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ABSTRACT

Objective: During viral infections, antibody production of B cells
are critical for protective immunity. It is known that the COVID-19
disease has a milder course in children. It is crucial to evaluate
the causes of this situation from a pediatrician’s perspective to
determine the treatment goals of the disease. We aimed to ex-
amine the flow cytometric changes in B cells and subtypes ob-
served in children diagnosed with the COVID-19 infection.

Materials and Methods: This is a prospective cohort study includ-
ing 22 children aged 0-18 who had been diagnosed with COVID-19.
CD19°B cells, CD27-IgD* naive B, CD21'*" immature B, CD21°*CD-
389" active B, CD27-1gD- double-negative B, CD27- non-memory B,
CD27* memory B, CD27*IgD switched memory B, and CD27*IgD*
non-switched memory B cells were studied using flow cytometry.

Results: B cells counts decreased as a percentage in the 2-5
years age group and the 10-16 age group as an absolute num-
ber. Naive and non-memory B cell frequencies increased in the
5-10 years old and over 16 years old groups. Double negative
B cells were normal in all age groups. Non-memory B cells in-
creased in the 5-10 and over 16 years old groups, whereas mem-
ory B cells decreased. In all groups, switched memory B cells
decreased. Non-switched memory B cell counts were within ref-
erence ranges in all groups except for the over 16 years group.

Conclusion: Although the decrease in B cell count is associated
with the severity of the disease, naive B cell subgroups did not
decrease in the pediatric patients included in the study. All groups
showed increased switched memory B cell counts, in accordance
with the literature. Unlike adults, naive B cells, non-switched mem-
ory B cells, and double-negative B cells were normal in children.

Keywords: COVID-19, child, immunology, flow cytometry,
B-lymphocyte subgroups

OZET

Amag: Viral enfeksiyonlar sirasinda B hiicrelerinin antikor tretimi,
koruyucu bagusiklik icin kritiktir. Cocuklarda COVID-19 hastaligi-
nin daha hafif seyrettigi bilinmektedir. Bu durumun nedenlerini
cocuk doktoru gézlyle dederlendirmek, hastaligin tedavi hedef-
lerini belirlemek agisindan ¢cok énemlidir. COVID-19 enfeksiyonu
tanisi alan ¢ocuklarda gézlenen B hiicre ve alt tiplerinde akim
sitometrik degisiklikleri incelemeyi amacladik.

Gereg¢ ve Yéntem: Calismamiz 0-18 yas arasi COVID-19 teghi-
si konulan 22 cocugu iceren prospektif kohort bir arastirmadir.
CD19*B hucreleri, CD27-1gD* saf B, CD214%t olgunlasmamis B,
CD21¢ustkCD38dstk gktif B, CD27-1gD- ¢ift negatif B, CD27- bel-
lek B, CD27" bellek B, CD27*IgD- déntismus (switched) bellek B,
CD27+IgD* dénlsmemis (non-switched) bellek B hiicreleri akis
sitometrisi ile incelenmistir.

Bulgular: B hiicre sayisi 2-5 yas grubunda yiizde olarak, 10-16 yas
grubunda ise mutlak sayr olarak azaldi. 5-10 yas ve 16 yas Ustl
gruplarda naif ve hafiza digi B hiicrelerinin oranlan artti. Cift nega-
tif B hicreleri tim yas gruplarinda normaldi. Bellek disi B hiicre-
leri 5-10 yas arasinda ve 16 yas Uzerinde artarken, ayni gruplarda
bellek B hicreleri azaldi. Déntgsmus bellek B hiicreleri tim yas
gruplarinda azaldi. Déntsmemis bellek B hiicreleri, 16 yasin tze-
rinde azaldi ve diger tim yas gruplarinda normal gériintyordu.

Sonug: B hiicre sayisindaki azalma hastaligin siddeti ile iligkili ol-
masina ragmen, calismaya dahil edilen cocuk hastalarmizda naif
B hiicre alt gruplarinda azalma olmadi. Literatlre uygun olarak
tim gruplarda déntsmis bellek B hiicreleri artti. Cocuklarda ye-
tigskinlerden farkli olarak naif B hiicreleri, dénigsmemis bellek B
hicreleri ve ¢ift negatif B hiicreleri normaldi.

Anahtar Kelimeler: COVID-19, ¢ocuk, imminoloji, akim sito-
metrisi, B-lenfosit alt gruplar
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INTRODUCTION

Adaptive immunity is a part of the elaborate mosaic of
the immune system which demonstrates complicated
relationships and cooperation between T, B, and the
subsets of these cells. During viral infection, B cells are
critical for antibody production and protective immunity
(1). It is known that the COVID-19 disease has a milder
course in children. It is vital to increase our knowledge
about how COVID-19 disease progresses in the different
patient groups (2). We believe that evaluating the causes
of this condition from a paediatrician’s perspective will
significantly contribute to the literature to determine the
treatment goals of the disease (3-7). This study aimed to
examine flow cytometric changes in B cells and subtypes
during diagnosis in paediatric patients diagnosed with
COVID-19 with SARS-CoV-2 PCR positivity.

MATERIALS AND METHODS

The study included 22 children aged 0-18 years who were
positive for COVID-19 when they applied to the Pediat-
ric Emergency Service and the COVID Outpatient Clinic.
The patients were diagnosed as having COVID-19 using
the SARS-CoV-2 PCR test from a oropharynx/nasophar-
ynx swab sample. In addition, 4 ml blood samples were
taken from the patients to K2 EDTA tube. The panel
containing B cells and their subgroups was studied us-
ing flow cytometry. The patients were divided into four
groups (2-5 years old, 5-10 years old, 10-16 years old,
over 16 years old).

In the flow cytometry panel; CD19* B cells, CD27-IgD* na-
ive B, CD21"* immature B, CD21"“CD38"°* active B, CD27
IgD" double-negative B, CD27- non-memory B, CD27*
memory B, CD27*IgD- switched memory B (class-switched
memory B), and CD27*IgD* non-switched memory B were
studied. The results obtained were evaluated according
to the normal reference ranges obtained from studies in
healthy children and adolescents (0-18 years) (8-11).

On the same day that the tests were to be performed,
EDTA-K2 tubes were used to draw 4 ml blood samples
which were immediately transferred to the microbiology
laboratory. Monoclonal antibodies were applied to sam-
ples normalized to 1x10¢ cells per ml. Flow cytometry
was utilized to analyse lymphocyte subsets with use of
the FACSDiva software on a FACSCantoll device (Bec-
ton Dickinson, San Jose, CA, USA) (12). Anti-CD38 FITC,
anti-CD21 PE, anti-CD27 PerCP-Cy5.5, anti-CD45 APC,
anti-Human IgD PE-Cy and anti-CD19 APC-Cy7 were
placed in the tubes. After incubation (room temperature,
20 minutes), erythrocyte elimination was performed with
2-3 ml of Lysing Solution (Becton Dickinson, San Jose, CA
95131 USA) under the same conditions. The cells were
then washed with 2 mL Phosphate Buffered Saline (PBS)
and suspended in a 500 pL solution (1% paraformalde-

hyde in PBS) and resultant samples were kept in the dark
at 2-8°C immediately before analysis.

Children diagnosed with primary immunodeficiency dis-
ease, who were affected by steroid therapy, who received
chemotherapy in the last 15 days, and whose parents did
not allow the use of their child’s data were not included
in the study. This study was approved by the Clinical Re-
search Ethical Committee of Sakarya University Faculty of
Medicine (Date: 21.04.2021, No: 03).

Statistical analysis

Whether the numerical variables were normally distrib-
uted or not was analysed with the Kolmogorov-Smirnov
test. Normally distributed numerical variables were ex-
pressed as mean + standard deviation, non-normally dis-
tributed numerical variables were expressed as median
(minimum-maximum), and categorical variables were ex-
pressed as numbers and percentages. When comparing
the numerical variables of independent groups, the Stu-
dent’s t-test was used for those with normal distribution,
and Mann Whitney U test was used for those without
normal distribution. SPSS Statistics for Windows, Version
21.0. (IBM Corp. Armonk, NY: USA. Released 2012) pack-
age program was used for statistical analysis.

RESULTS

To compare the values obtained in this study with the
normal, the children were divided into four age groups
(2-5 years, 5-10 years, 10-16 years, and over 16 years old).
Percentage and absolute counts of lymphocytes were
higher than reference ranges above 16, while it was nor-
mal in other age groups (Figure 1). B cell percentage was
decreased in the 2-5 age group and the 10-16 age group
as an absolute number. The CD19*B cell count was nor-
mal in the group above 16 years of age with high total
and percentage lymphocyte counts (Table 1).
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Figure 1: Lymphocyte percentage values by age groups

The percentages of naive and non-memory B cells in-
creased in the 5-10 and over 16 year age groups. The
percentage of immature B cells and activated B cells in-
creased in the 10-16 age group (Table 2). Also, in the over
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Table 1: Median (min-max) values of percentage and absolute numbers of lymphocytes and B cells by age groups
in children with COVID-19

2-5 Years (n=8) 5-10 Years (n=5) 10-16 Years (n=7) >16 Years (n=2)

Lymphocyte (%) 57 41 43 49 1
(40-71) (31-60) (32-48) (48-50)
Lymphocyte (/pL) 4283 2874 2273 2538 1}
(1835-7205) (2128-4459) (1955-2938) (1990-3085)
CD19+*B Cell (%) 12 12 9 16
(5-35) (9-18) (6-13) (11-21)
CD19*B Cell (/pL) 444 397 172 | 427
(83-1702) (251-520) (132-370) (217-636)

{t increased, | decreased

Table 2: Median (min-max) values of percentage and absolute numbers of B cell subgroups by age group in
children with COVID-19

2-5 Years 5-10 Years 10-16 Years >16 Years

(n=8) (n=5) (n=7) (n=2)
Naive IgD*CD27 B Cell (%) 86 83 1 75 831
(72-92) (54-93) (26-82) (80-86)
Naive IgD*CD27B Cell (/uL) 384 350 129 348
(60-1563) (159-437) (35-279) (186-509)
Immature CD21'*B Cell (%) 10 6 140 7
(3-30) (1-29) (5-23) (3-11)
Immature CD21'"B Cell (/pL) 66 55 20 39
(21-128) (12-86) (17-53) (7-71)
Activated CD21'°*CD38*B Cell (%) 5 5 1M1 6
(3-18) (2-21) (3-19) (2-11)
Activated CD21'°*CD38*B Cell (/pL) 31 13 17 36 ¢
(13-106) (8-75) (10-48) (5-67)
Double negative IgD-CD27-B Cell (%) 4 4 10 7
(0-8) (2-17) (4-56) (1-14)
Double negative IgD-CD2”-B Cell (/L) 24 15 17 50
(4-77) (8-49) (6-76) (30-70)
Non-memory CD27-B Cell (%) 90 87 1 82 951
(78-95) (71-95) (73-86) (91-100)
Non-memory CD27-B Cell (/pL) 411 366 145 398
(64-1600) (208-452) (105-292) (216-579)
Memory CD27+B Cell (%) 10 131 17 1
(1-22) (1-29) (2-27) (1-1)
Memory CD27+B Cell (/pL) 58 551 35 29
(18-111) (21-85) (22-78) (1-57)
Switched memory IgD-CD27*B Cell (%) 3 1 5| 4
(0-20) (0-2) (2-18) (1-8)
Switched memory IgD-CD27*B Cell (/pL) 13 4 7 26
(0-75) (2-6) (5-48) (1-57)
Non-switched memory IgD*CD27+B Cell (%) 6 12 M 0l
(0-2) (4-27) (1-23) (0-1)
Non-switched memory IgD*CD27+B Cell (/uL) 35 50 151 3
0-1171) (17-78) (3-70) (0-6)

{t increased, | decreased
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16 years age group, activated B cells increased in terms
of absolute count.

Double negative B cells were normal in all age groups.
Non-memory B cells increased over the age of 5-10 and
over 16, whereas memory B cell counts decreased in
these groups (Table 2).

All age groups demonstrated decreased switched mem-
ory B cell counts. Non-switched memory B cell and mar-
ginal zone like B cell counts decreased over the age of 16,
while counts were normal in all other age groups (Table 2).

DISCUSSION

It has been found that patients with severe COVID-19
show an overall decrease in lymphocyte count and de-
creased B cells (13,14). B cells and NK cells in partic-
ular are also reduced in this disease (15). A study of 40
children who developed pneumonia due to COVID-19
showed lower percentages of CD19+B lymphocytes than
RSV pneumonia (16). Within the scope of our research,
a decrease was found in the 2-5 years age group as a
percentage and the 10-16 years age group as the abso-
lute number. However, none of our patients progressed
severely enough to go to intensive care. It was evaluated
that looking at pure B cell numbers cannot be a function
parameter in predicting prognosis, and B cell subgroups
should also be examined.

Interestingly, the majority of CD20-depleted individuals
infected with SARS-CoV-2 with autoimmunity are known
to recover (17, 18). This reveals the importance of B lym-
phocytes in the pathogenesis of COVID-19 disease. If the
immunopathology of this disease can be explained, im-
munotherapy will also be possible (19).

It has been reported that the percentages of B cells increase
in patients with severe disease, but the absolute number of
B cells gradually decreases (20). Our study found that al-
though the lymphocyte count increased in the 16-year-old
group closest to adult age, B cells did not increase.

No statistically significant change in disease severity was
reported in the B cell subgroups in one study, although
there were different trends when all patients were con-
sidered together (21, 22). In another study, CD19*B
cells, like other lymphocyte subgroups, were lower than
the standard limit one week after the onset of the dis-
ease, and this nadir was found in the second week. As
of the third week, this number gradually increases and
continues until the 5" week, but this value cannot reach
a healthy standard value in 5" week. In general, B cell
count decline has been associated disease severity (23).
In a study in which 60 patients with COVID-19 were eval-
uated before and after treatment, the decrease in B cells
and the total lymphocyte count was associated with the
severity of the disease. Compared with healthy controls,

this study showed that the absolute lymphocyte and B
cell counts decreased significantly. Thirty-seven patients
who showed a clinical response demonstrated increased
B cells following therapy. A low B cell count that persists
after treatment has been associated with a poor progno-
sis (24). Considering that our patients’ tests were ordered
at diagnosis—not after treatment, it is impossible to spec-
ulate on this issue. However, children in the youngest age
group 2-5 years and 5-10 years started with a low B cell
count, did not develop any intensive care needs after one
week of follow-up and were discharged.

In another study, while plasma cells increased signifi-
cantly among B cells, naive B cell measurements showed
a decline (25). The percentages of naive B cell sub-
types, switched memory (CD27*IgD") and non-switched
(CD27%IgD*) memory B cells, are significantly reduced
in COVID-19 patients. In contrast, the frequencies of
double-negative (CD27-1gD") B cells and CD27+-CD38+
generally increase enormously (12). Naive B cell sub-
groups did not decrease in our paediatric patients in-
cluded in the study, while increases were observed in
switched memory B cells, similar to the literature. Non-
switched memory B cells showed a decline in only the
over 16 age group. The double negative B cell group also
did not decrease and remained normal. These results
showed us that, unlike adults, our patients had normal
levels of naive B cells, non-switched memory B cells and
double-negative B cells (Table 2).

In another study, the percentages of memory B
(CD27+CD19%) cells were found to be similar in the
groups (20). In our research, it was observed that memory
B cells generally decreased. There was a decrease in ab-
solute numbers and percentages of memory B cells in the
5-10, 10-15, and over 16 years age groups. The change in
memory B cells was expected in the 2-5 age group, due
their recent exposure to multiple vaccines.

As aresult, children constituted the least damaged group
during this global pandemic, and studies continue to vac-
cinate this group. Therefore, it is essential to reveal what
is different in children. As a result of this study, different
from adults in children, naive IgD*CD27B cell, double
negative IgD'CD27B cell and non-switched memory/
marginal zone like IgD*CD27*B cells did not decrease
but remained normal. This outbreak has once again high-
lighted the shortcomings in our ability to respond to and
reduce new pathogen outbreaks.

A limited number of patients were included because of
budgetary constraints and only B cell profiles at the time
of diagnosis could be studied. If it had been possible to
enrol more patients, particularly into the over 16 years
age group, the difference between this age group (near
adult age) and other childhood periods may have been
better demonstrated.
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