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ABSTRACT

Introduction: Albumin is the most abundant protein in serum and serves as a major transporter for many molecules.
In maintaining homeostasis, albumin acts as a potential scavenger, antioxidant, and immunomodulator. As a trans-
porter as well as an immunomodulator, the role of albumin and its correlation with anti-SARS-CoV-2 antibodies
has not been widely studied. This study aims to measure the levels of albumin and IgG anti-SARS-CoV-2 N and S1
RBD proteins and determine whether there is a correlation between the two items. Materials and Methods: We
conducted a cross-sectional study on 69 healthy adults aged 20-45 years who were fully vaccinated with SinoVac
and then assessed the albumin and human 1gG protein levels of SARS-CoV-2 N and S1 RBD proteins one month after
the second dose using an ELISA method. Result: The average albumin level was 91.401 ng/mL and IgG was 11.419
Units/mL. Statistical calculations using the Spearman’s rho correlation test got a significance value of 0.001 (p <
0.05) and the coefficient of correlation (r) value is 0.407, which means that there is a significant correlation between
albumin and IgG anti-SARS-CoV-2 in people who were fully vaccinated with SinoVac, with a moderate coefficient
of correlation. Conclusion: One of the immunomodulatory effects of albumin is to increase the expression of the
pro-inflammatory gene, TNF-a, through the Toll-like receptor (TLR)-4 and NF-kB pathways. The presence of the TNF
superfamily plays a role in the development, maturation, activation, and differentiation of B cells, which in turn pro-

duce a sufficient proportion of immunoglobulins.
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INTRODUCTION

Albumin is produced exclusively by hepatocytes and
is the most dominant protein in serum (3.5-5.0 g/dL),
with a total amount in humans of about 360 g (1). In
the interstitial space, 80% of free albumin is ready to
carry out the transport function to maintain homeostasis
(1,2). This function depends on its ability to bind to a
wide variety of ligands so that their solubility in plasma
is very high and capable of transporting the ligand to
organs or tissues, or destroying it if it is toxic (1,3). In
carrying out its great function, albumin can act as a
potent scavenger, antioxidant, and immunomodulatory
molecule. As a scavenger, albumin binds to bilirubin
(a product of the breakdown of haemoglobin and is
toxic) and transports it to hepatocytes to be conjugated
with glucuronic acid and excreted through the biliary-
intestinal system (4). As an antioxidant, albumin acts
as a free radical scavenger of oxygen and nitrogen
species and binds to free metals such as copper and iron

(which can catalyze the formation of aggressive ROS),
toxic nickel and cadmium (3,5-7). Finally, the function
of albumin as an immunomodulator, for example, is
shown through the expression of the TNF-a gene on
peritoneal macrophages through the TLR-4 and NF-«kB
pathways (8).

Cytokines from the tumor necrosis factor (TNF)
superfamily, one of which is TNF-a, are important
players in the development of immune cells such as
B lymphocytes, including development in the bone
marrow, maturation, homeostasis, activation, and
differentiation into effector or memory B cells to produce
antibodies that have a high affinity for pathogens after
previous exposure through vaccination (9,10). B cells
themselves can act like innate immune cells that respond
to stimuli through recognition by receptors such as the
toll-like receptor (TLR) (11,12) or play a role in adaptive
immunity to produce antigen-specific antibodies (9).

Antibodies can act directly as antivirals, activate
adaptive immune cells via complement or Fc receptors,
and activate T cells. In cases of COVID-19, antibodies
rise rapidly after infection, and specific titers are elevated
in severe patients, whereas neutralizing antibodies in
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recovered patients were found to be low. If we look at
previous cases of coronavirus, such as SARS-CoV, the
vaccines and therapies developed to target the receptor-
binding domain (RBD) of the S1 protein (13). Designing
an effective vaccine and treatment against COVID-19
requires a comprehensive understanding of neutralizing
and extra-neutralizing antibodies (14).

The correlation between albumin levels and immune
response to vaccinations, e.g. Hepatitis B (15), has been
studied and known. However, whether the same thing
happens to the COVID-19 vaccination is still not widely
studied. This study aims to analyze the correlation
between albumin levels and SARS-CoV-2 N and S
RBD protein human IgG levels in people who have been
completely vaccinated against COVID-19, especially by
SinoVac.

MATERIALS AND METHODS

Samples

This cross-sectional research has received approval
from the Health Research Ethics Committee, Health
Polytechnic of Pontianak, Ministry of Health, No. 252/
KEPK-PK.PKP/1X/2021 and was conducted in June 2021.
Research respondents must meet the following criteria:
a medical laboratory technology expert who handles
COVID-19 laboratory examinations in Pontianak City,
is not currently suffering from an infectious disease, has
received two COVID-19 vaccine shots and is willing
to be a respondent, so obtained 69 people with an age
range of 20-45 years. The respondent’s blood was taken
and the serum was separated to measure albumin and
human 1gG anti-SARS-CoV-2 N and S1 RBD protein
levels.

Measurement of albumin and SARS-CoV-2 N and
S1 RBD protein human IgG levels

Albumin levels were measured by the sandwich ELISA
method using a reagent kit from Raybiotech, USA. This
assay uses specific antibodies to albumin coated on a
96-well plate. If the sample contains albumin, it will be
bound by specific antibodies immobilized on the plate.
After washing, biotinylated anti-albumin antibodies
were added. Unbound biotinylated antibody was
washed again and then HRP-conjugated streptavidin
was added and pipetted into the well. The well was
washed again, then the TMB substrate solution was
added to the hole and the colour appeared, whose
intensity was proportional to the amount of bound
albumin. The intensity of this colour was measured
spectrophotometrically at 450 nm and the results were
reported in ng/mL units (16). The SARS-CoV-2 N and
S1 RBD protein human IgG levels were also measured
by the sandwich ELISA method using a reagent kit from
Raybiotech, USA, and the results were reported in Units/
mL (17).

Statistical analysis

The Kolmogorov-Smirnov test was used to determine the
normality of the data and the Spearman’s rho test was
used to determine the correlation between albumin and
SARS-CoV-2 N and S1 RBD protein human IgG levels.

RESULT

This research took place in June 2021 on respondents
who came from the medical laboratory technologist
population who carried out laboratory tests for
COVID-19 and had been fully vaccinated with SinoVac.

Measurement of albumin levels using the sandwich
ELISA method obtained values that varied from 6.371
to 834.150 ng/mL (mean 91.401 ng/mL), while the
levels of SARS-CoV-2 N and ST RBD protein human
IgG varied from 0.010 to 326.639 Units/mL (mean
11.419 Units/mL). The Kolmogorov-Smirnov test on
albumin levels got a significance value of 0.000, as well
as the SARS-CoV-2 N and S1 RBD protein human 1gG
levels got a significance value of 0.000, which means
the two data are not normally distributed. Statistical
calculations using the Spearman’s rho correlation test
got a significance value of 0.001 (p < 0.05) and the
coefficient of correlation (r) value is 0.407, which means
that there is a significant positive correlation between
albumin and SARS-CoV-2 N and S1 RBD protein human
IgG levels in people who have been vaccinated against
COVID-19, especially by SinoVac, with a moderate
coefficient of correlation.

DISCUSSION

The results of this study indicate that the higher the
albumin level, the higher the SARS-CoV-2 N and
S1 RBD protein human IgG level. Although the 1gG
levels measured in this study tend to be low, this is
understandable because they were measured within 1
month after the COVID-19 vaccine shot. This is in line
with previous studies that IgG levels are low in the early
phase of infection (18). Another study found that in fully
vaccinated people (2 shots) IgG became positive in the
first week and reached peak values in the second week,
and then IgG levels gradually decreased over time but
remained at high levels for 25 weeks (19). Low albumin
levels are found in 81% of non-surviving COVID-19
patients, and the body requires more albumin (2,20).

Albumin is a multifunctional, the most abundant
protein in plasma, interacts with various exogenous
and endogenous chemicals, and is widely found in the
extracellular space to ensure its physiological function
as a transporter and immunomodulator (2,21). As a viral
transporter, albumin activity has been demonstrated
against viral proteases, polymerases, and RNA (21);
more specifically against the SARS-CoV-2 virion in the
glycolate form. Blocking of albumin transport function
has been shown to produce systemic symptoms in
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SARS-CoV-2 infection and sepsis, and nearly 81% of
COVID-19 patients who do not survive had low albumin
levels (2). Because the SinoVac vaccination employs an
inactivated viral platform (22), which means it retains
intact virus particles, aloumin may have a role in its
effectiveness.

In its function as an immunomodulator, in vitro studies
confirm that albumin enhances proinflammatory gene
expression via an NF-kB-dependent pathway preceded
by TLR-4 recognition in peritoneal macrophage cells
(8). In addition, the physiological role of albumin
in immunological processes leads to an increase in
the ability of antigen-presenting cells to trigger T cell
activation, particularly through increased expression of
major histocompatibility complex (MHC) class Il (23).

One of the proinflammatory cytokines that play an
important role in the immune system, both innate and
adaptive, is TNF-a. TNF-a is a pleiotropic cytokine
produced mainly by macrophages and monocytes,
although other immune cells such as T cells, NK cells,
dendritic cells, and B cells can also produce it at low
levels (24). In its role on B cells, TNF-a provides a co-
stimulatory signal resulting in increased proliferation
and antibody production by B cells as soon as an
antigen is recognised, which is important during the
primary response to pathogens (10,25). In the case of
COVID-19, a potential mechanism for the induction
of a SARS-CoV-2-specific IgG response by enhanced
and prolonged stimulation of the B cell receptor has
been described previously (26). Patients with severe
COVID-19 may experience selective B-cell plasmablast
amplification, which is accompanied with a decreased
number of peripheral naive and memory B cells and
a greater humoral response specific to SARS-CoV-2
(27,28). This may explain the wide range of 1gG levels
(0.010 to 326.639 Units/mL) in which the patients
involved in this study were previously infected and had
symptoms ranging from asymptomatic to moderate.

The first antibody to appear when infected with a virus
is usually 1gM, as in Zika and Dengue, followed by IgG
and IgA (29,30). However, in COVID-19, I1gG that is
specific to the S and N proteins of SARS-CoV-2 appears
almost simultaneously with IgM and IgA, which is about
2 weeks after symptoms appear (18,31). Within 7-10
weeks, 1gG and IgA decreased rapidly (32). Because
IgG measurements in this study were performed up to
1 month after the second shot of vaccination, this may
be the reason why IgG levels in the respondents of this
study tend to be low, although some have reached quite
high levels as described above. High levels of IgG may
provide a protective function following infection in those
who have a quickimmune response as opposed to people
who have not received a vaccination (33). However, this
does not eliminate the possibility that those who have
been vaccinated and have antibodies to the COVID-19
vaccine are infected with SARS-CoV-2. The first reason is

that some 1gGs are not neutralizing antibodies and play
a limited protective role (34); second, viral mutations
cause escape immune mechanisms (35); and third, the
protective antibody titer gradually weakens so that it
can no longer protect against the virus (19). Preliminary
observations suggest a decrease in antibody titer in the
first months after vaccination, indicating that a booster
dose may be necessary to maintain a sufficiently high
titer for long-term protection (36). In addition, other
studies have also shown that IgG levels were found to be
high in patients or survivors of severe COVID-19, and
conversely, low in patients with mild or asymptomatic
symptoms (18,31), and at the time of sampling,
respondents were in good health condition and did
not show any symptoms of COVID-19. Given that the
immune response can arise due to natural infection or
vaccination, the different classes of antibodies involved
in handling COVID-19 infection, and the different types
of SARS-CoV-2 antigens, it is necessary to conduct
further investigations regarding neutralizing antibodies
formed after vaccination (19) using a method that has
advantages in terms of practicality, sensitivity, and
effectiveness, for example the quantitative detection of
multiplex SARS-CoV-2 specific antibodies (37).
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CONCLUSION

This study found that the mean levels of albumin and IgG
anti-SARS-CoV-2 were 91,401 ng/mL and 11,419 Unit/
mL, respectively, and statistical calculations showed a
significant correlation between these two parameters
in healthy people who had been fully vaccinated with
SinoVac. The significant correlation indicates that
albumin has a role in the immune system which may be
due to its function as an immunomodulator, specifically
by increasing the expression of the TNF-a gene by
immune cells that modulate B cells to produce antigen-
specific antibodies, including in the case of COVID-19
vaccination. Further research is needed to measure
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albumin levels and TNF-a gene expression in people
who have been vaccinated against COVID-19.
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