www.aging-us.com

AGING 2020, Vol. 12, No. 24
Research Paper

Dynamic monitoring of immune function indexes in COVID-19
patients
Yaohui Song1,*, Huixiu Zhong1,*, Lin Li2, Minggang Yin1, Yi Yin1, Xiaolong Guo1, Bo Zhang1,
Weiping Liu1
1

Department of Clinical Laboratory, Zigong First People’s Hospital, Zigong 643000, Sichuan, China
Department of Laboratory Medicine, Sichuan Academy of Medical Sciences and Sichuan Provincial People’s
Hospital, Chengdu 610072, Sichuan, China
*Equal contribution
2

Correspondence to: Weiping Liu; email: 201811130508@std.uestc.edu.cn
Keywords: COVID-19, dynamic monitoring, early diagnostic markers, IgE, SARS-CoV-2 antibodies
Received: May 28, 2020
Accepted: October 20, 2020
Published: December 23, 2020
Copyright: © 2020 Song et al. This is an open access article distributed under the terms of the Creative Commons Attribution
License (CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
author and source are credited.

ABSTRACT
We conducted a retrospective analysis of the clinical characteristics and dynamic variations of immune indexes in
nine COVID-19 patients in Zigong, China. We used flow cytometry and enzyme-linked immunosorbent assays to
measure the absolute levels of CD4 and CD8 lymphocytes and SARS-CoV-2 antibodies, respectively. We found that
CRP, LDH, HBDH, CD4/CD8 and IgE levels were increased in 6/9 patients, while PA and the absolute numbers of
CD4 and CD8 lymphocytes decreased in 7/9 patients. From disease onset through 63 days of follow-up, SARS-CoV2 IgG levels were consistently higher than those of SARS-CoV-2 IgM, reaching peaks on days 28 and 13,
respectively. IgM levels decreased to normal 35 days after disease onset, while IgG levels remained elevated
through day 63. IgE levels varied similarly to SARS-CoV-2 IgM. Our results suggest that SARS-CoV-2 may elicit
allergic immune responses in patients and that the levels of CRP, PA, LDH, and HBDH, as well as the absolute
numbers of CD4 and CD8 lymphocytes could be used as early diagnostic markers of SARS-CoV-2 infection. Lastly,
the dynamic variation of SARS-CoV-2 antibodies could guide the timing of blood collection for plasma exchange.

INTRODUCTION
At the end of April 2020, the spread of COVID-19 had
been controlled with strong measures in China, but it had
spread widely around the rest of the world [1]. Apart
from supportive care and traditional Chinese medicine
treatment, specific drugs and/or vaccines for COVID-19
are still under clinical research [2, 3]. Previously, plasma
or immunoglobulins from patients with higher antibody
levels who recovered from the infection were used to
treat Severe Acute Respiratory Syndrome (SARS) patient
sand were found to be a useful treatment without serious
adverse events [1, 4, 5]. Therefore, it might be useful to
explore whether plasma from patients who recovered
from COVID-19 could be used for plasmapheresis
treatment of COVID-19 patients actively battling severe
infection. Here, we evaluated the dynamic variation law
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of immune function indexes of COVID-19 patients. In
addition, we report the damage to immune functions and
the recovery time for patients after SARS-CoV-2
infection. So far, several studies have described the
epidemiological and clinical characteristics of patients
infected with COVID-19, but there have been no reports
on the dynamic monitoring of immune indexes in
infected persons [3, 6, 7]. In this study, we retrospectively analyzed the clinical characteristics and
laboratory tests of 9 patients in the Zigong area diagnosed
with COVID-19. In addition, several differentiallyexpressed indicators associated with inflammation and
immunity, including C-reactive protein (CRP),
prealbumin (PA), absolute values of CD4 lymphocytes
and CD8 lymphocytes, IgE, SARS-CoV-2 IgM and
SARS-CoV-2 IgG were comprehensively analyzed to
explore the inflammatory and immune response of the
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body to the SARS-CoV-2 virus, and to find out the
dynamic variation law of SARS-CoV-2 antibodies
production in COVID-19 patients. These indicators were
tested from the beginning of hospitalization to 63 days
after discharge of patients. The present results will
provide a new basis for clinical diagnosis, treatment and
prognosis of COVID-19.

RESULTS
Demographics, baseline and clinical characteristics
of patients infected with SARS-COV-2
In this study, nine cases (seven females and two males)
infected with SARS-COV-2 were investigated in Zigong
City, China. All these cases were imported infections
(with a history of epidemic in Wuhan). Among them, six
patients were aged 30-49 years, one (case 7) was aged
20 years, and another (case 2) was aged 67 years. The
demographic and clinical characteristics are shown in
Table 1. Of the nine patients, four had underlying
comorbidities, including syringomyelia, hypertension,
fatty liver, and diabetes (Table 1). In terms of clinical
classification, four patients were mild type, and five
were moderate type. The most common symptoms were
fever and cough, which accounted for eight cases and
seven cases respectively. Four cases had shortness of
breath. In addition, three patients had fatigue and chest
tightness, one had myalgia and sore throat. The chest Xrays of all patients were abnormal, including bilateral
lung involvement in six cases and unilateral lung
involvement in three (cases 3, 4, and 8). The most
common radiologic manifestations were ground-glass
opacities and patchy shadows (Table 1). All patients
received traditional Chinese medicine and antiviral
treatment, including lopinavir/ritonavir, and five cases
were treated with antibiotics. Three consecutive negative
SARS-CoV-2 nucleic acid testing results using throat
swab samples without fever, cough, dyspnea, shortness
of breath, abdominal pain and diarrhea present were
used as the standard for discharging patients, according
to the guideline for the diagnosis and treatment of
COVID-19 (trial version 7) released by National Health
Commission of the People’s Republic of China. As a
result, all patients were discharged before February 27,
2020.
Laboratory findings of patients infected with SARSCoV-2
Before treatment, three patients showed lower white
blood cell (WBC) count, three had increased neutrophil
ratio and decreased lymphocyte ratio, and seven had
elevated CRP (Supplementary Table 1). In terms of T
cell subsets, the absolute values of CD4 lymphocytes
and CD8 lymphocytes in seven patients were lower than
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the normal reference range. At the same time, CD4/CD8
levels were higher than the normal reference range for
six patients. For immunoglobulins, IgM and IgA levels
of all patients were normal, while the IgG levels of two
patients were slightly lower than normal. However, IgE
levels were increased in all patients. In terms of SARSCoV-2 antibodies, only one patient had elevated levels
of SARS-CoV-2 IgM, while six patients had higher
SARS-CoV-2 IgG levels. In terms of liver function, six
patients showed total protein below the normal range,
while eight had reduced albumin level. Only one patient
had increased alanine transaminase (ALT) while three
had aspartate aminotransferase (AST) levels above the
normal range. The levels of PA was decreased in seven
patients and hydroxybutyrate dehydrogenase (HBDH)
levels were increased in all patients, including seven
patients with elevated lactic dehydrogenase (LDH)
(Supplementary Table 1).
After treatment, the total leukocyte count, neutrophil and
lymphocyte ratio, CRP, PA, ALT, AST, LDH and
HBDH levels were normal in all patients. In addition,
the absolute values of CD4 lymphocytes and CD8
lymphocytes in all patients reached normal levels, but
there were still three patients whose CD4/CD8 levels
were elevated. Surprisingly, the level of IgE in all
patients after recovering from the illness was higher than
that before treatment. After discharge from the hospital,
two patients tested negative for SARS-CoV-2 IgM while
the other seven tested positive for SARS-CoV-2 IgM
and SARS-CoV-2 IgG (Supplementary Table 1).
Changes of indexes related to inflammation and
immune function in patients
Several major laboratory markers were selected from
the above laboratory results and were tracked from
illness onset. The CRP curve showed increased CRP
levels (14.93 mg/L (9.47 mg/L, 36.56 mg/L)) in the
blood of the patients at the beginning of the disease,
which dropped to the normal levels (0.75mg/L
(0.60mg/L, 7.05mg/L)) after 16 days. On the contrary,
through the PA generation curve, we observed that PA
levels (125.33±42.62 mg/L) were decreased at early
stages of the illness and return to normal (218±47.89
mg/L) after 19 days. The absolute values of CD4 and
CD8 lymphocytes both decreased at the initial stage of
onset, then began to rise, and returned to normal after
16 days of onset. Then it continued to rise. Followed up
to 63 days, it rose to the median of the normal range.
For CD4/CD8, it was higher than the normal range in
the early stage (2.45±1.17), with the progression of the
disease, the CD4/CD8 ratio reached the highest level on
the 10th day (2.68±1.08), then it began to decline, and
the overall level (2.00±0.83) fell to the normal range
from day 56 after disease onset. However, IgE levels
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Table 1. Demographics, baseline and clinical characteristics of patients infected with SARS-COV-2.
Variables
Age(y)
Sex
Clinical classification

case 1
case 2
case 3
case 4
52
67
48
40
Male
Female
Female
Female
Moderate type Moderate type Moderate type Mild type

Comorbidities

Syringomyelia Hypertension Hypertension,
fatty liver

Signs and symptoms at
admission
Fever
Cough
Myalgia
Fatigue
Sore throat
Chest tightness
Chest x-ray and CT findings
Unilateral pneumonia
Bilateral pneumonia
Treatment
Antibiotic treatment
Antiviral treatment
Intravenous immunoglobulin
therapy
Traditional Chinese medicine
Days from illness onset to
hospitalization
Days from illness onset to
discharge
Clinical outcome

Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
4

Yes
1

29
Discharged

Yes

diabetes

Yes
Yes

Yes
Yes

case 6
49
Female
Mild type

case 7
20
Female
Mild type

case 8
42
Female
Mild type

none

none

none

case 9
39
Female
Moderate
type
none

Yes

Yes
Yes

Yes

Yes

Yes

Yes
Yes

Yes

Yes

Yes

Yes
Yes

Yes

Yes

Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
2

Yes
2

Yes
4

Yes
2

Yes
1

Yes
1

Yes
6

25

23

15

31

27

16

23

26

Discharged

Discharged

Yes

Discharged Discharged Discharged Discharged Discharged

(131mg/L (114mg/L, 156mg/L)) began to increase from
the time of onset, and peaked (247 mg/L (172 mg/L, 260
mg/L)) on day 22 after illness onset, then began to
decline. Until day 63 after the onset, IgE levels (120mg/L
(100 mg/L, 154mg/L)) were reduced, but it still did not
fall to the normal range (0-100). We also found that
SARS-CoV-2 IgM and SARS-CoV-2 IgG gradually
increased with disease progression, with greater increase
for SARS-CoV-2 IgG than for SARS-CoV-2 IgM. The
highest levels of SARS-CoV-2 IgM (2.86±1.61mg/L)
and SARS-CoV-2 IgG (8.67±4.33mg/L) occurred on the
13th and 28th day of the disease, respectively, and were
2.80x and 4.69x higher than at the initial stage of the
disease, respectively. On the 35th day after the onset of
the disease, SARS-COV-2 IgM level (0.34±0.05mg/L)
decreased to normal levels, while SARS-CoV-2 IgG
(2.66±1.28 mg/L) remained elevated even at day 63 after
disease onset (Figure 1).

DISCUSSION
Here, we reported 9 cases of SARS-CoV-2 infection in
Zigong, China, all of whom were “imported infections”,
except for two patients who lived in Wuhan for a long
time. All patients received timely diagnosis and treatment
and were discharged by the end of February 2020.
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case 5
34
Male
Moderate
type
none
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Discharged

In terms of clinical classification, all patients had mild or
moderate pneumonia, the main symptoms being fever
and cough, consistent with previous reports of COVID19 [8]. Other common symptoms of the disease are chills
or headache, myalgia, fatigue and cough [9]. In this
study, one patient presented elevated troponin levels and
myocarditis and four had shortness of breath. In
addition, three patients had fatigue and chest tightness.
Except for two patients with mild SARS-CoV-2
pneumonia, all patients were treated with integrated
traditional Chinese and western medicine.
In terms of laboratory tests at early infection stages,
three patients had a decreased WBC, one third of the
patients had an increased neutrophil ratio and decreased
lymphocyte ratio, and most patients had elevated CRP
levels, generally consistent with previous reports [10].
The SARS-CoV-2 virus invades the human body
through the respiratory tract, causing a series of immune
reactions in the body such as the induction of a cytokine
storm and decreased white blood cells and lymphocytes
in peripheral blood [11]. It has been reported that
SARS-CoV-2 may directly bind to ACE2-positive
cholangiocytes, therefore, infected patients are prone to
liver dysfunction [6]. In our study, three patients had
increased AST, but only one had abnormal ALT. In
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Figure 1. Temporal changes in laboratory markers from illness onset in patients hospitalized with COVID-19. Temporal changes
in (A) C-reactive protein, (B) prealbumin, (C) the absolute values of CD4 and CD8, (D) CD4/CD8, (E) IgE, and (F) SARS-CoV-2 IgM and
SARS-CoV-2 IgG. (A, E) the data are presented as the median (quartile) M(P25,P25), (B, C, D, F) the data are displayed as the mean ± SD.
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most patients, albumin and PA levels were decreased.
Previous studies have shown that the prealbumin levels
are reduced in the serum of patients with HAdV-7
infection, which can be used as an inflammatory marker
of adenovirus respiratory infection [12]. However, our
results here showed that LDH and HBDH levels
exhibited opposite trends, consistent with previous
reports of patients infected with SARS-CoV-2 [13–15].
LDH has been reported to be a risk factor for SARSCoV-2 patients and can be used as an auxiliary marker
to predict the severity of tissue damage in the early
stage of the disease [14–16]. Other results from our
study here showed that CRP, PA, LDH and HBDH
levels returned to normal on the 19th day after onset,
suggesting that they can be used as early serological
inflammatory markers of SARS-CoV-2 infection.
In terms of immune function, in the early stages of the
disease, the absolute values of CD4 and CD8
lymphocytes in the patient's peripheral blood were
decreased, while CD4/CD8 were increased. As the
disease progressed, the absolute values of CD4 and CD8
lymphocytes returned to normal, but CD4/CD8 remained
elevated. During the patient follow-up period, CD4/CD8
gradually decreased, reaching normal levels at day 63
after disease onset. Unlike what is seen in other viral
infections, T lymphocyte subsets were reduced in
patients with SARS-CoV-2 infection, which has been
shown to correlate positively with hospital mortality and
disease severity, suggesting that T lymphocyte levels
could be used as a biomarker for early diagnosis [17–
19]. Previous studies have shown that SARS-CoV-2
IgM and SARS CoV-2 IgG can be used as protective
antibodies to treat patients with severe infection through
plasma exchange [2]. Our detection of SARS-CoV-2
antibodies in patient sera showed that most patients
produce the IgG antibody first and then the IgM
antibody, with both antibodies increasing steadily until
peaking on day 13 and day 28, respectively. While
SARS-CoV-2 IgM levels decreased to normal by day 35,
those of SARS-CoV-2 IgG remained elevated even at
day 63 while IgE levels increase from the onset to day
28, after which they began to decrease but did not fall to
normal levels until day 63.Therefore, we hypothesize
that reducing IgE levels could be an effective treatment
for IgE-mediated allergic reactions in COVID-19
patients. Recent studies have shown that blocking IgE
can reduce the susceptibility to respiratory virus
infections by enhancing IFN-α signal in plasmacytoid
dendritic cells and that allergen-specific immunotherapy
(AIT) is one of the most important treatment options for
IgE-mediated allergic reactions [20–22].
In summary, our research showed that the levels of
CRP, PA, LDH, and HBDH, as well as absolute values
of CD4 and CD8 lymphocytes, might be used as early
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diagnostic markers for SARS-CoV-2 infection. In
addition, through dynamic monitoring of SARS-CoV-2
IgM and SARS -CoV-2 IgG antibody levels, we
measured the changes in antibody levels in infected
patients, revealing the best donor blood collection time
for plasma exchange treatment. At the same time, by
measuring changes in IgE levels in patients, we found
that SARS-CoV-2 might cause allergic immune
responses. Studies with much larger numbers of clinical
samples are warranted and could strengthen the exciting
preliminary results of this study.

MATERIALS AND METHODS
Patients
We retrospectively investigated the clinical, imaging,
and laboratory characteristics of diagnosed cases of
SARS-CoV-2 with WHO interim guidance in Zigong
First People’s Hospital, which is the only designated
hospital in the city for 2019-nCoV pneumonia from Jan
16 to Jan 31, 2020. The clinical outcomes were
monitored up to Apr 2th, 2020, the final date of followup. The study was approved by the ethic commissions
of Zigong First People’s Hospital, and determined to be
exempt from oversight given the use of pre-existing, deidentified data. As such, individual-level informed
consent was not obtained. Eleven kinds of respiratory
pathogens and influenza A and B nucleic acids were
examined in all patients, and bacteria and fungi were
cultured. The results showed that all patients were
negative for the pathogens above.
Data collection
Epidemiological, clinical, laboratory, management and
outcome data were collected through a review of
medical records. Clinical outcomes were followed up
until April 2, 2020. Laboratory confirmation of SARSCoV-2 was done in Zigong Center for Disease Control
and Prevention. Throat-swab specimens from the upper
respiratory tract that were obtained from all patients at
admission were maintained in viral-transport medium.
The presence of SARS-CoV-2 was confirmed by realtime RT-PCR. All patients were subjected to chest
computed tomography (CT) or chest radiography.
Flow cytometry and enzyme-linked immunosorbent
assays
Peripheral venous blood (~2 mL) was collected from
COVID-19 patients in EDTA anticoagulant tubes and
ordinary biochemical tubes, respectively. The blood
samples were centrifuged to obtain serum and were
stored at -80° C. T lymphocyte subsets were detected
immediately after EDTA anticoagulant blood samples
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were drawn, as described below. We took 50μL whole
blood, added 5μL CD3-PC7(REF,737657), CD4-APC
(REF, IM2468), CD8-ECD(REF, 6604728) and CD45FITC(REF, 737649) monoclonal antibodies, mixed all
ingredients by shaking, incubated the mixture at room
temperature and avoided exposure to light for 20 min; we
then added 300μL of red blood cell lysate, incubated the
samples for 10 min, added 1.5 mL phosphate buffer
saline (PBS) to wash the samples once, spun them at 1
000 r/min, centrifugation for 5 min, discarded the
supernatant, and added 500μL PBS, before mixing again
by shaking, using standard fluorescent microspheres to
calibrate the instrument. Beckman Coulter cytomicsTM
FC 500 five-color flow cytometry was used for detection
and analysis. The reagents were purchased from
Beckman Coulter company in the United States. The
SARS-CoV-2 IgM and SARS-CoV-2 IgG were detected
by ELISA. The reagents were purchased from Zhuhai
Lizhu Reagent Co., Ltd. All operations were carried out
in strict accordance with the instructions.
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SUPPLEMENTARY MATERIALS
Supplementary Table
Please browse Full Text version to see the data of Supplementary Table 1.

Supplementary Table 1. Clinical laboratory results of patients with 2019-nCoV pneumonia.
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