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Abstract

Parechovirus A3 (Par-A3, formerly human parechovirus 3) is an emerging viral infection of

the central nervous system in children. We used an automated, homogeneous, cell based assay

to identify itraconazole and posaconazole as inhibitors of Par-A3, with antiviral activity below
concentrations clinically attainable in pediatric patients. Currently, there is no approved antiviral
treatment for Par-A3 infection, despite numerous reports of serious Par-A3 disease in neonates and
infants.

Parechovirus infections are common during the first years of life and the most commaonly
circulating parechovirus (Par-Al), mainly causes mild gastrointestinal and respiratory
disease although more severe disease can be observed in young children (Harvala and
Simmonds, 2009). Par-A3 is known to cause sepsis, meningitis, encephalitis, central nervous
system infection, and sudden death in infants (Boivin et al., 2005; Felsenstein et al., 2014;
Selvarangan et al., 2011; Shoji et al., 2013; Yuzurihara et al., 2013).

Par-A3 is readily detected in cerebrospinal fluid (CSF) (Harvala et al., 2011; Sharp et al.,
2013; Walters et al., 2011) and is the most common parechovirus recovered from CSF
(Harvala et al., 2009). Surveillance studies during 2000-2007 in Netherlands (van der
Sanden et al., 2008), 2005-2010 in United Kingdom (Harvala et al., 2011), 2009-2012 in
Denmark (Fischer et al., 2014), 2009-2013 in United States (Abedi et al., 2015), 2013-2014
in Australia (Cumming et al., 2015) and 2014 in Japan (Yamamoto et al., 2015), identified
Par-A3 as the most prevalent parechovirus type in CNS-related infections in young children.
This emphasizes the importance of Par-A3 as an agent of serious infections in young
children; however, no specific therapies are available to treat Par-A3-infected children.

There is currently no approved antiviral drug available for diseases caused by enterovirus
infection and treatment is limited to supportive care (van der Linden et al., 2015). Previous
studies have shown that antifungal azoles itraconazole (ITZ) and posaconazole (PSZ) are
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broad-spectrum inhibitors against a variety of enteroviruses (Gao et al., 2015; Strating et al.,
2015). ITZ also inhibited a human rhinovirus in a murine model (Shim et al., 2016), which
suggests that 1TZ has potential as a treatment for picornavirus infection.

Par-A3 was detected and identified by RT-PCR, followed by Sanger sequencing of the
amplicons from CSF specimens collected from infants <56 days old (median 22.5) seen in
the 2012 and 2014 outbreak at Children’s Mercy Hospital in Kansas City, Missouri. Par-A3
was isolated in Vero (African green monkey kidney, ATCC CRL-1586) cells from eleven
of 32 Par-A3 positive CSF specimens which were subsequently used for drug susceptibility
testing.

Compounds with antiviral activity against enteroviruses were tested for their ability to
inhibit cytopathic effect (CPE) induced by Par-A1-A3 in an automated, homogeneous,
cell-based assay that measured CPE in Vero cells as previously described (Rhoden et al.,
2015) with minor modifications (Table 1).

Antifungal azole compounds itraconazole (ITZ) (16657), posaconazole (PSZ) (32103),
fluconazole (F8929), voriconazole (PZ0005) and ketoconazole (K1003), were purchased
from Sigma-Aldrich (St. Louis, MO). The sources for additional compounds tested were as
previously described (Rhoden et al., 2015). ITZ and PSZ exhibited antiviral activity against
a reference Par-A3 strain (US-WI-09), with ECgg values of 1.09 + 0.39 and 0.241 + 0.024
UM, respectively (Table 1). Other tested antifungal azoles failed to exhibit antiviral activity
against any of the three reference viruses from 10 to 70 uM, the highest concentration tested
(Table 1).

The cellular receptors for Par-A are largely undetermined. Integrins are cell-surface
receptors that mediate cellular adhesion to the extracellular matrix and cell-cell interactions
that a wide variety of picornaviridae use as the cellular receptor. Many integrins recognize
the RGD motif. ayBs-integrin is the cellular receptor for Par-Al, but this has not been
proven for Par-A2, -A4, -Ab5, or -A6 (Boonyakiat et al., 2001). This group of Par-A are
relatively easy to grow in cell culture. Par-A3 and Par-A7 through -A17 all lack the RGD
motif. Par-A3 can be isolated in cell culture (\Vero cells), but Par-A7 through Par-A17 have
not been grown in cell culture to date.

Antiviral activity of ITZ and PSZ against Par-A3 was confirmed in an automated, cell-based
assay that used a checkerboard dilution matrix (cross-titration) of each compound and virus
combination. 1TZ, PSZ, enviroxime and 25-hydroxycholesterol (25HC) had broad-spectrum
enterovirus (EV) species A-D antiviral activity, consistent with a similar mechanism of
action against EV. Only ITZ and PSZ were identified as specific inhibitors of Par-A3 activity
and had no detectable antiviral activity against other culturable parechoviruses (Par-Al to
AB), suggesting a different and yet unknown mechanism for Par-A3 antiviral activity (Table
2).

ITZ and PSZ exhibited potent antiviral activity against a reference strain of Par-A3 (US-
WI-09) and eleven isolated 2012 and 2014 strains of Par-A3, but voriconazole, fluconazole,
and ketoconazole failed to inhibit any of these strains (Table 3), suggesting a structure

Antiviral Res. Author manuscript; available in PMC 2022 June 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rhoden et al. Page 3

activity relationship that extended chemical side chains may be important for antiviral
activity (18).

Plasma concentrations of 468 + 244 ng/ml and 1123 + 811 ng/ml were attainable in pediatric
patients for PSZ (Doring et al., 2017; Heinz et al., 2016), and 1015 * 692 ng/ml for ITZ
(Abdel-Rahman et al., 2007). In our studies, PSZ and 1TZ had antiviral activity against the
tested Par-A3 strains at concentrations clinically attainable in pediatric patients (Table 3).

Although our results were limited to in vitro studies, they indicate that FDA-approved
antifungal drugs ITZ and PSZ have broad-spectrum EV and specific antiviral activity against
Par-A3 only (Table 2). Our studies are the first to identify FDA-approved drugs that have
Par-A3 antiviral activity. Clinical studies of ITZ (de Repentigny et al., 1998; Groll et al.,
2002; Schmitt et al., 2001) and PSZ (Bernardo et al., 2013; Doring et al., 2012, 2017) have
shown that these drugs are safe and well tolerated without severe side effects in pediatric
patients. These results support the further evaluation of the use of ITZ and PSZ as antivirals
against Par-A3.
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Efficacy of drugs and antiviral compounds against reference Par-A strains.

Table 1

Mean ECsy = SD (UM)

Par-A3 (US-WI1-09)

Par-Al (Harris)

Par-A2 (Williamson)

EV/RV Capsid inhibitors

Pleconaril? >10
. a >10

Pocapavir
>10

Vapendavira

EV/RV Protease inhibitors

Rupintrivira >10
V-7404 >10
Influenza inhibitors
Amantidineb >10
Arbidol*¢ >10
..o .4 >10
Favipiravir
Oseltamivir b >10

Selective serotonin reuptake inhibitor

FIuoxetineb >10

Bronchodilator

Formoterol fumarate[7 >10
Antifungals
Itraconazoleb 109+0.39

b 0.24 £0.02
Posaconazole
Voriconazoleb > 70
Fluconazoleb >70
Ketoconazoleb > 70
Anti-malarial
Mefloquineb >10
Anti-protozoal

>10

Nitazoxanideb

>10

>10

>10

>10

>10

>10

>10

>10

>10

>10

>10

>10

>10

>70

>70

>70

>10

>10

>10

>10

>10

>10

>10

>10

>10

>10

>10

>10

>10

>10

>10

>70

>70

>70

>10

>10

aCompIeted a Phase Il clinical trial but not yet FDA-approved.

bFDA—approved for an indication other than EV/RV infection.

[ . . .
Licensed for human use in Russia and China.
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