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Abstract
Understanding the persistence of antibody in convalescent COVID-19 patients may help to answer the current major

concerns such as the risk of reinfection, the protection period of vaccination and the possibility of building an active herd

immunity. This retrospective cohort study included 172 COVID-19 patients who were hospitalized in Wuhan. A total of

404 serum samples were obtained over six months from hospitalization to convalescence. Antibodies in the specimens

were quantitatively analyzed by the capture chemiluminescence immunoassays (CLIA). All patients were positive for the

anti-SARS-CoV-2 IgM/IgG at the onset of COVID-19 symptoms, and the IgG antibody persisted in all the patients during

the convalescence. However, only approximately 25% of patients can detect the IgM antibodies, IgM against N protein (N-

IgM) and receptor binding domain of S protein (RBD-IgM) at the 27th week. The titers of IgM, N-IgM and RBD-IgM

reduced to 16.7%, 17.6% and 15.2% of their peak values respectively. In contrast, the titers of IgG, N-IgG and RBD-IgG

peaked at 4–5th week and reduced to 85.9%, 62.6% and 87.2% of their peak values respectively at the end of observation.

Dynamic behavior of antibodies and their correlation in age, gender and severity groups were investigated. In general, the

COVID-19 antibody was sustained at high levels for over six months in most of the convalescent patients. Only a few

patients with antibody reducing to an undetectable level which needs further attention. The humoral immune response

against SARS-CoV-2 infection in COVID-19 patients exhibits a typical dynamic of acquired immunity.
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Introduction

Coronavirus disease 2019 (COVID-19) caused by severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2),

has already become a global threat to human health and

dramatically paralyzed socio-economic life by causing

hundreds and thousands of mortalities and millions of

morbidities worldwide. With no specified established

antiviral treatment against SARS-CoV-2, adaptive immu-

nity and supportive remedies are currently considered the

main source of COVID-19 therapy. Adaptive immunity is

triggered by an antigen and further imputed by cell-medi-

ated immunity and antibody production. Nearly all patients

will produce antibodies on the exposure to SARS-CoV-2

infection (Long et al. 2020a). However, according to the

short-term analysis (Ibarrondo et al. 2020; Long et al.

2020a), the sustainability of specific antibodies against

SARS-CoV-2 was shown to last for few weeks or a bit

more. We understand these papers are timely reports.

Nevertheless, these early records raise an immediate

question: how long can the antibodies produced by

acquired immunity in COVID-19 patients last? The ques-

tion is undeviatingly linked to several major concerns: the

chance of reinfection by the same serum type of SARS-

CoV-2 (Okhuese et al. 2020), the duration of efficacy of

the vaccines (Krause et al. 2020) and the pragmatism of

herd immunity (Eleni et al. 2020).

Aiming to answer this question and respond to the

concerns, we conducted a retrospective study upon a cohort

of the COVID-19 patients in Wuhan to accurately measure

the longevity and intensity of specific humoral immune

responses to SARS-CoV-2 infection from the onset of

symptoms to convalesce phase, by using the commercially

available chemiluminescence immunoassays kits and

detector (CLIA). Based on the investigation, we depict the

time-dependent pattern of the anti-SARS-CoV-2 antibody

response dynamics and reveal that, with a few exceptions,

the antibody level of most patients during convalescence

could be maintained at a high level for at least 6 months.

Materials and Methods

Patients

This retrospective cohort study involved 404 serum spec-

imens obtained from 172 COVID-19 patients who were

hospitalized in Wuhan during the epidemic peak period and

discharged. These serum specimens were collected at

onset, hospitalization and rehabilitation period. All the

participants were recorded with clinical information such

as epidemiology history, exposure history, signs and

symptoms, laboratory findings, typical CT image, positive

with RT-PCR for SARS-CoV-2. The proportions of age,

sex and disease severity of the cohort patients are shown in

Table 1.

Serologic Testing

In order to analyze the dynamic and distribution of positive

rate and antibody titer, the samples were divided into two

categories, diseased and convalescent period. The samples

of the diseased period were collected in the first 6 weeks

with the onset of symptoms to be the initial time point.

While the samples collected in the period when the patients

discharged from the hospital with two consecutive negative

RT-PCR results, were categorized as convalescent period,

the duration of this period was mainly from the 12th to the

26th week.

All serum samples were inactivated at 56 �C for 30 min

and stored at - 20 �C before testing. The antibodies

against SARS-CoV-2 were measured using SARS-CoV-2

chemiluminescent immunoassay (CLIA) kits supplied by

Shenzhen Mindray Bio-Medical Electronics Co., Ltd. with

a chemiluminescence immunoassays analyzer (CL-900i,

DE/CA05/IvD-238321–0297-00). The SARS-CoV-2

chemiluminescent immunoassay kits used in this study

were SARS-CoV-2 IgM kit, SARS-CoV-2 IgG kit, SARS-

CoV-2 N-IgM kit, SARS-CoV-2 RBD- IgM kit, SARS-

CoV-2 N-IgG kit, SARS-CoV-2 RBD-IgG kit, and SARS-

CoV-2 Total Antibody kit. All kits were validated with the

standard protocol. To simplify the description, the anti-

bodies against SARS-CoV-2 detected in this study are

referred to as IgM, N-IgM, RBD-IgM, IgG, N-IgG, RBD-

IgG, and S1-total antibody.

According to the manufacturer’s instructions, IgG and

IgM detections were developed based on an indirect

method. The recombinant antigens containing the nucleo-

protein (N protein) or/and receptor-binding domain (RBD)

of the spike protein (S protein) of SARS-CoV-2 were

coated on paramagnetic microparticles used to capture

corresponding antibodies. The anti-human IgG/IgM anti-

body-conjugated alkaline phosphatase was used respec-

tively as the detection antibody. IgG and IgM detections

consist of two steps. In the first step, antigen-coated para-

magnetic microparticles captured specific antibodies in the

sample. After a wash step to remove unbound substances,

anti-human IgG/IgM antibody-conjugated alkaline phos-

phatase was added to bind to antibodies captured by

paramagnetic microparticles. After the second wash step to
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remove unbound substances, 3-(20-spiroadamantyl)-4-

methoxy-4-(30’-phosphoryloxy)-phenyl-1,2-dioxetane

(AMPPD) was added and catalyzed by alkaline phos-

phatase to emit light at 540 nm. The resulting chemilu-

minescent reaction was measured as Relative Light Units

(RLUs) by a photomultiplier in the instrument.

The total antibody kit was developed based on a double-

antigen sandwich immunoassay. The recombinant antigens

containing S1 protein were coated on paramagnetic

microparticles and conjugated alkaline phosphatase. The

detection is a one-step method. Antigen-coated paramag-

netic microparticles and antigen-conjugated alkaline

phosphatase bound the specific antibodies in the sample.

After a wash step to remove unbound substances, AMPPD

was added and catalyzed by alkaline phosphatase to emit

light at 540 nm. The resulting chemiluminescent reaction

was measured as RLUs.

IgG antibodies and S1-total antibodies were calculated

as AU/mL and the Cutoff value is 10 AU/mL. IgM anti-

bodies were presented as the measured Relative Light

Units (RLUs) divided by the cutoff value (cutoff index,

COI): COI C 1 was defined as positive and COI\ 1 as

negative. The cutoff value of the positive antibody titer was

determined according to the manufacturer’s instructions.

Statistical Analysis

Based on the antibody level changed over time from the

first to the 26th week (with exclusive of 6th to 12th week),

dynamics of antibodies were described by locally weighted

regression and smoothing scatterplots (LOESS) model.

Pearson correlation coefficient analysis (Pearson correla-

tion) was applied to analyze the correlation of antibody

dynamics. The similarity of antibody dynamic in different

groups was quantitatively analyzed by the Kolmogorov–

Smirnov test, including antibody level (distance) and dis-

tribution pattern (P value). Unless otherwise stated, sta-

tistical analysis was conducted by the software R (The R

Foundation, http://www.r-project.org, version 4.0.0) and

GraphPad Prism 8.0.

Results

Antibody Positive Rate

The antibody-positive rate reflects the proportion of the

people who develop humoral immune response after being

infected by SARS-CoV-2. As shown in Fig. 1, at the onset

of the symptoms, the anti–SARS-COV-2 antibodies IgM/

IgG positive rates peaked at the 2nd week. Likewise, the

peak value of positive rate in N-IgG was observed at the

2nd week, but the RBD-IgG positive rate peaked at the 5th

week. The positive rates of RBD-IgM and the N-IgM

peaked at the 2nd week and then began to decline rapidly.

During the first 6 weeks, the peak positive rates of IgM,

N-IgM and RBD-IgM were 96.6%, 90% and 100%,

respectively. Subsequently, at the convalescence period, no

obvious decline in the positive rate of the total antibody

was witnessed. Similarly, the positive rates of IgG, N-IgG,

and RBD-IgG sustained a high level. However, the positive

rates of the IgM, N-IgM and RBD-IgM continued to

decline and dropped to approximately 25% at the 27th

week.

Antibody Titer

Figure 2 presents the fitting dynamics of the magnitude of

the antibodies induced by SARS-CoV-2 through the locally

weighted scatterplot smoothing (LOESS) analysis method.

The titer of IgG, N-IgG and RBD-IgG all peaked at the 4th

to 5th week. Similarly, the peaks of IgM, N-IgM and RBD-

IgM titers were observed at the 4th week. Moreover, a

significant difference was noticed in the waning of IgG and

IgM in the convalescent period. No obvious decline was

found in the titer of IgG, N-IgG and RBD-IgG throughout

this period, while the IgM level, N and RBD-IgM waned

off quickly. Disparately, the average value of IgM and the

N-IgM titers decreased below the cutoff value before the

11th week, and RBD -IgM at the 16th–17th week. During

the observation period, the titers of IgM, N-IgM and RBD-

IgM only left 16.7%, 17.6% and 15.2%, respectively. On

the contrary, the intensity of IgG, N-IgG and RBD-IgG

titers retained 85.9%, 62.6% and 87.2%, respectively.

Interestingly, the total antibody level was found sustained

at a high level for over 6 months, with the average value of

1961 AU/mL from 4th–6th month. All measured invidious

data with trend line LOESS fitting can be seen in Supple-

mentary Figure S1.

To investigate the correlation of age, gender and disease

severity with antibody dynamic pattern, the test results

Table 1 Constitution of the COVID-19 patient cohort in this study.

Number Proportion of

the total (%)

Age (years old) \ 65 117 68.0

C 65 55 32.0

Sex Male 91 52.9

Female 81 47.1

Severity Mild 107 62.2

Severe 58 33.7

Critical severe 7 4.1
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were classified and the data were fitted by the software R.

Further, the Kolmogorov–Smirnov test (Manoel et al.

1996), which is a nonparametric test of the equality of

continuous, one-dimensional probability distribution, is

employed to quantify the level similarity of the antibody

dynamics among the comparison groups, including both

antibody level (distance) and distribution pattern (P-value)

during convalescence. The smaller K-S distance derived

from Cumulative Distribution Functions among subgroups

is equal to the measurement of their similarity of titer

(Baselice et al. 2019). The test results indicate the distri-

bution pattern is positively correlated to the distance value.

Figure 3 presents that the dynamic patterns of IgM, N-IgM,

RBD-IgM, RBD-IgG and S1-total antibody have signifi-

cant differences (P\ 0.05) in age groups. All antibodies

reveal less variation (P[ 0.05) between male and female

patients (Fig. 4). The dynamic patterns of S1-total antibody

and RBD-IgG have obvious variation between mild and

severe groups (P\ 0.05), while the dynamic patterns of

the other five antibodies reveal less variation (Fig. 5).

Further investigations are necessary to understand the

clinical significance of these differences and similarities in

antibody magnitude in COVID-19 patients.

Special Cases

In overall evaluation, our results unveiled a few special

cases that exhibited unique humoral responses after con-

fronted by COVID-19. Of these cases, one developed the

total antibody at the onset of the disease but it rapidly

declined to the almost unmeasurable range at 17th–18th

week (Fig. 6A), and the other one did not develop the total

antibody response at all (data not shown). The IgG level

remained at a low level in one convalescent patient (only

less than 10% of the average level) while another indi-

vidual did not generate IgG at all. Curiously, two patients’

RBD-IgG was at undetectable levels and one patient

remained at a low level (less than 10% of the average level)

within 3–4 months, and two did not develop RBD-IgG

while they generated IgG (Fig. 6B).

Correlation of Antibodies

We used the change in antibody titer as a reference to

analyze the correlations of those antibodies. As shown in

Fig. 7, N-IgM and IgM present the highest degree of pos-

itive correlation, and there is also a high positive correla-

tion between N-IgG and IgG. There are weak correlations

between RBD-IgM and IgM, RBD-IgG and IgG. This

Fig. 1 The positive rate of

antibodies from the onset of

symptoms to convalesces.

Demonstrating the positive rate

of different antibody

appearances, peak point,

intensities and durability from

the onset of the symptoms (on

hospitalization) to the

convalescent phase till 26th

week. Note: IgG line is

overlapped by N-IgG.

Fig. 2 The titer of different

antibodies from the onset of

symptoms to the convalescent

phase. The titer of different

antibodies starts rising from the

onset of symptoms to their peak

value during the infection with

notable disparities in their

intensities, and the most

sustainable antibodies can

maintain up to 6 months. The

dotted line is the cutoff value,

and the gray shading is the 95%

confident interval.
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Fig. 3 Comparison of humoral responses of the patients with different

ages in convalescence. A total of 326 samples was tested, they are

divided into two age groups (\ 65 yr and C 65 yr). The titer levels of

seven kinds of antibodies show a slight difference between the

groups. Except for IgG and N-IgG, the titer trends of IgM, N-IgM,

RBD-IgM, RBD-IgG and S1-total antibody are significantly different

between the two age groups (P\ 0.05). The trend line is fitted by

LOESS and 95% confidence interval was shown in gray. The dashed

line is the cutoff value. The inserted table summarizes the statistical

data of the age group.
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Fig. 4 Comparison of humoral responses of male and female patients

in convalescence. A total of 326 samples was tested, they are divided

into two gender groups (female and male). The titer trends of all

seven kinds of antibodies show no significant difference between the

two gender groups (P[ 0.05). The trend line is fitted by LOESS and

95% confidence interval was shown in gray. The dashed line is the

cutoff value. The inserted table summarizes the statistical data of the

gender group.
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means that N antigen can cause the body to produce IgG

and IgM easier than RBD antigen. However, it is inter-

esting that the change of RBD-IgG titer is positively

correlated with the change of S1-total antibody titer.

Combine with the above phenomena, this would be inter-

preted as RBD may more induce the production of other

Fig. 5 Comparison of humoral response in patients with mild and

severe symptoms in convalescence A total of 326 samples was

divided into mild and severe (including critical severe) groups. Ex-

cept for IgM, IgG, N-IgM, N-IgG, RBD-IgM, the titer trends of RBD-

IgG and S1-total antibody are significantly different between the two

severity groups (P\ 0.05). The trend line is fitted by LOESS and

95% confidence interval was shown in gray. The dashed line is the

cutoff value. The inserted table summarizes the statistic data of the

severity group.
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forms of antibodies directly, such as IgA. The phenomenon

and speculation need to be further confirmed.

Discussion

The main finding of this study is that the levels of S1-total

antibodies against SARS-CoV-2 and RBD-IgG antibodies

in COVID-19 patients can be stably maintained for at least

6 months. The antibody waning pattern during the onset of

the disease and rapid decline of IgM is similar to many

previous observations (Long et al. 2020a; Kellam et al.

2020). Therefore, we will not go into the details of the

onset phase but focus on the convalescent period. Previous

reports described the short-term pattern of antibody level in

a small number of population samples (Liu et al. 2020) and

the sustainability of antibodies in asymptomatic (Long

et al. 2020b) and mild patients (Ibarrondo et al. 2020). In

this study, we found that the antibody titer, especially the

S1-total antibody and RBD-IgG levels can continue to exist

at high levels, which provides a positive signal for the anti-

secondary infection. Studies on infections induced by the

SARS virus show that the positive rate of humoral

immunity produced in the human body remained above

80% within 3 years (Cao et al. 2007). Although the levels

of IgG and neutralizing antibodies continue to decline,

their residuals are still abundant, which has reference value

for the study of SARS-CoV-2 immunity. However, SARS-

CoV-2 is new to us, and the monitoring of the anti-SARS-

CoV-2 antibodies will continue.

A report about SARS-CoV-2 reinfection enflames peo-

ple’s trepidations regarding the recurrence COVID-19 (To

et al. 2020). Our current findings further disclose that most

of the convalescent COVID-19 patients have had a stabi-

lized antibodies level after being discharged from the

hospital and should be able to resist the risk of re-infection

by the same serum type SARS-CoV-2 virus at least, and

during a follow-up visit, nobody was found recurrence or

re-infected. According to WHO, there are hundreds of

COVID-19 vaccine candidates under development, with a

few already in the market. With no established specified

anti-SARS-CoV-2 therapy to this date, vaccines against

SARS-CoV-2 are highly anticipated, or even thought to be

the ultimate solution. However, the rapid decline of anti-

body levels in mild patients has escalated the public’s

Fig. 6 Patients with unusual

immune responses. A total of 78

patients were twice sampled

during the convalescent period.

The titer of S1-total and RBD-

IgG antibodies were evaluated

and some individuals exhibited

unusual immune responses.

A one case with a rapid decline

in S1-total antibody; B RBD-

IgG levels in three cases

dropped rapidly. Abnormal

antibody trends marked by red.

Fig. 7 The correlation amongst different humoral responses in

convalescence. There are great correlations between N-IgM and

IgM, N-IgG and IgG, RBD-IgG and S1-total antibody, analyzed in

326 samples.
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anxiety about the long-term effectiveness of the COVID-19

vaccines (Ibarrondo et al. 2020). Since vaccines and nat-

ural viral infections have similar immunological mecha-

nisms, the findings of this study provide some reference for

the evaluation of the long-term efficacy of vaccines. These

uncertainties can only be elucidated on the completion of

the human trials and large-scale vaccination. Another fact

is that the majority of the SARS-CoV-2 infected people

([ 98% in this study) can retain their S1-total antibody and

RBD-antibody at a high level ([ 1900 AU/mL) for over

6 months. This could be also a reference for the vaccina-

tion areas to build active herd immunity.

Remarkably, we found some special cases with unusual

immune responses, which are predominantly focused cur-

rently. These special groups exhibited unique humoral

responses after confronted by SARS-CoV-2. The individ-

uals were either unable to provoke specific immune

response timely or their antibody level dropped abruptly in

an unusual manner. These special cases are of high

importance with an immunological perspective and might

be significantly vulnerable to reinfection. Until now, there

is only one definitive report of reinfection within 4 months,

proven by genetic sequencing of the SARS-CoV-2 (Cao

et al. 2007). In that case, the re-infection possibly occurred

due to the early decay of antibodies with no protective

immunity, accentuating that the special patients without

proper humoral immunity are at the risk of re-infection.

Although currently a lot of attention has been placed on

antibody-based immunity, there are increasing supportive

evidences that T cells can play an important role a-

gainst COVID-19 (To et al. 2020). Based on our findings,

some patients did not produce antibodies or the antibody

titer was under the undetectable level. Surprisingly, those

patients successfully recovered from COVID-19, empha-

sizing the potential role of T-cell immunity. However, it is

not clear whether SARS-CoV-2 can induce long-term T

memory cell responses, and the importance of these

responses in persistent immunity is to be investigated.

To our knowledge, this study is one of the longest

longitudinal evaluations, based on a large number of

specimens of the convalescent COVID-19 patients. The

humoral immune response induced by SARS-CoV-2

infection exhibits typical dynamic behavior of acquired

immunity. We classified these responses based on their

magnitude, titer intensities, waning abilities and sustain-

ability over time. It is clear that the S1-total antibody and

RBD-IgG can continue to maintain a high level for more

than 6 months. The findings of this study are helpful, to

some extent, to sort out the issues of re-infection, herd

immunity, and the efficacy of antiviral vaccines, which are

major concerns in the current stage of the COVID-19

pandemic.
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