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Background: The impact of corticosteroids on humoral responses in coronavirus disease 2019 (COVID-19) sur- 

vivors during the acute phase and subsequent 6-month period remains unknown. This study aimed to determine 

how the use of corticosteroids influences the initiation and duration of humoral responses in COVID-19 survivors 

6 months after infection onset. 

Methods: We used kinetic antibody data from the lopinavir–ritonavir trial conducted at Jin Yin-Tan Hospital in 

January 2020, which involved adults hospitalized with severe COVID-19 (LOTUS, ChiCTR2000029308). Anti- 

body samples were collected from 192 patients during hospitalization, and kinetic antibodies were monitored 

at all available time points after recruitment. Additionally, plasma samples were collected from 101 COVID-19 

survivors for comprehensive humoral immune measurement at the half-year follow-up visit. The main focus was 

comparing the humoral responses between patients treated with systemic corticosteroid therapy and the non- 

corticosteroid group. 

Results: From illness onset to day 30, the median antibody titre areas under the receiver operating characteristic 

curve (AUCs) of nucleoprotein (N), spike protein (S), and receptor-binding domain (RBD) immunoglobulin G (IgG) 

were significantly lower in the corticosteroids group. The AUCs of N-, S-, and RBD-IgM as well as neutralizing 

antibodies (NAbs) were numerically lower in the corticosteroids group compared with the non-corticosteroid 
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Although corticosteroids have become standard care for patients

ith severe or critical coronavirus disease 2019 (COVID-19), 1-3 their

nitial use during the early stages of the pandemic was met with un-

ertainty. 4 The controversy arose owing to potential limited clinical

enefit in managing respiratory viral infections and increased risk of

ost-viral infection in severe acute respiratory syndrome coronavirus 2

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

oV), and Middle East respiratory syndrome coronavirus (MERS-CoV)

nfections. 5-7 Understanding the impact of corticosteroid therapy on the

nitiation and duration of humoral responses in COVID-19 survivors re-

ains elusive. Prior reports have indicated that corticosteroids might

mpair antigen-presenting cells, 8 suppress developmental germinal cen-

ers, 9 and curtail humoral immune responses during antiviral immune

eactions. 10 , 11 Furthermore, corticosteroids may delay viral RNA clear-

nce, 12 leading to differing antibody-level fluctuations. In this study,

e hypothesized that corticosteroid therapy during the acute phase of

ARS-CoV-2 infection might impede the initiation of adaptive immune

esponses, 13 , 14 resulting in a decline in subsequent humoral responses

mong COVID-19 survivors. Over the past 3 years, we have compiled

atabases of early anti-SARS-CoV-2 antibody responses and memory

mmune responses among patients with severe COVID-19 in Wuhan,

hina. 15-18 Here, we reanalyzed this comprehensive dataset to deter-

ine how the use of corticosteroids influences the initiation and dura-

ion of humoral responses in COVID-19 survivors 6 months after infec-

ion onset. 

ethods 

thical approval 

The study was approved by the Research Ethics Commission of Jin

in-tan Hospital (No. KY-2020–78.01). Written informed consent was

btained from all study participants. 

tudy participants and study design 

All patients enrolled in this study had microbiologically confirmed

ARS-CoV-2 infection; no participants experienced reinfection or re-

eived any COVID-19 vaccinations before assessment of immunogenic-

ty. To assess the impact of corticosteroid therapy on the acute humoral

mmune response during hospitalization, we analyzed kinetic antibody

ata from the LOTUS trial (ChiCTR2000029308), 19 conducted at Jin

in-tan Hospital in January 2020. Kinetic antibody level measurement

as preformed at days 1, 5, 10, 14, 21, and 28 after recruitment, and

ontinued until either death or discharge, whichever came first. Data

n the kinetics of antibodies during the acute phase of infection were

nalyzed using robust locally weighted regression, with the x -axis rep-

esenting days from illness onset to the time of sample collection. Addi-

ionally, survivors underwent face-to-face quality of life assessment and

umoral immune measurement 6 months after infection. The median an-

ibody titre was calculated using the area under the receiver operating
49
 S, RBD-IgM and -IgG and NAbs were not influenced by corticosteroids. During

a delayed decline for most binding antibodies, except N-IgM ( 𝛽 − 0.05, 95% CI

ids group, though not reaching statistical significance. No significant difference

, for the half-year seropositive rate, corticosteroids significantly accelerated the

o difference to N-, S-, and RBD-IgG or NAbs. Additionally, corticosteroids group

iral clearance compared with the non-corticosteroid group, but the results were

ted hazard ratio 0.71, 95% CI 0.50–1.00; P = 0.0508). 

ed that corticosteroid therapy was associated with impaired initiation of the

 compromise the peak titres of binding and neutralizing antibodies. Throughout

phase to the half-year follow-up visit, short-term and low-dose corticosteroids

al responses, except for accelerating the waning of short-lived antibodies. 

haracteristic curve (AUC). Therefore, we used data from the lopinavir–

itonavir (LPV-RTV) cohort in the LOTUS trial to assess the antibody

esponse from the initial infection up to 6 months post infection. 

mmunogenicity 

Within the LPV-RTV cohort, we compared titres and seropositivity of

ARS-CoV-2 antigen-specific antibodies between the corticosteroid and

on-corticosteroid groups at all available time points. Additionally, we

xamined the kinetic changes in SARS-CoV-2-specific antibodies from

ospitalization to the half-year follow-up visit after illness onset. The

etailed protocol for these assessments has been previously described. 16 

Measurement of antibodies against SARS-CoV-2 antigens in partici-

ants’ blood samples was performed using standardized enzyme-linked

mmunosorbent assay (ELISA) and microneutralization assays at the

ational Health Commission Key Laboratory of Systems Biology of

athogens and Christophe Mérieux Laboratory, Beijing, China. These

ssays are used to detect titres of immunoglobulin A (IgA), IgM, IgG,

nd neutralizing antibodies (NAbs) against the nucleoprotein (N), spike

rotein (S), and receptor-binding domain (RBD) of SARS-CoV-2. Specifi-

ally, NAbs against the original SARS-CoV-2 strain were titrated on Vero

ells using a microneutralization assay. 

orticosteroid therapy 

The primary exposure in this study was systemic corticosteroid

herapy. Inhalational corticosteroid therapy was not administered to

ny participants. All corticosteroid preparations, including methylpred-

isolone, prednisolone, dexamethasone, and/or hydrocortisone, were

tandardized and converted into methylprednisolone for analysis. Pa-

ients who did not receive corticosteroid treatment were classified as

he control group. 

The impact of therapeutic corticosteroids on the humoral immune

esponse mainly depends on the dosage and duration of therapy, as well

s the timing of treatment. To investigate the specific contribution of

orticosteroid therapy parameters to the immune response, we assessed

he immune response among patients based on the number of days from

llness onset to the start of corticosteroid treatment ( ≤ 15 and > 15 days,

tratified according to the median value), the duration of corticosteroid

herapy ( < 7, 7–10, and > 10 days, according to World Health Organiza-

ion management guidelines for COVID-19), and the accumulated dose

 ≤ 560 and > 560 mg methylprednisolone or equivalent), in comparison

ith participants who did not receive corticosteroid therapy. 

tatistical analysis 

Continuous variables with skewed distribution are summarized as

edian (Q1 , Q3 ). For categorical variables, the percentage of patients

n each category was calculated. Clinical characteristics were compared

etween patients who received systemic corticosteroids and those who

id not using the Mann ‒Whitney U test and chi-squared test, as appro-

riate. 
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To visualize the trend of changes in antibody titre over time (from

aseline to day 28) in response to corticosteroid treatment, a locally

eighted scatterplot smoothing method was applied. To compare the

ntibody response efficacy in the LPV-RTV inpatient cohort, the AUC

or each patient was calculated as the antibody titre multiplied by time.

To compare the kinetics of antibody titres over time and the ab-

olute antibody titres between participants with and without corticos-

eroids therapy, we used a log-linear classification model. The duration

f antibody seropositivity was assessed using a logistic regression model.

eneralized estimating equations (GEE) were used to study changes in

eropositivity over time, with the significance level set at 0.05. Unad-

usted and adjusted Cox models were applied to determine whether the

se of corticosteroids affected viral shedding of SARS-CoV-2 in the LPV-

TV inpatient cohort. Statistical tests were used to confirm that the pro-

ortional hazards assumption was met. 

To ascertain the impact of corticosteroids on humoral response and

iral clearance, we used multivariable models, including log-linear clas-

ification, logistic regression, and Cox regression models, to confirm all

orticosteroid-related findings while adjusting for important confound-

ng variables. These covariates included age at infection, sex, comor-

idities (hypertension, diabetes, cerebrovascular disease, chronic kidney

isease, and malignancies), SARS-CoV-2 viral load, and disease severity

pon admission (seven-category scale). Concomitant therapy with ad-

itional immunosuppressants or drugs that could potentially influence

he antibody response and viral clearance was not administered. Statis-

ical significance was set at P < 0.05 for all two-tailed tests. SAS software

ersion 9.4 (SAS Institute Inc., Cary, NC, USA) was used for all analyses.

esults 

atients and corticosteroid therapy 

The blood sample collection protocol is presented in Fig. 1 . Using an-

ibody titre data from different time points among adults hospitalized

ith severe COVID-19 from the LPV-RTV trial, 18 we investigated the

nfluence of corticosteroid therapy on initiation of the humoral immune

esponse during hospitalization and the duration of antibody seroposi-

ivity up to 6 months after infection. During hospitalization, antibody

amples were available from 192 patients. At the half-year follow-up

isit after the initial infection, plasma samples were collected from 101

OVID-19 survivors to detect antibodies. Among the above 192 patients,
ig. 1. Schematic of blood sampling and flowchart of analysis. Samples for immun

ected during hospitalization and at the half-year follow-up visit. The LPV-RTV co

on-corticosteroid groups. COVID-19: Coronavirus disease 2019. 

50
7 (34.9%) were in the corticosteroid group and 125 (65.1%) were in

he non-corticosteroid group. The clinical and demographic character-

stics of the two groups are presented in Table 1 . 

mpact of corticosteroid therapy on antibody kinetics during the acute phase

f SARS-CoV-2 infection 

We analyzed data from the LPV-RTV cohort to characterize the ki-

etics of antibody responses during hospitalization in both the corticos-

eroid and non-corticosteroid groups. To visualize the temporal changes

n each antibody, we used a locally weighted scatterplot smoothing

ethod to fit a smoothing curve. As depicted in Fig. 2 , the titres of

ach antibody showed a significant increase over time, and the magni-

ude of this increase was similar between the corticosteroid and non-

orticosteroid groups. 

Subsequently, we sought to investigate whether corticosteroid ther-

py influenced the peak of antibodies against SARS-CoV-2 during hos-

italization. For this analysis, we used a log-linear classification model,

djusting for age, gender, diabetes, malignancy and seven-category scale

t day 1. Our results showed no significant impact of corticosteroid ther-

py on any antibodies against SARS-CoV-2, as summarized in Supple-

entary Table 1. 

To assess the potential impact of corticosteroids on initiation of the

mmune response, we calculated the AUC of antibody titres against

ARS-CoV-2-specific antigens from illness onset (baseline) to day 28.

his AUC reflects the overall condition of immune response initiation

ollowing infection. Overall, the median AUCs of N-, S-, and RBD-IgG an-

ibodies were significantly lower in the corticosteroid group than those

n the non-corticosteroid group (median values: 20.5 vs . 23.5, 25.0 vs .

0.3, and 22.3 vs . 28.3, respectively; P < 0.05). Additionally, the AUCs

f N-, S-, and RBD-IgM as well as of NAbs were numerically lower in the

orticosteroid group (6.4 vs . 7.8, 8.3 vs . 10.2, 11.1 vs . 11.6, and 78.0

s . 91.8, respectively) than those in the non-corticosteroid group. The

ose, starting time, and duration of therapy were found to influence the

hronological evolution of antibody titres in the acute phase. Specif-

cally, for subgroup analysis, significant differences in AUCs for NAb

itres were observed only in individuals initiating corticosteroid ther-

py within 15 days after illness onset (median 64.0, Q1 –Q3 14.0–134.6,

 < 0.05), those with a therapy duration of less than 7 days (median

7.4, Q1 –Q3 19.0–137.0, P < 0.05) and those with an accumulated cor-

icosteroid dose of less than 560 mg (median 67.8, Q –Q 24.5–134.9,
1 3 

ogenicity measurement in the lopinavir–ritonavir (LPV-RTV) cohort were col- 

hort (excluding those lost to follow-up) was divided into corticosteroid and 
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Table 1 

Characteristics of participants with or without corticosteroid in lopinavir–ritonavir cohort. 

Characteristics Total ( n = 192) Non-corticosteroids ( n = 125) Corticosteroids ( n = 67) U / 𝜒2 P values 

Age (years) 58.0 (49.0, 68.0) 57.0 (46.5, 68.0) 62.0 (52.0, 68.0) 6919.0000∗ 0.1815 

Male 114/191 (59.7) 69/124 (55.6) 45/67 (67.2) 2.3986† 0.1214 

Current smoking 14/191 (7.3) 6/124 (4.8) 8/67 (11.9) 3.6956† 0.0956 

Comorbidity 

Hypertension 65/154 (42.2) 40/93 (43.0) 25/61 (41.0) 0.0621† 0.8033 

Diabetes 23/191 (12.0) 13/124 (10.5) 10/67 (14.9) 0.8101† 0.3681 

Cerebrovascular disease 13/191 (6.8) 8/124 (6.5) 5/67 (7.5) 0.0692† 0.7925 

Chronic kidney disease 6/152 (3.9) 5/93 (5.4) 1/59 (1.7) 1.0372† 0.2286 

Malignancies 6/191 (3.1) 5/124 (4.0) 1/67 (1.5) 1.4496† 0.3085 

Seven-category scale at day 1 16.2978† 0.0003 

3 Hospitalization, not requiring supplemental oxygen 27/191 (14.1) 17/124 (13.7) 10/67 (14.9) 

4 Hospitalization, requiring supplemental oxygen 136/191 (71.2) 98/124 (79.0) 38/67 (56.7) 

5 Hospitalization, requiring nasal high-flow oxygen 

therapy and/or non-invasive mechanical ventilation 

28/191 (14.7) 9/124 (7.3) 19/67 (28.4) 

Illness onset to admission (days) 2.5 (0, 5.0) 3.0 (0, 5.0) 2.0 (0, 5.0) 6009.0000∗ 0.6393 

Duration of corticosteroid therapy (days) NA NA 11.0 (4.0, 30.0) NA 

Corticosteroids dose (equivalent methylprednisolone, 

mg/day) 

NA NA 560.0 (240.0, 903.8) NA 

Days from illness onset to corticosteroids therapy (days) NA NA 13.0 (11.0, 17.0) NA 

Hospital length of stay (days) 15.0 (12.0, 17.4) 15.0 (12.0, 16.0) 17.0 (12.0, 23.0) 6559.5000∗ 0.0095 

Information is missing in some cases and the denominator is indicated. Disease severity was characterized using a seven-category scale during the hospital stay, 

which comprised the following categories: 1, not admitted to hospital with resumption of normal activities; 2, not admitted to hospital but unable to resume normal 

activities; 3, admitted to hospital but not requiring supplemental oxygen; 4, admitted to hospital and requiring supplemental oxygen; 5, admitted to hospital and 

requiring high-flow nasal cannula (HFNC), non-invasive mechanical ventilation (NIV), or both; 6, admitted to hospital and requiring extracorporeal membrane 

oxygenation, invasive mechanical ventilation (IMV), or both; and 7, death. Data are presented as median (Q1 , Q3 ), or n / N (%) when data are missing. To correct for 

multiple comparisons between two groups of study participants with different severity scales, a Bonferroni corrected 𝛼-threshold of 0.0167 was used. ∗ U value. † 𝜒2 

value. NA: Not applicable. 

Fig. 2. Kinetics of titres of NAb (A), N_IgM (B), N_IgG (C), RBD_IgG (D), S_IgM (E) and S_IgG (F) against SARS-CoV-2 in the acute phase during hospitalization. The 

y -axis indicates antibody titres (log2). The x -axis indicates days from illness onset to sample taken. The red line refers to corticosteroids group, while the blue line 

refers to non-corticosteroids group. Immunoglobin (Ig) levels are shown as mean optical density (log2). CORT: Corticosteroid; Ig: Immunoglobulin; N: Nucleocapsid; 

NAb: Neutralizing antibody; RBD: Receptor-binding domain; S: Spike; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2. 
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 < 0.05) compared with the non-corticosteroid group (Supplementary

able 2). Similar patterns were observed for other IgG and IgM anti-

odies against SARS-CoV-2 antigens in participants receiving corticos-

eroids within 15 days of illness onset, those with a therapy duration

f less than 7 days, and those with an accumulated dose of less than

60 mg. However, for those who initiated therapy more than 15 days
51
fter illness onset, those with a duration of therapy longer than 7 days,

nd those with an accumulated corticosteroid dose of more than 560

g, there were no significant differences when compared with the non-

orticosteroid group ( Table 2 , Supplementary Table 2). 
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hanges in the seropositive rate and antibody kinetics 6 month after 

nfection influenced by corticosteroid therapy 

At the half-year follow-up visit for the LPV-RTV cohort, more than

0% of individuals still tested positive for IgG against SARS-CoV-2 anti-

ens (Supplementary Fig. 1, Supplementary Table 3). However, the

roportion of individuals testing positive for IgM and IgA (short-lived

ntibodies) decreased significantly from the acute phase to the half-

ear follow-up visit ( Fig. 3 , Supplementary Table 3). Furthermore, al-

hough most antibodies showed a delayed decline in the corticosteroid

roup compared with the non-corticosteroid group, statistical signifi-

ance was not reached for most cases (Supplementary Table 4). No-

ably, only the waning of N-IgM antibodies reached significance with

orticosteroid therapy ( 𝛽 − 0.05, 95% CI − 0.10, 0.00). Upon closer ex-

mination of corticosteroid treatment details, an accumulated corticos-

eroid dose of less than 560 mg was associated with a delayed de-

line in N-IgM ( 𝛽 − 0.08, 95% CI − 0.14, − 0.01), which reached sta-

istical significance. Although corticosteroid therapy did not show a

ignificant impact on the decline of S-IgM levels ( 𝛽 − 0.03, 95% CI

 0.08, 0.01), subgroup analysis revealed a delayed decline in S-IgM an-

ibodies in the cortosteroid group compared with the non-corticosteroid

roup when the therapy was initiated within 15 days from illness onset

 𝛽 − 0.06, 95% CI − 0.11, − 0.01) after adjusting for age, gender, dia-

etes, malignancy and seven-category scale at day 1 (Supplementary

able 4). 

For the seropositive rate at the half-year follow-up visit, corticos-

eroid therapy accelerated the decay of N-, RBD-, and S-IgM and of

-, RBD-, and S-IgA (odds ratio [OR] 0.37 [95% CI 0.20–0.70], OR

.50 [95% CI 0.26–0.96], and OR 0.46 [95% CI 0.26–0.81]; OR 0.41

95% CI 0.21–0.81], OR 0.27 [95% CI 0.11–0.69], and OR 0.24 [95%

I 0.10–0.60], respectively) ( Table 3 ). Corticosteroid group showed no

ignificant impact on N-, RBD-, and S-IgG antibodies compared with the

on-corticosteroid group (1.10 [95% CI 0.27–4.42], 1.00 [95% CI 0.25–

.94], and 0.16 [95% CI 0.01–2.10], respectively). 

NAbs against SARS-CoV-2 were generally positive in 62 of 65

95.4%) individuals in the non-corticosteroid group and 21 of 23

91.3%) in the corticosteroid group over the 6 months following SARS-

oV-2 infection (Supplementary Table 3). There was no significant dif-

erence in the seropositivity rate at the half-year follow-up visit between

ndividuals with and without corticosteroid therapy ( Table 3 ). Further-

ore, the decline in NAbs between the peak titres during hospitalization

nd the half-year follow-up visit in the corticosteroid group did not show

ignificant differences compared with the non-corticosteroid group ( Fig.

 , Supplementary Table 4). 

ffect of corticosteroids on viral clearance 

The main concern hindering the use of steroids in COVID-19 treat-

ent is their potential effect on delayed viral clearance. To investigate

his, we used a Cox regression model, analyzing longitudinal viral titre

ata from nasopharyngeal swabs collected during the LPV-RTV trial.

mong the 192 patients in the LPV-RTV cohort, corticosteroid adminis-

ration was associated with a delay in SARS-CoV-2 viral clearance (haz-

rd ratio [HR] 0.69, 95% CI 0.49–0.98). However, after adjusting for

ge, gender, diabetes, malignancy and seven-category scale at day 1,

orticosteroids did not show a significant impact on viral clearance (HR

.71, 95% CI 0.50–1.00) (Supplementary Table 5), although a trend in

his direction was still observed. 

iscussion 

Despite several randomized controlled trials (RCTs) demonstrating

he benefits of corticosteroids in acute respiratory distress syndrome,

linical practice in this respect remains variable. Debate regarding the

mpact of steroids on antibody kinetics in COVID-19 has been ongo-

ng. In the present study, we found that corticosteroid therapy had a
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Fig. 3. Kinetics of antigen-specific antibody titres (short-lived) from acute infection to 6-month follow-up in participants with and without corticosteroids. SARS- 

CoV-2 antigen-specific antibody titres at peak immunity (peak titres during hospitalization) and at the half-year follow-up visit in the lopinavir–ritonavir cohort are 

shown. Bars in each column indicate medians, each dot indicates a single participant, and gray lines denote individual neutralizing antibody titres between two time 

points. Panels A and B (N_IgA and N_IgM titres), C and D (RBD_IgA and RBD_IgM titres), and E and F (S_IgA and S_IgM titres) show titres and seropositivity changes 

in the antibody assay from acute infection to 6 months. All assays were performed using the original SARS-CoV-2 strain. Samples were measured using enzyme- 

linked immunosorbent assay. The two rows of percentages beneath the chart denote the seropositive rates during the acute phase and at the 6 month, respectively. 

Acute = acute infection (hospitalization); 0.5 = 0.5 years after SARS-CoV-2 infection; Control = non-corticosteroids; CORT = corticosteroids; ≤ 15 d and > 15 d = initiation 

of corticosteroids from illness onset ≤ 15 days and > 15 days; < 7 d, 7–10 d, and > 10 d = duration of corticosteroid therapy < 7 days, 7–10 days, and > 10 days; ≤ 560 

mg and > 560 mg = accumulated corticosteroid dose ≤ 560 mg and > 560 mg. ∗ indicates statistical significance compared with the non-corticosteroid group, which 

was estimated using a log-linear classification estimating model. Ig: Immunoglobulin; L.O.D: Limit of detection; N: Nucleocapsid; RBD: Receptor-binding domain; S: 

Spike; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2. 
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otable effect on impairing initiation of the antibody response among

ospitalized patients with COVID-19 during the acute phase, leading to

educed levels of N-, S-, and RBD-IgM and NAbs in a numerical man-

er and significantly lower N-, S-, and RBD-IgG antibodies. However,

eak titres of antibodies (IgM, IgG, and NAbs) during the acute phase

ere not influenced by corticosteroids. Subsequently, corticosteroids

nduced a delayed decline in SARS-CoV-2-specific binding antibodies

IgM, IgA, and IgG) from the acute phase to the half-year follow-up

isit. In terms of the 6-month seropositivity rate, corticosteroid ther-

py accelerated the decay of N-, S-, and RBD-IgM and -IgA antibodies.

owever, the seropositivity rates of N-, S-, and RBD-IgG, and NAbs over

 half-year period were comparable between the corticosteroid group

nd non-corticosteroid group, as were the kinetics of NAbs during the

eclining period. 

We identified the peak time of the acute phase as a reference point to

ivide the post-infection period into two phases: the pre-peak phase and

he declining phase. A previous study did not observe a delay in the pri-

ary immune response with steroid therapy. 20 However, we observed

n impaired antibody titre escalation rate among COVID-19 survivors

reated with corticosteroids during the acute phase. The impaired rate

f antibody titre elevation may be attributed to impaired generation

nd function of dendritic cells in participants receiving corticosteroid

herapy. 21-23 Further investigation is required to fully elucidate the un-

erlying mechanism. Notably, however, the peak antibody titres were

ot significantly affected by corticosteroids, consistent with previous

esearch suggesting that individuals receiving corticosteroids can still

ount an adequate antibody response after vaccination. 24 Therefore,

e can conclude that corticosteroids weaken the mobilization time and

esponse speed of antibodies against SARS-CoV-2 without affecting the

ltimate peak and acute-phase response capacity ceiling. 
w  

53
In the decay phase (from the acute phase to half-year follow-up),

orticosteroids had an accelerated effect on decay of short-lived anti-

odies at 6 months. However, corticosteroids use did not significantly

ffect protective immunity within the first 6 months. This observa-

ion is consistent with previous research indicating that dexametha-

one does not lead to changes in the antibody response during the first

ew months among immunocompetent patients hospitalized with severe

OVID-19. 25 Furthermore, corticosteroids did not show a statistically

ignificant effect on viral clearance, although a trend was observed. This

nding is in line with previous research indicating that low-dose steroids

o not impede viral clearance in COVID-19. 25 , 26 In summary, the non-

ignificant results for virus clearance and antibody response comple-

ented each other, and the implementation of corticosteroids did not

arm long-term protective immunity in the convalescence phase. 

We acknowledge several limitations in this study, including a rel-

tively small number of participants in the LPV-RTV cohort. Despite

his, our current data consistently revealed a discernible trend in the

mpact of corticosteroids across different types of antibody, strongly

uggesting credibility regarding the corticosteroid effect. However, it

s important to emphasize that the estimated effect values derived from

he present small sample warrant cautious interpretation. Further stud-

es with larger sample sizes are necessary to validate and strengthen

hese findings. Moreover, the distribution of the population across dif-

erent subgroups exhibited heterogeneity. In the pre-peak phase, corti-

osteroids significantly impaired the AUCs of binding antibody and NAb

itres only in subgroups that included patients initiating therapy within

5 days after illness onset, those with a therapy duration of less than 7

ays (overlapping with the 15-day period after illness onset), and those

eceiving an accumulated corticosteroid dose of less than 560 mg. This

henomenon can be explained by the large proportion of the population

ith early timing of corticosteroid management, along with the rela-
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Fig. 4. Kinetics of neutralizing antibody titres influenced by the corticosteroid 

category compared with the non-corticosteroid group from acute infection to 

the half-year visit. Neutralizing antibody titres against the original SARS-CoV-2 

strain at peak immunity (peak titres during hospitalization) and at the half- 

year follow-up visit are shown. Bars in each column indicate medians, each 

dot indicates a single participant, and gray lines denote individual neutraliz- 

ing antibody titres between two time points. Figure shows titres change in the 

live-virus neutralizing antibody assay from acute infection to 6 months in the 

lopinavir–ritonavir (LPV-RTV) cohort. All assays were performed using the orig- 

inal SARS-CoV-2 strain. The results of neutralizing antibody titres are reported 

as logarithmic values. Acute = acute infection (hospitalization); 0.5 = 0.5 years af- 

ter SARS-CoV-2 infection; Control = non-corticosteroids; CORT = corticosteroids; 

≤ 15 d and > 15 d = initiation of corticosteroids from illness onset ≤ 15 days and 

> 15 days; < 7 d, 7–10 d, and > 10 d = duration of therapy of corticosteroids < 7 

days, 7–10 days, and > 10 days; ≤ 560 mg and > 560 mg = accumulated corticos- 

teroid dose ≤ 560 mg and > 560 mg. ELISA: Enzyme-linked immunosorbent 

assay; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2. 
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ionship between the early usage of corticosteroids and impaired AUC

alues. 

Knowledge of the specific antibody kinetics after infection can play

 crucial role in diagnosing and predicting disease progression. Subse-

uent subgroup analyses from the Recovery trial 27 revealed that patients

esting positive for COVID-19 antibodies upon hospital admission have

 better prognosis. Considering the global prevalence of COVID-19 for

ore than 3 years at the time of writing, it can be inferred that each

ountry has developed herd immunity to some degree, leading to the

bility to detect antibodies against SARS-CoV-2 in a substantial portion

f the population. Notably, however, detection of viral antibodies may

ot be possible among individuals with compromised immune systems.

herefore, the use of corticosteroids requires careful consideration of the

ros and cons in this subset of the population. There is a growing need

or randomized controlled clinical trials that specifically target this sub-

roup to determine the potential benefits. Additionally, the detection

f IgA, IgM, IgG, and NAbs against SARS-CoV-2 antigens could serve

s an alternative diagnostic tool with diminished sensitivity of reverse

ranscription-polymerase chain reaction (RT ‒PCR). Moreover, the anti-

ody profile has the potential to assist in serologic surveillance and serve

s a biomarker for evaluating the risk of reinfection. These insights have

mportant implications for clinical practice and public health strategies

n managing COVID-19 cases. Further investigation is warranted to fully

nderstand the implications of corticosteroid therapy in humoral immu-

ity and its long-term effects on COVID-19 survivors. 

In this study, we newly observed the divergent effects of corticos-

eroid therapy on the initiation of antibody responses during the acute

hase of SARS-CoV-2 infection and at 6 months. Specifically, corticos-

eroid therapy was associated with an impaired rate of mounting an an-

ibody response without influencing the maximum value. Importantly,

rotective immunity over the 6-month period following SARS-CoV-2 in-

ection was not affected by corticosteroids. These significant findings
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arrant validation in future studies and call for re-evaluation in patients

equiring short-term corticosteroid use. 
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