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A B S T R A C T

Objectives: Disease severity, previous medications and immunosuppressive agents could affect the
antibody response against SARS-CoV-2. This study aimed to analyze variables affecting the humoral
response to SARS-CoV-2.
Methods: This prospective cohort study included adult patients who recovered from COVID-19 and were
admitted to a COVID-19 follow-up unit. Eight patient groups were defined in accordance with the results
of thoracic computed tomography (CT), SARS-CoV-2 PCR test, and tocilizumab or anakinra use during
active disease. Anti-S IgG antibodies were determined by ELISA in serum samples. Anti-S positive and
negative cases were compared.
Results: A total of 518 patients were included in the study. SARS-CoV-2 IgG antibodies were positive in
82.8% of patients. SARS-CoV-2 PCR positivity, extent of lung involvement on CT, and time to antibody
testing were independently associated with antibody positivity. Tocilizumab, anakinra or prednisolone
use was not a factor affecting the antibody response. The rate of antibody response and sample/CO
values among antibody-positive patients showed a linear relationship with the extent of lung
involvement on CT.
Conclusions: The use of tocilizumab, anakinra and prednisolone for COVID-19 did not affect the antibody
response against SARS-CoV-2. The main driver of antibody response among patients with COVID-19 was
the extent of pulmonary involvement on CT.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

A protective immune response against SARS-CoV-2 requires
synchronized function of viral protein-specific CD4+ and CD8+ T
cells as well as B cells. COVID-19 patients with severe infection are
more likely to have asynchronous immune responses. Whether
having a synchronized or asynchronized immune response, the

vast majority of patients with PCR-confirmed SARS-CoV-2 infec-
tion produce antibodies against SARS-CoV-2 and those with the
most severe disease have higher titers of anti-SARS-CoV-2
antibodies compared with asymptomatic or mild cases (Rydyznski
Moderbacher et al., 2020; Wajnberg et al., 2020a, 2020b). However,
in addition to the severity of infection, many other factors –

including comorbidities, previous medication and current treat-
ments – could also affect the antibody response to SARS-CoV-2 in
COVID-19. After the publication of some observational studies
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showing beneficial effects of anti-cytokine treatments for COVID-
19, biologic agents blocking the activity of IL-6 and IL-1, such as
tocilizumab and anakinra, respectively, have been widely used to
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Table 1
Comparison of patients with and without a positive SARS-CoV-2 antibodies.

Characteristics Probable + confirmed COVID-19 cases
(n = 518)

p-Value Confirmed COVID-19 cases
(n = 311)

p-Value

Patients with
positive anti-SARS
CoV-2 IgG
(n = 429)

Patients with
negative anti-SARS
CoV-2 IgG
(n = 89)

Patients with
positive anti-SARS
CoV-2 IgG
(n = 280)

Patients with
negative anti-SARS
CoV-2 IgG
(n = 31)

Age, mean � SD 48.99 � 13.69 49.75 � 16.33 0.647a 48.15 � 14.44 43.32 � 12.21 0.047a

Gender, female, n (%) 184 (42.9) 43 (48.3) 0.348a 123 (43.9) 18 (58.1) 0.134a

Hypertension, n (%) 98 (22.8) 25 (28.1) 0.290 58 (20.7) 3 (9.7) 0.230
Diabetes mellitus, n (%) 73 (17.0) 16 (17.9) 0.827 44 (15.7) 2 (6.4) 0.282
Hypothyroidism, n (%) 23 (5.3) 6(6.7) 0.610 18 (6.4) 3 (9.7) 0.453
Rheumatological diseases, n (%) 21 (4.9) 8 (9.0) 0.282 13 (4.6) 2 (6.4) 0.814
Asthma, n (%) 19 (4.4) 6 (6.7) 0.354 14 (5.0) 2 (6.4) 0.666
Cancer, n (%) 15 (3.5) 3 (3.4) 1.000 9 (3.2) 1 (3.2) 1.000
Ischemic heart disease, n (%) 13 (3.0) 5 (5.6) 0.213 7 (2.5) 0 (0) 1.000
Chronic obstructive pulmonary disease, n (%) 9 (2.1) 3 (3.4) 0.442 5 (1.8) 0 (0) 1.000
Previous tuberculosis, n (%) 7 (1.6) 4 (4.5) 0.102 6 (2.1) 1 (3.2) 0.524
Solid organ transplantation, n (%) 4 (0.9) 6 (6.7) 0.003a 2 (0.7) 0 (0) 1.000
Congestive heart failure, n (%) 3 (0.7) 3 (3.4) 0.066 3 (1.1) 0 (0) 1.000
Chronic renal failure, n (%) 4 (0.9) 1 (1.1) 1.000 1 (0.4) 0 (0) 1.000
Previous medications

Immunosuppressivesb 14 (3.3) 8 (8.9) 0.015a 9 (3.2) 1 (3.2) 0.656
Clinical and laboratory findings on admission
for COVID-19
Body temperature, mean � SD 37.4 � 1.0 37.0 � 0.89 0.001a 37.4 � 0.7 36.9 � 07 0.014a

Peripheral arterial oxygen saturation (SpO2),
mean � SD

95.6 � 3.9 96.1 � 4.5 0.007 95.9 � 4.0 98.2 � 1.1 <0.001

Blood leucocyte count, /mm3, mean � SD 6211 � 5827 8904 � 4004 <0.001 5821 � 2280 8405 � 5179 0.001
Blood neutrophil count /mm3, mean � SD 3941 � 2105 6305 � 3978 <0.001a 3780 � 2011 5771 � 5575 0.032a

Blood lymphocyte count, /mm3, mean � SD 1396 � 651 1780 � 985 0.001a 1415 � 644 1742 � 815 0.073
Serum CRP level, mg/L, mean � SD 48.46 � 61.94 46.17 � 68.54 0.038a 45.29 � 65.53 13.56 � 28.92 <0.001a

Serum ferritin level, mg/dL, mean � SD 453.4 � 715.5 256.1 � 441.7 <0.001a 420.9 � 732.0 84.5 � 105.2 <0.001a

Serum D-dimer level, mg/dL, mean � SD 1012 � 1817 1060 � 1174 0.771 942 � 1635 768 � 964 0.064
Hospitalized for COVID-19, n (%) 282 (65.7) 46 (51.7) 0.012a 169 (60.4) 6 (19.4) <0.001a

Presence of pneumonia, n (%) 371 (86.5) 71 (79.8) 0.104 220 (78.6) 13 (41.9) <0.001a

Need for nasal O2 support, n (%) 144 (33.6) 16 (18.0) 0.010a 82 (29.3) 0 (0) 0.002a

Need for high-flow nasal oxygen, n (%) 25 (5.8) 5 (5.6) 0.728 15 (5.4) 0 (0) 0.347
Need for mechanical ventilation, n (%) 13 (3.0) 2 (2.2) 0.672 6 (2.1) 0 (0) 0.599
Need for intensive care unit support, n (%) 23 (5.4) 7 (7.9) 0.485 13 (4.6) 0 (0) 0.393

SARS-CoV-2 PCR positivity, n (%) 280 (65.3) 31 (34.8) <0.001a

Extent of lung involvement on thoracic CT, n (%) <0.001a <0.001a

None, n (%) 58 (13.5) 18 (20.2) 58 (20.7) 18 (58.1)
Mild, n (%) 112 (26.1) 50 (56.2) 73 (26.1) 12 (38.7)
Moderate, n (%) 138 (32.2) 15 (16.8) 79 (28.2) 1 (3.2)
Severe, n (%) 121 (28.2) 6 (6.7) 70 (25.0) 0 (0)

Patient groups <0.001 <0.001
Group 1, n (%) 77 (17.9) 3 (3.4) 45 (16.1) 0 (0)
Group 2, n (%) 38 (8.9) 0 (0) 38 (13.6) 0 (0)
Group 3, n (%) 66 (15.4) 1 (1.1) 66 (23.5) 1 (3.2)
Group 4, n (%) 26 (6.1) 5 (5.6) – –

Group 5, n (%) 52 (12.1) 12 (13.5) – –

Group 6, n (%) 73 (17.0) 12 (13.5) 73 (26.1) 12 (38.7)
Group 7, n (%) 39 (9.1) 38 (42.7) – –

Group 8, n (%) 58 (13.5) 18 (20.2) 58 (20.7) 18 (58.1)
Severe disease (either needing supplemental
oxygen or severe involvement on thoracic CT),
n (%)

176 (41.0) 16 (17.9) <0.001 99 (35.4) 0 (0) <0.001

Anti-SARS-CoV-2 treatments
Favipiravir � others, n (%) 138 (32.2) 20 (22.5) 0.070 94 (33.6) 2 (6.5) 0.001a

Hydroxychloroquine � others, n (%) 414 (96.5) 85 (95.5) 0.656 269 (96.1) 31 (100) 1.000
Tocilizumab or anakinra for COVID-19 0.006 0.120

Tocilizumab, n (%) 55 (12.8) 1 (1.1) 32 (11.4) 0 (0)
Anakinra, n (%) 10 (2.3) 1 (1.1) 7 (2.5) 0 (0)
Tocilizumab = anakinra, n (%) 12 (2.8) 1 (1.1) 6 (2.1) 0 (0)

Tocilizumab and/or anakinra for COVID-19, n (%) 77 (17.9) 3 (3.4) <0.001a 45 (16.1) 0 (0) 0.012a

Prednisolone for COVID-19, n (%) 21 (4.9) 0 (0) 0.034a 11 (3.9) 0 (0) 0.610
Convalescent plasma for COVID-19, n (%) 5 (1.2) 0 (0) 0.594 3 (1.1) 0 (0) 1.000
IVIG for COVID-19, n (%) 8 (0.7) 1 (1.1) 1.000 5 (1.8) 0 (0) 1.000
Time from hospital admission to antibody testing,
/mm3, mean � SD

86.90 � 43.44 62.15 � 37.20 <0.001a 80.84 � 42.41 77.64 � 42.29 0.712

Blood lymphocyte count at the antibody testing,
/mm3, mean � SD

2144 � 750 2053 � 588 0.484 2118 � 695 2154 � 533 0.601

Abbreviations: SARS CoV-2, severe acute respiratory syndrome coronavirus-2; IgG, immunoglobulin G; CT, computed tomography; PCR, polymerase chain reaction; COVID-
19, Coronavirus disease 2019; IVIG, intravenous immunoglobulin.

a Entered into multivariate analysis.
b Including prednisolones and/or monoclonal immunosuppressive antibodies and/or other immunosuppressives.
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treat COVID-19 patients who developed findings of cytokine storm
syndrome (Toniati et al., 2020). In addition, glucocorticoid
treatment has become a standard of care for severe COVID-19
patients after demonstration of the beneficial effect of dexameth-
asone on mortality (RECOVERY Collaborative Group et al., 2020).
All of these immunosuppressive treatments could affect the
antibody response against SARS-CoV-2 (Maeda et al., 2010; Roll
et al., 2011; Dinarello, 2009).

This study analyzed all potential factors that may affect the
antibody response to SARS- CoV-2 in a cohort of patients with
different levels of disease severity and SARS-CoV-2 PCR results. It
specifically aimed to investigate whether or not this response was
affected by tocilizumab, anakinra or prednisolone treatment.

Methods

Study design and population

This prospective cohort study included all consecutive adult
patients who: were diagnosed with probable orconfirmed COVID-19
at the current hospital, had recovered from the disease, were
admitted to a COVID-19 follow-up unit between June and September
2020, andfulfilledthebelowspecificgroup criteria.Thedefinitionsof
the World Health Organization for a COVID-19 case were used: A
patient who meets the appropriate clinical criteria: acute onset of
fever and cough, or acute onset of any three or more of the following
signs or symptoms: fever, cough, general weakness/fatigue, head-
ache, myalgia, sore throat, coryza, dyspnea, anorexia/nausea/
vomiting, diarrhea, and altered mental status; resides or has traveled
to an area with community transmission anytime within the 14 days
prior to symptom onset; and either with chest imaging showing
findings suggestive of COVID-19 disease and/or with a positive SARS-
CoV-2 PCR test result (World Health Organization (WHO, 2020). To
include all patients with different disease severity and microbiologic
result status, eight patient groups were defined in accordance with
the results of thoracic computed tomography (CT), SARS-CoV-2 PCR
test and use of tocilizumab or/and anakinra during the active phase
of COVID-19 disease before enrollment into the study: Group 1:
Patientstreatedwithat leastonedoseof tocilizumaband/oranakinra
for COVID-19; Group 2: Patients with a positive SARS-CoV-2 PCR test
and severe involvement on thoracic CT; Group 3: Patients with a
positive SARS-CoV-2 PCR test and moderate involvementon thoracic
CT;Group 4:PatientswithanegativeSARS-CoV-2PCRtest andsevere
involvement on thoracic CT; Group 5: Patients with a negative SARS-
CoV-2 PCR test and moderate involvement on thoracic CT; Group 6:
Patients with a positive SARS-CoV-2 PCR test and mild involvement
on thoracic CT; Group 7: Patients with a negative SARS-CoV-2 PCR
test and mild involvement on thoracic CT; Group 8: Patients with a
positive SARS-CoV-2 PCR test and no involvement on thoracic CT.

The extent of lung involvement on thoracic CT was graded as
absent, minimal (<25%), moderate (25–50%), and severe (>50%)
(Jalaber et al., 2020). Bilateral and multifocal ground-glass opacities
predominating in the peripheral sections of the lungs were defined
as specific CT features of COVID-19 pneumonia. Tocilizumab,
anakinra and prednisolone were used in cases of hyperinflammatory
response as follows: single or two 400 mg doses of tocilizumab,
anakinra with a daily dose ranging between 2 � 100 mg SC to 3 � 200
mg IV, and at least 80 mg/day prednisolone for 5 days.

Laboratory examination

Germany) using a national kit (Bioeksen the Co Ltd. R & D
Technologies, Turkey). The Anti-SARS-CoV-2 ELISA (IgG) kit
(Euroimmun, Germany) was used to detect IgG antibodies
developed against the S1 domain of the SARS-CoV-2 spike protein
in serum samples.

Data collection and outcomes

Physical examination was performed and blood samples were
drawn from patients after consent was obtained. The serum
samples were stored at �20 �C until antibody testing. The
epidemiological, clinical features and admission laboratory tests
and thoracic CT results were retrospectively obtained from the
online hospital database.

Statistical analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences (SPSS) 21.0 (SPSS Inc., Chicago, IL, USA).
Univariate analysis was performed using Chi-square, Fisher’s exact,
Student’s t-, and Mann–Whitney U tests, where appropriate. For
the multivariate logistic regression analysis, significant (with
p < 0.05) factors identified with univariate analysis were included
to the model to determine the independent predictors of SARS-
CoV-2 spike IgG antibody seroconversion. Colinear variables were
excluded, collinearity between predictors was tested by correlation
matrix. All factors included into the multivariate logistic regression
analysis are shown in Table 1. Hosmer-Lemeshow goodness-of-fit
statistics were used to assess the model fit. Kruskal-Wallis tests
were conducted to compare the non-normally distributed
parameters and ordinal variables between the groups, and the
level of pulmonary involvement on thoracic CT.

Results

A total of 518 patients (63.3% hospitalized, 36.7% outpatients)
were included in the study. The mean age of the patients was 49.2
years, and 56.2% were male. While 442 of patients had pneumonia
(85%), 76 had noncomplicated disease without pneumonia (15%);
192 of 518 patients (37%) were categorized as having severe disease
who either required oxygen support or had severe involvement on
thoracic CT. Nasopharyngeal SARS-CoV-2 PCR test was positive in
60% of the patients. The mean time from hospital admission to
antibody testing was 82 days, and 25, 50 and 75 percentiles of
testing time were 42, 76 and 125 days, respectively. SARS-CoV-2
IgG antibodies were positive in 82.8% of patients, the rate was 90%
and 72% among PCR positive and negative cases, respectively; and
94% of PCR-positive patients with no antibody response had either
no (52%) or minor (42%) involvement on thoracic CT. The
demographic, and clinical features of patients with and without
antibody response are shown in Table 1.

On univariate analysis the following were found to be related to
antibody positivity: solid organ transplantation (p = 0.003); use of
immunosuppressive drugs before COVID-19 diagnosis (p = 0.01);
presence of fever; low WBC, neutrophil and lymphocyte counts;
high CRP and ferritin levels on admission; need for oxygen support;
hospitalization; severity of involvement on thoracic CT; nasopha-
ryngeal SARS-CoV-2 PCR positivity; time from hospital admission
to antibody testing; tocilizumab, anakinra or prednisolone use for
COVID-19 (Table 1). On multivariate analysis, SARS-CoV-2 PCR
The laboratory diagnosis of COVID-19 was based on RT-qPCR
and anti-SARS-CoV-2 antibodies. Viral RNA extraction from
respiratory specimens was performed using a manual kit (Bio-
eksen the Co Ltd. R & D Technologies, Turkey). RT-qPCR process was
performed on a Rotor-Gene Q 5 Plex Real Time PCR device (Qiagen,
758
positivity and extent of involvement on thoracic CT and time from
hospital admission to antibody testing were found to be
independently associated with antibody positivity (Table 2).

The analysis of only the confirmed COVID-19 cases (with a
positive result of SARS-CoV-2 PCR test) showed that the following
were found as the factors associated with antibody response: older
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ge (p = 0.047); hospitalization (p < 0.001); presence of fever
p = 0.014) and pneumonia (p = 0.001); higher serum CRP
p < 0.001) and ferritin levels (p < 0.001); lower blood WBC
p = 0.001) and PNL counts (p = 0.032); moderate/severe lung
nvolvement on thoracic CT (p = 0.001); need for oxygen support
p = 0.002); use of favipiravir (p = 0.001) and tocilizumab and/or
nakinra (p = 0.012). Although serum D-dimer levels were found to
e higher, and blood lymphocyte counts were found to be lower
mong patients with a positive SARS-CoV-2 spike IgG, the
ifferences did not reach statistical significance (p = 0.064 and
 = 0.07, respectively) (Table 1). Moderate/severe lung involvement
n thoracic CT was also found to be an independent factor of SARS-
oV-2 spike antibody positivity among confirmed cases (OR 10.95,
5% CI 1.20–99.81, p = 0.034) (Table 2).
Both the rate of antibody response and sample/cut-off (S/CO)

alues among antibody-positive patients showed a linear relation-
hip between the extent of lung involvement on thoracic CT
Figure 1) and both were significantly different between the groups
p < 0.05). The S/CO levels were found to be 2.21,1.69 and 1.16 times
igher in patients with severe, mild and moderate involvement
ompared with no lung involvement, respectively. Groups includ-
ng severe COVID-19 cases (Groups 1–3) showed significantly
igher titer responses compared with the groups including milder
ases (Groups 5–8) (p < 0.001). The antibody concentrations
mong patients with positive antibody results (429 patients) were
ignificantly higher in patients who were treated with either
ocilizumab, anakinra or prednisolone (p < 0.05). However, the
/CO levels of those patients were found to be similar with the S/CO
evels of patients with severe disease (p > 0.05) (Table 3).

iscussion

This study evaluated the factors affecting antibody responses
gainst SARS-CoV-2 in a cohort of COVID-19 patients with different
evels of severity and PCR test results, and with and without
ocilizumab and/or anakinra and/or prednisolone treatment. It

found that antibody response was independently associated with
the level of lung involvement on thoracic CT. A total of 95%, 90% and
69% of patients with severe, moderate and mild lung involvement,
respectively, were positive for SARS-CoV-2 antibody. The S/CO
level was found to be 2.21, 1.69 and 1.16 times higher in patients
with severe, mild and moderate CT involvement than in those with
no involvement, respectively. When the analysis was limited to
only confirmed cases, moderate/severe lung involvement on
thoracic CT was found to be an independent factor affecting the
antibody seroconversion. The extent of involvement on thoracic CT
was shown to be directly correlated with disease severity in
COVID-19 in previous studies (Feng et al., 2020). There are also
studies showing the correlations between the severity of infection
and either involvement of lung on thoracic CT or antibody
responses to SARS-CoV-2 (Chen et al., 2020). The decrease in
the number of CD4+ T cells and the increase in IL-6 levels were
reported to be correlated with the volume of lung lesions in
critically ill COVID-19 patients in one study (He et al., 2020).
However, we found no other study showing a direct relationship
between the extent of lung involvement on thoracic CT and the rate
and level of antibody response. Therefore, based on the findings of
the current study, antibody responses and levels could be
predicted from the level of lung involvement on thoracic CT, even
in patients without a positive PCR test.

It was also found that the antibody response rate was higher in
patients who were treated with either tocilizumab, anakinra or
prednisolone compared with patients who were not administered
these drugs on univariate analysis. However, the use of those
anticytokines and prednisolone for the treatment of COVID-19
were not found to be independent factors affecting the antibody
response rate. There could be so many reasons why this study
failed to obtain less SARS-CoV-2 antibody seroconversion in
COVID-19 patients who were treated with drugs affecting the
immune system. First of all, it is well known that the potential
adverse effects of immunosuppressive or immunomodulatory
agents are related to both the average dose and the cumulative
duration of use (Slade and Hepburn, 1983). In the case of COVID-19,
those drugs were used for no more than 1 week or a maximum of 2
weeks; this could be one of the reasons why no adverse effect of
those drugs on antibody response to SARS-CoV-2 was found. The
finding of lower antibody response among COVID-19 patients who
were on long-term immunosuppressive drugs also supports that
idea.

IL-6 works as a B cell differentiation factor, which induces
activated B cells to produce immunoglobulin (Muraguchi et al.,
1988). A T cell-dependent antibody response against virus
infection was found to be impaired in IL-6-deficient mice (Kopf
et al., 1994). The current study found that tocilizumab, an IL-6

able 2
ultivariate analysis of factors affecting SARS-CoV-2 spike antibody response.

Characteristics Probable + confirmed COVID-19 cases (n = 518) Confirmed COVID-19 cases (n = 311)

p-Value OR 95% CI p-Value OR 95% CI

SARS-CoV-2 PCR test positivity <0.001 5.639 2.806–11.331 NA NA NA
Moderate/severe lung involvement on thoracic CT <0.001 8.193 3.824–17.552 0.034 10.95 1.20–99. 81
Time from hospital admission to antibody testing, /mm3, mean � SD <0.001 1.015 1.007–1.023 – – –

Previous immunosuppressive drug usage 0.027 0.213 0.054–0.835 – – –

bbreviations; SARS CoV-2, severe acute respiratory syndrome coronavirus-2; PCR, polymerase chain reaction; CT, computed tomography.
igure 1. Distribution of sample/cut-off ratios of patients according to lung
volvement on thoracic CT.

75
receptor blocker, did not affect the antibody response in patients
with COVID-19. Another study also reported that tocilizumab did
not impair the viral-specific antibody responses in COVID-19
(Masiá et al., 2020). The antibody response to influenza vaccine in
rheumatoid arthritis patients was not hampered by tocilizumab
(Mori et al., 2012). IL-1 could affect the antibody response as a
9
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result of its effects on T cells and IL-6 production (Dinarello, 2009).
However, the current study found that either anakinra alone or
combined with tocilizumab did not affect antibody responses in
patients with COVID-19. It found no other study evaluating the
effect of anakinra on antibody response in COVID-19 patients. In
one study, anakinra showed no significant difference in anti-
pneumococcal antibody responses (Quartier et al., 2011). One
explanation of the current results may be that hyperactivation of
both innate and acquired immunity develops because of continu-
ous and high-level pathogen and danger-associated molecular
pattern signals in severe COVID-19, and targeting only IL-1 or IL-6
inhibitors could not be adequate enough to control or suppress
dysregulated immune responses including humoral response. The
failure of recent randomized clinical trials of tocilizumab for
treating patients with severe COVID-19 (Stone et al., 2020) and
the positive effect of personalized treatment decisions on early
mortality in COVID-19 patients (Garcia-Vidal et al., 2020) also
support that idea. This was also the case in previous sepsis trials:
based on the assumption that sepsis mortality was driven by
excessive inflammation, many trials have been performed with a
variety of anti-inflammatory agents and none of them have
shown benefit, strongly suggesting that inhibition of specific
components of the inflammatory response does not improve
survival in all-comers with sepsis and selected based on severity

strategy will control all parts of the dysregulated immune system
(Van der Poll and Wiersinga, 2020). Another explanation may be
that tocilizumab and/or anakinra are not specifically targeting B
cells; antibody production may not simply depend on IL-1 or IL-6.
IL-6 was not required for influenza virus-specific antibody
responses by tonsillar mononuclear cells in an in vitro study
(Costelloe et al., 1993). Lastly, an inflammatory environment in
severe patients with cytokine storm results in exhaustion of
lymphocytes and lymphopenia, and improvement of inflammato-
ry status may be associated with better immune functions against
SARS-CoV-2, both in humoral and cellular immunity (Riva et al.,
2020).

Although glucocorticoids cause no significant acute changes in
B cells (Olnes et al., 2016), the number of circulating B lymphocytes
and levels of IgG may be reduced with short-term glucocorticoid
administration (Slade and Hepburn, 1983). In the current study,
prednisolone used for COVID-19 treatment was not found to be
associated with the antibody response. In another study, hospital-
ized COVID-19 patients received corticosteroids and/or tocilizu-
mab; no detrimental effect was found on antibody responses.
Although differences in antibody response favored patients
receiving corticosteroids, such differences vanished after adjust-
ment (Masiá et al., 2021). It was same in the current study, where
patients treated with either tocilizumab, anakinra or prednisolone

Table 3
Comparison of antibody levels among patients with a positive antibody result and severe disease.

Feature (n) S/CO level (median � SD) p-Value

Patients with a positive SARS-CoV-2 antibody result (n = 429)
Need for oxygen support No (285) 5.55 � 2.82 <0.001

Yes (144) 8.40 � 2.77
SARS-CoV-2 PCR test positivity No (149) 6.71 � 3.04 0.388

Yes (280) 6.44 � 3.15
Level of lung involvement on thoracic CT None (58) 3.82 � 2.14 <0.001

Mild (112) 4.99 � 2.94
Moderate (138) 7.26 � 2.50
Severe (121) 8.44 � 2.67

Patient treated with either tocilizumab or anakinra No (352) 6.15 � 3.12 <0.001
Yes (77) 8.30 � 2.39

Patient treated with tocilizumab + anakinra No (417) 6.57 � 3.11 0.171
Yes (12) 7.76 � 3.12

Patient treated with tocilizumab No (374) 6.24 � 3.11 <0.001
Yes (55) 8.55 � 2.26

Patient treated with anakinra No (419) 6.51 � 3.73 0.145
Yes (10) 7.71 � 1.63

Patient treated with corticosteroid for COVID-19 No (405) 6.39 � 3.08 0.001
Patient treated with corticosteroid Yes (21) 8.73 � 2.77
before COVID-19 diagnosis No (416) 6.52 � 3.09 0.553

Yes (10) 5.97 � 3.66
Patients with a positive SARS-CoV-2 antibody result and severe disease (n = 176)
Patient treated with either tocilizumab or anakinra No (104) 8.22 � 2.88 0.644

Yes (72) 8.44 � 2.33
Patient treated with tocilizumab No (123) 8.18 � 2.82 0.473

Yes (53) 8.60 � 2.28
Patient treated with anakinra No (168) 8.33 � 2.71 0.733

Yes (8) 7.99 � 1.53
Patient treated with tocilizumab + anakinra No (165) 8.33 � 2.65 0.898

Yes (11) 7.99 � 3.05
Patient treated with corticosteroid for COVID-19 No (156) 8.18 � 2.66 0.223

Yes (19) 9.19 � 2.49
Patient treated with corticosteroid before COVID-19 diagnosis No (170) 8.38 � 2.59 0.032

Yes (5) 5.04 � 3.12

Abbreviations: SARS CoV-2, severe acute respiratory syndrome coronavirus-2; PCR, polymerase chain reaction; CT, computed tomography; COVID-19, Coronavirus disease
2019.
of disease. The key to success of either anti-inflammatory or
immunostimulatory type of immunomodulation is to identify the
patients who may benefit from a particular intervention.
Considering the complexity of the host response during COVID-
19 and the diversity of pathophysiologic mechanisms at play, it is
unlikely that the current “one-target” and “one-size-fits-all”
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had higher antibody responses than those who did not take these
medications, but none were found to be an independent factor for
antibody response on multivariate analysis. As a result, it may be
concluded that tocilizumab, anakinra and prednisolone, even in
combination, do not negatively impact the humoral immune
response against SARS-CoV-2.
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The current study found that seroconversion in COVID-19 cases
as related to the duration between hospital admission and
ntibody testing (OR 1.02; 95% CI 1.01–1.03; p < 0.001). It was
hown that SARS-CoV-2 IgG antibodies develop over a period of
–50 days from symptom onset, with a median of 24 days
Wajnberg et al., 2020a). Although the mean time from hospital
dmission to antibody testing was 82 days in the current study,
ntibody testing was performed before 42 days in 25% of the
atients, and as a result some of them could not produce adequate
ntibodies in a given time. As 76% of the patients with a negative
ntibody response had mild disease, either with no involvement or
ild involvement on thoracic CT, another explanation of time
ependence of seroconversion could be the longer duration of
ntibody response among asymptomatic and mild cases. It was also
hownthatseroconversioninmild COVID-19 casesmighttakelonger
ime to rise (Wajnberg et al., 2020a, 2020b). Another explanation for
his could be due to a mild and transient response; antibodies
ecome negative in a short time among mild or asymptomatic cases
Poland et al., 2020). In the convalescent phase, IgG titres in
ymptomatic individuals were found to remain significantly higher
han those in asymptomatic individuals (Adams et al., 2020).
otably, in one study, IgG titers declined during the convalescent
hase in both symptomatic and asymptomatic individuals, with 13%
nd 40% of symptomatic and asymptomatic individuals becoming
gG seronegative within 2–3 months following infection (Long et al.,
020). Finally, some of the current patients might not have had
OVID-19 at all, as the rate of antibody positivity was found to be 72%
ithout PCR positivity. However, 31 of 89 antibody negative patients
ere confirmed COVID-19 cases with a positive PCR test. The current
nalysis of the only confirmed COVID-19 cases showed that the time
rom hospital admission to antibody testing was not found to be a
actor affecting the antibody response. This could be related to the
ery early sampling and false negativity of PCR testing among PCR-
egative cases, which could be the result of delayed antibody
esponses among those cases. As it was not planned to assess the
inetics of the antibody response, a final comment on this issue
annot be made.
This study had some limitations. Although it prospectively

ncluded patients during the convalescent phase, the clinical and
aboratory data of active COVID-19 were retrospectively obtained
rom the hospital database; as a result, it could not get some of the
ata, including the duration of symptoms, total duration of
rednisolone use, and the time from the symptoms to thoracic
T evaluation. As SARS-CoV-2 RNA PCR was negative in 40% of the
atients, some of them might not have had COVID-19 at all. The
horacic CT results were included for analysis, and 72% of patients
ith a negative PCR test had a positive antibody test result, which
howed that selection of patients was appropriate.
This study had some strengths. It analyzed factors affecting

ntibody response in a large number of patients with different
isease severity and PCR result status. For the first time, it showed

 direct association between antibody response rate and S/CO ratio
nd extent of lung involvement on CT. It also showed that anakinra
reatment does not affect the antibody response in patients with
evere COVID-19.

onclusion

Although tocilizumab, anakinra and prednisolones have some

a result, the antibody response to SARS-CoV-2 and levels of it could
be predicted by thoracic CT.
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