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Abstract
With the COVID-19 pandemic causing huge threat to public health and definite treatment modalities and preventive vaccines yet
to be arrived at, some of the key indicators of relevance to its prognosis have started emerging. One such independent predictor of
outcome has been fasting plasma glucose (FPG) at the time of admission. Earlier, co-morbidities such as diabetes also have been
reported to have a risk of relatively increased mortality due to COVID-19. In this background, we herein report on the beneficial
effects of Biological response modifier glucan (BRMG) secreted by the black yeast Aureobasidium pullulans AFO-202 which
has been proven to bring under control blood sugar levels in human subjects and also has potential in enhancing & regulating the
immune parameters in relevance to COVID-19. We further recommend that this BRMG be tried in clinical studies of COVID-19
to provide a prophylactic effect for validation.
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Introduction
Fasting plasma glucose (FPG) level at admission has been indicated as a strong independent predictor of mortality in COVID19 affected patients [1.2]. Wang et al. published their report of
605 COVID-19 patients in whom fasting plasma glucose (FPG)
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level ≥ 7.00 mmol/L at admission was a strong independent predictor of 28-day mortality [1] and recommended glycaemic testing & control in all COVID-19 patients even where they have no
pre-existing diabetes. Zhang et al. also reported about 461
COVID-19 patients in whom fasting plasma glucose (FPG) level ≥ 6.23 mmol/L at admission was a strong independent predictor of poor outcomes. They further suggested that acute
hyperglycaemia may cause organ damage by inducing endothelial dysfunction and thrombosis, which may be one of the key
underlying mechanisms connecting the higher FPG with poor
outcome of COVID-19 [2].
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Biological response modifier glucans (BRMG)
Beta-D-glucans are highly conserved structural components
of cell walls in yeast, fungi, or seaweed which are naturally
occurring physiologically active compounds termed as biological response modifier glucans (BRMGs) [3]. BRMGs
from barley, oats, or wheat consist of linear β-(1,3;1,4)-Dglucans while those from the cell walls of yeast, fungi, and
some bacteria consist of β -(1,3)- or β -(1,4)-glucan backbone
with either (1,2)- or (1,6)-linked β -glucopyranosyl side
branches. The structure of a beta glucan shapes its associated
biological activities [3]. Both oat and fungal BRMGs have
been shown to have biological response modifying effects
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but the BRMG content is more in yeast than in sources such as
oats and hence yeast BRMGs are believed to be having more
functional activity [4]. The effects of BRMGs on metabolic
syndrome has been well documented in animal experiments
and clinical trials [5]. BRMGs form highly viscous solutions
in the human gut thereby leading to delayed gastric emptying,
which leads to dietary glucose to be absorbed more gradually.
The shape of the plasma glucose response curve is much flatter after BRMG intake. This in in turn contributes to the effects of lowering postprandial glucose and insulin responses,
potentiating the feelings of satiety [5]. BRMGs also improve
insulin sensitivity [6]. BRMGs have been shown to downregulate blood glucose by suppressing sodium-glucose transporter-1 expression in intestinal mucosa and by promoting glycogen synthesis along with inhibiting fat accumulation in the
liver [7]. BRMGs help in maintaining glucose levels by
forming a barrier in the small intestine, which prevents absorption of glucose and other nutrients, thereby reducing
glycaemia, insulinaemia and cholesterol serum levels [8].
Decreased PI3K/Akt activity plays a key role in the pathogenesis of diabetes. BRMGs increase PI3K/Akt through several
receptors, including Dectin-1, complement receptor 3,
lactosylceramide and scavenger and toll-like receptors [5].
The effects on dyslipidaemia is attributed to the action of
BRMG in altering bile acid excretion and the composition of
bile acid pool. Increased bile acid excretion and increased
activity of cholesterol 7 α -hydrolase, a major enzyme leads
to cholesterol elimination in the body. BRMG can decrease
the reabsorption of bile acids and increase their transport towards the large intestine [6] thus contributing to lessen the
effects of metabolic diseases.

AFO-202 derived BRMG & effect on FPG levels
Given this background on BRMGs, we wish to refer to a
BRMG derived from the AFO-202 strain of Aureobasidium
pullulans. This BRMG is secreted as an exo-polysacchride by
the AFO-202 black yeast and hence does not involve additional purification or extraction processes, thus giving a highly
pure BRMG [9]. The purity of a BRMG determines its functionality [10]. Dectin-1 having been identified as a receptor to
regulate the PI3K/Akt activity leading to anti-diabetogenic
effects of BRMG [11], it is noteworthy that, Dectin-1 is the
key receptor for the AFO-202 BRMG to exert its biological
actions [9].
We wish to highlight three clinical studies of this AFO-202
BRMG in relevance to its action of bringing down high FPG
levels to normal values in patients with diabetes while maintaining the levels at a normal standard in healthy volunteers. The first
study involved 22 healthy volunteers for whom regular consumption of this AFO-202 BRMG for three months helped to
maintain FPG levels in subjects whose levels were within the

normal standard while decreasing the high levels to normal
values in 95% of the subjects who had high FPG at the start of
the study [12]. In another study, when this AFO-202 BRMG was
added to rice and consumed by 10 healthy male and female
volunteers, significant inhibition of blood sugar elevation was
observed at 60 minutes and 120 minutes after glucose load
[12]. In a case study, three patients who consumed this AFO202 BRMG for two months had baseline FPG levels of 171 mg/
dl (9.4905 mmol/l), 114 mg/dl (6.327 mmol/l) and 129 mg/dl
(7.1595 mmol/l), which decreased to 106 mg/dl (5.883 mmol/l),
103 mg/dl (5.7165 mmol/l) and 85 mg/dl (4.7175 mmol/l) at the
end of the study. In the same three subjects, post-prandial blood
glucose level decreased from 244 mg/dl (13.542 mmol/l) at baseline to 203 mg/dl (11.2665 mmol/l), 192 mg/dl (10.656 mmol/l)
to 111 mg/dl (6.1605 mmol/l) and 252 mg/dl (13.986 mmol/l) to
118 mg/dl (6.549 mmol/l), respectively, at the end of the study
[13]. The National Institute for Clinical Excellence (NICE)
guidelines of the UK recommend FPG values of 4.0 to
5.9 mmol/L and 90 minutes after meal (post-prandial) values of
under 7.8 mmol/L in non-diabetic individuals as normal [14].

Mechanisms of AFO-202 BRMG’s
anti-glycation effects in COVID-19
The possible role of AFO-202 BRMG’s anti-glycation effect
results from its anti-inflammatory effect in diabetes. Patients
with diabetes generally have a weakened immune system [15,
16], and BRMG can enhance the immune system [9]. The
immunity-enhancing effect of BRMG is interconnected with
its possible anti-glycation effect (normalization of HbA1c) in
patients with diabetes. Beyond acting on blood glucose levels,
this AFO-202 BRMG has been indicated as worthwhile to be
considered for clinical trials in COVID-19 patients due to its
balanced immune enhancement by decreasing hyperinflammation factors such as IL-6 that lead to cytokine storms;
increasing IFN-γ, sFAS, and factors like IL-7; and enhancing
anti-viral cytotoxic immunity, as mediated by T cells, NK
cells, macrophages, and antibody production by B cells [17].
Now, with Zhang et al. [2] having reported that high FPG
level is a precipitating factor leading to poor COVID-19 outcomes, this BRMG has gained further significance as a prophylactic agent whose continuous supplementation has also
been proven to balance FPG levels. In addition, they also play
a vital role by both enhancing individuals’ immune capabilities to tackle COVID-19 infection and downregulating the
factors responsible for hyperinflammation leading to cytokine
storms, thereby preventing morbidity and mortality.
Advanced glycation end-products (AGEs) that accumulate in
diabetic and ageing tissues elicit a wide range of cell-mediated
responses, leading to vascular dysfunction and atherosclerosis
[15, 18]. With the renin-angiotensin (RAS) signalling pathway, oxidative stress and cell death, cytokine storm and
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endothelial dysfunction being implicated as the four major
pathways involved in the pathogenesis of COVID-19,
BRMGs have also been shown to help alleviate oxidative
stress [19]. Diabetes is associated with persistent chronic inflammation of beta cells (β cells) in the pancreas caused by
glycation [20] and with increased haemoglobin A1C
(HbA1C), i.e., glycated haemoglobin levels with clinical significance as an indicator of diabetes diagnosis and glycaemic
control. Three processes are presumed to underlie the pathogenesis of diabetes and glycation: persistent chronic inflammation, decreased function of vascular endothelial cells and
decreased immune function [21]. Proper control of these factors can lead to the normalization of HbA1C levels and even
improvement of diabetes. Further, increased blood sugar
levels increased levels of clotting factors and relative inhibition of the fibrinolytic system, endothelial dysfunction, and
enhanced platelet aggregation and activation, favouring a hypercoagulable pro-thrombotic state thus increasing the risk of
coagulopathy due to COVID-19 [22]. Yeast BRMGs have
been found to act on cytokine production regulating coagulation activation along with reversing diabetes-induced oxidative stress causing disturbances in the clotting parameters due
to enhanced platelet aggregation and increased thrombin
levels [23]. The diabetics are at heightened risk of disease
severity in COVID-19 because of the higher rate of inflammatory processes seen in these individuals due to constant
glucose recognition by C type lectin receptors [24].
Immunomodulatory effects of BRMGs resulting in increased
resistance to both viral and bacterial infections have been attributed to their signalling mediated by CLR family of receptors [25]. Dectin-1 is a member of the CLR family [26] and we
wish to reiterate that the AFO-202’s BRMG’s key receptor for
exerting its biological activity is Dectin-1 [9]. It is interesting
to specify that the beneficial effects of the AFO-202 BRMG as
a prophylactic supplement to help combat coagulopathy associated with COVID-19, especially in vulnerable people like
those with diabetes has been recently published [27].
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