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ABSTRACT
Purpose of the study The aim of this study was to 
investigate the relationship of B cell- mediated immunity 
with disease severity and mortality in patients with 
COVID- 19.
Study design In this retrospective cohort and single- 
centre study, 208 patients with laboratory- confirmed 
COVID- 19 were recruited. A COVID- 19 severity score, 
ranging from 0 to 10, was used to evaluate associations 
between various factors. Serum immunoglobulin levels 
and the number of cells in B lymphocyte subsets were 
measured and their association with disease severity and 
mortality in patients with COVID- 19 examined.
Results The median age of the patients was 50 
(35–63) years and 88 (42%) were female. The number 
of deceased patients was 17. The median COVID- 19 
severity score was 8 (6–8) in deceased patients and 1 
(0–2) in survivors. Deceased patients had significantly 
lower levels of total B lymphocytes, naive B cells, 
switched memory B cells, and serum IgA, IgG, IgG1 and 
IgG2 than recovered patients (all p<0.05). In addition, 
a significant negative correlation was found between 
the number of these parameters and COVID- 19 severity 
scores. Decrease in the number of total B cells and 
switched memory B cells as well as lower serum IgA, 
IgG and IgG1 levels were independent risk factors for 
mortality in patients with COVID- 19.
Conclusion In the present study, the prognosis of 
patients with COVID- 19 was shown to be associated 
with the B cell subset and serum immunoglobulin levels.

INTRODUCTION
The unprecedented COVID- 19 pandemic, which 
has affected the entire world for more than 1 year, 
has caused over 160 million confirmed cases and 
over 3 million deaths.1 The causative agent of the 
disease is a novel single- stranded RNA coronavirus 
(SARS- CoV- 2) that humans have not previously 
encountered. The clinical expression of COVID- 19 
may vary from an asymptomatic form to a severe 
disease with acute respiratory distress syndrome, 
multiorgan failure and death.2 This variable clinical 
spectrum of COVID- 19 severity indicates that host 
immune responses to SARS- CoV- 2 play an essen-
tial role in determining the clinical course after 
initial infection.3 Similar to T and Natural Killer 
(NK) cells, B cells are critical in the clearance of 

cytopathic viruses and development of the memory 
response that prevents reinfections.4 Memory B 
cells respond rapidly to reinfections by inducing 
the growth of plasma cells. Long- term protection 
against infections is provided by plasma cells and 
memory B cells. After elimination of infectious 
agents, plasma cells continue antibody secretion 
and cause serological memory.5 Antibodies have 
an essential role in the immune response to viruses 
and there is a predisposition to viral infections in 
antibody- deficient diseases such as common vari-
able immunodeficiency (CVID).6 Although not 
all viral agents cause serious infections, viruses 
such as enteroviruses and cytomegalovirus (CMV) 
reportedly increase morbidity and mortality rates 
in patients with CVID and X linked agammaglob-
ulinaemia (Bruton’s disease).7 The changes in host 
immune cells can vary based on different viral 
infection types and viral pathogenic mechanisms.8 
However, the roles of B cells and antibodies in 
response to SARS- CoV- 2 infection have not been 
clarified.

In the present study, the relationship between 
COVID- 19 disease severity and B cell subsets and 
serum immunoglobulin levels was examined. In 
addition, humoral immunity status and its associa-
tion with severity of COVID- 19 were characterised.

METHODS
Study design
This retrospective cohort study was conducted at 
the Necmettin Erbakan University Meram Faculty 
of Medicine Hospital. Among patients hospital-
ised for COVID- 19 confirmed by the laboratory 
between March and November 2020, those who 
met the following inclusion criteria were included 
in the study: over 18 years of age and laboratory 
analyses of immunoglobulin levels and number of 
cells in B lymphocyte subsets performed within 
72 hours after admission. The exclusion criteria 
were the following: use of drugs (corticosteroids, 
anticonvulsants, ciclosporin, anti- B cell therapies, 
eg, rituximab, ofatumumab, alemtuzumab) and 
other immunosuppressive treatments or presence 
of a disease (an immune deficiency, coeliac disease, 
inflammatory bowel disease, a malignancy or an 
autoimmune disease) at the time of COVID- 19 
diagnosis that might affect serum immunoglobulin 
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and B lymphocyte subset levels; use of drugs or a history of 
disease that may affect international normalised ratio (INR) 
levels; presence of chronic kidney disease; and use of drugs or 
a history of cardiac disease that may affect mean arterial pres-
sure levels. A total of 297 patients were enrolled based on the 
inclusion criteria and 89 were excluded for reasons shown in 
figure 1. Consequently, 208 patients with confirmed COVID- 19 
were finally enrolled in the study.

Data collection
Patient age, gender, medical history and laboratory values from 
electronic medical records were collected. A COVID- 19 severity 
score ranging from 0 to 10, consisting of age, oxygen satura-
tion, mean arterial pressure, blood urea nitrogen, C reactive 
protein and INR for disease severity of patients, was used for 
comparison (table 1). The COVID- 19 total score was classified 

as low (0–3), moderate (4–6) and high (7–10).9 The relation-
ship between COVID- 19 severity scores and the number of B 
lymphocyte subsets and serum immunoglobulin levels (IgG, IgA, 
IgM, IgG1, IgG2, IgG3 and IgG4) in patients with COVID- 19 
was investigated. In addition, the association of B lymphocyte 
subsets and immunoglobulin levels with mortality in patients 
with COVID- 19 was evaluated.

SARS-CoV-2 RNA detection
SARS- CoV- 2 RNA was detected using reverse transcription- PCR; 
nasopharyngeal and oropharyngeal swabs were combined. 
RNA was isolated using the vNAT solution (Bioeksen, Istanbul, 
Turkey). The Rotor- Gene Q (Qiagen, Antwerp, Belgium) instru-
ment and Bio- Speedy SARS- CoV- 2 RT- qPCR Kit (Bioeksen) 
were used in all tests. Data were analysed using Rotor- Gene Q 
software.

Serum immunoglobulin measurements
Serum immunoglobulin levels were determined using nephelo-
metric methods (Siemens BNII System, Erlangen, Germany).

Flow cytometric analysis
EDTA- anticoagulated peripheral blood samples (2 mL) were 
collected from all patients before initial treatment. All samples 
were tested within 6 hours of collection. B cell subset counts 
(cells/μL) were measured via multiple- colour flow cytometry. 
Staining was performed using the following antibodies: human 
monoclonal anti- CD27- phycoerythrin (BD Biosciences, Erem-
bodegem, Belgium), anti- CD19- allophycocyanin (BD Biosci-
ences) and anti- IgD- fluorescein isothiocyanate (BD Biosciences) 
according to the manufacturer’s instructions. Cells were anal-
ysed on a BD FACS Canto II Flow Cytometry System (BD Biosci-
ences). The B cell subsets were defined as follows: naive B cells 
(CD19+ IgD+ CD27−), non- switched memory B cells (CD19+ 
CD27+ IgD+) or switched memory B cells (CD19+ CD27+ 
IgD−). The absolute number of cells was calculated by multi-
plying the relative proportion of a particular B cell population 
with the absolute number of lymphocytes obtained based on an 
automatically analysed differential white cell count (Mindray 
BC- 6200 Auto Hematology Analyzer; Nanshan, Shenzhen, 
China) performed on the same day.

Statistical analysis
Continuous variables are presented as median with IQR and 
categorical variables as numbers and percentages in each cate-
gory. Mann- Whitney U test was used to evaluate continuous 
data, and χ2 test was used to evaluate categorical data when 
comparing the death and recovery of patients with COVID- 19. 
Spearman’s correlation test was used to assess the association 
between B lymphocyte subset counts, serum immunoglobulin 
levels and COVID- 19 severity scores. Univariate and multivar-
iate logistic regression analyses were used to identify risk factors 
for mortality in patients with COVID- 19. All variables with p 
values <0.1 on univariate analysis were entered into forward, 
stepwise multivariate logistic regression analysis. The SPSS 
statistical package (V.22.0) and GraphPad Prism statistical soft-
ware (V.8.0; GraphPad Software, San Diego, California, USA) 
were used for all analyses. P<0.05 was considered statistically 
significant.

229977     patients with confirmed 
diagnosis of COVID-19 were included 

8899    patients were excluded                   

3388        patients had conditions that  could affect              
their B-cell mediated immunity (use of drugs: 
corticosteroids, anticonvulsants, anti-B cell 
therapies etc.  and/or  the presence of a disease:  
immune deficiency, malignancy,  autoimmune  
disease etc.) ;                                                     
5511       patients had conditions that could affect their 
COVID-19 severity score components ( oxygen 
saturation, mean arterial pressure, blood urea 
nitrogen, C-reactive protein and international 
normalized ratio (INR).)  

220088   COVID-19 patients were finally 
enrolled in the study 

1177    deceased       patients  119911    recovered       patients  

Figure 1 Flow chart of patient screening. The inclusion and exclusion 
criteria were strictly applied throughout the screening.

Table 1 COVID- 19 severity score factors to predict inpatient 
mortality

COVID- 19 severity score factors Score assigned

Age (years)

  ≥60 1

  ≥70 2

  ≥80 3

Oxygen saturation

  <94% 1

Mean arterial pressure (mm Hg)

  ≤80 1

  ≤70 2

  ≤60 3

Blood urea nitrogen

  >30 mg/dL 1

C reactive protein

  >10 mg/L 1

International normalised ratio

  >1.2 1

Total score 10
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RESULTS
Clinical and laboratory features of patients
A total of 208 patients with COVID- 19 were included in the 
present study. The median age was 50 years (IQR, 35–63 years) 
and 88 (42%) were female. Between- gender difference in 
COVID- 19- related mortality was not observed (p=0.541). The 
number of deceased patients was 17 and the number of survivors 
was 191. The median COVID- 19 severity score was 8 (6–8) in 
deceased patients and 1 (0–2) in survivors. Among the deceased 
patients, 23.5% (n=4) had moderate (4–6) and 76.5% (n=13) 
high (7–10) COVID- 19 severity scores. The clinical and labora-
tory findings of deceased patients and survivors are summarised 
in table 2.

Comparison of B cell indicators between deceased and 
recovered patients with COVID-19
Deceased patients had significantly lower levels of CD19+ total 
B lymphocytes (p=0.002), CD27− IgD+ naive B cells (p<0.001) 
and CD27+ IgD− switched memory B cells (p<0.001) than 
recovered patients. Significant differences in the number of 
CD27+ IgD+ non- switched memory B cells were not observed 
between groups (p=0.130). Serum IgA, IgG, IgG1 and IgG2 
levels were significantly lower in deceased patients than in 
recovered patients (p=0.020, p=0.018, p=0.021 and p=0.006, 
respectively). Between- group IgM, IgG3 or IgG4 differences were 
not observed (p=0.078, p=0.360 and p=0.220, respectively; 
figure 2).

Correlation analysis between COVID-19 severity scores and B 
cell indicators
The number of CD19+ total B lymphocytes (p=0.003), CD27− 
IgD+ naive B cells (p=0.033) and CD27+ IgD− switched 
memory B cells (p=0.030) and serum levels of IgA (p=0.041), 
IgG (p=0.004), IgG1 (p=0.003) and IgG2 (p=0.016) were nega-
tively correlated with COVID- 19 severity scores. The number of 

CD27+ IgD+ non- switched memory B cells and IgM, IgG3 and 
IgG4 levels were not correlated (p=0.106, p=0.246, p=0.248 
and p=0.605, respectively; figure 3).

B cell factors associated with mortality in patients with 
COVID-19
Lower numbers of CD19+ total B lymphocytes, CD27− IgD+ 
naive B cells and CD27+ IgD− switched memory B cells and 
lower serum IgA, IgG, IgG1 and IgG2 levels were risk factors 
for mortality based on univariate regression analysis. All vari-
ables with p values <0.1 on univariate analysis were entered into 
forward, stepwise multivariate logistic regression analysis, which 
showed that lower numbers of CD19+ total B lymphocytes 
(OR=6.136, 95% CI 2.108 to 23.094, p=0.012) and CD27+ 
IgD− switched memory B cells (OR=4.832, 95% CI 1.454 to 
17.022, p=0.023), lower IgA levels (OR=3.528, 95% CI 1.316 
to 12.044, p=0.028), lower IgG levels (OR=5.214, 95% CI 
1.608 to 18.292, p=0.021) and lower IgG1 levels (OR=7.618, 
95% CI 1.922 to 28.438, p=0.016) were risk factors for 
mortality in patients with COVID- 19 (table 3).

DISCUSSION
In the present study, both decreased numbers of total B cells 
and switched memory B cells were independent risk factors 
for mortality in patients with COVID- 19. Furthermore, lower 
serum IgA, IgG and IgG1 levels were independent risk factors 
for mortality in patients with COVID- 19. In addition, 76.5% of 
deceased patients had a high COVID- 19 severity score (≥7). A 
significant negative correlation was observed between number of 
total B cells, naive B cells and switched memory B cells, serum 
IgA, IgG, IgG1 and IgG2 levels, and COVID- 19 severity scores.

Both T cells and B cells have essential roles in the clearance 
of viral infections. The effector function of T cell subsets is 
determined by chemokines and cytokines secreted from antigen- 
presenting cells. Concomitantly, the protective function of the 

Table 2 Baseline characteristics of deceased and recovered patients with COVID- 19

Baseline characteristics Normal range Deceased patients (n=17) Recovered patients (n=191) P value*

Gender, n (%) 0.541†

  Female 6 (35.3) 82 (42.9)

  Male 11 (64.7) 109 (57.1)

Age (years)   69 (63–72) 48 (36–62) <0.001

WCC (109/L) 4–10 8.8 (5.6–13.8) 5.6 (4.6–7.4) 0.011

NEU count (103/µL) 1.5–7.3 6.1 (4.1–11.2) 3.6 (2.4–5.1) 0.001

PLT count (109/L) 150–400 183 (140–290) 207 (158–260) 0.693

LYM count (103/µL) 1–4.8 0.65 (0.49–1.19) 1.4 (1–1.9) <0.001

AST (U/L) 15–40 31 (23–97) 22 (17–33) 0.045

ALT (U/L) 10–45 29 (19–43) 21 (15–34) 0.292

Creatinine (mg/dL) 0.7–1.2 1.7 (1.3–1.9) 0.9 (0.7–1.1) <0.001

BUN (mg/dL) 8–29 34 (27–38) 11 (9–17) <0.001

D- dimer (ng/mL) 0–243 820 (481–1176) 156 (44–468) <0.001

Ferritin (ng/mL) 30–250 460 (187–674) 312 (78–496) 0.021

ESR (mm/1 hour) 0–20 55 (39–84) 38 (17–63) 0.016

CRP (mg/L) 0–10 128 (83–186) 26 (5–62) <0.001

SO2 (%) 94–99 88 (83–89) 95 (94–97) <0.001

MAP (mm Hg) 81–100 68 (60–71) 90 (86–94) <0.001

INR 0.8–1.2 1.4 (1–1.6) 1.1 (0.9–1.2) 0.028

*Mann- Whitney U test (data are shown as median with IQR).
†χ2 test (data are shown as number and percentage).
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; INR, international 
normalised ratio; LYM, lymphocytes; MAP, mean arterial pressure; NEU, neutrophils; PLT, platelets; SO2, oxygen saturation; WCC, white cell count.
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humoral immune response with regard to controlling infection 
is mainly focused on causing plasma cells to produce neutralising 
antibodies.10 IgM is the first antibody to appear in the humoral 

immune response and can be detected 3 days after acute infec-
tion. Subsequently, high- affinity IgG responses develop and 
mediate long- term memory against the virus.11 After infection 

Figure 2 Comparison of COVID- 19 severity scores, serum immunoglobulin levels and B lymphocyte subset counts between recovered and deceased 
patients with COVID- 19. ***P<0.001, **P<0.01, *P<0.05; ns, non- significant.

Figure 3 Correlation between serum immunoglobulin levels, number of B lymphocyte subsets and COVID- 19 severity scores. Solid line: fitted curve; 
dashed line: 95% CI of the fitted curve.
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recovery, plasma cells continue to secrete antibodies, which have 
serological memory. Memory B cells formed during the initial 
infection can rapidly respond to recurrent infections by forming 
high- affinity plasma cells. Long- term protection is achieved via 
stimulation of long- lived plasma cells and memory B cells.12 
Virus- specific memory B and T cells are the main components of 
protective immune memory.13 The antiviral activities of memory 
B cells have been demonstrated in experimental animal studies. 
Mice that failed to develop an adaptive immune response were 
exposed to CMV. Memory B cells taken from immunised animals 
were transferred to T and B cell- deficient mice. The virus- 
specific IgG response developed within 4–7 days of transferring 
memory B cells in CMV- infected mice. In addition, a significant 
decrease in viral titres and DNA copies of CMV was detected in 
many organs. All mice that received memory B cells were perma-
nently protected from death due to CMV infection compared 
with mice that did not receive memory B cells.14

In previous studies, SARS- CoV- 2- specific memory B cells were 
shown to emerge within a month of infection.15 16 In addition, 
baseline levels of switched memory B cells have been associated 
with shorter symptom duration in patients with COVID- 19. 
These data indicate that a protective memory response occurs 
prior to the formation of memory B cells in at least some patients 
with COVID- 19.17 Possibly, memory B cells identified in some 
individuals were produced in response to previous coronavirus 
infections. As a group, coronaviruses are likely to generate 
cross- reactive B and T cell responses.18 In addition, during the 
primary infection, T cells assist the differentiation of B cells in 
the germinal centre and mediate a larger pool of memory B cells. 
However, patients whose B cells received insufficient T cell help 
may have poor germinal centre reactions, fewer antigen- specific 
antibodies and a longer symptomatic disease period. The effects 
of T cells on the germinal centre may affect the B cell response 
to SARS- CoV- 2. In severe COVID- 19 cases, serious impairments 
in germinal centre formation have been observed due to defects 
in T cell functions.17 19

In severe SARS- CoV- 2 infection, T cell and B cell lympho-
paenia may be observed due to viral- induced immunosup-
pression or direct cytopathic effects of the virus. In addition, 
immunoglobulin deficiency may be common in patients with 
COVID- 19 with a severe clinical course. Furthermore, patients 
with COVID- 19 with IgG deficiency reportedly had a worse 
clinical course than patients with normal IgG levels.20 21 In a 
previous study in which the kinetics of antibody response and 
the association with prognosis in patients with COVID- 19 were 

investigated, the level of IgG against SARS- CoV- 2 spike surface 
glycoprotein (S- IgG) was lower in intensive care patients than in 
other patients.22 Antibodies may show antiviral activity by direct 
antimicrobial effects such as viral neutralisation and antibody- 
dependent cellular cytotoxicity or by modulation of the inflam-
matory response.23 CVID, where impaired B cell differentiation 
and defects in immunoglobulin production are the main presen-
tation, is the most common form of symptomatic primary 
immunodeficiency.24 Patients with CVID are susceptible to 
rhinovirus, norovirus and herpesvirus infections. Similar results 
were obtained in a previous study describing the clinical findings 
of patients with primary antibody deficiency and COVID- 19. 
High fever and dyspnoea were detected in all five patients with 
CVID included in the study. Three of the patients with CVID 
were admitted to intensive care and one died.6 In a multicentre 
study on this subject, 9 of 94 patients with primary immunode-
ficiency and COVID- 19 died. Among the deceased patients, six 
had a diagnosis of primary antibody deficiency (four CVID, one 
isolated IgG deficiency, one IgA and IgG2 deficiency). Among 
these patients, most of those admitted to the intensive care unit 
were subjects with primary antibody deficiency. In the present 
study, parallel results were obtained with previous studies in 
which the importance of B lymphocytes and antibodies in 
immune response against SARS- CoV- 2 was demonstrated.

Intravenous immunoglobulin (IVIG) treatment administered 
to patients with COVID- 19 may have positive effects on fever 
and other symptoms as well as lymphopaenia. In addition, the 
immunomodulatory effect of IVIG treatment on most inflam-
matory cells such as monocytes has been reported, and pooling 
plasma from thousands of donors could potentially contain anti-
bodies against other coronavirus strains that are cross- reactive 
with SARS- CoV- 2.3 Immunoglobulins are the most important 
elements of the humoral immune response and IgG is the most 
abundant in serum. IgG is divided into four subclasses based 
on molecular structure: IgG1, IgG2, IgG3 and IgG4. IgG1 defi-
ciency often accompanies general antibody deficiencies. IgG2 
deficiency is associated with recurrent viral and bacterial infec-
tions. In IgG3 deficiency, the susceptibility to viral infections of 
the urinary system may increase. In IgG4 deficiency, the tendency 
to chronic lung diseases is increased. Although IgG2 only func-
tions in neutralisation, IgG1, IgG3 and IgG4 have neutralisation 
and antibody- dependent enhancement effects.25 26 Similar to 
total IgG against SARS- CoV- 2, IgG subclass responses can be 
detected until late in the infection. Among the IgG subclasses 
against spike protein, IgG1 is the most dominant.27 Interferons 

Table 3 Results of logistic regression analysis of decrease in B cell- mediated factor level as risk factor for mortality in patients with COVID- 19

Variables (decreased Levels)

Univariate analysis Multivariate analysis

OR 95% CI P value PR 95% CI P value

IgA (mg/dL) 5.035 1.406 to 18.024 0.013 3.528 1.316 to 12.044 0.028

IgM (mg/dL) 2.400 0.608 to 9.467 0.211

IgG (mg/dL) 7.038 1.870 to 26.494 0.004 5.214 1.608 to 18.292 0.021

IgG1 (mg/dL) 13.429 2.478 to 42.769 0.003 7.618 1.922 to 28.438 0.016

IgG2 (mg/dL) 4.265 1.342 to 13.551 0.027 1.512 0.448 to 5.026 0.118

IgG3 (mg/dL) 1.906 0.508 to 8.725 0.156

IgG4 (mg/dL) 1.817 0.385 to 7.855 0.249

CD19+ total B cell count (cells/μL) 10.133 2.707 to 37.938 0.001 6.136 2.108 to 23.094 0.012

Naive B cell (CD27− IgD+) count (cells/μL) 4.075 1.406 to 11.494 0.034 2.104 0.546 to 6.028 0.092

Non- switched memory B cell (CD27+ IgD+) count (cells/μL) 1.867 0.563 to 6.194 0.308

Switched memory B cell (CD27+ IgD−) count (cells/μL) 7.727 1.611 to 23.366 0.005 4.832 1.454 to 17.022 0.023

P values in bold (p <0.05) represent those that were found to be statistically significant in univariate and/or multivariate logistic regression analyses.
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have essential roles in the innate immune response against viral 
agents, and interferon-γ (IFN-γ) activates IgG2 production. IFN-γ 
levels decrease in SARS- CoV- 2 infection and may be associated 
with low IgG2 levels. IFN-γ-targeted and IgG2- targeted therapies 
have been suggested as a potential method to prevent harmful 
aberrant inflammatory reactions in patients with COVID- 19. 
The increased IgG2 levels in these patients may be associated 
with the decreased activation of immune cells such as neutro-
phils, eosinophils, monocytes and dendritic cells and reduced 
cytokine release from these cells. IgG2 also blocks the migra-
tion of neutrophils to the lungs via the complement pathway. 
Consequently, the lungs may be protected from the harmful 
effects of the aberrant immune response by correlating reduced 
neutrophilia in the lungs with a reduced systemic inflammatory 
response.28 29

IgA is principally responsible for the mucosal immunity of 
the respiratory and gastrointestinal systems, which are the 
main routes of entry of SARS- CoV- 2 and other pathogens. IgA 
is highly protective against SARS- CoV- 2 infection. Anti- SARS- 
CoV- 2 monoclonal IgA binds to the viral spike protein and 
blocks receptor binding via competitive inhibition; the antibody 
can neutralise the virus on mucosal surfaces before it enters the 
cells. However, the virus may cross the epithelial barrier if there 

is a high density of viral particles or a defect in mucosal immu-
nity, which is reflected in reduced IgA levels.30 31 A strong posi-
tive correlation between selective IgA deficiency (SIgAD) and 
COVID- 19 infection has been reported worldwide. In Japan, 
where SIgAD is rare, SARS- CoV- 2 infection and mortality rates 
are low. The frequency of SIgAD in the USA is 40- fold that in 
Japan. In the USA and other Western countries with much higher 
rates of SIgAD than Japan, SARS- CoV- 2 infection and mortality 
rates are also higher.32

The present study had several limitations. First, B cell param-
eters of patients with COVID- 19 were examined only in the 
acute phase of the disease. Investigating peripheral B lympho-
cyte subclasses and immunoglobulins in the acute phase and after 
recovery from disease would have been ideal. Second, SARS- 
CoV- 2- specific memory B cells were not examined. Measuring 
the levels of memory cells specific to the disease is important 
when trying to understand the immunopathogenesis of COVID- 
19. Finally, conducting the study with larger patient groups 
(both for recovered and deceased patients) and healthy control 
groups may increase its power.

Despite these limitations, to the best of our knowledge, the 
current study is the first where the association between B cell 
subsets and immunoglobulin levels (also IgG subgroups) with 
severity score and mortality risk in patients with COVID- 19 was 
investigated. Therefore, the results of this study may be useful 
for future studies where the above- mentioned limitations are 
taken into account to understand more fully the significance of 
B cell- mediated immunity against SARS- CoV- 2.

CONCLUSION
In the present study, B cell- mediated immunity was shown to be 
vital to the host immune response against SARS- CoV- 2. Total 
B cells, memory B cells, and total serum IgG, IgG1, IgG2 and 
IgA levels were shown to be associated with severity scores and 
mortality in patients with COVID- 19. Examining the baseline 
levels of B cell subsets and serum immunoglobulin levels of 
patients during acute SARS- CoV- 2 infection may be helpful in 
the early detection of severe patients and in determining aggres-
sive treatment strategies, such as high- dose IVIG, in a timely 
manner.
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Main messages

 ► Deceased patients with COVID- 19 had significantly lower 
levels of total B lymphocytes, naive B cells, switched memory 
B cells, and serum IgA, IgG, IgG1 and IgG2 than recovered 
patients.

 ► A significant negative correlation was presented between the 
number of B cell- mediated parameters and COVID- 19 severity 
scores.

 ► Decrease in the number of total B cells and switched memory 
B cells as well as lower serum IgA, IgG and IgG1 levels 
were independent risk factors for mortality in patients with 
COVID- 19.

Current research questions

 ► Is there a significant difference in B cell- mediated factors 
between deceased and recovered patients with COVID- 19?

 ► Are B cell subsets and serum immunoglobulin levels 
associated with COVID- 19 severity scores?

 ► Is the decrease in B cell subsets and serum immunoglobulin 
levels independent risk factors for mortality in patients with 
COVID- 19?

What is already known on the subject

 ► The clinical expression of COVID- 19 may vary from an 
asymptomatic form to a severe disease with acute respiratory 
distress syndrome, multiorgan failure and death.

 ► This variable clinical spectrum of COVID- 19 severity indicates 
that host immune responses to SARS- CoV- 2 play an essential 
role in determining the clinical course after initial infection.

 ► Similar to T and NK cells, B cells are critical in the clearance of 
cytopathic viruses and development of the memory response 
that prevents reinfections.
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