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Abstract
We report perhaps the most comprehensive study of subsets 
of CD4+ and CD8+ and subsets of B cells in a mild symptom-
atic SARS-CoV-2+ immunocompetent patient and a com-
mon variable immunodeficiency disease (CVID) patient who 
had normal absolute lymphocyte counts and remained neg-
ative for SARS-CoV-2 IgG antibodies. Naïve (TN), central 
memory (TCM), effector memory (TEM), and terminally differ-
entiated effector memory (TEMRA) subsets of CD4+ and CD8+ 
T cells, subsets of T follicular helper cells (cTFH, TFH1, TFH2, 
TFH17, TFH1/TFH17, and TFR), CD4 Treg, CD8 Treg, mature B 
cells, transitional B cells, marginal zone B cells, germinal cen-
ter (GC) B cells, CD21low B cells, antibody-secreting cells (plas-
mablasts), and Breg cells were examined in patients and age-
matched controls with appropriate monoclonal antibodies 
and isotype controls using multicolor flow cytometry. Differ-
ent patterns of abnormalities (often contrasting) were ob-
served in the subsets of CD4+ T, CD8+ T, B-cell subsets, and 
regulatory lymphocytes among the immunocompetent pa-
tient and CVID patient as compared to corresponding 
healthy controls. Furthermore, when data were analyzed be-

tween the 2 patients, the immunocompetent patient dem-
onstrated greater changes in various subsets as compared to 
the CVID patient. These data demonstrate different immu-
nological responses to SARS-CoV-2 infection in an immuno-
competent patient and the CVID patient. A marked decrease 
in GC B cells and plasmablasts may be responsible for failure 
to make SARS-CoV-2 antibodies. The lack of SARS-CoV-2 an-
tibodies with mild clinical disease suggests an important 
role of T-cell response in defense against SARS-CoV-2 infec-
tion. © 2021 S. Karger AG, Basel

Introduction

SARS-CoV-2 infection (COVID-19) is pandemic with 
>95 million individuals infected, >300,000 new cases each 
day, and >1 million deaths worldwide. Following SARS-
CoV-2 infection, >80% of individuals are asymptomatic 
or have mild disease [1]. However, 5–10% patients suffer 
with serious disease and another 5–10% with critical dis-
ease requiring admission to intensive care units and life-
support measures with a high mortality rate. The serious 
disease appears to be, at least in part, due to “cytokine 
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storm” contributed predominantly by innate immune re-
sponses [2, 3]. However, adaptive immune responses may 
contribute to clinical outcomes and severity of disease in 
a majority of infected individuals. Both antibody and T-
cell responses have been studied in patients with CO-
VID-19; however, most of these studies have been report-
ed in severe disease and recovered patients, and very lim-
ited data are available for mild disease [3–16].

A number of changes in CD4+ T cell and CD8+ T cell 
number and functions, including CD4+ and CD8+ T cell 
lymphopenia, presence of activated T cells, increased or 
reduced exhausted T cells, dysregulated immune re-
sponses, and impaired cytotoxic responses, have been re-
ported [3–17]; however, the role of T cells in mild disease 
and asymptomatic subjects is poorly understood.

Following antigenic stimulation, naïve CD4+ and 
CD8+ T cells (TN) undergo activation and clonal expan-
sion to generate effector CD4+ and CD8+ T cells. This 
clonal expansion phase is followed by a phase of contrac-
tion due to apoptosis of effector T cells. A subpopulation 
of effectors cells is retained as long-term memory cells. 
Based upon their homing properties, and expression of 
adhesion molecules and chemokine receptors, memory T 
cells are classified into central memory (TCM) and effector 
memory (TEM) CD4+ and CD8+ T cells [18–26]. A small 
population of TEM cells reacquires CD45RA and is termed 
as terminally differentiated effector memory T cells  
(TEMRA). These subsets differ with regard to proliferative 
response, cytokine production, effector properties, and 
sensitivity to apoptosis [27–29].

Similar to T cells, the role of antibodies in the patho-
genesis and clinical outcome in COVID-19 is not well 
understood. The majority of patients develop COVID-19 
antibodies 1–2 weeks following SARS-CoV-2 infection, 
and increased circulating plasma cells have been reported 
[14, 30–33].

B-cell development initiates in the bone marrow from 
common lymphoid progenitors and undergo activation, 
proliferation, and differentiation in the lymph nodes and 
spleen [34–36]. Immature B cells leave the bone marrow 
as transitional B cells. Transitional cells represent a cru-
cial step in the differentiation and selection of the mature 
B-cell compartment. Transitional B cells migrate to lym-
phoid follicles and a minor population to the marginal 
zone. In the follicle, antigen binding to the B-cell receptor 
activates B cells. Antigen-activated B cells interact with 
follicular helper T (TFH) cells, where they undergo prolif-
eration and form germinal centers (GCs). In the GCs, B 
cells undergo immunoglobulin class-switch recombina-
tion and selection of high-affinity B cells. Subsequently, B 

cells leave the GCs to differentiate into long-lived plasma 
cells homing into the bone marrow to produce antibodies 
of different isotypes. A small population of GC B cells 
leaves the GCs to become class-switched memory (CSM) 
B cells. The marginal zone (MZ) B cells after interacting 
with antigens differentiate into short-lived antibody-se-
creting plasma plasmablasts [37], and a small population 
is retained as IgM memory B cells. IgM memory B cells, 
after interacting with antigen, undergo proliferation and 
differentiation to plasmablasts [38].

In this study, we present a comprehensive analysis of 
various subsets of CD4+ and CD8+ T cells, subsets of B 
cells, and regulatory lymphocytes in an immunocompe-
tent patient and a patient with common variable immu-
nodeficiency disease (CVID) with mild COVID-19 dis-
ease and negative for SARS-CoV-2 antibodies.

Materials and Methods

A 22-year-old immunocompetent boy and a 63-year-old fe-
male CVID patient were studied simultaneously with age-matched 
healthy controls.

Sample Preparation
Peripheral blood was drawn from an immunocompetent pa-

tient (case #1) and the CVID patient (case #2) at 3 months after 
initial symptoms and when SARS-CoV-2 PCR was negative. Pe-
ripheral blood mononuclear cells (PBMCs) were isolated from 
blood of patient and age-matched healthy subjects by density gra-
dient lymphocyte separation media. Human Subject Committee of 
the Institution Review Board of the University of California, Ir-
vine, approved the protocol. A signed written consent was ob-
tained from each subject.

Antibodies and Reagents
The following anti-human monoclonal antibodies were pur-

chased from BD Biosciences (San Jose, CA, USA): anti-IgM APC, 
CD27 FITC, CD38 FITC, anti-IgD PE, CD21 PE, CD27 APC. 
CD19 PerCP, CD38 APC, CD24 FITC, CD4 PerCP, CD8 PerCP, 
CD45RA APC, CCR7 FITC, CD183 PE, CD25 FITC, CD127 
AL647, FoxP3 PE, CD278 (ICOS) AL647, CD183 BV421, CXCR5 
AL488, PD1 APC, CD8 BV421, and CD45RA BV510 were pur-
chased from BioLegend (San Diego, CA, USA).

Immunophenotyping
Approximately 1 million PBMCs were used per combination 

for antibody staining. Twenty microliter of antibody were added 
to PBMCs for 30 min. PBMCs were washed and fixed by 2% para-
formaldehyde.

For regulatory cells: cells after surface staining were fixed and 
permeablized by FoxP3 staining buffer set (BD Bioscience) as per 
manufacturer’s protocol and intracellular staining with anti-
Foxp3-PE monoclonal antibody, and appropriate isotype control 
(mouse IgG 1, k-PE) was used to evaluate nonspecific staining. All 
fluorescence minus one controls and isotype controls were stained 
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and fixed by 2% paraformaldehyde for flow cytometry. Cells were 
acquired by BD FACS Celesta (Becton-Dickinson, San Jose, CA, 
USA) equipped with BVR laser. Forward and side scatters and sin-
glets were used to gate and exclude cellular debris. Thirty thousand 
cells were acquired and analyzed using FLOWJO software (Ash-
land, OR, USA).

B cell and B cell subsets were identified by following cell surface 
markers: naïve B cells – CD19+CD27−IgD+IgM+, transitional B 
cells – CD19+CD38+IgM++, MZ B cells – CD19+CD27+IgD+IgM+, 
IgM memory B cells – CD19+/CD27+IgM+, GC B cells – 
CD19+IgD−CD27+CD38+, class switch memory B cells – 
CD19+CD27+IgD−IgM−, plasmablasts – CD19+CD38++IgM−, 
mature B cells – CD21highCD19+CD38−, CD21Low cells – 
CD19+CD38−CD21low, and Breg – CD19+CD24+CD38+. Fol-
lowing cell surface phenotypes identified subsets of CD4 T cells 
and CD8+ T cells: TN – CD4+/CD8+CD45RA+CCR7+, TCM – 
CD4+/CD8+CD45RA−CCR7+, TEM – CD4+/CD8+CD45RA−
CCR7−, CD45RA+TEM, TEMRA – CD4+/CD8+CD45RA+CCR7−, 
CD8 Treg – CD8+CD183+CCR7+CD45RA−, and CD4 Treg – 
CD4+CD25+CD127−FoxP3+. TFH cells were identified with the 
following markers: circulating TFH cells (cTFH) – CD4+/
CXCR5+CD45RA−, TFH1 − CD4+CXCR5+CD45RA−CCR6−
CXCR3+FH2− CD4+CXCR5+CD45RA−CCR6−CXCR3−, TFH17 −  
CD4+CXCR5+CD45RA−CCR6+ CXCR3, TFH1+TFH17 − CD4+/
CXCR5+/CD45RA−/CCR6+/CXCR3+, and T follicular regulato-
ry cells (TFR) − CD4+CCR5+CD45RA−CD25highFoxP3+.

Results

Case 1
A 24-year-old Caucasian male with history of asthma, 

allergic rhinitis, and autism was referred to immunology 
clinic for evaluation of recurrent infections. He reported 
multiple episodes of otitis media and sinus infections as a 
child. More recently, he reported having multiple epi-
sodes of pneumonia over the previous 2 years, confirmed 
on various chest x-rays or CT chest. The consolidations 
would vary in location with resolution between episodes. 
He had no other infectious history and had never been 
hospitalized for infection previously. His asthma was well 
controlled on low inhaled corticosteroid and montelu-
kast, and his allergic rhinitis was well controlled on nasal 
fluticasone. He had no family history of immunodeficien-
cy. He was investigated for primary immunodeficiency. 
Data of laboratory evaluation are shown in Table 1. No 
evidence of immune deficiency including specific anti-
body response was observed.

During the time he was undergoing immune evalua-
tion, he developed 1 week of fever, cough, hoarseness of 
voice, and mild shortness of breath. Initially, he was given 
azithromycin with no improvement. A few days later, he 
was seen in the emergency room where chest x-ray 
showed mild peribronchial thickening with mild bibasi-

lar atelectasis. Nasal-pharyngeal swab was positive for 
SARS-CoV-2. He was oxygenating well on room air and 
was discharged home with supportive care. Three weeks 
later, he continued to have worsening shortness of breath, 
cough, and fatigue. Repeat chest x-ray showed peribron-
chial thickening though CT chest was clear. At 6 weeks 
after his initial diagnosis of COVID-19, his respiratory 
symptoms persisted. Repeat nasal-pharyngeal swab was 
again positive for SARS-CoV-2. SARS-CoV-2 IgG anti-
bodies were negative. CT chest was unremarkable. At 8 
weeks after the initial positive SARS-CoV-2 test, he start-
ed to feel some improvement in symptoms; however, 
hoarseness of voice continued. Repeat nasal-pharyngeal 
swab was negative for SARS-CoV-2. However, SARS-

Table 1. Immunological features of case 1

Laboratory test Value Reference 
range

Immunoglobulins, mg/dL
IgG 1,301 610–1,616
IgM 90 35–242
IgA 259 84–499

IgG subclasses, mg/dL
IgG1 662 382–929
IgG2 490 242–700
IgG3 40 22–176
IgG4 36 5–125

Protective antibody titers (≥1.3 mg/mL) 
against Streptococcus pneumoniae 
post Pneumovax-23 administration 13/23 12–22/23

Diptheria Ab IgG, IU/mL 1.3 >0.1 protective
Tetanus Ab IgG, IU/mL 2.9 >0.1 protective
Lymphocyte subsets, /mm3

Lymphocyte% 28 14–44
Absolute lymphocytes 8,300 4,000–10,500
CD3+CD4+% 51 24–64
CD3+CD4+ number 1,185 477–1,634
CD3+CD8+% 33 12–45
CD3+CD8+ number 767 168–1,315
CD4+/CD8+ ratio 1.54 0.8–5.0
CD3% 84 58–89
CD3+ number 1,952 700–2,377
CD19+ B% 9 6–29
CD19+ B number 209 104–795
CD56+ NK% 5 2–32
CD56+ NK number 116 43–680

NK function (LU30) 11 7–125
Mannose-binding lectin, ng/mL 263 ≥100
Complement CH50 110 60–144
Isohemagglutinin titers

Anti-B IgM titer 1:16 >1:32
Anti-B IgG titer 1:16 >1:32
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CoV-2 IgG antibodies remained undetected. Sixteen 
weeks after his initial COVID-19 diagnosis, repeat SARS-
CoV-2 IgG antibodies were checked at a different lab and 
was still not detected; however, hoarseness of voice still 
persisted.

Case 2
A 64-year-old female was evaluated for recurrent sinus 

infections and urinary tract infections. She had no family 
history of immunodeficiency. Immunologic workup was 
consistent with a diagnosis of CVID (Table 2). No evi-
dence of comorbidity including bronchiectasis was pres-
ent. She was started on IVIG treatment. Three weeks after 
her first IVIG infusion, she developed malaise, cough, 
and nasal congestion. Nasal-pharyngeal swab was posi-
tive for SARS-CoV-2. She had 3 positive nasal-pharynge-

al swabs for SARS-CoV-2 over the next 2 months. How-
ever, her symptoms completely resolved. Three months 
after initial infection, she had 2 nasal-pharyngeal swabs 
negative for SARS-CoV-2. SARS-CoV-2 IgG antibody 
test was performed 3 times over a 3-month period and 
remained negative. Throughout this time, she continued 
to receive her IVIG treatments. The patient received no 
other treatments.

Alterations in Subsets of CD4+ T Cells and CD4 Treg 
in SARS-CoV-2 Infection
T cells, based upon expression of chemokine recep-

tors, homing pattern and function have been identified as 
naïve, central memory, effector memory, and terminally 
differentiated effector memory cells [18–24]. Therefore, 
we examine various subsets in both patients and age and 
gender-matched healthy controls. A flow cytograph is 
shown in Figure 1. Increased CD4+ T cells and TN cells 
were observed in both immunocompetent and CVID pa-
tients, as compared to simultaneously analyzed age and 
gender-matched healthy controls. However, decreased 
TCM cells and increased TEMRA cells were observed in the 
immunocompetent patient and not in the CVID patient. 
CD4+ Treg cells were similar in both patients as com-
pared to controls.

Alterations in CD8+ T and CD8+ T Cell Subsets and 
CD8 Treg in SARS-CoV-2 Infection
Similarly to CD4+ T cells, we analyzed various subsets 

of CD8+ T cells. CD8+ T cells were increased in both pa-
tients. A flow cytograph is shown in Figure 2. CD8+ TN 
cells were markedly increased in the immunocompetent 
patient; however, they were comparable to control in the 
CVID patient. CD8+ TEM cells were decreased in both 
patients; however, CD8+ TEMRA cells were increased in 
the CVID patient and decreased in the immunocompe-
tent patient. CD8+ TCM cells were comparable to controls 
in both patients. CD8+ Treg in both patients were com-
parable to healthy controls.

TFH Cell Subsets and TFR Cells Are Altered 
Differentially in SARS-CoV-2 Infection in the 
Immunocompetent Patient and CVID Patient
cTFH cells play an important role in GC formation, im-

munoglobulin isotype switching, and differentiation of B 
cells to immunoglobulin secreting cells [39–44]. The sig-
nature cytokine they produce is IL-21. However, based 
upon additional cytokines produced, cTFH have been fur-
ther classified into TFH1, TFH2, and TFH17 [45]. In addi-
tion, TFR cells regulate the function of cTFH cells [46]. 

Table 2. Immunological features of case 2 (CVID)

Laboratory test Value Reference 
range

Immunoglobulins, mg/dL
IgG 599a 610–1,616
IgM 159 35–242
IgA 73a 84–499

IgG subclasses, mg/dL
IgG1 373a 382–929
IgG2 152a 242–700
IgG3 14a 22–176
IgG4 11 5–125

Protective antibody titers (≥1.3 mg/mL) 
against Streptococcus pneumoniae post 
Pneumovax-23 administration 7a/23 12–22/23

Lymphocyte subsets, /mm3

Lymphocyte% 20 14–44
Absolute lymphocytes 1,780 900–3,300
CD3+CD4+% 78a 31–61
CD3+CD4+ number 1,388a 338–1,194
CD3+CD8+% 17 10–38
CD3+CD8+ number 303 85–729
CD4+/CD8+ ratio 4.58a 0.9–3.7
CD3% 94a 62–84
CD3+ number 1,673 619–1,847
CD19+ B% 3a 5–26
CD19+ B number 53 51–473
CD56+ NK% 3 1–17
CD3−CD16+CD56+ NK number 53 12–349

Isohemagglutinin titers
Anti-B IgM titer 1:8 >1:32
Anti-B IgG titer 1:8 >1:32

CVID, common variable immunodeficiency disease. a Abnor-
mal results.
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Therefore, we examined all subsets of TFH. Pattern of 
changes is distinct between the immunocompetent pa-
tient and CVID patient. A flow cytograph is shown in 
Figure 3. Immunocompetent subject (case 1) had in-
creased TFH1, TFH2, and TFR cells and decreased cTFH, 
TFH17 cells and TFH1/TFH17 cells. In the CVID patient, 
cTFH and TFH2 cells were decreased, whereas TFH1 cells 
were increased. TFR cells were comparable to controls.

B Cells and B Cell Subsets, and Breg in SARS-CoV-2 
Infection
Since both patients did not make antibodies to SARS-

CoV-2, we analyzed B cells and various subsets of B cells 
in both patients and compared with healthy controls. A 
flow cytograph is shown in Figure 4a (case #1) and Figure 
4b (case #2). CD19+ B cells in both patients were compa-
rable to healthy controls. The immunocompetent patient 

Fig. 1. A CD4 subsets: CD4+ gated cells in PBMCs, gated CD4+ 
cell subsets are characterized by different makers. B Gated CD4+ 
cells naïve: TN (CCR7+CD45RA+), central memory: TCM 
(CCR7+CD45RA−), effector memory: TEM (CCR7−CD45RA−), 
and T effector memory RA: TEMRA (CCR7−CD45RA+). C CD4 

Treg gated CD4+ cells for CD25+ CD127−. D CD4+CD25+CD127−
FoxP3+ cells. Abnormal values are circled in red. PBMCs, periph-
eral blood mononuclear cells; TN, T naïve; TEM, T effector memo-
ry; TCM, T central memory; TEMRA, T effector memory RA.
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Fig. 2. A CD8 subsets CD8+ gated cells in PBMCs, gated CD8+ cell subsets are characterized by different makers. 
B Gated CD8+ cells TN (CCR7+ CD45RA+), TCM (CCR7+CD45RA−), TEM (CCR7−CD45RA−), and TEMRA 
(CCR7−CD45RA+). C CD8 Treg: gated CCR7+CD45RA− CD8 T cells expressing CD183 (CXCR3). Abnormal 
values are circled in red. PBMCs, peripheral blood mononuclear cells; TN, T naïve; TEM, T effector memory; TCM, 
T central memory; TEMRA, T effector memory RA.
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and CVID patient had contrasting changes in B cell sub-
sets. The immunocompetent patient had increased naïve 
B cells and decreased MZ, IgM memory, CSM, and  
CD21low B cells. In contrast, the CVID patient had in-
creased transitional, MZ, and IgM memory B cells but 
CD21low B cells comparable to healthy control. Both pa-
tients had decreased GC B cells and plasmablasts. Breg 
were increased in both immunocompetent patient and 
CVID patient as compared to healthy controls.

Comparison of Changes in CD4+ and CD8+ T Cell 
Subsets and CD4+ Treg and CD8+ Treg between the 
Immunocompetent Patient and CVID Patient
To determine whether immunophenotypic changes 

were different among the immunocompetent patient and 
immunodeficiency (CVID) patient, we compared data of 
subsets of CD4+, CD8+, and cTFH cells among both pa-
tients. Among CD4+ T cells (Table 3), CD4+ and CD4+ 
TCM cells were decreased in the immunocompetent sub-
ject as compared to the CVID patient. Furthermore, 
CD4+ TN, TEM, and TEMRA, and CD4 Treg were increased 

in the immunocompetent subject as compared to the 
CVID patient. Among CD8+ T cells (Table 3), CD8+ T 
cells and CD8+ TEM were comparable between both pa-
tients. However, CD8+ TN cells were increased and CD8+ 
TEM, TEMRA, and CD8 Treg were decreased in the immu-
nocompetent patient as compared to the CVID patient. 
Among TFH subsets (Table 3), cTFH and TFH1 were com-
parable among both patients.TFH2 and TFR cells were in-
creased and TFH17 were decreased in the immunocompe-
tent patient as compared to the CVID patient.

Changes in B Cell Subsets between the 
Immunocompetent Patient and CVID Patient
When data were analyzed for B cell and B cell subsets 

(Table 3), CD19+ GC B cells, plasmablasts, and CD21high 
mature B cells were comparable between both patients. 
Transitional, MZ, IgM memory, and CSM B cells were 
decreased in the immunocompetent patient as compared 
to the CVID patient. CD21low and Breg were increased in 
the CVID patient as compared to immunocompetent pa-
tient.

Fig. 3. TFH cell CD4+ gated cells in PBMCs (A), gated CD4+ cells are characterized by different makers for cTFH 
expression CXCR5+CD45RA− (B). C TFH subsets TFH1 (CXCR3+CCR6−), TFH1+TFH17 (CXCR3+CCR6+), TFH2 
(CXCR3−CCR6), and TFH17 (CXCR3−CCR6+). D TFR cells (FoxP3+). Abnormal values are circled in red. 
PBMCs, peripheral blood mononuclear cells; TFH, follicular helper T; cTFH, circulating TFH.

Co
lo

r v
er

sio
n 

av
ai

la
bl

e 
on

lin
e



Gupta/Su/Narsai/AgrawalInt Arch Allergy Immunol 2021;182:195–209202
DOI: 10.1159/000514193

Discussion

Here we report distinct and often contrasting alterations 
in various lymphocyte subpopulations in a SARS-CoV-2+ 
immunocompetent patient and CVID patient with relative-
ly mild disease that did not require hospitalization, oxygen 
supplementation, or any other specific treatment, and both 
were negative for anti-SARS-CoV-2 IgG antibodies. Our 
patients were different from those reported in the literature. 
First, both patients were SARS-CoV-2 antibody negative, 
and 1 patient has a diagnosis of primary antibody immuno-
deficiency, the CVID patient, and both patients had normal 

T cell functions as demonstrated by normal proliferative 
response to mitogens and antigens (data not shown). The 
immunocompetent patient appears to have mild disease 
but continues to have some residual symptoms of cough 
and hoarseness, where the CVID patient has completely re-
covered. This is the first report of comprehensive analysis 
of various lymphocyte subpopulation in primary immuno-
deficiency disease.

Progressive lymphopenia is a common feature of CO-
VID-19 that is often associated with severe disease [47, 
48]. Our both patients with mild disease had normal ab-
solute lymphocyte counts.

Fig. 4. a, b B cell subsets CD19+ gated cells in PBMCs (A), gated CD19+ cells subsets are characterized by differ-
ent makers; naïve (IgD+CD27−) MZ (IgD+CD27+), CSM (IgD−CD27+) (B), IgM memory CD19+IgM+CD27+ 
(C), CD19+IgD−CD38+ (D), GC (CD19+IgD−CD38+CD27−) (E). Transitional B cells IgM+CD38+, plasma-
blasts IgM−CD38++ (F), mature B cells CD21high and CD21low cells (G), Breg cells CD24+/CD38+ (H). Abnormal 
values are circled in red. PBMCs, peripheral blood mononuclear cells; GC, germinal center; MZ, marginal zone; 
CSM, class-switch memory.

(Figure continued on next page.)
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SARS-CoV-2-specific T cells have been identified in 
TCM, TEM, and TEMRA subsets [9]; however, their role in 
infection and pathogenesis has not been explored. There 
are limited studies of various subsets including naïve and 
memory subsets of CD4+ T cells and CD8+ T cells in CO-
VID-19. Zang et al. [49] compared T cell subsets in severe 
and mild to moderate COVID-19 cases with healthy con-
trols. They observed no difference in CD8+ TN cells 
among 3 groups; however, both groups of patients exhib-
ited increased percentage of CD8+ TEM cells as compared 
to healthy controls. Furthermore, CD8+ TEMRA were 
higher in severe cases as compared to mild to moderate 
COVID-19 cases and healthy controls. Mathew et al. [31] 
also reported increased CD8+ TEMRA; however, they ob-
served decreased CD8+ TEM cells in recovered patients as 
compared to healthy controls. In our study, CD8+ TEMRA 
cells were increased in CVID patient; however, they were 
decreased in the immunocompetent patient. These dif-

ferences could be age related. CD8+ TEMRA cells are in-
creased with age [24, 26, 28]. Our CVID patient is 64 years 
old, whereas immunocompetent patient is 24 years old. 
Mathew et al. [31] and Zhang et al. [49] did not provide 
the ages of patients with increased CD8+ TEMRA. The sig-
nificance of increased CD8+ TEMRA in COVID-19 re-
mains unclear. Zhang et al. [49] observed increased in 
CD8+ TEMRA in severe cases, whereas we observed in-
crease in the CVID patient who had a mild course of CO-
VID-19. Similar to Mathew et al. [31], both our patients 
had decreased CD8+ TEM cells. In contrast to Zhang et al. 
[49] who observed no changes in CD8+ TN cells, our im-
munocompetent COVID-19 patient had increased CD8+ 
TN cells.

Mathew et al. [31] reported decreased CD4+ TN and 
increased CD4+ TEMRA recovered patients as compared 
to healthy controls. Zhang et al. [49] also observed in-
creased CD4+ TEMRA cells; however, no changes were ob-
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served in CD4+ TN cells. Our immunocompetent patient 
also had increased CD4+ TEMRA as well as CD4+ TN and 
decreased CD4+ TEM cells. In contrast, all subsets of 
CD4+ T cells in CVID patients were comparable to 
healthy controls.

TFH cells are major CD4+ T helper subsets that are es-
sential for B-cell differentiation into immunoglobulin-
producing plasma cells, and for GC formation and gen-
eration of memory B cells [39–44]. GC is the primary site 
for class‐switched DNA recombination and affinity mat-
uration. TFH cells in the GC regulate class-switched DNA 
recombination, and selection of high-affinity antibody-
producing B cells. TFH cells are characterized by the ex-
pression of CXCR5 and transcription factor B-cell lym-
phoma 6, and production of their signature cytokine, the 
interleukin 21 (IL-21). According to the expression of 
CXCR3 and CCR6 on CD4+CXCR5+ cTFH cells, they are 
divided into 3 different subsets of cTFH cells with different 
functions [45]. In addition to IL-21, these different cTFH 
subsets can also produce, albeit in lower amounts, IL-4, 
interferon γ, and IL-17. cTFH1 (CXCR5+CXCR3+CCR6−) 

produce IL-21 and interferon γ, cTFH2 
(CXCR5+CXCR3−CCR6−) produce IL-21 and IL-4, and 
cTFH17 (CXCR5+CXCR3−CCR6+) produce IL-21 and IL-
17A; all of them are able to efficiently induce antibody 
response by memory B cells. TFH17 cells are able to induce 
in vitro naïve and memory B cells to produce IgG and 
IgA, and their increase is associated with expansion of 
plasmablasts [50]. In our immunocompetent patient, 
cTFH17 cells were decreased as compared to control, 
which would be consistent with decreased plasmablasts 
and negative anti-SARS-CoV-2 antibodies. In the CVID 
patient, cTFH17 cells were similar to control. In the CVID 
patient, decreased plasmablasts and negative anti-SARS-
CoV-2 antibodies may be due to intrinsic B-cell defect.

Thevarajan et al. [32] examined cTFH and antibody-
secreting cells/plasmablasts in a patient with non-severe 
COVID-19 prior to symptomatic recovery. They ob-
served the appearance of plasmablasts and cTFH cells at 7 
days, peaking at day 8, and were present during convales-
cence. These changes were associated with the develop-
ment of IgM and IgG anti-SARS-CoV-2 antibodies. They 

Table 3. Comparison of lymphocyte subsets between 2 patients

CD4+ TN TCM TEM TEMRA CD25highCD127−
FoxP3+ (CD4 Treg)

a  Subpopulations of CD4+ T cells
Patient #1 48.30 51.60 28.50 18.20 1.76 3.25
Patient #2 57.70 25.80 64.20 9.76 0.16 2.12

CD8+ TN TCM TEM TEMRA CCR7+CD45RA−
CXCR3+ (CD8 Treg)

b Subpopulations of CD8+ T cells
Patient #1 26.40 48.70 5.39 26.40 19.50 0.04
Patient #2 24.00 18.60 15.80 25.00 40.50 0.10

CD4+ cTFH TFH1 TFH2 TFH17 TFH1/TFH17 CCR5+
CD25highFoxP3+ (TFR)

c Subpopulation of TFH cells
Patient #1 44.40 10.70 29.00 39.40 25.90 5.66 1.50
Patient #2 56.00 8.59 28.8 22.70 38.50 10.10 0.70

CD19+ Naive Transition MZ IgM mem CSM GC Plasmablast CD21+ CD21Low B Reg

d Subpopulations of B cells
Patient #1 4.30 84.20 5.67 7.61 6.19 5.66 0.00 0.31 95.40 1.30 8.22
Patient #2 4.18 65.20 16.80 15.00 13.10 15.10 0.01 0.26 90.10 5.10 16.40

TFH , follicular helper T; TN, T naïve; TEM, T effector memory; TCM, T central memory; TEMRA, T effector memory RA; TFH, follicular helper T; GC, germinal 
center; MZ, marginal zone; CSM, class-switch memory.
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proposed that cTFH cells and/or plasmablasts could be 
used as predictors or play a major role in determining se-
verity of COVID-19. However, this appears to be an un-
likely predictor since both our patients with mild disease 
had decreased or complete absence of plasmablasts and 
GC cells and decreased cTFH with negative SARS-CoV-2 
antibodies. Kasahara et al. [51] reported no changes in the 
proportions and functions of cTFH and proportions of 
ICOS+PD-1+ cTFH in CVID patients. Therefore, de-
creased cTFH in our patient with CVID is likely the effect 
of SARS-CoV-2 infection. Mathew et al. [31] observed 
increased activated (ICOS+) TFH cells but observed no 
difference in PD1+ TFH cells in COVID-19 patients. Sev-
eral investigators have reported increased TFH1 in CVID 
[51, 52]. In both CVID patient and immunocompetent 
patient, TFH1 cells were increased, therefore suggesting 
skewing of cTFH toward TFH1 that is a feature of CO-
VID-19.

There are very few reports of comprehensive analysis 
of B cell subsets in COVID-19 and none in SARS-CoV-2+ 
primary immunodeficiency. Woodruff et al. [53] report-
ed dominant extrafollicular B cell responses in severe 
COVID-19 disease that correlated with increased specific 
antibody production but poor clinical outcome. Several 
investigators have reported increased number and activa-
tion of B cells and increased antibody production in se-
vere COVID-19 cases [54–56]. Mathew et al. [31] report-
ed decreased naïve and CSM B cells and increased non-
class-switched IgM memory B cells and 
antibody-secreting cells (plasmablasts) in recovered pa-
tients as compared to healthy controls. In our patients, 
CD19+ B cells were comparable in both patients as com-
pared to healthy controls, and in contrast to Mathew et al. 
[31], plasmablasts were decreased in both patients with 
negative antibodies. Therefore, it appears that changes in 
B cells do not necessarily correlate with severity of disease 
or increased specific antibody production. In addition, 
GC B cells were reduced. Kaneko et al. [57] also reported 
absence of GCs and marked reduction in B-cell lympho-
ma 6+ GC B cells in postmortem thoracic duct lymph 
nodes and spleen from COVID-19 patients; however, 
they did not provide patients’ antibody status. In our im-
munocompetent patient, MZ B cells, IgM memory B cells, 
CSM B cells, and CD21low B cells were decreased as com-
pared to age-matched control. In contrast, the CVID pa-
tient had increased transitional zone, MZ, and IgM mem-
ory B cells, but CSM B cells were decreased. Mathew et al. 
[31] did not examine GC B cells or MZ B cells; however, 
they also observed increased transitional B cells. Kaneko 
et al. [57] did not report transitional B cells and MZ B 

cells. CD21 forms a complex with CD19 and CD81 to act 
as a B cell co-receptor. This population of B cell is distinct 
from other B cell subpopulation that resembles innate-
like B cells [58]. CD21low B cells are increased in CVID 
patients with autoimmunity [59]. Our immunocompe-
tent subject had reduced proportions of CD21low B cells, 
in contrast to increased CD21low B cells in mild cases of 
COVID-19 reported by Woodruff et al. [60].

Regulatory lymphocytes play a critical role in immune 
homeostasis and immunological tolerance. There are sev-
eral members of immunoregulatory club including CD4+ 
Treg, CD8+ Treg, B reg, and TFR cells. CD4+ Treg and 
CD8+ Treg were originally described in 1982 [61]. Saka-
guchi and his group further characterized CD4+ Treg by 
the expression of CD25 and FoxP3 [62]. The role of CD4+ 
Treg in immune tolerance is well established [63]. In both 
patients, CD4+ Treg were comparable to healthy con-
trols. This is in agreement with observations of Zhang et 
al. [49], who did not find any difference in CD4+ Treg 
between mild, severe cases, and healthy controls; how-
ever, this is in contrast to Qin et al. [64], who reported 
decreased CD4+ Treg in severe cases of COVID-19.

Recent interest in CD8+ Treg lead to their phenotypic 
and functional characterization [65–67]. CD8+ Treg have 
shown to play an important role in immune homeostasis, 
including inhibition of B-cell proliferation and differen-
tiation of B cells into immunoglobulin-secreting plasma-
blasts [67, 68]. Since both our patients continued to be 
SARS-CoV-2 antibodies negative, we examined CD8+ 
Treg. CD8+ Treg in both patients were comparable to 
healthy controls. Therefore, CD8+ Treg appear not to 
play a role in SARS-CoV-2 antibody responses in our pa-
tients. The negative SARS-CoV-2 antibodies in CVID pa-
tient are likely due to intrinsic B cell defect. There are no 
published data on CD8+ Treg in COVID-19.

TFR cells regulate the differentiation of cTFH cells [46]. 
Our immunocompetent patient had increased TFR; how-
ever, cTFH cells were comparable to healthy control. In 
contrast, the CVID patient had decreased cTFH cells but 
TFR were comparable to control. Furthermore, Cunill et al. 
[69] reported decreased TFR cells in CVID patients with 
<2% CD27+IgD– B cells. Therefore, significance of in-
creased TFR in immunocompetent patient remain unclear.

There has been increasing interest in understanding 
the role and mechanism of Breg [70–74]. Breg regulate 
immune responses including inflammatory responses in 
a variety of autoimmune diseases [72] and regulate the 
generation of peripheral CD4+ Treg cells [75, 76]. Both 
patients had increased Breg cells. No relationship was ob-
served with CD4+ Reg. There are no published data on 



Gupta/Su/Narsai/AgrawalInt Arch Allergy Immunol 2021;182:195–209206
DOI: 10.1159/000514193

Breg in COVID-19. It remains to be determined if in-
creased Breg play a role in decreased plasmablasts and 
negative anti-SARS-CoV-2 antibodies.

When alterations in various lymphoid subpopulations 
were compared between 2 patients, the immunocompe-
tent patient demonstrated greater and often contrasting 
changes as compared to the CVID patient. Subsets of 
CD4+ T cells and B cells revealed greater changes than in 
subpopulations of CD8+ T cells, which would be consis-
tent with negative antibody responses.

Neutralizing antibodies inhibit SARS-CoV-2 both in 
vitro and in vivo [77, 78]. Chen et al. [79] observed that 
patients recovered from severe illness mounted the most 
robust neutralizing antibody responses. They have dem-
onstrated a positive correlation between the magnitude of 
neutralizing antibody responses and disease severity in 
patients recovered from COVID-19. These investigators 
also reported that asymptomatic patients fail to generate 
neutralizing antibodies. Our immunocompetent patient 
was 24 years young with mild disease and had undetect-
able anti-SARS-CoV-2 antibodies. The CVID patient was 
also negative for SARS-CoV-2 antibodies yet had mild 
course. COVID-19 disease has been reported in patients 
with primary immunodeficiency; however, no compre-
hensive immunological analyses have been published [80, 
81]. Myets et al. [82], in an international study, reported 
that the majority of COVID-19 patients in primary im-
munodeficiency were X-linked agammaglobulinemia (no 
B cells) and CVID and had either mild to moderate disease 
severity or recovered completely. There were no deaths in 
those without high-risk morbidity factors. Quinti et al. 
[80] reported 7 COVID-19 patients with antibody defi-
ciency (2 with agammaglobulinemia and 5 with CVID). 
Interestingly, patients with agammaglobulinemia had 
mild course of the disease and recovered, whereas patients 
with CVID presented with a severe form of disease and 
required multiple drugs including antiviral agents. Since 
a subset of CVID patients also have T-cell defects, it is pos-
sible that severe disease in few CVID patients was related 
to T-cell dysfunctions. Soresina et al. [81] also reported 2 
patients with X-linked agammaglobulinemia (no B cells) 
with COVID-19 who developed pneumonia; however, 
they did not require oxygen ventilation or admission to 
intensive care and both patients recovered. In patients 
with antibody deficiency diseases, mild disease and com-
plete recovery could be because of lack of cytokine storm 
response and/or lack of antibodies-dependent enhance-
ment (ADE) of SARS-CoV-2 infection [83]. Similarly, a 
role of ADE could be made in severe COVID-19 patients 
with high titers of antibodies and poor clinical outcome. 

However, there is no evidence of SARS-CoV-2 ADE. 
Quinlan et al. [84] reported that sera from rats vaccinated 
with SARS-CoV-2 RBD in vitro failed to demonstrate any 
ADE of SARS-CoV-2. Gao et al. [85] reported failure to 
ADE in macaques immunized with an inactivated SARS-
CoV-2 vaccine candidate. Furthermore, there are conflict-
ing data for the beneficial effect of convalescent plasma 
transfusion on the clinical course of COVID-19; both ben-
eficial effect [86] as well as lack of beneficial effects have 
been observed [87]. Li et al. [87] reported that among pa-
tients with severe or life-threatening COVID-19, conva-
lescent plasma therapy added to standard treatment, com-
pared with standard treatment alone, did not result in a 
statistically significant improvement in time to clinical 
improvement within 28 days. Therefore, mild to moder-
ately severe disease in patients with X-linked agamma-
globulinemia with complete absence of B cells and spe-
cific antibody response as well in our patients with nega-
tive anti-SARS-CoV-2 antibodies strongly suggest an 
important role of T cells in SARS-CoV-2 infection.

In summary, our patient with primary immunodefi-
ciency disease (CVID) and the immunocompetent pa-
tient demonstrate different changes in cells of the im-
mune system during SARS-CoV-2 infection. It is un-
known as to the protective immunity that prevents 
asymptomatic patients from progressing to more severe 
disease. Failure to produce anti-SARS-CoV-2 antibodies 
yet a mild to moderate clinical course strongly suggests a 
critical role of T cells in defense against SARS-CoV-2. Pa-
tients with primary immunodeficiency diseases are “ex-
periments of nature” and because of specific gene muta-
tions provide unique opportunities to study protective 
immune responses to SARS-CoV-2. Changes in subsets 
of various lymphocytes in the COVID-19 CVID patient 
were different than those observed in CVID patients 
without SARS-CoV-2 infection, suggesting that those al-
terations are most likely due to SARS-CoV-2 infection. 
Our study also highlights that alteration in lymphocyte 
subsets persist long after SARS-CoV-2 infection. Studies 
of both phenotypic and functional changes in large co-
hort of patients with primary immunodeficiency with de-
fined gene mutations SARS-CoV-2 infection are needed.
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