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Hypothesis: AA amyloidosis is a factor causing systemic complications after

coronavirus disease
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ABSTRACT

The severe course of COVID-19 causes systemic chronic inflammation and thrombosis in a wide
variety of organs and tissues. The nature of these inflammations remains a mystery, although they
are known to occur against the background of a high level of cytokine production. The high level
of cytokines provokes overproduction of the Serum amyloid A (SAA) protein. Moreover, the
number of studies has shown that the severe COVID-19 causes SAA overproduction. The authors
of these works regard a high level of SAA exclusively as a biomarker of COVID-19. However, it
should be borne in mind that overproduction of SAA can cause systemic AA amyloidosis. SAA
forms cytotoxic amyloid deposits in various organs and induces inflammation and thrombosis.
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The consequences of COVID-19 infection are surprisingly similar to the clinical picture that is
observed in AA amyloidosis. Here | present the hypothesis that AA amyloidosis is a factor causing

systemic complications after coronavirus disease.

Identification of factors that cause systemic complica-
tions after coronavirus disease (COVID-19) appears to
be the next global challenge after vaccine development.
Over two million people have already died from
COVID-19, and the end of the pandemic is very diffi-
cult to predict. Severe course of COVID-19 causes
systemic complications of unclear aetiology. The
patients who have suffered severe forms of this viral
disease develop inflammation of the lungs, kidneys,
heart, gastrointestinal stroke, peripheral and central
nervous systems [1]. The nature of these inflammations
remains a mystery, although they are known to occur
against the background of a high level of cytokine
production [2]. In addition, such patients frequently
suffer from thrombosis that leads to cardiovascular
and brain pathologies [3,4].

The consequences of COVID-19 infection are sur-
prisingly similar to the clinical picture that is observed
in systemic AA amyloidosis (AA stands for amyloid A).
This type of amyloidosis is associated with abnormal
aggregation of the Serum amyloid A (SAA) protein [5].
SAA is involved in immune regulation and functions as
an opsonin for bacterial phagocytosis. This protein also
regulates reverse cholesterol transport from injured
tissues [5]. Chronic infections (such as tuberculosis,
osteomyelitis and bronchiectasis), autoimmune diseases

and chronic inflammatory disorders increase the level
of production of SAA manyfold [6]. Various types of
tumour and chronic viral infections, such as hepatitis
B and HIV-1, are also capable of causing AA amyloi-
dosis [7-9]. Overproduction of this protein is induced
by an increased level of cytokines [10]. Under these
conditions, the N-terminal fragment is cleaved from
SAA and forms cytotoxic amyloid deposits in the extra-
cellular space of various tissues and organs [5]. These
events induce inflammation and blood vessel thrombo-
sis [11]. The cytotoxic effect of amyloid deposits
increases the level of cytokines, which causes overpro-
duction of SAA [10]. Thus, a closed cycle of mutual
stimulation of cytokines and SAA is formed.
Importantly, a number of medical reports convincingly
show that coronavirus causes SAA protein overproduc-
tion [12-15] and that extremely high serum SAA level
correlates with poor disease prognosis [16]. All these
authors regard a high level of SAA exclusively as
a biomarker of COVID-19 infection.

Generalization of all these published data suggests
a hypothesis according to which AA amyloidosis is
a factor causing systemic pathologies after a severe
form of coronavirus disease.

All these data are aligned in the following logical
chain:
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1. The severe course of coronavirus disease causes
an increased production of cytokines, and some-
times a cytokine storm [16];

2. High cytokine level provokes SAA overproduc-
tion [10];

3. SAA overproduction causes formation of amyloid
aggregates that are deposited on the walls of blood
vessels in various organs and tissues [5];

4. Cytotoxic protein aggregates cause inflamma-
tion of the affected tissues [5] and vascular
thrombosis [11].

Only one element in this hypothesis remains untested.
It is necessary to prove experimentally that SAA over-
production against the background of a severe course
of COVID-19 disease does lead to formation of amyloid
deposits. This scenario appears to be most likely. As
mentioned above, chronic inflammations after bacterial
and viral infections are known to cause AA amyloidosis
[6]. Confirmation of AA amyloidosis can be obtained
using standard biopsy followed by immunodetection
and Congo red staining of tissue samples. The binding
specificity of Congo red is identified by the presence of
yellow-green birefringence in polarized light [17].

If this hypothesis is verified, therapy aimed at sup-
pressing inflammation and reducing the level of SAA
production will be required. It is important to note that
AA amyloidosis is treatable if diagnosed in time.
Various therapies have been used successfully for treat-
ment of this type of amyloidosis [5,18-20]. It should be
borne in mind that the choice of therapy depends on
the disease that caused amyloidosis, patient’s history,
degree of organ damage and serum SAA concentration.

The hypothesis postulating that AA amyloidosis is
a factor causing systemic pathologies after coronavirus
disease appears to be very convincing, although the
pathogenesis may also be associated with other factors.
In particular, these complications could presumably be
related to other types of systemic amyloidosis. In any
case, the risk of AA amyloidosis induction in severe
COVID-19 cases is quite high. Verification of this
hypothesis appears to be an urgent task as identification
of the factors causing systemic complications after
COVID-19 could help to save many lives.
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