggested that some indices of peripheral blood cell 
analysis and general biochemical tests performed well in discrimi-
nating severity and predicting adverse outcome of COVID-19 pa-
tients. It is necessary to use more economical and easy-to-obtain 
indices of peripheral blood cell count and general biochemical analy-
sis for clinician to diagnose and predict the prognosis of COVID-19; 
meanwhile, other indices with diagnostic and predictive value also 
should be applied as much as possible. According to the prevention 
and treatment guidelines of the Chinese health department, critical 
COVID-19 patients were mainly treated in three hospitals of Wuhan 
during pandemic, so the small number of cases used is a limitation 
of this study.
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