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Measurement of oxidized albumin: An opportunity for diagnoses or treatment of COVID-19  

A R T I C L E  I N F O   

Keywords 
Oxidized albumin 
Diagnosis 
Treatment 
COVID-19 

A B S T R A C T   

Human serum albumin (HSA) as the most abundant protein in human blood plasma, can be a good indicator for 
evaluating severity of some diseases in the clinic. HSA can be find in two forms: reduced albumin (human 
mercaptalbumin (HMA)) and oxidized albumin (human non-mercaptalbumin (HNA)). The rate of oxidized al-
bumin to total albumin can be enhanced in multiple diseases. Increase in HNA level have been demonstrated in 
liver, diabetes plus fatigue and coronary artery diseases. In liver patients, this enhancement can reach to 50–200 
percent which can then lead to bacterial/viral infections and eventually death in severe conditions. Due to the 
induction of cytokine storm, we can say that the level of HNA in serum of coronavirus disease 2019 (COVID-19) 
patients may be a positive predictor of mortality, especially in patients with underlying diseases such as car-
diovascular disease (CVD), diabetes, aging and other inflammatory diseases. We suggest that checking oxidized 
albumin in COVID-19 patients may provide new therapeutic and diagnostic opportunities to better combat 
COVID-19.   

Human serum albumin (HSA) as the most abundant protein in 
human blood plasma, can be used to check the severity of some diseases 
in the clinic. HSA is involved in the maintaining colloidal osmotic 
pressure, transferring endogenous (hormones, bilirubin and fatty acids)/ 
exogenous substances and scavenging the free radicals [1]. It can be find 
in two forms: reduced albumin (human mercaptalbumin (HMA)) and 
oxidized albumin (human non-mercaptalbumin (HNA)) [2]. In HSA, 
there is a free sulfhydryl group at 34 cysteine position (cys-34) which 
can act as an antioxidant by attacking to free radical species. In healthy 
people, cys-34 on 75% of HSA is in its reduced form (HMA) and in 25% 
of rest makes a small disulfide bond with another cysteine, homocys-
teine or glutathione (HNA) [3]. Conversely, the rate of oxidized albumin 
to the total albumin can be enhanced in multiple diseases. It has been 
found that HNA level increases and HMA level decreases in liver disease 
[4], diabetes [5] plus fatigue and coronary artery diseases [6]. In 
addition, the HNA level shows enhancement in some physical conditions 
such as aging and intense exercise [2]. In liver patients, the HNA level 
increases to 50–200 percent which can then lead to bacterial/viral in-
fections and eventually death in severe conditions [7]. It has been 
proved that the oxidation of albumin alters its structure, function and 
leads to water retention and disease progression such as what in patient 
with viral hepatitis is found (the rate of oxidized albumin becomes 
significantly higher by improvement of the disease) [8]. Moreover, 
hypoalbuminemia and oxidation of albumin has been observed in di-
abetics besides systemic inflammation and oxidative stress. Therefore, It 
has been shown that HNA can be associated with the severity and pro-
gression of some diseases [9]. Evidence has proved that HNA triggers 
endothelial damage which in turn can increase the rate of cardiovascular 
disease and mesothelioma in elder individuals [10]. It has also been 
shown that the increased amount of HNA leads to an enhancement in the 
level of reactive oxygen species (ROS) such as H2O2, •O2

− , •OH, senes-
cence in the cells and more importantly the risk of other diseases and 
infections in the elders, which can then give rise to the risk of mortality 

rate in these patients [11]. A study on patients with chronic obstructive 
pulmonary diseases has found that HSA is lower in these patients toward 
normal people, conversely the HNA level is higher [12]. Furthermore, in 
pulmonary diseases like diffuse lung disease and idiopathic pulmonary 
fibrosis, the amount of oxidized proteins enhances to a large extent 
which indicate the absence of accurate function of albumin in these 
patients [13]. 

Remarkably, the high level of HNA can alter the function of immune 
cells in cirrhosis patients toward normal individuals. In these patients, 
inflammation is developed by production of inflammatory cytokines (IL- 
6, IL-1, TNF-α, and IL-8) and subsequent cytokine storm is triggered by 
activated leukocytes. Afterwards, HNA increases the inflammatory ei-
cosanoids (PGE2, PGF2α, thromboxane B2 and leukotriene B4) as well. 
The effect of HNA on immune cells in this condition has been shown to 
be elicited by phosphorylation of p38 mitogen-activated protein kinase, 
followed by activation of transcription factors and ultimately increase in 
production/secretion of inflammatory cytokines [14]. Thus, HNA has 
been revealed to directly activate leukocytes and result in releasing in-
flammatory cytokines as are shown in Fig. 1. It has been demonstrated 
that HNA in the respiratory system of patients with lung cancer activates 
neutrophils which in turn by accumulating ROS in these cells, plays a 
main role as a stimulator in enhancement neutrophils’ NETosis 
(neutrophil extracellular traps) function [15]. A systematic review study 
on laboratory publications of people with coronavirus disease 2019 
(COVID-19) has recently published that 75.8% of patients had decreased 
amount of HSA [16]. Nevertheless, there isn’t any study which has 
measured the HNA in these patients yet. However, the clinical mea-
surement can be easily done by using high-performance liquid chro-
matography method on whole blood samples [17] and the ratio of HNA 
may be a sign of systemic redox change in COVID-19 patients. 

COVID-19 is an epidemic infection disease with the responsibility of 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) which 
involved millions of people all around the world [18]. An excessive 
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increase in ROS level due to the immune cells function (frequently 
macrophages and neutrophils) against virus has been identified in pa-
tients with COVID-19 [19]. On the other hand, infection with SARS-CoV- 
2 can lead to the damage of some cells and release of their cellular 
contents which in turn can initiate the epithelial cells’ toxic stress re-
sponses, accumulation of water in the lungs, uncontrolled inflammatory 
responses, increased ROS production and consequently generation of 
series problems in patients [20]. 

For that reasons with regard to the factors which affect the oxidized 
state of albumin, we can mention that in COVID-19 ill patients, albumin 
may further be oxidized, once as a positive feedback cycle induce the 
production of cytokines by activated leukocytes in the lung, increase the 
secretion of inflammatory cytokines and later initiate cytokine storm 
which can ultimately cause development of critical state or even death in 
these patients. These points could necessitate researchers to consider 
HNA level in COVID-19 patients. It has been reported that there is an 
association between HNA level and increase in the risk of death from 
cardiovascular disease (CVD), aging, diabetes, and other underlying 
diseases [4,9,10]. On the other hand, due to contribution in progression 
of cytokine storm, we can say that the level of HNA in serum of COVID- 
19 patients may be a positive predictor of mortality and intensity of 
infection, especially in patients with underlying diseases such as CVD, 
diabetes, aging and other inflammatory diseases. 

It should be noted that because of reduction in HSA level of COVID- 
19 patients, albumin therapy may be suggested as an option by re-
searchers. However, it is necessary to say that reports indicate that there 
is almost 57% heterogeneity on oxidized position of cys-34 in albumin 
preparation by factories [21]. This changing, significantly reduces 
antioxidant activity of albumin, and decreases its binding capacity to 
drugs [22]. On the other hand, the usage of albumin has been associated 
with the deposition of fatal inflammatory reactions in animal models 
(oxidized albumin may have been used in this study) [23]. Subse-
quently, COVID-19 patients may be injected with oxidized albumin, 
which may increase mortality rate of these patients, at least the applied 
drugs may not be sufficiently transferred by albumin. As a result, we 

suggest that checking HNA and HMA in the serum of patients may 
provide new diagnostic and therapeutic opportunities to better combat 
COVID-19. Of course, it is just a recommendation and clinical trials are 
needed to investigate the level of HNA in the serum of patients with 
COVID-19, its severity of worsening, its correlation with infection 
related inflammatory responses and disease progression as well as death 
in critically ill patients. 
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