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ARTICLE INFO ABSTRACT

Keywords: Background: Abnormal peripheral immunological features are associated with the progression of coronavirus
COVID-19 disease 2019 (COVID-19).

Imm‘{ne cells Methods: Clinical and laboratory data were retrieved in a cohort of 146 laboratory-confirmed COVID-19 patients.
}S"Ezgiritt}i]ve factor Potential risk factors for the development of severe COVID-19 were evaluated.

Follow-up Results: On admission, lymphocytes, CD3+, CD4+ and CD8+ T cells, eosinophils, and albumin and pre-albumin

were dramatically lower, whereas neutrophils, and interleukin (IL)-10, C-reactive protein (CRP), aspartate
aminotransferase (AST) and gamma-glutamyltransferase (GGT) were significantly higher in severe cases. By the
second week after discharge, all variables improved to normal levels. Covariate logistic regression results showed
that the CD8+ cell count and CRP level were independent risk factors for severe COVID-19.

Conclusion: Lower peripheral immune cell subsets in patients with severe disease recovered to normal levels as
early as the second week after discharge. CD8+ T cell counts and CRP levels on admission are independent

predictive factors for severe COVID-19.

1. Introduction

2019 novel coronavirus disease (COVID-19) has become a worldwide
pandemic since its outbreak in December 2019. Unfortunately, both the
confirmed cases and deaths related to COVID-19 continue to increase
rapidly globally [1].

Several epidemiological features of the human-to-human trans-
mission and clinical characteristics of the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) have been reported. Phylogenetic
analyses have revealed that SARS-CoV-2 is closely associated at 88%,
79%, and 50% identity with the bat-SL-CoVZXC21 and bat-SL-CoVZC45
SARS-like coronaviruses, SARS-CoV, and MERS-CoV, respectively [2].
The disease onset frequently manifests with cough and fever. In a cohort
of 1099 patients with COVID-19, only 43.8% (473/1081) presented with
fever which was much lower than seen in patients infected with SARS-
CoV and MERS-CoV [3]. More importantly, confirmed asymptomatic
patients with COVID-19 had similar viral transmission dynamics, in

terms of the viral load, as the symptomatic patients [4-6]. Consequently,
asymptomatic patients with COVID-19 may complicate the prevention,
diagnosis, and control of this disease [7]. Clinical laboratory findings
such as lymphopenia, lower counts of of CD4+ T and CD19+ B lym-
phocytes, and increased lactate dehydrogenase and C-reactive protein
(CRP) levels are commonly observed in patients with COVID-19, and
cases with advanced age, coexisting disorders, or dyspnoea were asso-
ciated with the severity of the disease [8-10].

A follow-up study on the dynamics of the clinical laboratory features
in patients with COVID-19 has not been carried out and the potential
predictive factors for the severity of this disease remain unknown. In this
study, we retrospectively assessed the clinical and laboratory data
collected during and post-hospitalisation in patients diagnosed with
COVID-19 at varying degrees of severity, to identify potential early
predictive factors for the diagnosis of severe COVID-19 in affected
patients.
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2. Patients and methods
2.1. Patients and data collection

From January 19th, 2020 to March 11th, 2020, 146 laboratory-
confirmed patients with COVID-19 (106 ordinary and 40 severe cases)
were admitted to the Taizhou Hospital of Zhejiang Province and Taizhou
Enze Hospital, Taizhou EnZe Medical Group (Center), the only officially
designated medical center for COVID-19 in Taizhou City, Zhejiang,
China. No death occurred and all cases were discharged by March 11th.

The medical histories of patients were reviewed, and the clinical
classifications of COVID-19 were based on the 7th version of the Diag-
nosis and Treatment Guidance of Corona Virus Diseases 2019, National
Health Commission (NHC), and National Administration of Traditional
Chinese Medicine of the People’s Republic of China [11]. Briefly, ordi-
nary cases were categorised based on the presentation of fever, respi-
ratory tract symptoms, and pneumonia in imaging results. Severe cases
for adults were those with respiratory distress with a respiratory rate >
30/min, or pulse oxygen saturation (SpO2) < 93% at rest, or arterial
blood oxygen partial pressure (PaO,)/oxygen concentration (FiO2)
<300 mmHg (1 mmHg = 0.133 kPa), or with >50% pulmonary lesion
progression within 24-48 h. Critical cases included respiratory failure
requiring mechanical ventilation, shock, or complications of other organ
failures.

Patients were clinically followed-up by the second and fourth week
after discharge as recommended and were subjected to routine labora-
tory tests, including the real-time reverse transcriptase-polymerase
chain reaction (RT-PCR) for SARS-CoV-2 RNA screening. By May 11th,
all available clinical laboratory data on the day of admission (145 pa-
tients), the day of discharge (115 out of 146 patients), and the second
(1st follow-up, 113 out of 146 patients) and fourth week (2nd follow-up,
79 out of 146 patients) follow-ups after discharge were retrieved. After
discharged, recovered COVID-19 patients were self-isolated in commu-
nity quarantine facilities, and were subjected to RT-PCR re-testing
during the second- (1st follow-up) and fourth-week (2nd follow-up)
follow-ups as outlined by the guidelines [11].

The SARS-CoV-2 virus shedding duration was defined as the interval
from the day of being confirmed positive for SARS-CoV-2 to the first day
when SARS-CoV-2 testing returns a negative result (at least two
consecutive negative RT-PCR results) during hospitalisation [12].

The protocol of this study was reviewed and approved by the Ethics
Committee of Taizhou Hospital of Zhejiang Province (#K20200111),
and written informed consent was obtained from all patients or
guardians.

2.2. Statistical methods

General descriptive analyses of the variables were performed.
Comparisons of variables were analysed using either t-tests or Man-
n-Whitney U tests for continuous variables. The y? test with Fisher’s
exact probability was performed for categorical variables. Covariate
binary logistic regression analysis with the forward conditional method
was performed for variables investigated as independent predictive
factors for severe COVID-19. Receiver operating characteristics (ROC)
curves for each variable were generated to evaluate the power of each
variable in differentiating between severe and non-severe COVID-19.
The cut-off value for the independent predictive factors was determined
by Youden’s index. Statistical analysis was performed using SPSS v.13.0
(SPSS, Inc., Chicago, IL, USA). A two-sided p value <0.05 was consid-
ered statistically significant.

3. Results
3.1. Patient clinical characteristics

Of the 146 patients, 77 were men and 69 were women, with a median
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Table 1
Clinical characteristics of COVID-19 patients.
Variables All cases (n = Non-severe (n Severe (n = p value
146) =106) 40)
Gender (male/ 77/69 58/48 19/21 0.462
female)
Age (median, 47 (4-86.) 45 (4-81) 55 (26-86) <0.001
range)
Body Mass Index 24.2 23.2 25.4 0.001
(16.0-31.3) (16.0-30.7) (19.8-31.3)
Wuhan Returned 76/70 57/49 17/23 0.267
(yes/no)
On admission
body temperature 36.9 36.9 37.0 0.166
(36.0-39.0) (36.0-39.0) (36.0-38.7))
respiratory rate/ 19.0 18.0 19.0 0.255
min (12.0-26.0) (16.0-22.0) (12.0-26.0)
heart rate/min 83 (57-147) 82 (57-115) 84 (57-147) 0.115
systolic pressure 127 (98-177) 126 129 (98-177) 0.340
(mmHg) (101-166)
diastolic pressure 81 (59-110) 81 (62-104) 81 (59-110) 0.589
(mmHg)
Symptoms (yes/
no)
fever 105/41 71/35 34/6 0.039
dry cough 43/103 27/79 16/24 0.104
fatigue 37/109 29/77 8/32 0.402
chills 27/119 19/87 8/32 0.813
sore throat 22/124 14/92 8/32 0.310
runny nose 12/134 10/96 2/38 0.512
sputum 47/99 33/73 14/26 0.694
production
dizzy or headache 28/118 18/88 10/30 0.346
nausea or 5/141 2/104 3/37 0.127
vomiting
myalgia 10/136 5/101 5/35 0.137
poor appetite 47/99 27/79 20/20 0.009
diarrhea 14/132 7/99 7/33 0.060
chest distress 12/134 4/102 8/32 0.004
Pre-existing 86/60 58/48 28/12 0.131
disorders (yes/
no)
chronic heart 1/145 0/106 1/39 /
disease
diabetes 18/128 9/97 9/31 0.044
hypertension 23/123 14/92 9/31 0.204
chronic renal 2 /144 1/105 1/39 0.474
disease
cancer 3/143 3/103 0/40 /
chronic liver 10/136 6/100 4/36 0.462
disease
HBV 8/138 5/101 3/37 0.684
HCV 1/145 1/105 0/40 /
chronic lung 8/138 7/99 1/39 0.446
disease
other pre-existing 46/100 32/74 12/28 1.000
disorders
Others
hospital stay 20 (5-43) 17.5 (5-43) 24 (8-40) <0.001
(days)
virus shedding 12 (3-45) 11 (3-43) 15 (6-45) 0.003
duration (days)
hormone therapy 47/99 12/94 35/5 <0.001
respiratory failure 6/140 0/106 6/34 /
shock occurs 1/145 0/106 1/39 /
viral re-positivity 13/93 8/98 5/35 0.349

after discharge

age of 47 years (range, 4-86 years). A total of 76 (52.1%) patients were
from Wuhan, and 70 (47.9%) were Taizhou residents.

Older patients were more commonly diagnosed with severe COVID-
19 (median: 55.0 years vs. 45.0 years; p < 0.001). Body mass index
values were significantly higher in severe cases (25.4 vs. 23.2; p =
0.001). Severe patients were more frequently accompanied by symp-
toms such as fever (p = 0.039), poor appetite (p = 0.009), and chest
distress (p = 0.004) on admission, and had longer hospital stays (24 d vs.
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Table 2

Comparison of laboratory data between non-severe and severe COVID-19 patients on different time points.
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Laboratory test

Normal reference

Day on admission

Day on discharge

Non-severe(n = 105) Severe (n = 40) p value Non-severe (n = 84) Severe (n = 31) p value
WBC (10°/L) 3.5-9.5 5.2 (2.6-23.6) 6.1 (3.6-22.5) 0.073 5.8 (3.1-11.8) 5.5(3.2-14.4) 0.609
Neutrophil (10°/L) 1.8-6.3 3.35(1.2-22.2) 4.75 (2.0-21.4) 0.005 3.3(1.5-8.5) 3.4 (1.5-11.6) 0.123
Lymphocyte (10°/L) 1.1-3.2 1.3 (0.3-3.0) 0.80 (0.3-2.4) <0.001 1.65 (0.6-3.5) 1.25(0.7-2.7) <0.001
CD3+ T cell (per pL) 770-2041 745 (137-2012) 424 (111-1684) <0.001 1055 (377-2081) 989 (463-2049) 0.421
CD4+ T cell (per pL) 414-1123 450 (86-1236) 239 (68-1177) 0.001 589 (199-1253) 520 (236-1348) 0.538
CD8+ T cell (per pL) 238-874 269 (44-806) 160 (41-561) <0.001 433 (168-983) 393 (151-738) 0.476
CD19+ B cell (per pL) 90-560 142 (62-552) 129 (28-551) 0.427 157 (48-495) 154 (456-351) 0.642
CD56+ NK cell (per pL) 150-1100 209 (44-771) 152(63-377) 0.026 251 (122-656) 154 (68-596) 0.085
Mononuclear (10%/L) 0.1-0.6 0.40 (0.2-1.2) 0.4 (0.1-0.8) 0.507 0.50 (0.2-0.9) 0.50 (0.2-1.3) 0.236
Eosinophil (10°/L) 0.02-0.52 0.02 (0-0.34) 0.0 (0-0.28) 0.026 0.09 (0-0.55) 0.11 (0-1.43) 0.142
Basophil (109/L) 0.00-0.06 0.02 (0-0.07) 0.01 (0-0.06) 0.419 0.02 (0-0.09) 0.02 (0-0.08) 0.707
IL-2 (pg/mL) 1.1-9.8 1.35(0.19-10.3) 1.19 (0.33-2.81) 0.205 1.32 (0.29-2.81) 1.51 (0.49-2.67) 0.120
IL-4 (pg/mL) 0.1-3.0 1.45 (0.10-5.96) 1.54 (0.17-8.53) 0.526 1.53 (0.13-3.86) 1.71 (0.43-11.71) 0.127
IL-6 (pg/mL) 1.7-16.6 5.93 (0.78-414.0) 13.9 (2.76-251.8) 0.217 3.24 (1.08-348) 4.45 (1.76-105) 0.712
IL-10 (pg/mL) 2.6-4.9 3.52(0.19-22.0) 4.37 (1.54-39.5) 0.003 2.59 (0.57-7.19) 2.83(0.89-6.1) 0.341
TNF-« (pg/mL) 0.1-5.2 1.20 (0-5.32) 1.17 (0.09-2.93) 0.982 1.04 (0.18-4.97) 0.83 (0.15-2.50) 0.039
IFN-y (pg/mL) 1.6-17.3 1.85(0.18-178.9) 2.04 (0.3-13.55) 0.632 1.60 (0.15-179) 1.35 (0.45-2.98) 0.503
1gG (g/L) 7.0-16.0 12.7 (8.5-28.5) 12.2 (7.7-27.8) 0.507 12.1 (9.5-14.63) 12.5 (11.4-15.5) 0.158
IgA (g/L) 0.70-4.0 2.35 (0.57-5.26) 2.37 (0.79-3.98) 0.592 2.18 (1.12-5.31) 2.50 (1.2-3.89) 0.543
IgM (g/L) 0.40-2.30 1.06 (0.38-4.41) 1.02 (0.33-2.75) 0.828 1.21 (0.81-2.30) 1.11 (0.74-1.53) 0.302
CRP (mg/L) <0.5 6.0 (0.1-89.9) 26.5 (0.60-185) <0.001 1.60 (0.20-22.0) 3.00 (0.5-66.6) 0.237
Alanine aminotransferase (U/L) 7-40 20.0 (5.0-69.0) 22.5 (6.0-152.0) 0.236 25.0 (6.0-121.0) 28.0 (9.0-98.0) 0.054
Aspartate aminotransferase (U/L) 13-35 23.0 (11.0-57.0) 28.0 (13.0-115.0) 0.014 21.0 (12.0-68.0) 22.0 (13.0-50.0) 0.370
Alkaline phosphatase (U/L) 35-100 72.0 (35.0-376.0) 68.0 (40.0-129.0) 0.198 74.0 (40.0-356.0) 73.0 (45.0-121.0) 0.640
gamma-glutamyltransferase (U/L) 7-45 23.0 (10.0-109.0) 32.0 (14.0-132.0) 0.006 30.0 (11.0-293.0) 48.0 (17.0-126.0) <0.001
Total bilirubin (mmol/L) 5.0-21.0 12.7 (3.4-36.5) 12.2 (5.1-36.4) 0.862 12.3 (4.0-88.0) 9.3 (4.3-31.5) 0.018
Total protein (g/L) 65-85 68.9 (58.4-84.4) 68.3 (54.6-83.6) 0.465 66.2 (52.0-86.6) 65.0 (55.0-80.4) 0.050
Albumin (g/L) 40-55 39.9 (29.5-49.8) 37.5 (27.6-47.7) 0.001 40.6 (13.1-49.1) 35.6 (28.6-44.3) 0.000
Globulin (g/L) 20-40 29.3 (20.9-38.6) 29.4 (23.0-47.3) 0.115 26.7 (9.0-37.8) 26.6 (19.7-46.6) 0.451
A/G ratio 1.2-2.4 1.40 0.80-2.10) 1.30 (0.70-1.70) 0.001 1.50 (1.0-4.1) 1.40 (0.70-1.90) 0.009
Pre- Albumin (mg/dL) 20-45 17.7 (8.3-35.1) 12.9 (4.5-30.6) <0.001 23.6 (5.6-38.0) 25.8 (20.2-46.8) 0.063
Laboratory tests Normal Day on 1st follow-up Day on 2nd follow-up
reference Non-severe (n = 84) Severe (n = 29) p value Non-severe (n = 56) Severe (n = 23) p value
WBC (10°/L) 3.5-9.5 6.7 (2.4-11.0) 6.1 (3.3-12.8) 0.703 6.40 (2.4-10.6) 6.00 (3.1-10.0) 0.586
Neutrophil (10°/L) 1.8-6.3 4.1(1.1-8.9) 4.0 (1.9-10.6) 0.946 4.10 (1.1-7.5) 3.70 (1.6-6.6) 0.856
Lymphocyte (10°/L) 1.1-3.2 1.70 (0.9-4.4) 1.60 (0.70-2.7) 0.093 1.70 (0.9-4.4) 1.65 (1.0-3.5) 0.551
CD3+ T cell (per pL) 770-2041 1163 (541-2738) 1104 (645-2120) 0.463 1185 (547-2700) 1166 (725-1804) 0.554
CD4+ T cell (per pL) 414-1123 620 (260-1497) 539 (317-1083) 0.240 620 (321-1497) 555 (388-1108) 0.712
CD8+ T cell (per pL) 238-874 477 (161-1243) 466 (175-1150) 0.661 475 (161-1243) 495 (275-840) 0.455
CD19+ B cell (per pL) 90-560 182 (57-586) 108 (36.1-241.4) <0.001 157 (42-541) 119 (42.2-300) 0.274
CD56+ NK cell (per pL) 150-1100 356 (77-1073) 346 (131-766) 0.396 367 (97-1043) 444 (197-766) 0.149
Mononuclear (10°/L) 0.1-0.6 0.40 (0.20-0.70) 0.50 (0.20-0.80) 0.010 0.40 (0.2-0.9) 0.40 (0.20-0.90) 0.197
Eosinophil (10°/L) 0.02-0.52 0.08 (0.00-0.39) 0.08 (0.02-0.42) 0.258 0.09 (0.01-0.41) 0.12 (0.02-0.41) 0.149
Basophil (10°/L) 0.00-0.06 0.02 (0.00-0.06) 0.02 (0.01-0.09) 0.069 0.02 (0.0-0.06) 0.02 (0.01-0.06) 0.075
IL-2 (pg/mL) 1.1-9.8 1.26 (0.30-2.45) 1.26 (0.30-2.03) 0.374 1.26(0.3-2.38) 1.20 (0.59-1.63) 0.353
1L-4 (pg/mL) 0.1-3.0 1.62 (0.26-6.42) 1.62 (0.28-5.18) 0.792 1.48 (0.28-6.42) 1.62 (0.32-2.21) 0.634
IL-6 (pg/mL) 1.7-16.6 2.57 (1.1-141.07) 3.09 (1.33-20.25) 0.789 2.45 (1.1-11.96) 2.38 (1.43-4.17) 0.618
IL-10 (pg/mL) 2.6-4.9 1.47 (0.18-8.50) 1.58 (0.35-4.43) 0.911 1.45 (0.18-8.50) 1.15 (0.37-2.33) 0.399
TNF-a (pg/mL) 0.1-5.2 0.89 (0.12-2.27) 0.70 (0.19-1.92) 0.126 0.78(0.15-2.27) 0.47 (0.15-0.66) 0.017
IFN-y (pg/mL) 1.6-17.3 1.33 (0.15-122.3) 0.93 (0.15-3.65) 0.481 1.18 (0.15-122) 1.03 (0.42-2.30) 0.539
1gG (g/L) 7.0-16.0 12.8 (8.2-20.0) 13.2 (9.44-17.1) 0.336 12.8 (8.57-20.0) 12.6 (9.5-14.7) 0.684
IgA (g/L) 0.70-4.0 2.47 (0.58-6.36) 2.20 (1.08-4.16) 0.062 2.23 (0.58-6.36) 2.17 (1.45-3.73) 0.415
IgM (g/L) 0.40-2.30 1.10 (0.38-4.31) 1.26 (0.45-2.78) 0.864 1.19 (0.41-4.31) 1.17 (0.41-2.43) 0.600
CRP (mg/L) <0.5 0.81 (0.00-25.3) 1.60 (0.20-17.5) 0.054 0.88 (0.0-25.3) 1.10 (0.00-3.90) 0.681
Alanine aminotransferase (U/L) 7-40 31.5 (8.0-164.0) 24.0 (5.0-120.0) 0.215 21.0 (8.0-135.0) 25.0 (5.0-104.0) 0.556
Aspartate aminotransferase (U/L) 13-35 26.0 (12.0-103.0) 25.0 (12.0-93.0) 0.578 23.0 (14.0-103.0) 24.5 (16.0-70.0) 0.436
Alkaline phosphatase (U/L) 35-100 83.0 (46.0-201.0) 87.0 (54.0-176.0) 0.284 81.0 (48.0-127.0) 79.0 (50.0-111.0) 0.643
gamma-glutamyltransferase (U/L) 7-45 44.0 (12.3-229.0) 36.0 (15.0-94.0) 0.303 31.5 (15.0-137.0) 32.0 (14.0-68.0) 0.932
Total bilirubin (mmol/L) 5.0-21.0 12.3 (6.4-24.5) 11.1 (3.9-33.4) 0.083 13.8 (6.8-27.7) 12.9 (3.7-33.2) 0.480
Total protein (g/L) 65-85 75.3 (61.2-87.4) 74.9 (66.1-83.3) 0.821 75.0 (62.2-86.0) 71.7 (65.3-78.4) 0.022
Albumin (g/L) 40-55 49.2 (33.0-53.4) 48.5 (38.0-53.4) 0.304 49.8 (40.9-58.8) 48.4 (44-52.5) 0.143
Globulin (g/L) 20-40 26.7 (19.1-37.2) 27.0 (18.6-35.1) 0.354 25.1 (19.8-31.4) 24.1 (20.4-29.5) 0.081
A/G ratio 1.2-2.4 1.80 (1.0-2.4) 1.80 (1.2-2.7) 0.200 1.95 (1.5-2.6) 2.00 (1.6-2.4) 0.327
Pre- Albumin (mg/dL) 20-45 30.7 (23.7-47.7) 33.7 (25.5-42.0) 0.550 29.7 (21.3-37.2) 30.5 (21.2-37.2) 0.631

17.5 d; p = 0.009), and viral shedding durations (15 d vs. 11 d; p <
0.001).

Among the 146 patients, following discharge, 13 (8.9%) patients
without COVID-19 symptoms were re-admitted to the hospital after
testing positive for SARS-CoV-2 RNA. 12 patients were confirmed to be

SARS-CoV-2 repositivity by the 1st follow-up a one patients by the 2nd
follow-up. However, no significant difference was observed in viral re-
positivity after discharge between patients with severe and non-severe
COVID-19 (p = 0.349). Details of the clinical characteristics of COVID-
19 patients are shown in Table 1.
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Fig. 1. The dynamics and comparison of peripheral immunological variables at admission, discharge, 1st follow-up (second week) and 2nd follow-up (fourth week)
for patients with severe and non-severe COVID-19. Blue and red dashes indicate the lower and upper values of the normal reference interval. Squares and diamonds
on the lines represent median. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

3.2. Laboratory dynamics across patients with differentially severe
COVID-19

Detailed laboratory findings at different time points (admission,
discharge, and follow-up at the second and fourth week) among COVID-
19 patients, and comparison between severe and non-severe COVID-19
patients are shown in Table 2.

On the day of admission, the neutrophil count (median: 4.75 x 10°/L
vs. 3.75 x 109/L; p = 0.005), levels of IL-10 (4.37 pg/mL vs. 3.52 pg/mL;
p = 0.003), CRP (26.9 mg/L vs. 6. 0 mg/L; p < 0.001), aspartate
aminotransferase (AST; 28.0. vs. 23.0 U/L; p = 0.014), and gamma-
glutamyltransferase (GGT; 32.0 U/L vs. 23.0 U/L; p = 0.006) were
markedly higher in patient with severe COVID-19 than in the non-severe
group. Contrastingly, counts of lymphocytes (0.80 x 10°/L vs. 1.30 x
10%/L; p < 0.001), and subsets of CD3+ T cells (424/pL vs. 745/puL; p <
0.001), CD4+ T cells (239/pL vs. 450/pL; p = 0.001), CD8+ T cells (160/
pL vs. 269/uL; p < 0.001), CD56+ NK cells (152/pL vs. 209/pL; p =
0.042), eosinophils (0.00 x 10°/L vs. 0.02 x 10°/L; p < 0.001), and
albumin (37.5 g/Lvs. 39.9 g/L; p = 0.001) and pre-albumin (12.9 mg/dL
vs. 17.7 mg/dL; p < 0.001) were significantly lower in patients with
severe COVID-19 than that of the non-severe group. Immunoglobulin
(Ig)-G, IgA, and IgM were within the normal range and comparable
between the two groups.

On the day of discharge, counts of lymphocytes (1.25 x 10°/L vs.
1.65 x 10%/L; p < 0.001), levels of cytokine TNF-a (0.83 pg/mL vs. 1.04
pg/mL; p = 0.039) and albumin (35.6 g/L vs. 40.6 g/L; p = 0.001) were
much lower, and GGT (48.0 U/L vs. 30.0 U/L; p < 0.001) remained
markedly higher in patients with severe COVID-19.

On the day of the first follow-up, variables were comparable across
the two groups, except for a marked decrease in B cells (108/pL vs. 182/

Table 3
Covariate logistic regression analysis of clinical variables between severe and
non-severe COVID-19 patients.

Laboratory variables Covariate logistic regression P

Exp(B) (95% CI)

Age (years) / 0.208
BMI / 0.119
White blood cell count / 0.265
Neutrophil count / 0.296
Eosinophil count / 0.399
Lymphocyte count / 0.985
CD3+ T cell / 0.805
CD4+ T cell / 0.974
CD8+ T cell 0.995 (0.990-1.000) 0.056
CD16 + CD56+ NK cell / 0.252
IL-10 / 0.945
C-reactive protein 1.040 (1.015-1.066) 0.002
Aspartate aminotransferase / 0.134
gamma-glutamyltransferase / 0.268
Albumin / 0.484
A/G ratio / 0.405
Pre- Albumin / 0.320

pL; p < 0.001) in severe cases. Similarly, on the day of 2nd follow-up,
variables were comparable and recovered to normal levels across the
two groups, except for markedly lower levels of TNF-a (0.47 pg/mL vs.
0.78 pg/mL; p = 0.017) and total protein (71.7 g/L vs. 75.0 g/L; p =
0.022) in severe cases. All laboratory findings at different time points are
shown in Fig. 1.
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Fig. 2. ROC curve for (A) CD8+ T cells (AUC = 0.748; 95% CI: 0.631-0.866; p < 0.001), and (B) CRP levels (AUC = 0.763; 95% CI: 0.674-0.853; p < 0.001) to

distinguish patients with severe and non-severe COVID-19.

3.3. Early predictive factors for severe COVID-19

To assay the predictive value of the above-mentioned variables with
a p value less than 0.05 on admission (patient age, BMI, WBC count,
neutrophil, eosinophil, lymphocyte, and its subsets CD3+ T cell, CD4+
and CD8+ T cell and NK cell, IL-10, CRP, AST, GGT, albumin, pre-
albumin, and albumin/globulin (A/G) ratio) in differentiating between
severe and non-severe COVID-19, we used covariate binary logistic
regression analysis with the forward conditional method. Results
showed that CD8+ T cells (HR = 0.995; p = 0.056) and CRP levels (HR
= 1.040; p = 0.002) on admission were independent predictive factors
for severe COVID-19 (Table 3).

Fig. 2 shows the ROCs for the CD8+ T cells [area under curve (AUC)
=0.748; 95% CI: 0.631-0.866; p < 0.001], and CRP levels [AUC = 0.763
(95% CI: 0.674-0.853; p < 0.001)]. The optimal cut-off was determined
by the Youden’s index for CD8+ T cells as 232/uL (sensitivity: 0.698;
specificity: 0.692), and CRP as 10.30 mg/L (sensitivity: 0.769; speci-
ficity: 0.634; data not shown).

4. Discussion

COVID-19 outbreaks continue at staggering rates globally since
December 2019 and have become a serious public health concern [13].
Patients with advanced age and underlying diseases are associated with
acquiring more severe forms of COVID-19. Laboratory abnormalities
such as lymphopenia, leukopenia, and pneumonia imaging are more
frequently observed in severe cases, as they are prone to poor clinical
outcomes [3,14]. However, most information regarding laboratory
findings for the disease was obtained during the initial stages of the
disease in previous studies. A full spectrum of the peripheral immuno-
logical features from the disease onset, patient hospitalisation, and re-
covery remains to be investigated.

In this study, with a cohort of 146 laboratory-confirmed patients
with COVID-19, clinical and laboratory data during hospitalisation and
follow-up in the second and fourth week after discharge were retrieved
and compared between the severe and non-severe COVID-19 patients.
Our findings revealed that, on admission, the counts of lymphocytes and
subsets of CD3+, CD4-+, and CD8+ T cells, NK cells and eosinophils, and
levels of albumin, and pre-albumin were dramatically lower, but
neutrophil counts, IL-10, CRP, AST, and GGT levels were significantly
higher in severe COVID-19 patients. These immunological abnormalities
can favour virus immune escape from host anti-viral immune responses

[15,16]. Fortunately, along with the disease convalesce, most of these
variables are improved, reaching a normal and comparable level as early
as the second week after discharge among both severe and non-severe
COVID-19 patients.

Notably, 13 (8.9%) asymptomatic patients tested as positive for the
SARS-CoV-2 virus during the follow-ups. Our findings revealed that the
SARS-CoV-2 re-positivity was not related to the severity of COVID-19.
Re-positivity of SARS-CoV-2 in patients with COVID-19 following
discharge has been reported and raised concerns in recovery manage-
ment. However, the viral transmission potential of the patients re-
positive for SARS-CoV-2 remains unknown. Wang et al. [17] showed
that eight (6.10%) of 131 patients with COVID-19 were confirmed to be
re-positive for SARS-CoV-2. Additionally, 292 (3.3%) patients that were
re-positive out of 8922 were released by the South Korean Centres for
Disease Control and Prevention [18]. The human-to-human trans-
mission risks by asymptomatic patients with COVID-19 have been
emphasised in previous studies [19,20]. In this scenario, virus isolation
in patients re-positive for SARS-CoV-2 is extremely necessary, to testify
whether virus are reactivated and replicated, or only genetic material of
the ‘dead virus’ in patients with SARS-CoV-2 re-positivity after
discharge.

Various clinical laboratory findings during early stages of COVID-19
have helped the evaluation of disease severity and have been highly
related to mortality [21-24]. However, the predictive significance of
these variables in differentiating patients with severe and non-severe
COVID-19 is unknown. Using covariate binary logistic regression anal-
ysis, our data showed that the CRP levels on admission were an inde-
pendent predictive factor for patients with severe COVID-19. This might
help develop more proactive management for severe COVID-19. T cell
depletion and dysfunction are associated with COVID-19 progression
[10,23]. Subpopulations of T cells such as CD4+ and CD8+ T lympho-
cytes were delicately balanced for host cellular immune responses
against viral infection. The CD8+ cytotoxic T lymphocytes orchestrate
cytotoxic anti-virus responses and kill virus-infected cells directly,
whereas the CD4+ helper T lymphocytes are essential for B lymphocyte
maturation, which can produce virus-specific antibodies to neutralise
viral antigens [16]. In this context, the decreased CD8+ T cells observed
are associated with longer SARS-COV-2 virus shedding duration [12].
Although the counts of the peripheral immune cells were recovered
during the convalesce as our findings indicated, whether immune
functions of these immune cells restored remain unknown.

In summary, our findings provided evidence that peripheral immune
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cells recovered during the course of the disease, and that the CRP levels
on admission were the only early predictive factors for patients with
severe COVID-19. These findings will help develop more appropriate
management protocols for patients diagnosed with COVID-19. A major
limitation of our study was that the retrospective analyses were based on
a small cohort from our single medical center. A multiple center-based
study with a larger cohort is necessary to identify generalised findings
and will help to further evaluate the significance of early predictive
factors for COVID-19 severity.
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