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Evaluation of humoral response in COVID-19 Saudi patients
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Background: SARS-Cov-2 caused a viral pandemic that started in late
December 2019. This study aimed to investigate the humoral immunity
response against SARS-Cov-2 by evaluating the B cell counts and serum
levels of IgG and IgM in different groups of patients.

Methods: A total of 74 samples were collected from different groups of
confirmed COVID-19 patients to evaluate the concentrations of IgG and IgM
in groups including control, mild, severe, and asymptomatic. In addition, 84
samples were collected for CD19+ and CD27+ B cells analysis in the same
group.

Results: Levels of IgG and IgM were found to be significantly elevated in
COVID-19 patients; the severe groups showed the highest level among the
groups of patients. Furthermore, a significant decrease in B cell counts in
patients was observed.

Conclusion: Peripheral B cells, IgG and IgM were shown to be related to the
severity of the disease. While CD19+ and CD27+ B cells tended to decrease
in groups of patients, antibodies’ concentrations increased along with disease
severity.
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INTRODUCTION

In late December 2019, a viral pneumonia epidemic began in
Wuhan, China caused by a novel coronavirus, which was later
named the severe acute respiratory syndrome coronavirus-2
(SARS-Cov-2), and the coronavirus disease 2019 (COVID-19)
the official name of the disease caused by the new virus [1, 2].
COVID-19 characteristics and outcomes are highly variable
ranging from asymptomatic or mild symptoms such as fever,
cough, and fatigue to more severe symptoms with scrious
complications including multiple organ failure, Acute Respiratory
Distress Syndrome (ARDS), and even death [3, 4].

The immune system responds to the SARS-Cov-2 infection
by activating innate and adaptive immunity and their cellular
and humoral components. B cells, CD8+ and CD4+ T cells
(cytotoxic T cells and helper T cells) are three major components
of adaptive immunity that work co-ordinately with innate
immunity against viral infections [5]. B cells play a crucial role by
producing antibodies to target virus and infected cells, which in
turn protect against infection via various mechanisms including
neutralization, complement activation, Antibody-Dependent
Cellular Cytotoxicity (ADCC), and Antibody-Dependent
Phagocytosis (ADP) [6].

Immunoglobulin G (IgG) is the most abundant antibody
response for long-term immunity in viral infection, the serum IgG
concentration maintained high for several weeks after infection.
While IgM is the first antibody produces after pathogen invasion
and its concentration decline earlier than IgG [7, 8].

B cells are additionally the key component in the management of
COVID-19 spread as it is the main target of vaccine development.
Vaccination is one of the most effective ways to control pandemics
and reduce complications. As of 4 September 2023, approximately
13.5 billion vaccine doses have been administrated globally [2].

In this study the aim was to investigate the humoral immunity
response against SARS-Cov-2 by evaluating the B cell counts and
serum levels of IgG and IgM in different groups of patients.

MATERIALS AND METHODS
Patients

The Institutional Review Board (IRB) of the Research and Studies
Department—Jeddah Health Affairs, registration number
KACST, KSA: H-02-J-002 research number 1373 was obtained.
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Patients or guardians were notified and given the chance to give
informed permission prior to the collection of the specimen.
Blood samples were collected at King Abdulaziz Hospital in
Jeddah-Saudi Arabia, the collected samples were aliquoted and
stored at (-80) till the investigation was done. All the patients
were clinically and radiologically diagnosed with COVID-19
and confirmed by Real-Time Reverse Transcriptase Polymerase
Chain Reaction (RT-PCR). The patients were clinically classified
according to the National Health Commission of China’s New
Coronavirus Pneumonia Prevention and Control Program [9].

Patient groups were divided as follows:

e Group 1 (Control) included healthy individuals of
similar age and sex, who had not been immunized with
any dose of vaccine.

e Group 2 (Asymptomatic) included patients with no
clinical symptoms and chest imaging findings, with
positive SARS-CoV-2 RT-PCR testing.

e Group 3 (Mild group) included patients with mild
clinical symptoms, and no signs of pneumonia on the
imaging examination.

e Group4 (Severe group) included patients meeting any of
the following: oxygen saturation < 93% at rest, shortness
of breath with a respiratory rate of > 30 times/min,
or an arterial oxygen partial pressure (PaO,)/oxygen
concentration (FiO,) < 300 mmHg (1 mmHg = 0.133
kPa)

Exclusion criteria

Patients with chronic infections (HCV, HBV), cancers, any
immunological disorders or patients on immunosuppressive drugs
or chemotherapy, any underlying haematological disorder, and
laboratory and clinical signs of other infections were exclude.

Measurement of IgG, and IgM

A total of 74 blood samples were collected in serum separator
(SST) tube (3 ml) and classified into 4 groups as illustrated
in patients’ section (group 1 (n=18), group 2 (n=20), group
3 (n=18), group 4 (n=18). Serum IgG and IgM levels were
measured using Human SARS-CoV-2 spike IgG and IgM ELISA
kits (Thermo Fisher, Cat#: BMS2325, BMS2324 respectively)

following the manufacturer’s instructions. The concentrations

were determined by reading optical density at 450 using The
BioIek 800 TS absorbance reader.

Flow cytometry analysis of B cells

For flow cytometric analysis blood samples were collected in a Na-
Heparin tube (3 mL) as follow: (group 1 (n=14), group 2 (n=22),
group 3 (n=22), group 4 (n=26)). Each sample was diluted 1:1
in PBS. This was followed by adding the diluted blood sample
on Histopaque to make up the total amount of 60% diluted
sample. Next, buffy coats were collected after centrifugation and
then washed twice with PBS. Samples were prepared for flow
cytometry analysis by adding the target fluorescent antibodies at
the recommended dilution by the manufacturers, as follows: anti-
CD19-PECy5 (C7066, DAKO), anti-CD27-FITC (340424,
BD). This was followed by incubation at room temperature in
the dark for 30 min. Finally, samples were analysed using flow
cytometry FACS Aria 3 from BD Company followed by data
analysis using FACSDiva version 9 software (BD Biosciences,
San Jose, CA, USA). Lymphocytes were gated according to light
scatter parameters that reflect cell morphological characteristics.
At least 10,000 events were assessed for each sample.

Statical analysis

Statical analyses were performed using Prism GraphPad software
version 9.5.0 and presented as mean + Standard Error of the
Mean (SEM). One-way ANOVA test was used to compare
the difference between normally distributed variables followed
by Tukey’s multiple comparison test to identify significant
differences between groups, while Kruskal-Walli’s test and post
hoc test Dunn’s multiple comparison test was used for parameters
that are not normally distributed. p-value<0.05 was considered
statistically significant.

RESULTS

Comparison of serum IgG and IgM levels in
patient groups

A total of 74 serum samples were collected as shown in table 1.
36 of them were male (48.65%) while 38 of them were female
(51.35%) with a mean age of (48.43 + 14.71). Participants were
classified into 4 groups: group 1 (n=18) included healthy controls,
group 2 (n=20) included asymptomatic cases, group 3 (n=18)
included clinically mild cases, group 4 (n=18) included clinically

SEVEre cases.

Tab. 1. Demographic data of partici- Age Gender

pants n Mean + SD Range Male Female
Group 1 18 40.56 £ 11.00 21-65 5(27.8%) 13 (72.2%)
Group 2 20 39.05 +7.71 24-53 4 (20%) 16 (80%)
Group 3 18 53.50 £ 13.30 34-74 12 (66.7%) 6 (33.3%)
Group 4 18 61.67 +13.53 38-83 15 (83.3%) 3(16.7%)

As illustrated in figure 1 the highest level of IgG showed in group
4 (severe). In addition, all patients’ groups showed high significant
difference with control group.

For IgM, Group 4 (severe) showed the highest level of IgM con-
centration compared to other groups (Figure 2). A significant dif-
ference was also recorded between controls and group 3 (mild).

Comparison of B cells indicators among different
groups of COVID-19 patients

Table 2 represent the demographic data of 84 participants, 42
male (50%) and 42 (50%) female with the mean of ages 50.12 +
15.08. group 1 (n=14) controls, group 2 (n=22) asymptomatic,
group 3 (n=22) mild, group 4 (n=26) severe cases.
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Fig. 1. Comparison of IgG concentration between control (group 1), asymptomatic (group 2), mild (group 3), severe (group 4). Data represent mean and
SEM. * P-value<0.05 is considered significant, ** P-value < 0.01 is considered very significant, *** P-value<0.001, and **** P-value<0.0001 are consid-

ered extremely significant
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Fig. 2. Comparison of IgM concentration between control (group 1), asymptomatic (group 2), mild (group 3), severe (group 4). Data represent mean and
SEM. * P-value<0.05 is considered significant, ** P-value<0.01 is considered very significant, *** P-value < 0.001, and **** P-value<0.0001 are consid-

ered extremely significant

Tab. 2. Demographic data of Age

patients n Mean + SD Range
Group 1 14 41.79 £10.01 31-65
Group 2 22 39.09 +7.35 24-53
Group 3 22 53.64 + 14.69 18-74
Group 4 26 60.96 + 14.02 38-84

Gender
Male
3(21.43%)
5(22.73%)
12 (54.55%)
22 (84.62%)

Female
11 (78.57%)
17 (77.27%)
10 (45.45%)
4 (15.38%)

CD19+ B cells percentage showed decrease in the three groups of 3 showed a significant decrease (p-value<0.05) compared to con-

patients when compared to control group with a significant dif- trol group, while high significant decrease showed in group 4 (p-

ference in their absolute numbers (Figure 3). Group 2 and group value<0.01).
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Fig. 3. Comparison of percentages (a) and absolute counts (b) of total CD19+ B Cells in different COVID-19 patients, Control (group 1), asymptomatic
(group 2), mild (group 3), severe (group 4). Data represent mean and SEM. * P-value<0.05 is considered significant, ** P-value<0.01 is considered very
significant, *** P-value<0.001, and **** P-value<0.0001 are considered extremely significant

On the other hand, CD27+ B cells showed a significant de- pared to control group, while both group 3 and group 4 showed

crease in their percentage and absolute numbers in the 3 groups an extremely significant decrease (p-value<0.0001), compared to

of patients when compared to control group (Figure 4). Group 2 control group.
showed high significant decrease (p-value<0.01) in CD27+ com-
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Fig. 4. Comparison of percentages (a) and absolute counts (b) of total CD27+ B Cells in different COVID-19 patients (control (group 1), asymptomatic
(group 2), mild (group 3), severe (group 4)). Data represent mean and SEM. * P-value < 0.05 is considered significant, ** P-value < 0.01 is considered
very significant, *** P-value < 0.001, and **** P-value < 0.0001 are considered extremely significant

DISCUSSION

Humoral immunity response provides effective mechanisms to
restrict the infection and prevention of reinfection caused by
SARS-Cov-2 like other viruses. During the infection, B cells play
an important role in producing cytokines, presenting antigens,
and secreting antibodies [10]. Lymphopenia is one of the most
common risk factors has been associated with the severity of the
disease [11-13]. Although the reduction of absolute T cell counts
is the key factor in the development of lymphopenia, the role of
B cells remains debatable. The study of Liu et al. (2020) found

current findings, whereas the antibodies found to be significantly
increased in the severe group compared to control, thus high an-
tibodies titer suggested to be an independent risk factor for the
COVID-19 severity [26-28]. In severely COVID-19 patients
the formation of Germinal Centre (GC) has been observed to be
failed due to the significant decrease in the T follicular helper cells
(Tth), resulting in the robust extrafollicular response rather than
GC response that could be explain the elevated antibodies titer in
severe cases [10, 29].

Among current study, groups’ gender distribution was undistrib-

that the absolute counts of B cells in severe patients were within uted. It had been demonstrated that females were less susceprible

the normal range [14]. In contrast, other studies found a signifi- t© infections than males due to biological gender differences in

cant reduction in the absolute counts of B cells in patients com-
pared to healthy control current results revealed that COVID-19
patients had their absolute CD19+ and CD27+ B cell counts
significantly lower than control, these findings are in agreement
with previous studies and wang et al. (2020) who also observed a
significant decrease in CD19+ B cells in severe compared to mild
cases [15-17]. B lymphopenia in COVID-19 patients might be
caused by the direct cytopathic effect of the virus or indirectly due
to virus-induced immunosuppression or uncontrolled inflamma-
tory response [18, 19]. However, other studies proved increase in
B cells of COVID-19 patient’s samples with a significant increase
in severe compared to mild cases [20, 21]. The heterogeneity of
B cells response in the previous studies could be a result of dif-
ferent sample sizes and different sampling times after symptoms
onset [22].

Current results demonstrate that IgG and IgM were generally in-
creased in patient groups in comparison to healthy control. These
findings were similar in alignment with previous studies [23-25].
In addition, Liu et al. (2020), Ma et al. (2020), and Zhao et al.
(2020) have observed an association between higher IgG and
IgM titers with disease severity, their findings were in line with

immune system and receptors. This might be related to sex hor-
mones (including estrogens, progesterone, and androgens), and
immune-regulatory genes on X-chromosome. Additionally, these
differences suggested to affect the infection outcomes concerning
infection severity, viral load and others comorbidities [30, 31].

STUDY LIMITATIONS

It is important to consider the limitations of this study when
evaluating the findings as the sample size and gender distribution
isn't typical of the larger population. This was a result of the high
restrictions for sample collection and quarantine at the start of the
pandemic. As a result, care should be taken when extrapolating the
findings to different groups or situations.

CONCLUSION

This study provides valuable data on humoral immunity response
to SARS-Cov-2. Peripheral B cells, IgG and IgM were shown to be
related to the severity of the disease, CD19+ and CD27+ B cells
tended to decrease in groups of patients, while antibodies concen-
trations increased along with disease severity.
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