Am J Transl Res 2021;13(3):1197-1208
www.ajtr.org /ISSN:1943-8141/AJTR0116151

Original Article

Correlation of the ratio of IgM/IgG concentration to
days after symptom onset (IM/T or IgG/T) with disease
severity and outcome in non-critical COVID-19 patients

Yan Rong?, Fei Wang?, Xiaoli Li*, Xinhua Liang®, Yang Zhou?, Dandan Zhang?, Jing Liu*, Huadong Zeng?, Jing
Wang?, Yi Shi®

1Department of Respiratory and Critical Care Medicine, Shenzhen Hospital, Southern Medical University,
Shenzhen 518100, China; ?Department of Orthopaedics, The University of Hong Kong - Shenzhen Hospital,
Shenzhen 518053, China; SDepartment of Nephrology, Shenzhen Hospital, Southern Medical University,
Shenzhen 518100, China; “Department of Health Management Center, Shenzhen Hospital, Southern Medical
University, Shenzhen 518100, China; *Department of Radiology, Shenzhen Hospital, Southern Medical University,
Shenzhen 518100, China; SDepartment of Respiratory and Critical Care Medicine, Jinling Hospital, The First
School of Clinical Medicine, Southern Medical University, Nanjing 210002, China

Received June 12, 2020; Accepted December 18, 2020; Epub March 15, 2021; Published March 30, 2021

Abstract: Background: Correlation of SARS-CoV-2 serum antibodies with COVID-19 development and outcome has
not been fully studied. Due to the time dynamic of antibodies, the antibody concentration of the same patient var-
ies greatly at different times during the course of the disease. Therefore, our study used IgM/T or IgG/T (the ratio
of serum antibody concentration to days after symptom onset) to reflect the patient’s humoral immune status,
and analyzed their correlation with COVID-19 development and outcome. Methods: Clinical data of 50 non-critical
COVID-19 patients were retrospectively analyzed. Time-resolved fluorescence immunochromatography was used to
quantitatively detect SARS-CoV-2 IgM and IgG. Correlation analysis was performed. Results: IgM antibody was posi-
tive on day 5 of symptom onset, increased within 2 weeks, and then gradually decreased. However, IgG antibody
was positive on week 2 of symptom onset and continued to increase since. Additionally, IgM/T, but not IgG/T of re-
covery period (Spearman p=0.17; P=0.283), was negatively correlated with disease course in 2 weeks of symptom
onset (Spearman p=-0.860; P=0.000). IgG/T of recovery period was positively correlated with clinical classification
(Spearman p=0.432; P=0.004), number of involved lung lobes (Spearman p=0.343; P=0.026), and lung lesions
(Spearman p=0.472; P=0.002). Conclusions: Within 2 weeks of symptom onset, higher IgM/T indicates faster re-
covery and shorter disease course. In recovery period, higher IgG/T suggests more serious disease. IgM/T or IgG/T
may predict disease severity and outcome in non-critical COVID-19 patients.
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Introduction duction of IgM/1gG antibodies [3]. Similarly, the
SARS-CoV-2 infection also induces the produc-

The Coronavirus Disease 2019 (COVID-19) pan- tion of IgM/IgG antibodies [4]. In order to com-

demic caused by severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) threatens
global public health. As of April 20, 2020, near-
ly 2.6 million people in 200 countries and
regions have been confirmed with COVID-19.
The spread rate of SARS-CoV-2 is much hig-
her than MERS-CoV (Middle East respiratory
syndrome-Coronavirus) and SARS-CoV (Severe
Acute respiratory syndrome-Coronavirus). St-
rong humoral immune response is induced dur-
ing SARS-CoV infection [1, 2], such as the pro-

pensate for the false negative results of SARS-
CoV-2 detection by RT-PCR [5, 6], researches
on virus detection by specific IgM/1gG antibod-
ies have been widely carried out. Serum specif-
ic antibodies are important effector molecules
for the immune system to resist and eliminate
viruses; and important for diagnosis of virus
infection [5, 7, 8]. However, the role of specific
IgM and IgG antibodies induced by SARS-CoV-2
in the development and outcome of COVID-19
has not been fully studied. Recently, the corre-
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lation between SARS-CoV-2 serum antibody
and disease condition of COVID-19 has been
studied, but there are still some controversies.
According to a cohort study from Hong Kong,
there was no clear correlation between serum
antibody and disease severity [9]. Another
study on 173 cases of COVID-19 patients sh-
owed that the total antibody titer was associat-
ed with more serious disease, but this correla-
tion was not found in IgM and I1gG [5]. However,
Zhang et al. analyzed 222 cases of COVID-19
patients and showed that IgG could predict dis-
ease severity and outcome [10]. The antibody
concentration is closely related to the detec-
tion time (the number of days after symptom
onset). The antibody concentration measured
at different times during the course of the dis-
ease in the same patient may vary greatly. This
may be the reason for controversies in the cor-
relation of antibody with disease severity and
outcome.

In this study, we proposed the concept of ISM/T
or IgG/T, which was defined as the ratio of IgM/
IgG antibody concentration to time (the days
from symptom onset to antibody detection).
This corrects the bias of antibody concentra-
tion affected by detection time, and may be a
more objective indicator reflecting the level of
humoral immune response than the absolute
values of antibody concentration. The detailed
clinical data of patients who were diagnosed as
non-critical COVID-19 patients according to the
latest diagnosis and treatment plan [11, 12]
from the Hezheng Ward of Shenzhen Hospital
of Southern Medical University were retrospec-
tively collected and analyzed. The time dynam-
ics of IgM and IgG was evaluated. The correla-
tion of IgM/T or IgG/T with clinical condition
and outcome of non-critical COVID-19 patients
was analyzed and discussed.

Materials and methods
Study design and patients

This is a retrospective study. Non-critical COVID-
19 patients who were hospitalized in Hezheng
Ward of Shenzhen Hospital of Southern Medi-
cal University from 2020.2.3 to 2020.3.7 were
included. All included patients underwent nu-
cleic acid detection of SARS-CoV-2, antibody
detection of specific IgM and 1gG of SARS-
CoV-2, and lung CT examination. The diagnosis
and clinical classification criteria of all COVID-
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19 patients conform to the seventh edition of
the COVID-19 diagnosis and treatment plan of
the Expert Group of the National Health
Commission [13] and the second edition of the
COVID-19 diagnosis and treatment plan of the
Expert Group of the Army [11].

Patients who met one or more of the following
criteria were diagnosed as COVID-19: 1) SARS-
CoV-2 nucleic acid was positive as tested by
RT-PCR; 2) The sequence of the isolated virus
was highly homologous to SARS-CoV-2; 3)
Serum 1gM or IgG antibody specific to SARS-
CoV-2 was positive. The clinical classifications
of no-critical COVID-19 patients were: 1) mild
COVID-19: the symptoms included fever and
mild respiratory symptoms, but lung imaging
did not show features of pneumonia; 2) com-
mon COVID-19: the symptoms included fever
and cough and other respiratory symptoms,
and lung imaging showed features of viral pneu-
monia. However, the patients’ vital signs were
stable, and the blood oxygen saturation was
>93% when there was no oxygen support.
Finally, a total of 50 eligible no-critical COVID-
19 patients were included in this study. Written
informed consent was obtained from every
patient and the study was approved by the
Ethics Committee of Shenzhen Hospital of
Southern Medical University (Approval number:
NYSZYYEC20200013).

Data collection

The epidemiology, demographics, and lung
imaging data were obtained from the electronic
medical record system. All data were indepen-
dently reviewed by two investigators (RY and
LXH) to verify the accuracy of the data.

The nasal and pharyngeal swabs of patients
before admission were tested for SARS-CoV-2
by kits provided by 6 companies (DAAN,
Sansure Biotech, BGI, Shanghai ZJ Biotech,
Geneodx, Biogerm). All positive results were
reviewed and confirmed at the Shenzhen
Center for Disease Control and Prevention.
After admission, all patients underwent nasal
and pharyngeal swab nucleic acid detection
every 3-5 days, and anal swab nucleic acid
detection in later stage.

Blood samples were collected from all patients
during 5 to 38 days after the onset of symp-
toms. A total of 60 blood samples were collect-
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ed from 50 non-critical COVID-19 patients for
IgM/1gG antibody detection. Among them, 9
samples were collected from 3 patients (3 sam-
ples each), 8 samples were collected from 4
patients (2 samples each), and the remaining
43 samples were from each of 43 patients.
Serum antibody level was detected with time-
resolved fluorescence immunochromatogra-
phy. In detail, the SARS-CoV-2 specific IgM/1gG
antibody detection kit (Beijing Digret Biotech-
nology Co., Ltd., Beijing, China) was used. The
fluorescence intensity (Flu) reflects the anti-
body concentration. The Flu cutoff values of
IgM and I1gG were 0.88 and 1.02, respectively.

The CT images of all patients were reviewed
and evaluated by a radiologist (WJ) in a blinded
manner. The following four aspects were evalu-
ated: 1) the affected site and lobe of the lung;
2) the score of the lesion range in the affected
lung lobe; 3) the severity of lung lesions accord-
ing to the number of affected lung lobe and the
range of lesions of each involved lobe; 4) the
lung imaging manifestations of the lesions. The
scoring criteria for involved lung lobes were
based on the lesion range of each lobe, which
were graded as O (none), 1 (diameter <1 cm), 2
(diameter 1 to <3 cm), 3 (diameter 3 cm to
<50% of the lobe) or 4 (50%-100% of the lobe).

Statistical analysis

All data were statistically analyzed using SPSS
25.0. Continuous variables were presented as
median (interquartile range 25%, 75%) if they
were non-normal distribution and categorical
variables as count (%). Chi-square or Fisher
exact tests were used to compare categori-
cal variables. Mann-Whitney U test (for 2 sam-
ples) or Kruskal-Wallis test (for k samples) was
performed to compare continuous variables.
Spearman correlation was used to evaluate the
correlation between different factors. A P value
<0.05 was considered statistically significant.

Results

Clinical characteristics of non-critical COVID-19
patients

The clinical data of patients were shown in
Table 1. The 50 non-critical COVID-19 patients
included in this study had a median age of 34
(25-42) years. Among them, 15 patients (30%)
had chronic underlying diseases, of which
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chronic lung disease (4 cases; 8%) and viral
hepatitis (4 cases; 8%) were most common.
The clinical symptoms were mainly fever 33
(66%) and cough 35 (70%), and the median
time from symptom onset to hospital visit was
2 days (1, 4). The course of disease was defined
as from the onset of symptoms to clinical cure.
The median course of disease was 12.5 days
(10, 16), with a range of 5 days to 30 days. For
clinical classification, there were 10 cases with
mild COVID-19 and 40 cases with common
COVID-19. The mild cases had significantly less
number of patients with symptoms of cough
and sore throat (P=0.004, and P=0.046, res-
pectively) than common cases. However, they
were not significantly different in other aspects.

Characteristics of lung imaging of common
non-critical COVID-19 patients

As shown in Table 2, the patients with two
affected lobes were most common, accounting
for 30%. The lobes with a lesion range score of
2 were most common, accounting for 46%.
Comprehensive evaluation showed that the
median severity of lung lesions was 4 points (3,
6). The main features of lung imaging were
ground glass opacity, interlobular interstitial
thickening accompanied with ground glass
opacity and consolidation accompanied with
ground glass opacity. Only 2 cases were with
pleural thickening or a small amount of pleural
effusion. No case had lymphadenopathy.

Time-dynamics of specific ISM/IgG antibodies
in non-critical COVID-19 patients

The sample collection time was from 5 days
to 38 days after the onset of symptoms, of
which 7 samples were collected within 7 days,
22 samples were collected from 8-14 days, 18
samples were collected from 15-27 days, and
the remaining 13 samples were collected after
28 days. Five of the 60 samples had abnormal-
ly high IgM/IgG and were analyzed separately.
The remaining 55 samples were included in the
time-dynamics analysis of IgM and IgG.

The median IgM within 7 days of symptom
onset was 1.03 (0.89, 1.08) Flu, which rose to
1.12 (0.94, 1.44) Flu in 8-14 days, then gradu-
ally decreased to 1.01 (0.90, 1.13) Flu in 15-27
days, and decreased to 0.95 (0.33, 1.07) Flu
after 28 days (Figure 1). There was significant
difference in IgM among different time periods
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Table 1. The clinical data of non-critical COVID-19 patients

Total COVID-19 Mild COVID-19 Common

patients patients COVID-19 patients P value
(n=50) (n=10) (n=40)
Age (years) 34 (25-42) 34 (22-36.5) 34.5 (25-47) 0.451
Sex 1
Male 17 (34%) 3 (30%) 14 (35%)
Female 33 (66%) 7 (70%) 26 (65%)
Exposure history 1
Yes 36 (72%) 7 (70%) 29 (72.5%)
No 14 (28%) 3 (30%) 11 (27.5%)
Chronic comorbidities
Chronic lung disease 4 (8%) 1 (10%) 3 (7.5%)
High blood pressure 1 (2%) 0 (0%) 1 (2.5%)
Postoperative tumor 2 (4%) 0 (0%) 2 (5%)
Diabetes 1 (2%) 0 (0%) 1 (2.5%)
Chronic kidney disease 1 (2%) 0 (0%) 1 (2.5%)
Allergic rhinitis 2 (4%) 0 (0%) 2 (5%)
Viral hepatitis 4 (8%) 0 (0%) 4 (10%)
Hyperlipidemia 1(2%) 0 (0%) 1 (2.5%)
No comorbidities 35 (70%) 9 (90%) 26 (65%) 0.246
Signs and symptoms
Fever 33 (66%) 5 (50%) 29 (72.5%) 0.277
Cough 35 (70%) 3 (30%) 32 (80%) 0.004
Expectoration 4 (8%) 1 (10%) 3 (7.5%) 0.603
Sore throat 13 (26%) 0 (0%) 13 (32.5%) 0.046
Chest pain, Chest distress, breathlessness 11 (22%) 1 (10%) 10 (25%) 0.424
Muscle aches 5 (10%) 1 (10%) 4 (10%) 1
Fatigue 3 (6%) 1 (10%) 2 (5%) 0.496
Gastrointestinal symptoms 4 (8%) 1 (10%) 3(7.5%) 1
Headache and dizziness 4 (8%) 1 (10%) 3 (7.5%) 1
Chills 5 (10%) 0 (0%) 5 (12.5%) 0.569
Runny nose 3 (6%) 1 (10%) 2 (5%) 0.496
Time interval from symptom onset to first visit (days) 2(1,4) 1(4,2) 2(4,4) 0.309
Course of disease (days) 12.5 (10, 16) 8.5(7, 18.3) 14 (10, 19.5) 0.734
Table 2. Lung imaging evaluation of common non-critical COVID-19 increased to a median value
patients of 1.16 (0.89, 2.94) Flu in
Number of patients with . Lung lobe 8'14, days. AfFer that, the ',g,G
Number of Lesion range continued to increase until it

lung lobe involvement

affected lobes score (points)

involvement score

(n=40) (n=100 points) reached 3.49 (0.98, 16.93)
1 10 (25%) 1 29 (29%) ;Lu after 28 dayfs (Flffu(;gffl).
5 12 (30%) 5 46 (46%) ere was signi icant differ-
. . ence in 1gG among different
3 9 (22.5%) 3 23 (23%) time periods (P=0.02).
4 6 (15%) 4 2 (2%)
5 3 (7.5%) In addition, there were 11 pa-

(P=0.039). In contrast, the median IgG in 7
days was 0.96 (0.76, 1.05) Flu, which was low-
er than the cutoff value. The IgG gradually
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tients with anal swabs posi-
tive for SARS-CoV-2 nucleic
acid. These patients all showed negative pha-
ryngeal swab and positive anal swab nucleic
acid results during the recovery period, and had
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Figure 1. Time-dynamics of IgG and IgM. Serum 1gG/1gM Flu were continuous
variables with non-normal distribution and were expressed as median (inter-
quartile range 25%, 75%). The picture was plotted based on the median of
1gG and IgM. I1gM antibody was detected as early as 5 days after symptoms
onset, which was higher than the cut-off value. It gradually increased within
2 weeks after symptoms onset, and then began to decline. In contrast, 1gG
was below the cut-off value within 7 days after symptom onset, and gradually
increased from 8 days after symptom onset until the end of the observation

concentration of 1gG antibod-
ies was lower than the cut-
off value within 8 days after
symptom onset, which had no
clinical significance. Thus, the
IgG/T within 8 days after sym-
ptom onset was not included.

I8M/T negatively correlates
with the course of disease
within 2 weeks

In our study, there were 6
patients with course of dis-
ease within 7 days, 7 patients
within 8-10 days, 11 patients
within 10-14 days, 16 patients
within 15-20 days, and 10
patients more than 20 days.
The median IgM/T was 0.17
(0.15, 0.20) in patients with
course of disease within 7
days, 0.14 (0.11, 0.16) within
8-10 days, and 0.08 (0.07,
0.10) within 11-14 days. The

period (38 days after symptom onset).

no obvious clinical symptoms. For these pa-
tients, IgM and IgG antibodies were detected
within 2-3 days after anal swab test. The results
showed that two of the patients had abnormally
elevated IgM and IgG levels on the 28th and
29th day of symptom onset. The 2 samples
from these 2 patients were excluded from the
time-dynamics analysis. The remaining 9 pa-
tients were not significantly different from non-
anal swab positive patients during the same
period in IgM and IgG levels (Figure 2 and Table
3).

I8M/T and IgG/T analysis

Our study showed that the concentration of IgM
antibodies continued to rise within 2 weeks
after the onset of symptoms, while the concen-
tration of IgG antibodies increased from 8 days
after the onset of symptoms to the end of the
observation period. In order to study the rela-
tionship between humoral immunity and dis-
ease development and outcome, we analyzed
the correlation of IgM/T (within 2 weeks after
the onset of symptoms) and IgG/T (from 8 days
after the onset of symptoms to the end of the
observation period) with clinical condition and
outcome of non-critical COVID-19 patients. The
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higher the IgM/T was, the

shorter the course of disease
was. There was significant difference in IgM/T
among the groups (P<0.001). Spearman corre-
lation analysis showed that IgM/T was signifi-
cantly negatively correlated with the course of
disease within 2 weeks (Spearman p=-0.860;
P<0.001) (Figure 3).

I8M/T is not significantly affected by host fac-
tors

However, IgM/T were not significantly different
among patients of different age groups (<19
years old, 19-40 years old, >40 years old: 0.11
(0.05, 0.20) vs 0.12 (0.08, 0.16) vs 0.12 (0.09,
0.16), P=0.885), sex (male and female: 0.1
(0.07,0.18) vs 0.12 (0.08, 0.15, P=0.887), and
with presence or absence of chronic under-
lying disease (0.12 (0.11, 0.16) vs 0.10 (0.07,
0.16), P=0.276) (Figure 4). Although there were
also no significant differences in IgM/T among
patients with different clinical classification
(mild and common COVID-19: 0.14 (0.08, 0.17)
vs 0.11 (0.08, 0.15), P=0.555), number of lung
lobes involved (<2 lobes and =2 lobes: 0.13
(0.09, 0.18) vs 0.10 (0.07, 0.14), P=0.168),
comprehensive score of lung lesions (O points,
1-3 points and >3 points: 0.13 (0.08, 0.15)
vs 0.12 (0.07, 0.18) vs 0.105 (0.09, 0.16),
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Figure 2. Time course of anal swab positive patients. This chart records the date of first visit, the duration of symp-
toms, the date of positive pharyngeal swab and the duration of pharyngeal swab positive, the date of pharyngeal
swab turning negative, the date of positive anal swab and the date of serum antibody test of 11 patients with posi-
tive anal swab. Among them, the antibody levels of patients 3 and 9 increased abnormally.

Table 3. IgM and IgG antibodies in patients
with anal swab positive

Patient Interval from symptom IgM  1gG
NO. onset to antibody test (days) (Flu) (Flu)
1 24 1.10 8.04
2 32 1.29 8.47
3" 28 5.58 21.45
4 30 0.98 1.17
5 25 1.01 274
6 24 0.38 28.25
7 29 0.26 3.56
8 30 0.39 3.49
9" 29 9.52 21.61
10 22 0.55 1.79
11 25 1.38 3.34
29 0.37 3.87

Note: “The anal swab-positive patients with abnormal
antibody levels.

P=0.168), we observed that the lower the medi-
an IgM/T, the more severe clinical classifica-
tion, the more involved lobes and the higher
comprehensive score of lung lesions (Figure 4).

I8G/T after 8 days of symptom onset is not re-
lated to the course of disease

The 1gG/T of patients with course of disease
within 7 days, 8-10 days, 11-14 days and more
than 15 days were 0.09 (0.08, 0.22), 0.125
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Figure 3. Correlation of IgM/T (within 2 weeks after
symptom onset) with the course of disease. Within
two weeks after the symptoms onset, a total of 27
blood samples from 24 patients were tested for IgM,
including 21 blood samples from 21 patients each
and 6 blood samples from 3 patients (2 samples
each patient). If the patient has two or more samples,
the average IgM value is used to calculate the IgM/T.
Spearman correlation was used to analyze the cor-
relation of IgM/T with course of disease (Spearman
p=-0.860; P=0.000).

(0.068, 0.255), 0.09 (0.05, 0.28) and 0.125
(0.112, 0.548), respectively. There was no sig-
nificant difference in the median IgM/T
between the course of disease (P=0.421).
Spearman correlation analysis showed that
IgG/T after 8 days of symptom onset was not
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p=0.343; P=0.026) and the
comprehensive score of lu-
ng lesions (Spearman p=
0.472; P=0.002) (Figure 5).
Additionally, 1gG/T was hig-
her in common COVID-19
patients than mild patients
(0.12 (0.078, 0.043) vs 0.085

I 1
05 1.0
Ratio of IgG to days after
symptoms onset (IgG/T)

Figure 5. Correlation of IgG/T (from 8 days after symptom onset until the end
of the observation period) with clinical characteristics. From 8 days after the
symptoms appeared to the end of the observation period, a total of 53 blood
samples from 42 patients were detected for IgG. Among them, 34 samples
were from 34 patients, 10 samples were from 5 patients (2 samples each),
and 9 samples were from 3 patients (3 samples each). If the patient has two
or more samples, the average IgG value is used to calculate the IgG/T. Spear-
man correlation was used to evaluate the correlation of 1gG/T with compre-
hensive score of lung lesions (Spearman p=0.472; P=0.002) (A) and number

Ratio of IgG fo days after
symptoms onset (IgG/T)

of involved lung lobes (Spearman p=0.343; P=0.026) (B).

related to the course of disease (Spearman
p=0.17; P=0.283).

18G/T positively correlates with the number of
involved lung lobes and the comprehensive
score of lung lesions

However, 1gG/T was positively related to the
number of involved lung lobes (Spearman

1203

i) (0.042, 0.12), P=0.039) (Fig-

ure 6A), in patients with >2
lung lobes involved than <2
lung lobes involved (0.125
(0.09, 0.495) vs 0.08 (0.048,
0.14), P=0.026) (Figure 6B),
and, in patients with a com-
prehensive score of 0, 1-3,
4-6, and =7 points (0.07
(0.038, 0.12) vs 0.085 (0.06,
0.18)vs 0.125 (0.113, 0.488)
vs 0.385 (0.11, 0.915), P=
0.018) (Figure 6C). The higher
the comprehensive score, the
higher the 1gG/T. Further analysis showed that
patients of different age groups (<19 years old,
19-40 years old, >40 years old: 0.125 (0.08,
0.365) vs 0.115 (0.055, 0.168) vs 0.165 (0.09,
0.675), P=0.262) (Figure 6D), sex (male and
female: 0.165 (0.09, 0.585) vs 0.115 (0.053,
0.243), P=0.054) (Figure 6E), and with pres-
ence or absence of chronic underlying diseases
(0.09 (0.04, 0.665) vs 0.12 (0.075, 0.30),

1.0
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Figure 6. Analysis of host factors affecting IgG/T. There were significant differences in IgG/T among patients of dif-
ferent clinical classifications (A), numbers of lung lobes involved (B), and comprehensive score of lung lesion (C).
However, 18G/T showed no significant differences in age (D), sex (E) and chronic underlying diseases (F).

P=0.878) (Figure 6F) were not significantly dif-
ferent in IgG/T.

Data of one representative case

In this study, the three other samples with
abnormal antibody levels were all from the
same patient. The patient was a 28-year-old
female from Hubei, whose mother was diag-
nosed with COVID-19. This patient had consec-
utive negative results for pharyngeal swabs,
nasal swabs, and anal swabs. Within 8-16 days
after the onset of symptoms, three consecutive
IgG/1gM antibody tests showed abnormal ele-
vations. Among them, IgM/T in 2 weeks was
1.22, higher than the average level of 0.12.
Moreover, IgG/T was 1.98, which was also high-
er than the average level of 0.24. The patient
also had chronic hepatitis C virus, showing an
increased HCV-RNA titer, accompanied by fever,
cough and other symptoms. During the course
of the disease, the patient had significant sec-
ondary leukopenia, but the patient recovered
well, with a total disease course of 12 days
(Figure 7A). The representative CT images were
shown in Figure 7B.

Discussion

In this study, the earliest time for SARS-CoV-2
specific antibody testing was the fifth day after
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the onset of symptoms, and the IgM antibody
was already positive. However, the median 1gG
antibody level was positive from the second
week. Lee NY et al. [12] continuously tested I1gG
antibodies in a patient with COVID-19, and the
results showed that the patient showed IgG
positive on the 9th day after the onset of symp-
toms. However, they did not test IgM. Our
results showed that IgM increased within 2
weeks of the onset of symptoms and then
began to decline, while 1gG antibody levels con-
tinued to increase until the end of the observa-
tion period. However, due to the lack of longer-
term samples, we cannot evaluate the trend
of 1gG antibodies over a longer period of time
after disease recovery. Du et al. [14] found that
IgM and IgG antibody titers showed a down-
ward trend between 6-7 weeks and 7-8 weeks
after the onset of symptoms. Guo et al. [8]
studied the time dynamics of IgM and IgG in
135 patients, including non-critical and critical
COVID-19 patients. In their results, the IgM
antibody time dynamic curve was similar to
ours, but unlike us, their results showed that
IgG increased within 3 weeks, and was with no
longer increase thereafter. This may be related
to the fact that the clinical classification of
patients is different from ours. To KK et al. [9]
collected 108 blood samples from 23 patients
and analyzed the difference between IgM and
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Figure 7. Blood routine and lung imaging changes during the patient’s course. The patient was diagnosed as CO-
VID-19 and had chronic hepatitis C. At the onset of the disease, the patient was in a serious condition with obvious
secondary leukopenia. A. The patient began to have fever and cough on February 12, 2020. On February 16, we
found that the patient’s white blood cells, neutrophils, and lymphocytes all declined, and hs-CRP was at the upper
limit of normal. On February 19, white blood cells and neutrophils continued to decline. After the patient was hos-
pitalized and received antiviral treatment, the patient’s white blood cells, granulocytes, and lymphocytes gradually
increased, and hs-CRP gradually decreased to the lower limit. On February 25, the blood routine results returned to
normal. The patients underwent three antibody tests on February 20, February 23, and February 28, and two lung
CT scans on February 20 and February 26. B. CT results of lungs on admission and follow-up. February 20: There
was a large consolidation and ground glass opacity in the upper lobe of the left lung, and interstitial thickening,
showing a “paving stone” sign. There was also ground glass opacity in the upper lobe of the right lung, with blurred

boundaries. February 26: The lesions in the left and right upper lobes were completely absorbed.

IgG in critical and non-critical patients. The IgM
and IgG antibody titers of non-critical patients
showed a linear increase after being positive
during the observation period (25 days), while
the IgM and IgG antibody titers of critical
patients showed an inflection point until 2-3
weeks, and then remained stable or decreas-
ed. Abbasi et al. [15] proposed that quantita-
tive antibody levels were essential for studying
the immune response to viruses. Here, we
detected IgM and IgG antibody levels with the
time-resolved fluorescence immunochromatog-
raphy, which can quantitatively detect IgM and
IgG antibody levels.

In this study, two patients with positive anal
swabs had abnormally elevated IgM and IgG.
IgM, as an antibody in the acute phase of infec-
tion, generally begins to decline gradually two
weeks after the onset of symptoms [8]. How-
ever, in these 2 patients, the IgM antibody was
still abnormally increased 28 and 29 days af-
ter the symptom onset. Therefore, we consider
that they may have uncontrolled SARS-CoV-2
infection, relapse or re-infection. There is still
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no evidence of SARS-CoV-2 re-infection. The
results of Bao et al. [16] showed that rhesus
monkeys infected with SARS-CoV-2 developed
protective immunity less than a month after
the initial infection. However, the results of Wu
et al. [17] showed that not everyone produced
neutralizing antibodies. Of the 175 COVID-19
patients in recovery phase, neutralizing anti-
bodies were not detected in 10 patients.
Moreover, it is still unclear whether these peo-
ple who have been infected with SARS-CoV-2
have protective immunity [4]. In addition,
whether the patients with negative pharyngeal
swabs and positive anal swabs are contagious
during the recovery period is an important
issue of social concern [18-20]. Our results
showed that some patients may be contagious.
Further studies with more cases are needed to
verify this result.

The humoral immune status of each patient is
different. The cross-sectional antibody level is
related to the days of antibody detection after
symptom onset and the host immune response
level, and cannot objectively reflect the humor-
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al immune status of the patient [8]. Therefore,
we used the ratio of antibody concentration to
the days of antibody detection after symptom
onset, that is, IgM/T and 1gG/T, as an indicator
to approximately reflect the humoral immune
status of the host, eliminating the effect of
time of detection. We found that IgM/T, which
reflects the humoral immune level of the host
during the acute phase of infection, was signifi-
cantly negatively correlated with the course of
the disease. At the same time, we observed
that the lower the median IgM/T, the more
severe the corresponding clinical condition.
Although the difference was not statistically
significant, this result is worthy of our attention.
Antibody-mediated humoral immunity plays an
important role in removing viruses [21]. Higher
IgM/T indicate that the host has a strong ability
to clear viruses, which is conducive to disease
recovery. Zheng et al. [22] found that the recov-
ery of COVID-19 depended largely on the im-
mune status. In addition, our research showed
that IgG/T in recovery period was positively cor-
related with clinical classification, the number
of lobes involved and the severity of lung
lesions. The higher the 1gG/T, the more severe
the clinical classification, the more the lung
lobes are involved, and the higher the compre-
hensive score of lung lesions. These results
indicate that higher 1gG/T in recovery period
may indicate a more serious condition of non-
critical COVID-19 patients. Zhao et al. [5] also
found that total antibody level was related to
the severity of the disease. However, unlike us,
they used antibody titers as evaluation indica-
tors and did not remove the effect of antibody
detection time on antibody levels. In addition,
the study population in their studies included
both critical and non-critical COVID-19 patients.
Furthermore, we found that neither IgM/T nor
IgG/T were affected by the patient’s age, sex,
or chronic underlying disease. To KK et al. [9]
also found that IgG in patients with COVID-19
did not associate with the age of the host
and comorbidities. However, these results are
inconsistent with the fact that immune aging
can damage the host’s innate and adaptive
immune response [23, 24]. This inconsistency
may be related to the age of subjects in our
study. Further studies are needed.

One COVID-19 patient with chronic hepatitis C
had significant secondary leukopenia during
the course of the disease. We believe that it
may be related to the suppression of cellular
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immune function characterized by CD8+ T cell
failure, which is caused by hepatitis C virus
infection [25] and in turn leads to further
increase of cellular immune suppression after
SARS-CoV-2 infection. In addition, the patient’s
abnormally elevated IgM and I1gG may repre-
sent the enhanced humoral immunity. Cellular
immunity and humoral immunity play a syner-
gistic role in viral infection. In SARS-CoV in-
fection, cellular immune function immunosup-
pression [26] is also accompanied with strong
humoral immunity [1]. The patient recovered
well, which may be related to the patient’s
increased IgM/T within 2 weeks. Meanwhile,
the patient’s significantly increased I1gG/T also
indicates the severity of the patient’s condi-
tion. Therefore, the combined analysis of anti-
bodies and clinical conditions is more helpful in
explaining the condition and understanding
COVID-19.

However, this study still has some limitations.
First, the sample size was small. Second, the
SARS-CoV-2 antibody result was horizontal.
Longitudinal studies may better explore the
time dynamics of individual SARS-CoV-2 anti-
bodies. Further longitudinal studies with larger
sample sizes are needed.

In conclusion, this study has shed light on
the role and predictive potential of antibody
time-dynamics, IgM/T and IgG/T, in COVID-19.
Combined analysis of clinical characteristics
and antibody dynamics is very important for a
more comprehensive understanding of COVID-
19, and also provides a scientific basis for the
prevention and control of COVID-19.
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