S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Current Research in Translational Medicine 69 (2021) 103289

Available online at

ScienceDirect
www.sciencedirect.com

Elsevier Masson France

TRANSLATIONAL
MEDICINE=..__

www.em-consulte.com

Letter to the editor

Is procalcitonin a part of human immunological response to SARS-CoV-2 .
infection or “just” a marker of bacterial coinfection? Ees
ARTICLE INFO ABSTRACT

Article History: Elevated PCT level in COVID-19 was associated with higher risk of severe disease and higher risk of overall
Received 20 January 2021 mortality. An increased PCT level of PCT in COVID-19 patients especially in severe cases would be assumed as

Accepted 21 March 2021
Available online 24 March 2021

Keywords:
COVID-19
STAT3
Procalcitonin

bacterial coinfection. Could PCT level increase in SARS-CoV-2 infection without bacterial coinfection? Several
SARS-CoV-2 proteins activate STAT3-dependent transcriptional pathways particularly in monocytes, that
could lead to increased PCT production. STAT3« isoform could cause increased ACE2 expression, resulting
more SARS-CoV-2 infected cells and further production of PCT.
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Dear Editor,—As the coronavirus disease 2019 (COVID-19) pandemic
ensues, studies have shown association between procalcitonin (PCT)
with severity and prognosis of COVID-19 patients [1,2]. Studies have
also shown association between bacterial coinfection with severity
and prognosis of COVID-19 patients [2,3]. To the best of our knowl-
edge, there has been no study on direct association between PCT and
bacterial coinfection in COVID-19 patients. Many studies showed PCT
that can accurately differentiate culture-negative and culture-positive
sepsis from non-infectious diseases, thus making it a biomarker in
diagnosis of bacterial sepsis [4]. An increased level of PCT in COVID-19
patients especially in severe cases would be assumed as bacterial coin-
fection. Could PCT level increase in severe acute respiratory syndrome
corona virus 2 (SARS-CoV-2) infection without bacterial coinfection?
Could it be that PCT is part of human immunological response to
SARS-CoV-2, especially in severe cases of COVID-19? Here we describe
the potential immunological mechanisms in which SARS-CoV-2 can
increase the PCT level in the abscence of bacterial coinfection.

Previous studies found that in severe acute respiratory syndrome
(SARS) PCT level did not increase, contrary to bacterial and fungal
pneumonia where the PCT level increased. SARS and COVID-19 are
caused by coronavirus that share similar structure, so it is speculated
that both coronavirus would render similar human immune system
response and PCT level would not increase in COVID-19 unless there
is bacterial coinfection [1]. A study showed that bacterial coinfection
in COVID-19 was associated with increased mortality [2]. Bacterial
coinfection increases the degree of systemic inflammation, thus increas-
ing the severity of the disease and worsen the prognosis [5]. It was sug-
gested that in COVID-19 patients PCT levels appeared to depend on
disease severity, and that bacterial coinfection might be present in
many patients, especially with severe and critical disease [1,6].

PCT is a polypeptide precursor of the hormone calcitonin, which is
mainly produced by the C-cells of the thyroid gland and other cells
such as monocytes. PCT production increases in the presence of cyto-
kines caused by bacterial infection and lipopolysaccharides (LPS). It
does not increase in sterile inflammation or viral infection [4]. The
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elevated PCT is sustained by the increased levels of interleukin (IL)—
18, tumor necrosis factor (TNF)-« and IL-6 in bacterial infection. In
viral infection interferon (IFN)-y level is increased, which inhibited
PCT production [6]. PCT production in monocytes is regulated by
microRNA (miR)—125b via signal transducer and activator of tran-
scription 3 (STAT3) [7]. After LPS stimulation on monocytes, miR-
125b level decreased, STAT3 and phosphorylated STAT3 level
increased, promoting the expression of PCT [8].

There are new findings on the SARS-CoV-2 proteins and their role
in the pathogenesis of COVID-19 based on studies on SARS-CoV-1.
Several SARS-CoV-1 and SARS-CoV-2 proteins have similar antago-
nist activity against IFNs and the downstream Janus kinase (JAK)-
STAT signaling pathways based on a comparative genetic structural
study [9]. SARS-CoV-2 proteins inhibit the function of STAT1 and
IFNs, and cause a compensatory activation of STAT3 in human cells
infected by SARS-CoV-2 [10]. SARS-CoV-2 proteins that have an
increased anti-IFN-I activity are open reading frame (ORF) 3b variant
(56 aa), ORF6, and non structural protein 1 (NSP1) [10,11]. As the
SARS-CoV-2 inhibits STAT1 phosphorylation, IFN-stimulated gene
transcription in monocyte-derived dendritic cells and macrophages
increases [12]. After ORF6 or NSP1 impair STAT1 function, the com-
pensatory STAT1-independent pathways commences, making way to
STAT3-dependent transcriptional pathways (Fig. 1(A)). STAT3 also
have been shown to inhibits the STAT1-mediated IFN-1 response.
This alternative STAT3 transcriptional pathways are responsible to
most pathology found in severe COVID-19 patients such as increased
coagulopathy/thrombosis, proinflammatory state, and T cell lympho-
penia [10]. As mentioned above, in most viral infection the level of
IFNs are increased, which caused inhibition of PCT production [6]. On
the contrary, SARS-CoV-2 proteins inhibit the function of IFNs and
up-regulate STAT3 signaling in monocytes, that would result in the
increased PCT production. The increase of STAT3 in COVID-19, would
lead to increased PCT production (Fig. 1(B)).

There is evidence of impaired function of monocytes in COVID-19
that was caused by enhanced viral growth due to non-neutralizing
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Fig. 1. Immunological mechanism of increased procalcitonin production in monocytes in COVID-19 infection. (A). COVID-19 proteins (ORF6 and NSP1) inhibit STAT1 phosphoryla-
tion and increased STAT3-dependent transcriptional pathways, resulting decreased STAT1 and increased STAT3. (B). Increased STAT3 signaling increased PCT production. (C) If the
STAT3« isoform of STAT3 increased, ACE2 mRNA and protein expression will also increased, leading to more entry of SARS-CoV-2 into other cells.

immunoglobulin M (IgM), IgG, complement, hypoxia, loss of antiviral
function of macrophages due to lymphopenia, and hyperactivation of
immature monocytes. Monocyte’s impaired function and its dysregu-
lated secretory production resulted in increased PCT production in
COVID-19 [13].

A study on the role of STAT3 in regulating angiotensin converting
enzyme 2 (ACE2) expression revealed that STAT3 has two isoform:
STAT3« which is the main isoform, and STAT38 which encodes a
truncated STAT3 protein. STAT3« causes increased ACE2 mRNA and
protein expression, and STAT3f causes decreased ACE2 mRNA and
protein levels [14]. There is still no evidence on which STAT3 isoform
that is increased in COVID-19. If the STAT3« is the isoform that is
increased in COVID-19, the resulting ACE2 mRNA and protein expres-
sion increase would be beneficial for SARS-CoV-2 entry into cells
(Fig. 1(C)). SARS-CoV-2 would infect more cells, the cycle repeats,
and the viral loads will rise rapidly.

As a summary, we could say that STAT3-dependent transcrip-
tional pathways in SARS-CoV-2 infection will increase STAT3 level,
and also PCT production in monocytes. Increased STAT3« will
increase ACE2 production and provide SARS-CoV-2 entry to more
cells including monocytes. As more monocytes are infected, STAT3«
level will increase further and this vicious cylce ensues. We hope this
simplified version of could shed some light on how PCT as part of
human immunological response, increases in COVID-19 even in the
absence of bacterial coinfection. In depth investigations are in need
to clarify this potential mechanism.
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