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Abstract
Background: A lot of recent researches have focused on the duration of the nature immunity elicited by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. An improved understanding of
the immunity offered by the antibodies developed against SARS-CoV-2 in recovered patients is critical for
the development of diagnostic tests and vaccines. Methods: We enrolled 114 donors, which providing
blood samples after discharge for half a year and one year. Neutralizing antibodies (NAbs) were tested
using a micro-neutralization assay. Results: In two tests, 82 of 114 recovered patients completed the �rst
test half a year after discharge and NAbs remained detectable in the vast majority of patients (75/82,
91.46%). In the comparison of the two intervals, 50% (27/54) of individuals had increased NAbs titers.
when 31.48% (17/54) of patients remained unchanged. Conclusion: Our results suggest that immune
ability is acquired in most individuals infected with SARS-CoV-2 and is sustained in a majority of patients
for up to a year after recovery.

Background
Severe acute respiratory syndrome coronavirus (SARS-CoV-2), the pathogenic agent of coronavirus
disease 2019 (COVID-19), is provoking a signi�cant psychological, epidemiological, and economic burden
all over the world (1). As of June 10, 2021, the disease has caused 174,061,995 con�rmed cases and
3,758,560 deaths globally (2). A study estimated antibody titers to the Middle East respiratory syndrome
coronavirus (MERS-CoV) in the years after infection. Robust antibody results were discovered in those
individuals with severe disease (3). Another study assessing the immune response in people with SARS-
CoV-2 revealed neutralizing antibodies (NAbs) in patients obtained detectable for one year after infection
(4).

In this study, we characterize the kinetics of NAbs titer in one year after SARS-CoV-2 infection by a micro-
neutralization assay. We evaluated the span it takes for recovery to become seropositive or return to
seronegative. Simultaneously, we attempted to �nd out the factors affecting the NAbs titers.

Methods
We perform a follow-up study in three sentinel hospitals, including Huizhou People’s Hospital, the Fifth
A�liated Hospital of Sun Yat-sen University, and Second People's Hospital of Zhongshan. Patients
recovered from COVID-19 were enrolled and provided written informed consent. Demographic
characteristics and clinical information were collected accordingly from the electronic medical record.
Participants provided blood samples after discharge for half a year and one year. We accessed the heat-
inactivated serum samples (56°C for 30 minutes) for the presence of SARS-CoV-2 NAbs by a whole virus
replication assay (Appendix.1) using SARS-CoV-2 strain (No.20SF014) isolated by the laboratory of the
Institute of Pathogenic Microbiology of GDCDC. Microscopy examination was performed on day 4 to
assess the cytopathic effect (CPE). NAbs titers are regarded as the highest dilution that protected more
than half of cells from CPE.
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Statistical analysis
We used Geometric Mean Titer (GMT) to represent the mean value of Nab titers. The Difference of NAbs
titers between groups was compared by the Chi-square test, Kruskal-Wallis Test, and Analysis of variance.
Two-tailed P values of < 0.05 indicated statistical signi�cance throughout the study.

Results
A total of 114 patients were enrolled, for these cases (median age, (37.66 ± 1.57) years; IQR, 6 months-73
years), and more than half of the patients were female (58, 50.88%). Eighteen (18/114, 15.79 percent)
were asymptomatic cases, and 80 out of 114 were moderate cases. The average disease progression
was 23.09 days, and it in males was higher than that in females (25.06 vs. 22.87). In two tests, 82 of 114
individuals completed the �rst test half a year after discharge and NAbs remained detectable in the vast
majority of patients (75/82, 91.46%). 84 were detected one year after discharge and they became
undetectable in 0.11 percent of people. The GMT of the second interval was slightly lower than that of the
�rst test (Table 1).
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Table 1
Demographic and clinical characteristics of patients with COVID-19.

  Male

(n = 56)

Female

(n = 58)

Total

(n = 114)

Age, years      

< 18 10 4 14

18–59 43 51 94

≥ 60 3 3 6

Mean age     37.66 ± 1.57

Clinical classi�cation      

Asymptomatic case 9 9 18

Mild case 7 9 16

Moderate case 40 40 80

NAbs titer      

Half a year after discharge (n = 82)      

Seronegative (< 1:4) 4 3 7

Seropositive (log2NAbs) 37 38 75

2–4 19 16 35

5–7 14 21 35

≥8 4 1 5

GMT     1:23.21

One year after discharge (n = 84)      

Seronegative (< 1:4) 6 3 9

Seropositive (log2NAbs) 33 42 75

2–4 18 23 41

5–7 14 19 33

≥8 1 0 1

GMT     1:17.09

Average disease progression (day) 25.06 22.87 23.9
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In the comparison of the two intervals, 27 out of 54 individuals had increased NAbs titers when 31.48%
(17/54) of patients remained unchanged. There were statistical signi�cances, comparisons of different
NAbs titer groups in gender, age, clinical classi�cation, and disease progression (Table 2).

Table 2
Comparison of different NAbs titer groups in gender, age, clinical classi�cation and disease progression

    Decreased
group1

Increased
group2

Same group3 p-
value

Total
(male/female)

  10(7/3) 27(12/15) 17(7/10) 0.302

Age (year)   37.7 ± 6.66 40.8 ± 7.18 24.5 ± 
8.21

0.026a*

Clinical
classi�cation

Asymptomatic
case

6 5 1 0.003b*

Mild case 2 3 5

Moderate case 1 18 11

Disease
progression

  20.69 27.88 29.89 0.015c*

1: represented the NAbs titers after one year were lower than those after half a year.

2: remarked the NAbs titers after one year were higher than those after half a year.

3: indicated the NAbs titers after one year were consistent with those after half a year.

*: meant a statistically signi�cant result.

a: For the age group, the Mann-Whitney U test showed that there were signi�cant differences between
“Decreased group” and “Same group” (P = 0.022) and “Increased group” (P = 0.010)

b: for clinical classi�cation, the Mann-Whitney U test showed that there were signi�cant differences
between “Increased group” and “Same group” (P = 0.002) and “Decreased group” (P = 0.001)

c: for the disease progression, the Mann-Whitney U test showed that there was a signi�cant difference
between “Decreased group” and “Increased group” (P = 0.015)

In addition, 54 survivors who participated in the whole follow-up period were included in the further
analysis, and their NAbs became undetectable in 9.26% of patients at the second interval. More than half
of the cases (32/54, 59.26%) were moderate cases, and the difference between them was statistically
signi�cant in two intervals (P < 0.05) (Fig. 1).

Discussion
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Given the limitations of our research and a conservative interpretation method, our results demonstrated
that the Nabs of most survivors still had detectable, although a slight decrease in NAbs titer in a fraction
number of individuals one year after discharge, which is the similar described previously in SARS-CoV
study (4–6); this �nding is comforting because NAbs play a critical role in protection against infection.
Additional study is needed to support it, including the duration of memory B cells in vivo (7). In addition,
to better treat COVID-19 patients in clinical practice, the National Health Commission of the People’s
Republic of China incorporated the recovery plasma therapy into the Trial 8th Edition diagnosis and
treatment program of Novel coronavirus pneumonia; based on this, NAbs titers in two tests were
arti�cially divided and analyzed in the trend of change, in order to provide a foundation for screening
donors and collecting convalescent plasma with higher NAbs titer (8, 9).

Conclusions
Our results suggest that immune ability is acquired in most individuals infected with SARS-CoV-2 and is
sustained in a majority of patients for up to a year after recovery.

Abbreviations
SARS- CoV-2
Severe Acute Respiratory Syndrome Coronavirus 2
COVID-19
Coronavirus Disease 2019
Nabs
Neutralizing antibodies
MERS-CoV
Middle East respiratory syndrome coronavirus
CPE
cytopathic effect
GMT
Geometric Mean Titer
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Figure 1

NAbs titer distribution of different clinical classi�cations at two intervals. NAbs titers were log2
processed.
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