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ABSTRACT

Viruses have a high mutation rate, and, thus, there is a contin-
ual emergence of new antiviral-resistant strains. Therefore, it
becomes imperative to explore and develop new antiviral
compounds continually. The search for pharmacological sub-
stances of plant origin that are effective against animal vi-
ruses, which have a high mortality rate or cause large eco-
nomic losses, has garnered interest in the last few decades.
This systematic review compiles 130 plant species that exhibit
antiviral activity on 37 different virus species causing serious
diseases in animals. The kind of extract, fraction, or com-
pound exhibiting the antiviral activity and the design of the
trial were particularly considered for review. The literature re-
vealed details regarding plant species exhibiting antiviral ac-
tivities against pathogenic animal virus species of the follow-
ing families—Herpesviridae, Orthomyxoviridae, Paramyxoviridae,
Parvoviridae, Poxviridae, Nimaviridae, Coronaviridae, Reoviridae,
and Rhabdoviridae-that cause infections, among others, in
poultry, cattle, pigs, horses, shrimps, and fish. Overall,
30 plant species exhibited activity against various influenza
viruses, most of them causing avian influenza. Furthermore,
30 plant species were noted to be active against Newcastle
disease virus. In addition, regarding the pathogens most fre-
quently investigated, this review provides a compilation of
20 plant species active against bovine herpesvirus, 16 against
fowlpox virus, 12 against white spot syndrome virus in marine
shrimps, and 10 against suide herpesvirus. Nevertheless,
some plant extracts, particularly their compounds, are prom-
ising candidates for the development of new antiviral rem-
edies, which are urgently required.

Introduction

Viruses are unavoidable intracellular parasites that use the host’s
cellular machinery to survive and multiply [1], often leading to seri-
ous diseases in both animals and humans. Antiviral drug resistance
is an increasing concern in the immunocompromised patient pop-
ulation, where ongoing viral replication and prolonged drug expo-
sure result in the emergence of resistant strains [2]. The ever-in-
creasing need for antiviral drugs is even more pronounced present-

ly owing to unsatisfying and limited treatment modalities. Hence,
medicinal plants with their diversified secondary plant compounds
have promising potential to provide a solution regarding this.

In the underdeveloped regions of the world, herbal medicines
still play a crucial role in the treatment of sick animals because of
the lack of educated veterinarians and financial resources, as well
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ABBREVIATIONS

AMPV avian metapneumovirus (Pneumoviridae)

AcNPV Autographa californica nuclear polyhedrosis virus
(Baculoviridae)

ARV avian reovirus = avian orthoreovirus (Reoviridae)

AlV avian influenza virus (Orthomyxoviridae)

BCV bovine coronavirus (Coronaviridae)

BoHV-1 bovine herpesvirus type 1 (Herpesviridae)

BoHV-2  bovine herpesvirus type 2 (Herpesviridae)

BoHV-5  bovine herpesvirus type 5 (Herpesviridae)

BPXV buffalopox virus (Poxviridae)

BRV bovine rotavirus (Reoviridae)

BQCV black queen cell virus in honeybee (Dicistroviridae)

BVDV bovine viral diarrhea virus (Flaviviridae)

EAV equine arteritis virus (Arteriviridae)

EDSV egg drop syndrome virus (Flaviviridae)

EHSV equine herpes simplex virus (Herpesviridae)

FWPV fowlpox virus (Poxviridae)

GPV goose parvovirus (Parvoviridae)

GTPV goat poxvirus (Poxviridae)

IBDV infectious bursal disease virus (Birnaviridae)

IBV avian infectious bronchitis virus (Coronaviridae)

IHNV infectious haematopoietic necrosis virus
(Rhabdoviridae)

ILTV infectious laryngotracheitis virus (Herpesviridae)

KHV koi herpesvirus (Alloherpesviridae)

NDV Newcastle disease virus (Paramyxoviridae)

omv oncorhynchus masou virus (Herpesviridae)

PPMV-1  paramyxovirus type 1 (Paramyxoviridae)

PPV porcine parvovirus (Parvoviridae)

PRRSV porcine respiratory and reproductive syndrome

virus (Arteriviridae)
RABV rabies virus (Rhabdoviridae)

RPV Rinderpest virus (Paramyxoviridae)

SIvV swine influenza virus (Orthomyxoviridae)

SuHV-1 suide herpesvirus type 1 (Herpesviridae)

VHSV viral haemorrhagic septicaemia virus
(Rhabdoviridae)

WHV woodchuck hepatitis virus (Hepadnaviridae)

WNV West Nile Virus (Flaviviridae)

WSSV white spot syndrome virus in marine shrimp
(Nimaviridae)

YHV yellow head virus in shrimp (Roniviridae)

as the low availability of modern pharmaceuticals [3,4]. There-
fore, medicinal plants and products have been used since ancient
times in ethnomedicine and ethnoveterinary medicine [3], often
without knowledge of the pathogen or the mode of action of the
remedies. Nevertheless, the search for plant substances effective
against animal viruses that cause high mortality or significant eco-
nomic losses has garnered interest in the last few decades.
Domesticated animals, particularly pigs, poultry, and horses,
and more recently, dogs and cats, have been noted to experience
influenza infections that have the potential to transmit across spe-

cies to other animals, as well as humans. Swine influenza virus in-
fections are frequently detected among humans with exposure to
pigs and become transmissible between humans more often than
avian influenza viruses [5]. The current research is focused on
antiviral substances against viruses that transmit across species,
such as the coronavirus causing severe acute respiratory syn-
drome (SARS) during the 2002-2003 pandemic or the recent
coronavirus outbreak originating from China (SARS-CoV-2).

The second half of the 20th century discovered the antiviral ac-
tivities of some vegetable tannins and flavonoids [6,7], such as
the polyphenols of Melissa officinalis L. (Lamiaceae) [8] and triter-
penoids like dammaradienol and ursonic acid [9]. The antiviral ac-
tivity of flavonoids was soon determined to be effective against
adenoviruses, Rous sarcoma virus, Sindbis virus, pseudorabies
virus [10,11], severe acute respiratory syndrome coronavirus
(SARS-CoV), respiratory syncytial virus, and influenza A virus
H1N1 [12]. Epigallocatechin gallate, a compound of tea (Camellia
sinensis (L.) Kuntze, Theaceae), has exhibited a broad range of ac-
tivity against DNA and RNA viruses [13]. Several plant species,
such as Vaccinium angustifolium Aiton (Ericaceae), Vitis vinifera L.
(Vitaceae), and Cinnamomum species (Lauraceae), contain procy-
anidins that were shown to inhibit the replication of influenza A
virus at various stages of the life cycle [14]. However, bioavailabil-
ity and bioefficacy studies of polyphenols in humans revealed a
wide variability of the data of different polyphenols after inges-
tion. Gallic acid and isoflavones are the most well-absorbed poly-
phenols, followed by catechins, flavanones, and quercetin gluco-
sides, but with different kinetics. The least absorption was found
for proanthocyanidins, galloylated tea catechins, and anthocya-
nins [15]. But these data cannot be directly transferred to animals.
Bioavailability and bioefficacy of polyphenolic compounds has to
be studied in each animal species separately.

Prominent modes of action against viruses are inhibition of vi-
ral entry and its replication in the host cell via different mecha-
nisms. Some of these plant compounds could inhibit cellular re-
ceptor kinases, thereby interfering with cellular signal transduc-
tion [1]. The challenges of drug treatment involve low efficiencies,
cytotoxic effects, and development of viral resistance against
them.

Over the last decade, the antiviral activity of several biological
substances could be proven in vitro because of new testing meth-
ods. Even though several studies exist regarding the antiviral ac-
tivities of plant extracts against human viruses, mainly HIV and
herpesviruses [16-18], similar studies concerning animal viruses
are scarce. Therefore, the objective of this review was to survey
plant species with activities against viruses causing serious dis-
eases, particularly those with high infection rates leading to a high
mortality or large economic losses. The review primarily focused
on the kind of extract, fraction, or isolated substance of a specific
plant part and the design of the trial conducted.

Methods

The methods of this systematic review were based on the recom-
mendations of the PRISMA statement [19,20] and the AMSTAR
measurement tool [21].
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Pre-selection of plant species
known for antiviral activity
against animal viruses
in four books

Structured search with key words
‘antiviral’ AND ‘plant’ or ‘herb’
AND ‘animal’ in ‘all fields’

1

search in databases Scopus,
ISI Web of Science, Google
Scholar, Ovid, with the terms
‘antiviral’, ‘plant’, ‘veterinary
medicine’ and ‘virus’

publications found with plant
species showing proven
antiviral activity

publications retrieved from databases (n = 8484)

!

publications after removal of
duplicates (n = 8324)

!

selection based on
titles (n = 497)

l

selected
abstracts
(n=262)

(n=72)
[26]

e;[‘_"‘-“:i‘?d inclusion and exclusion criteria eglc_m??d
publications - ) : e publications
(n = 47) defined and removal of duplicates (n = 189)
included included
publications publications
(n=25) (n=73)

o

finally included
publications

(n=98)

» Fig. 1 Process of the literature search.

The literature research for this review was performed in 2 peri-
ods. The first period ranged from February to end of August 2014,
and 1 person screened 4 books on ethnoveterinary medicine [22-
25] for antiviral plant species, as well as searched in databases,
such as Scopus, Ovid, ISI Web of Science, and Google Scholar by
using the search words “antiviral”, “plant”, “veterinary medicine”,
and “virus” [26].

In the second period in 2019, 1 person used Ovid (Medline)
and CAB Direct for a structured search. The keywords used for
the search in January 2019 were “antiviral” AND “plant” or “herb”
AND “animal”. In order to select the information about specific
animal viruses in the following months, combinations of keywords

consisting of the scientific abbreviation or the full name of an ani-
mal virus causing a serious animal disease (such as “NDV”,
“BoHV”, etc.) AND “antiviral” AND “plant” were used. Notably,
only English key words were applied. Moreover, a manual search
was performed based on the bibliographic references of the ar-
ticles found. The search was not limited by year of publication.
Not all publications published in 2019 concerning the relevant vi-
rus species could be covered in this review, because the search of
combination of keywords as described above was performed over
several months. Search in December 2019 included a slightly lon-
ger period than in January 2019. The titles and abstracts of the
obtained publications (> Fig. 1) were screened manually and read
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by 1 person. Inclusion or exclusion was performed per the prede-

fined inclusion and exclusion criteria, and duplicates generated in

both searches in 2014 and 2019 were removed.
The publications were included based on the following criteria:

1. Only peer-reviewed publications with an abstract written in
English were considered.

2. Publications had to describe assays testing plant species in vi-
tro, in ovo, or in vivo for their antiviral effects against virus spe-
cies causing serious infections in pigs, birds, ruminants, horses,
shrimps, fish, or bees.

3. Publications that indicated the scientific name of the virus and
its abbreviation.

4. Those that confirmed the identification of the used plant spe-
cies.

5. Publications that described the method of extraction, fractio-
nation, or isolation of compound(s) of the plant species.

6. Publications with proven antiviral activities of the plant species
against viruses causing notifiable diseases [27,28] or diseases
with high infection rate leading to high mortality or large eco-
nomic losses.

Publications without an abstract, presented only in conferences,
and not in peer-reviewed journals, investigating a mixture of dif-
ferent plant species or extracts in a combined preparation or eval-
uating blends of several essential oils or mixtures of commercially
available pure essential oil compounds were excluded. Further-
more, publications dealing with viruses that primarily caused in-
fections of humans; publications studying the improvement of
the immunity through immune stimulatory or immune boosting
activities of plant extracts without explicit antiviral effects in in-
fected animals; publications dealing with enhancement of im-
mune responses to virus vaccine by supplementation of plant ex-
tract; studies testing the antiviral activity of a plant extract, frac-
tion, or compound without success, as well as those testing vi-
ruses in a mouse or rat model, were excluded from the present re-
view. Full text was retrieved of the publications that were eventu-
ally included.

In some publications, extracts, fractions, or compounds of nu-
merous plant species were tested. Only those plant species that
exhibited a proven antiviral activity against a specific animal virus
species causing a serious disease are listed in » Table 1 and
Table 1S, Supporting Information. Those plant species that were
investigated but did not exhibit any antiviral activity were not
mentioned in this review. In many publications, several extracts
of different plant species were investigated against 1 or more
virus species and in some of them even with different methods
(in vitro, in ovo, or in vivo).

Results and Discussion

Overall, 72 publications related to 79 plant species with proven
antiviral activities against animal virus species could be identified
in 4 ethnoveterinary regions (24 plant species in Africa, 11 in Asia,
13in Latin America, and 31 in Western Countries, including Europe,
USA, and Canada) in the first part of the search [26] (> Fig. 1).
From OVID (n=5097) and CAB Direct (n=3387) databases,
8484 publications were retrieved after the literature search in

2019 (second part of the search) by using the following combina-
tion of key words in “all fields”: “antiviral” AND “plant” AND “ani-
mal”. Removal of duplicates yielded 8324 publications. Restrict-
ing the search of the same terms to only the abstracts yielded ti-
tles of 497 publications, which were then manually screened, and
262 abstracts were selected (> Fig. 1). After inclusion or exclusion
per the predefined inclusion and exclusion criteria and removal of
duplicates generated in both searches, 25 publications of the
search in 2014 and 73 of the search of 2019 were included in this
review.

Even though all databases used for the searches delivered
several useful results, CAB Direct, including the databases CAB
Abstracts and Global Health, which specializes in applied life sci-
ences, provided the best results by using the most specific index-
ing terms in its databases.

In summary, 130 plant species with antiviral activity on 37 dif-
ferent animal virus species were compiled. This review noted sev-
eral plant species that were active against virus species causing
serious diseases in birds. The antiviral medicinal plant species ex-
hibiting activities against serious veterinary viral pathogens are
presented in Table 1S, Supporting Information. The literature re-
view revealed 46 plant species that were active against patho-
genic virus species of the virus family Herpesviridae, 31 plant spe-
cies with antiviral activity against Paramyxoviridae, 30 against Or-
thomyxoviridae, 19 against Poxviridae, and 12 against Nimaviridae.
Furthermore, this review included 9 plant species with activity
against Reoviridae, 7 against Flaviviridae, 5 against Coronaviridae,
5 against Baculoviridae, 4 against Rhabdoviridae, and 1 to 3 plant
species against viruses of 8 other virus families. Notably, some
members of these virus families cause diseases with significant
economic losses. However, the research interest varies among
the different ethnoveterinary groups concerning the animals,
plants, and viruses occurring in various areas and climates. For ex-
ample, several African medicinal plants were tested for their ef-
fects against NDV (Paramyxoviridae), whereas numerous Asian
and Latin American medicinal plants were tested against bovine
herpes viruses (Herpesviridae).

Nevertheless, the present review only included plant species
exhibiting an antiviral effect against virus species causing notifi-
able diseases per the World Organisation of Animal Health (OIE)
[27] and the Austrian legislation [28]. A list of these diseases and
the virus species causing them is provided in » Table 2. Virus spe-
cies causing these notifiable diseases are marked in bold in » Ta-
ble 1 and Table 1S, Supporting Information. » Table 1 provides a
compilation of the plant species that are active against more than
1 specific virus species, as well as informs regarding the plant part
used in the preparation of the specific extract, fraction, or com-
pound(s), the power of the antiviral activity, and the design of
the trial (in vitro, in vivo, or in ovo). Direct comparison of the
strength of the antiviral activity of different plant extracts is often
difficult, because various testing methods were used. Therefore, if
available, the 50% inhibitory concentration (ICsq) and the maximal
nontoxic concentration (MNTC) of the plant extract found in in vi-
tro and in ovo tests as well as the administered doses and the sur-
vival rate (SR) or the 50% effective concentration (ECsg) in in vivo
trials were listed in » Table 1. In some cases, antiviral activity was
determined only at 2 nontoxic concentrations of the plant extract.

Zitterl-Eglseer K, Marschik T. Antiviral Medicinal Plants... Planta Med 2020; 86: 1058-1072 | © 2020. Thieme. All rights reserved. 1061

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



@ Thieme

panuiuod

oA Ul
oA Ul

oAUl

o3I Ul

ono uj
oa3A Ul

oAUl
oa3A Ul

ono uj
pue oA ul

oA Ul

oAUl

ono U]

ono ul

oA0 U]

0A0 U]

ono U]

ono ul

osA Ul

osA Ul

|e13 jo
ubisaq

"[eri3 3y jo ubisap pue :A3iAioe jo samod {(s)punodwiod 1o suordely ‘s3oeixa buiuieiqo 1oy pasn 1ued jueyd :2dualajas tsadads SnIA JO UO

‘pangiyoud ApoLis si uonnguisip pazuoyineun “Ajuo asn [euosiad 10} PAPEROJUMOP SBM JUBWNIOP SIY |

A zz'+:0533 ‘M 06 :DDNIN
Jw/brl £ p€ 10533
Jw/brl 6g"15z-S21°0:0D3

£'€ z:uondnpai10Lho)

Jw/bw g |
%£6/66:dI ‘05" L[£9°T :NAW/BrigzL > DD
G LZ:IIA /b ogz DD

%66/66 :dl
69°2/6L°C A 1w /b 671 -$79 DD

0Z1-99<:IL
w/brl 6-¢ s 053] 1w /Brl 006-00Z < 952D

‘etu

Tw/brl oyt L
-0091 < DD qw/bricz'goL-zL L€ 09D

(w/Br poz)
%SzelS Tz (w/briooL) %L/, :S1:IVH

(1w/br poz)
%G'2e/S LS (Mw/BriooL) %SL/L4/1:IVH

091-G79:1L‘6-55 9521 :008-006 <:05DD

qwoolL ut
sanop b | J0 e AIp %G1 ‘0°Z :SdH

Ju/bw oot :39e1%2 J111B6 {(c_OL "PA)
LGZL F %092 ‘(z-0L 'P*A) 69Z ¥ 9671 *I3

Tw/bw og
“uw/bw gz :312e%3 211486 fu0I8yUl OU 053

L£zL il wbr g/ g 10573

(Qw/bw 610°0) %L “(Tw
[Bw 6£0°0) % L'z 104d i {(Tw/bw 8/0°0)
% ep ‘(TW/bw 9g1°0) % L' L9 304d 1]

Aoy

Je9)
Je9)

Je9)

4E0]

Je9)
Je9)

425

3e9|

N4y yes)
4=

425

wia3s ‘Jes|
N4y yes)|
1001
‘I9MO} ‘Jes|
EINeIb}

EI\eIb}

qinq

4=

pod pue je3|

Jed jueld

91e||eb-g-uiydazedo|eb
-1ds ‘32e13%° Snoanbe joy

10B1IX3 B9] UI1b snoanbe
SUIAB|JEAY] |BIIADS

12eNX
23] y2e|q snoanbe joy

10B11%3
e9] uaalb snoanbe joy

312e.3%3 snoanbe apn.d

312e.3%3 snoanbe apn.d

12e13%3 snoanbe apn.o

S1OB1IXD JUDIRYIP
12e.03%3 snoanbe

SAIIBALISP
pue uejdeebouiqele
21393d ‘3oe13X3 snoanbe

12813%3 HO®IN

10e.13%3 HORIN

Sjoelixa dijoueyia

s10e%3 snoanbe

10B11X3 Snoanbe

10B13X3 snoanbe

10B13X3 snoanbe

12e13%3 snoanbe joy

(s)punodwod
Juondeuy[1deNIX3

[o6]
[sz]
[sz]

[68]

[88]
[Le]
[8€]

[L€]

[£8]

[98]

[6€]

(28]

(28]

(s8]

[v8]

[9z]

[ev]

[e3]

[ov]

19y

ALl
AD4
AR k|

ZNSH AIV

ENLH AIV
AYV ‘L-AHog
L-AHNS ‘L-AHOg

AYV ‘L-AHog

AAN
Adgl

AdMA

L-AHog

AdM4 ‘AAN

AdM4 ‘AN

ASQ3 ‘AGN ‘LNSH AV

¢N6H AIV

Adl

AAN

AdLD

L-AHOg

sapads sniip

9e92R3Y |
seadelbiydiepy

aeadejodes

aeadelbiydjepy

ELEBHIEN

oeadeyjuedy

9B3DBIYD0|03SIY

989230 LI0LJURY

aeadepl||Alewy

aesouiwinba

Apwey jueld

9zauny| (*7) SIsuaujs bjjjawp)

*ssN[ *\ DIpauIa]ul DUWIUOSIAG

“He|\ Wwni0349s Dijawing

s93eN) *g SIjIGDLIDA SISd0LIdISIUDg

*ssn[ "y D2Ipul DIYIDIIPDZY

“YIBIA (*SS104) DULIDW DIUUIIAY

‘We7 a3D/0212D.1q DIYI0|03SIY

poom Y[

winIoj[23spd 0jY = Sisuazliy a0y

“J wnAps wnjly

3|112a (1) b2130)1u DIDY

sapads jueld

1A1qqe :Ajiwiey jue|d (s3sso| J1Wou0d9 abue| 1o Ajjeriow

ybiy o3 buipeaj a3e1 uodR4uUI Ybiy Yim sSeasIp 10 (Pjoq Ul payew SNIIA) s9seasip d|qelyijou buisned sniiA [ewjue | ueyl atow jsuiebe A3annoe [elianue buniqiyxe sapads jueid jo uoneidwo) | 9|qel «

Planta Med 2020; 86: 1058-1072 | © 2020. Thieme. All rights reserved.

Zitterl-Eglseer K, Marschik T. Antiviral Medicinal Plants...

1062



ponunuod

oA Ul
pue o13iA uj

OAIA UI
pue oA ul

oA0 Ul

ol3IA Ul

onA UL
‘0A0 Ul ‘0131A U]

oA Ul
oA0 Ul
oAUl

oAUl

oJIA Ul

oA Ul

oA Ul

osyA Ul

0/0 Ul
ol3IA Ul

0A0 Ul

oA Ul

0/0 Ul

oJ3IA Ul

|e13 jo
ubisaq

‘pangiyoud ApoLis si uonnguisip pazuoyineun “Ajuo asn [euosiad 10} PAPEROJUMOP SBM JUBWNIOP SIY |

Mg B3/bw 0z :30B.13%3 :0AIA UI

(lw/6ri 007)
%1% (Wbl 001) %S 1/%0€ 4/ :IVH

uoqIyur %S/ “qwi/br oz :23

Mg BY/Bw oo 0 up qwi[Br oGz 38

bo| 6°z pue w/brl gz 18 91313 SNUIA JO UOIIONPaL
bo| 671 71w /Bl 0GZ :DININ :010 Ul 18°G IS
Aw/br 9°g| :0533 T /bri 06 0537 oA Ul

dnoJb [o13u0d Ul
Uey] 19MO| P|0J-1 SASUPIY| pUB SI9AI| Ul JBquInU
Adod yNy |esia tidp £ ‘md B%/Bbuwi 00g 10 00€

Jw/bwi g0
‘e’u
L7791 :1L “Tw/brl g9t :0573

L¥'9S 1L
Aw/bripe) 0533 qw/bri€/°6661 DININ

6L A w/bri 05z DD

Juw/bripoL

SnUATW/N4d 0L 10}
Jw/bri 6 7 w/N4d 0L 104 1w /B Z€°0 00|

(Tw/6r oz pue 0oL) ‘%00L IVH
6L Z:IA w/bri0gz DD
(1w /6rl 007) % £ :(1W/Bri 00 L) %S 2T :IVH

Jw/brl 6G-8¢ 053 rqwi/brizzz-€vz 09D
(Jw/Bri 00z pue 00L) % S°ZT :IVH
%16/66 dI

06°L/80°T HIIA “1w/br GZ1-$29 DD

Aoy

Ny yed|

4e9]

4]

4]

4e9]

1001 ‘qlaYy

Jes| Hieq

4]

qay

poom

g1y

4]

1ed jueld

upLadAy ‘1e13xs pinbi

upuadAyopnasd
‘uplRdAY 3oe1IXd

12e13%3 HO3N

12e3%3 (%08)
Jljoueyla pajeuoiioedy

10B.1IX3 dU033de snoanbe
‘su0132023p snoanbe

12B.3X3 JO UONIN|OS
snoanbe pauip Aeids

1oe13X3 snoanbe
PEIL]

1oe13%3 snoanbe

10B11X2 Snoanbe
19e13%3 snoanbe apn.d

lousydjAIng-1191-1p-1*z
Buruiejuod | ‘suoioely
pUB JDBIIX3 3U0]3de

(% 59) HO3 ‘@2.04eulyd]

12813%3 HO3N
12e.13X3 snoanbe apn.d
12e13%3 HO3N

sujuuey

a|qesAjoipAy % 16-££ (3D
‘00¥DN3 DN3) pasjea|is

12811%3 HO3N
12e.13X3 snoanbe apn.d

(s)punodwod
Juondeyy[idenxy

[£6°96]
[s6
‘v6 ‘62|
[£8]

[€6]

[09-8¢]

[vel
[b¥]
[c6]
(€8]

[16]

[8¢€]

[¥9]

[Lv]

(L]
[8¢€]
(L]
[e/]
(L]

[1€]

ER|

LNSH AIV

ASHdd

AdM4 ‘AdN

ASH3

N4

L-AINdd

AQN

NAdY ‘NAdM4 ‘AQ8I
Ad1D

AXd4

L-AHNS ‘L-AHOg

AHA ‘“ASSM
INLH AIS
‘(LNZH ‘LNSH) AIY

AdM4 ‘AAN

L-AHNS ‘L-AHOg

AdM4 ‘AAN

NNV ‘NIY

AdM4 ‘AN

AYY ‘L-AHOg

saads snup

eaded1adAH

oeadeINy

9Eadek}a.Iquo)

sesoujwnba

aeade|qioydny

ELERLANN

aeadeuIWNH

9L3IRIASY

Cl:EalAEIN

9e9dRUIqT
QeadeIqny
ELEERLTNN
aeadebey
aeadeuhdody

ELERLANIN

Apuwiey jueld

1 wnip.ofiad wnouadAH

*AI|Q D2IUISSAGD DIUOSILIDH

‘[dwn *4 [ sisuaypbauas piainn

1 p1qp|b DZIYLIAIAID

*1 Dy20pbD DLIPI20IXT

S]9(S (1) 1unwind wnibAzAs
= "weq pubjoquipf pjuabng

*2913en) (1aqnH) 1yon pinajdopug

*Dd X2 *2d (1) byjojiypuos pijiwg

Youao (1) pasndind paspuiyd3

DAV x9

*ISYD0H siuuofijidsaw solAdsolq

1 D2IqDID D3JJ0)

1 supnbupippnb snssiH

*dds paupisp)

19°3°N

(*quauay3) suaididso.zas pwnjpin)

6129 "0 (14BN)

pdip>0y3upX pIsaupwodwp)

sapads jueld

panuiuo) | 3|qel <

1063

Planta Med 2020; 86: 1058-1072 | © 2020. Thieme. All rights reserved.

Zitterl-Eglseer K, Marschik T. Antiviral Medicinal Plants...



@ Thieme

panuiuos

oA Ul

oA Ul

oAUl
ono ul
oAUl
OAIA UL

OAIA UL

oAUl

0A0 Ul ‘0.131A U]

oA0 U]

oAUl

oA Ul

oA Ul
oA Ul
oA Ul

o0A0 U]

OAIA Ul

oA Ul

ono ul

oA Ul
oA Ul

|el3 jo
ubisaq

‘pangiyoud ApoLis si uonnguisip pazuoyineun “Ajuo asn [euosiad 10} PAPEROJUMOP SBM JUBWNIOP SIY |

Tw/bri gg:g 0571 1w [bri oGz 1 093D
%0¢ uedoins|o
(%01 I2BIIXD Y|SB U I DUOD IASHA

A € 0533 {08 :DIONIN

(Jw/bri 0oz pue 00L) ‘%001 :IVH

% LY *NINO ‘%89 *ANHI 2¥¥d

Mg b3/buwipgL

(02/6) %St *¥S ‘%79’ L :pady ur3eIxd
abejs

uonadjui-aid ur (oL boy) 86°0 03 Tw/bri oG
‘(0L boj) 6°1 0395101 padnpasJw/brig

‘etu

(1w/Brl 007) % £ (1w /Bri 0 L) %SL :IVH

T 1058 /bl 270G 0533 “qw/bri g | 7 :05))
T°£:051S /bl g/ 10553 fqw/bri 896 :055)

€0 :0515 7w /brl €99 :0533 i (brig 7 :05D)
£°6 10515 W /Brl 784 :0533 1w /brl 896 :057)
G LA Nw/brigzL DD

(qw/6ri 00z pue 00L) ‘%001 :IVH

Mg b3/buwipgL

‘etu

9/9 3B [BAIAINS LM Y Z6 | S}

|eAlAINs 9belaAe (pinjy d1ojue|je ‘sod jo uonin|ip
159ybiy ¢z ‘sapuieyddesAjod brigp 1dy zz

Jw/brl ze-88:05D)
Jw/brpg9-0LE

Aandy

489|

489

4E9]

dueys
-gns aind

e-u
uels
-gns aind
‘e°u

45

Gy

‘etu

uipiueAdoud

1001

1001

1001

11ed jueld

10B11Xa Snoanbe

u1adoina|o ‘3oenxd

suouinbowAyy
‘12e.3%3 snoanbe joy

1oB.13X3 dljoueyIaW
‘e u
1oB.13X3 [oUBYIBW

10e13%3 A1p snosanbe

10 [B1}USSD

10B13X3 snoanbe

19e13X3 HOSN

|015eAled

|10 |B13UaSSO |BIDJaWLod

|o1oeAIRD

|BIJUISS [BIDIDLLILIOD
12e13X snoanbe apnud

10e13%3 HOSN
10B11X3 Snoanbe

ejsododeulleyd asauly)
03 buipJodoe 1oe13xd

SapLIEYIILS
-Ajod paaLap j001

g UIURISEWID|D PIALIIP-100.

‘e'u
(s)punodwod
Juondeuyf1doenyxg

[e0l]

[z01]

[06]
[£s]
[Lot]
[€9]
loot]

[66]

[8]

(28]

[ev]

[ev]
[8€]
[£s]
[e9]

[rL]

[9s]

[s6]
[¥s]

1o

AL

ASHA

AL

AdM4 ‘AQN
ANO ‘ANHI
ASSM

AR

CN6H AIVY

AQN

AdM4 ‘AQN

AQAE

¢-AHOg

L-AHNS ‘L-AHOg
AdM4 ‘AQN
ASSM

(LNSH/V ‘ZN6H/V) AV

AdD

(zN6H
‘ENZH ‘TN9H) AIY

Add

sapads snuip

9e9283|0 1 papdo.na DajQ

deade|NdUNUERY *1 DAIIDS DJ[abiN

9B32831gINdND *] DIJUDIDYD DIIPIOWOH

Jeade|We] 1 sipuidifjo pssija
WPy

seadeledde) (")yss104) pijojibuojqo pniappy
9BIDRUIGIIA yauny| suajoann.b piddrg

9B3DRIRWOISE[I|\ ‘ubo) (*2Q) suadsp.indind pipupa]

9B3DRIWET *110d DIj0Jidou0.10d D|NpUDADT]

okadeuUaqIaA “1 bibWDS bubIUDT

oun}io4

aeadedisselg  e2130BIpul SIes| = *] DL03OUL SIIDS]

Apwey jueld sapads jue|d

panuiuo) | 3|qeL «

Planta Med 2020; 86: 1058-1072 | © 2020. Thieme. All rights reserved.

Zitterl-Eglseer K, Marschik T. Antiviral Medicinal Plants...

1064



0A0 U]

oAUl

oA0 U]

oA Ul

oA Ul
oA0 U]
OAIA U
oA Ul

OAIA U

OAIA UI
OAIA U

oA Ul

o.IA ul

oA ul

|e13 jo
ubisaq

‘pangiyoud ApoLis si uonnguisip pazuoyineun “Ajuo asn [euosiad 10} PAPEROJUMOP SBM JUBWNIOP SIY |

(1w/6ri 007)
%001 /0 {(1w/Bri 001) %001 /S 2z :a/1 IVH

G'L ZIA W /br 00G DD
ybram oAiquis uesw 1aybiy
Apuesiubis (/<) %001 23S w/bri 0oz

qw/brl 99— 7 :053| “qw/bri Gz :053)

G LA Nw/brigzg DD

(1w/6r 00Z) %51 (Tw/Bri 001L) % 0€ :IVH
%00L S

%001 2¥¥d qw /b £ez°1 050D

%8S dS

(6/6) %001 =¥S ‘€U 3s0p

Mg B3/bw pgL

G LA w/brgz9 DD

Z°G :|013u0d

‘6£°0:3360°Z :3¥ 1M 001 /°5A1D1 0Lb0)
“w /6l 09 33 “qw/bri 09 L 3V DIN

80°9 :[0J3U03 ‘9°() :uFRdIANb {G7°|

:30e%2 71 00 1 /25Q1DL Otbo| qw/bri gz 2D IN

Aynndy

X3pUul UORIGIYU [BJIA :IA ‘UORN|IP SMUIA =P A (05D [053D) xapul danade.ay ;| ‘33.d [BAIANS :¥S “(05D1/0SDD) Xxapul A31AR3)9s (0S| “a|qe
-|leAB J0U UOIIBLLLIOJUI :*B “U ‘3B UoI3dNpal anbed :yyd ‘uoi3ra30.d :301d ‘UOI3RIIUIIULOD JIXOFUOU [BLIXEW D) | NIA| ‘UOIIEIIUIIUOD J1X0303AdUOU [BLIXEW DN ‘UoIdNPAI AJAIRIRUI Y| ‘9be3uadiad uomiqiyul :d| ‘uonesy
-ua2u0d A1031qIyul % 06 05D ‘21005 |ed1bojoyiedolsiy :SdH ‘uoniqiyul uoljeunn|bbewsy :jyH ‘9sop aARIa4uI B3 1|3 Xepul 0A1qUIS |3 ‘U0IIRIIUSIUO0I SAIIIRYD DT ‘UondsulIsod Aep :1dp ‘Uo11e13USOU0D D1X0J03AD D)

dleq ‘jes|

489

34eq 3004

poom

4e9]
4e9]
e'u
e'u

eu
4e9)

‘etu

4e9|

€9

4=

11ed jueld

19e13X HOSN

312e.3%3 snoanbe apn.d

1DBIIX3 JljouById

sujuue} pasuapuod
%16 ‘OHINN PadjeA|lS

113X snoanbe apnud
10e13%3 HORN

‘e°u

10B13X3 JIjouBY3dD

‘e°u

S1ORIIXD 19y
wna|oJ3ad pue auojyade
19e03%3 snoanbe

19e03%3 snoanbe opnid

(33) 301X
Jljouey3a pue (3y) snoanbe

(u3@d13nb ‘uuabide
‘losajdwiaey ‘spioe
d1jouayd) spunodwiod
Pa3e|0S! 1DBIIX3 dljouBYId

(s)punodwod
Juonoeuyf1oeyxg

(28]

[8¢€]

[19]

[es]

[8€]
[£s]
[Lot]
[Lot]
[Lot]

[99°59]
[€9]
[8¢€]

[sot]

[voL]

ER|

AdM4 ‘AQN

L-AHNS ‘L-AHOg

AdM4 ‘AQdl

AINY NIV

L-AHNS ‘L-AHOg
AdM4 ‘AQN
AHA

ANO ‘ANHI

ASSM
L-AHNS

AV3

sapads snaip

oeadeuweyy

aeadelqny

aeade|qioydng

oeade|pledeuy

2e32IAN

sesouiwnba

aeadejue||Ayd

aeadejwe]

Apwiey jueld

*4s9Q (1) 13suy>-puids snydAziz

*2a (‘Inyds
X3 "P||I/\) DSOJUaLWLIO] DLIDIUN

Xed sua2saonpjb winjuappuAs
*dds sisdoujyds

QuIqes xa
‘|9Z}y Wnuble(31Dd WnIpisd

z3un3s (euljoly) sisuajiyd sidosoud

‘uuoy] 7 yoewnyds
snupwip snupjjAyd

1 210bjnA wnupbLp

sapads jue|d

panuiuo) | 3|qeL «

1065

Planta Med 2020; 86: 1058-1072 | © 2020. Thieme. All rights reserved.

Zitterl-Eglseer K, Marschik T. Antiviral Medicinal Plants...



@ Thieme

> Table 2 List showing notifiable diseases per the World Organisation of Animal Health (OIE) [27] and the legislation in Austria [28], virus species
and their abbreviations, as well as virus family causing the particular disease in a specific host and number of plant species found active against the

named virus.

Disease

avian influenza

infectious bovine rhinotrachei-
tis (IBR), infectious pustular
vulvovaginitis (IPV), and infec-
tious balanoposthitis (IBP)

rotaviral diarrhea
bovine viral diarrhea
goatpox

infectious hematopoietic
necrosis infection

koi herpesvirus disease
Newcastle disease
rabies

Rinderpest infection
pseudorabies

viral hemorrhagic septicemia
infection

West Nile fever

white spot syndrome virus
infection

yellow head virus genotype 1

Virus species

avian influenza virus

bovine herpesvirus type 1

bovine rotavirus
bovine viral diarrhea virus
goat poxvirus

infectious hematopoietic
necrosis virus

koi herpesvirus
Newcastle disease virus
rabies virus

Rinderpest virus

suide herpesvirus type 1

viral hemorrhagic
septicemia virus

West Nile virus

white spot syndrome virus

yellow head virus

Abbreviation Family of virus Host Plant
of virus species
AlV Orthomyxoviridae poultry 26
BoHV-1 Herpesviridae cattle 20
BRV Reoviridae cattle 1
BVDV Flaviviridae cattle 5
GTPV Poxviridae goat 2
IHNV Rhabdoviridae fish 2
KHV Alloherpesviridae koi 2
NDV Paramyxoviridae poultry 30
RABV Rhabdoviridae multiple species 1
RPV Paramyxoviridae multiple species 1
SuHV-1 Herpesviridae pig 10
VHSV Rhabdoviridae fish 1
WNV Flaviviridae multiple species 1
WSSV Nimaviridae Crustacea 12
YHV Roniviridae Crustacea 2

infection genotype 1

Table 1S, Supporting Information, provides similar information
regarding all plant species that were noted to be active against
the virus species, based on the inclusion and exclusion criteria. A
closer look into the design of the studies shows that 94 plant spe-
cies were investigated in vitro, 37 in ovo on embryonated eggs,
and 24 in vivo. A significant part of the in vivo studies was per-
formed on poultry, shrimps, and crayfish. Only 1 study dealt with
experimental infections of PRRSV on piglets [29] and 1 with hep-
atitis viruses on woodchuck [30]. The aqueous extract of Phyllan-
thus niruri L. (Phyllantaceae) was effective when administered i. p.
in reducing and eliminating both the surface antigen titer and
DNA polymerase activity in serum after experimental infections
with WHV in woodchuck [30]. Notably, in vivo studies on mouse
and rat models were excluded from the present review. The strat-
egy to include in this review only the plant species found active
against a specific virus in a cited study might produce a certain
positive bias. It possibly happened only in a very few cases that a
plant extract was tested against the same virus species with the
same method and found active in 1 study and inactive in another
study. However, even in those cases, it seems worth listing the
plant species and the antiviral activity found against a specific an-
imal virus in Table 1S, Supporting Information, and » Table 1, in
order to encourage the scientific society to confirm or deny these
activities in further studies.

In the present review, it is not possible to describe the antiviral
assays performed for each plant species. So that the reader gets

an idea about the assays performed, usual work flows for in vitro,
in ovo, and in vivo studies are described. Cytotoxicity assays were
performed in vitro by exposure of cell strains (e.g., Madin-Darby
bovine kidney [MDBK] or Vero cells) to the plant extracts in differ-
ent concentrations following incubation in microtiter plates. Cell
alterations were monitored microscopically or with specific dyes
entering only dead cells to determine the MNTC compared to an
untreated control. Then cells were incubated for a defined period
of time with the plant extracts in dilutions corresponding to the
MNTC and inoculated with dilutions of viruses corresponding to
tissue culture infective dose (TCIDsg). Controls consisted of un-
treated infected (virus titer), treated noninfected (extract con-
trol), and untreated noninfected (cell control) cells. Antiviral activ-
ities could be calculated as the difference of virus titer between
treated infected and untreated infected control cultures [31].
During in ovo tests, different concentrations of the plant ex-
tracts were injected into allantoic cavity of 7-day-old embryo-
nated chicken eggs, in order to find the MNTC. If the extracts
were not toxic for the eggs, the chickens would be born alive and
healthy after 2 wks of incubation. For the test of antiviral activity
of the extracts, a virus strain (e.g., NDV) was inoculated to infec-
tion-free 9-day-old embryonated chicken eggs. After 4 days, the
allantoic fluid was harvested, and hemagglutination (HA) test
was applied to confirm the virus. Next, the plant extracts were
mixed with different concentrations of the virus, and the mixture
was inoculated after incubation to allantoic cavity of viable 7- to
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10-day-old embryonated eggs. Uninoculated eggs and eggs with
virus suspension without plant extract served as controls. The al-
lantoic fluid was harvested 5 days after inoculation and analyzed
for virus titer by a standard HA test. Antiviral activity of the plant
extracts was measured by the reduction assay of viral titer and ex-
plained by inhibition percentage [32,33].

As an example, for in vivo studies, the evaluation of the antiviral
effectiveness of various doses of Aloe vera (L.) Burm.f. (Xanthor-
rhoeaceae) and Glycyrrhiza glabra L. (Leguminosae) extracts on
the course of experimental PPMV-1 infection in pigeons is de-
scribed [34]. The experiment was performed on pigeons divided
into 5 groups, including 1 control group and 4 experimental
groups, which were orally administered aloe vera or licorice ex-
tracts at 300 or 500 mg/kg BW for 7 days after experimental inoc-
ulation with PPMV-1. On day 4, 7, and 14 after inoculation, cloacal
swabs and samples of organs were collected from 4 birds in each
group. The samples were analyzed to determine the copy number
of PPMV-1 RNA by TagMan qPCR. The results indicated that both
extracts inhibited PPMV-1 replication by decreasing viral RNA
copy numbers in the examined organs (brain, kidney, and liver)
compared to the control group [34].

The following sections present the information regarding virus
families and their crucial members against which plant species
were noted to exert antiviral activity, as evidenced in the litera-
ture.

Herpesviridae

Table 1S, Supporting Information, lists 20 plant species exhibiting
antiviral effects against BoHV-1, 1 against BoHV-2, 2 against
BoHV-5, 8 against EHSV, and 10 against SuHV-1. Moreover, Table
1S, Supporting Information, presents 3 plant species that exerted
antiviral activity against ILTV and 2 plant species against the fish
herpes virus, OMV.

Herpesviridae is a large family of DNA viruses that cause infec-
tions and certain diseases of animals, as well as humans [35].
Overall, more than 130 herpesviruses are known [36], some of
them noted in mammals, birds, fish, reptiles, amphibians, and
molluscs [37].

One representative of this family is BoHV-1, subfamily Alpha-
herpesvirinae, known to cause several diseases in cattle worldwide,
including rhinotracheitis, vaginitis, balanoposthitis, abortion, con-
junctivitis, and enteritis. Although these symptoms are primarily
nonlife-threatening, it is an economically critical disease because
the infection causes a drop in production and affects trade restric-
tions. Like other herpesviruses, BoHV-1 causes a lifelong latent in-
fection and sporadic shedding of the virus. Some European coun-
tries have successfully eradicated the disease by applying a strict
culling policy.

Antiviral activities against BoHV-1 could be observed in several
Brazilian medicinal plants, such as Banisteriopsis variabilis B. Gates
(Malpigiaceae), Byrsonima intermedia A. Juss. (Malpigiaceae), Cam-
pomanesia xanthocarpa (Mart.) O. Berg (Myrtaceae), Cissus erosa
Rich. (Vitaceae), Erythroxylum deciduum A.St.-Hil. (Erythroxyla-
ceae), Lacistema hasslerianum Chodat (Lacistemataceae), Ocotea
pulchella (Nees & Mart.) Mez (Lauraceae), and Xylopia aromatica
(Lam.) Mart. (Annonaceae) [31]. In addition, Bumelia sertorum
Mart. (Sapotaceae), Coffea arabica L. (Rubiaceae), Endopleura uchi

(Huber) Cuatrec. (Humiriaceae), Leandra purpurascens (DC.) Cogn.
(Melastomataceae), Psidium cattleianum Afzel. ex Sabine (Myrta-
ceae), and Uncaria tomentosa (Willd. ex Schult.) DC. (Rubiaceae)
exhibited antiviral activity on BoHV-1 as well as SuHV-1 [38].

The activity of the leaf extract of Azadirachta indica A. Juss.
(Meliaceae) against BoHV-1 is attributed to the polysaccharide
arabinogalactan [39]. Hot aqueous extracts of Acacia nilotica (L.)
Delile leaves exhibited a 3 times stronger antiviral effect against
BoHV-1 than the pods [40].

BoHV-5, the bovine encephalitis herpesvirus, causes menin-
goencephalitis and respiratory disease in cattle and sheep. Hex-
ane and ethyl acetate extracts of Plocamium brasiliense (Greville)
M. Howe & W.R. Taylor (Plocamiaceae), a marine alga, inhibited
virus attachment in MDBK cells [41].

Antiviral activity of the Lippia graveolens Kunth, Mexican orega-
no (Verbenaceae) essential oil and its main compound carvacrol
was observed to be active against BoHV-2 [42]. The essential oil
of L. graveolens provides the advantage to be effective against
both RNA and DNA viruses. Besides herpesviruses, BVDV (Flavi-
viridae), a RNA virus, was also inhibited in the same study [42].

Paramyxoviridae

Citations of 30 plant species with activity against NDV were noted
in the literature (Table 1S, Supporting Information). Recent inves-
tigations were performed on extracts of the brown leaves of
Allium cepa L. (Amaryllidaceae) and the bulbs of Allium sativum L.
(Amaryllidaceae) [43], ethanol/water extract of flowers of Achillea
millefolium L. (Asteraceae) [32], and aqueous extract of G. glabra L.
(Leguminosae) powder, all of which inhibited NDV in embryo-
nated eggs [44].

As listed by the World Organisation for Animal Health (OIE),
Newcastle disease is a disease of major significance in poultry
and other birds. It is caused by specified viruses of the avian para-
myxovirus type 1 of the family Paramyxoviridae [45]. The disease is
characterized by respiratory or neural signs, partial or complete
cessation of egg production or misshapen eggs, greenish watery
diarrhea, and edema of the tissues around the eyes and the neck.

Fucoidan is a sulfated polysaccharide present in the cell wall
matrix of the brown algae Cladosiphon okamuranus Tokida (Chor-
dariaceae). It exhibited antiviral activity against NDV in the Vero
cell line with low toxicity, and this inhibition was observed partic-
ularly in the early stages of infection [46].

Orthomyxoviridae

Well-known representatives of the family Orthomyxoviridae are
the 4 genera of influenza viruses A-D. These viruses cause influen-
za in vertebrates, including birds, humans, and other mammals.
The literature revealed 30 plant species that exhibited activity
against several types of influenza viruses (Table 1S, Supporting In-
formation), mostly the ones causing avian influenza and swine flu.
Highly pathogenic avian influenza virus of the H5- and H7-
types, as well as swine origin influenza (H1N1), were all inacti-
vated in cell culture assays by the commercially available prepara-
tion of Echinacea purpurea (Echinaforce = EF) at different concen-
trations. Detailed studies with the H5NT strain indicated that di-
rect contact between EF and virus was required, before infection,
to obtain maximum inhibition of virus replication. Hemagglutina-
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tion assays revealed that the extract inhibited the receptor bind-
ing activity of the virus, suggesting that the extract interferes with
the viral entry into cells. Upon sequential passage studies, no EF-
resistant variants emerged during treatment in the cell culture
with the H5N1 virus, in contrast to Tamiflu, which produced resist-
ant viruses upon passaging. Furthermore, the Tamiflu-resistant vi-
rus was just as susceptible to EF as the wild type virus [47].

The review of Arora et al. [48] presented a list of medicinal
plants used in Ayurveda and traditional Chinese medicine with
antiviral effects against influenza, which could be useful in the
management of HIN1 flu, the pandemic arising from swine flu.

Glycyrrhizin, a triterpene saponine of licorice root (G. glabra L.),
was comprehensively investigated for its antiviral properties. It
has been noted to interfere with replication or cytopathogenic ef-
fect induction in several viruses, including respiratory viruses and
influenza viruses [49]. Michaelis et al. [50] studied the effect of
glycyrrhizin on highly pathogenic H5N1 influenza A viruses in lung
epithelial cells, which induce avian influenza but are considered
potential influenza pandemic progenitors [51,52]. Glycyrrhizin
concentrations from 25 to 50ug/mL substantially inhibited
H5N1-induced expression of the pro-inflammatory molecules
CXCL 10, IL-6, CCL2, and CCL5. However, for interference of
H5N1 replication and H5N1-induced apoptosis, concentrations
of 100 pug/mL or higher were necessary. The mechanism by which
glycyrrhizin interferes with H5N1 replication and H5N1-induced
pro-inflammatory gene expression includes inhibition of HSN1-in-
duced formation of reactive oxygen species, thereby reducing the
activation of NFkB, JNK, and p38 redox-sensitive signaling events
that are known to be relevant for influenza A virus replication.
Therefore, glycyrrhizin may complement the arsenal of potential
drugs for the treatment of H5N1 disease [50].

Pterocarpans and flavanones isolated from Sophora flavescens
Aiton (Leguminosae) were noted to inhibit neuraminidase, an en-
zyme crucial in the proliferation of the influenza virus [53].

Parvoviridae

Two plant species with antiviral activity against PPV were included
in this review. PPV causes reproductive failure of swine character-
ized by embryonic and fetal infection and death, often without
any outward maternal clinical signs. The virus is ubiquitous among
swines worldwide and is enzootic in most herds that have been
tested. Diagnostic surveys have indicated that PPV is the major in-
fectious cause of embryonic and fetal death. The essential oil as
well as aqueous extracts of Mentha spicata L. (Lamiaceae) [54]
and Isatis tinctoria L. (Brassicaceae) [55] exhibited activity against
PPV in vitro. Moreover, I. tictonia L. was active against GPV [56].

Poxviridae

Humans, vertebrates, and arthropods serve as natural hosts of
Poxviridae. The virion is exceptionally large and carries its genome
in a single, linear, double-stranded segment of DNA.

The literature reported antiviral activity of 16 plant species pri-
marily against FWPV, 2 plant species against GTPV, and 1 plant
species against BPXV (Table 1S, Supporting Information). Nota-
bly, methanolic extracts of different Sudanese medicinal plants
were observed to exhibit antiviral activity against FWPV [57] as
well as aqueous decoctions and acetone extracts of galls of Guiera

senegalensis ].F. Gmel. (Combretaceae) in vitro, in ovo, and in vivo
[58-60]. Treatments with an ethanolic extract of the root bark
from Synadenium glaucescens Pax (Euphorbiaceae) demonstrated
significantly higher mean embryo weight in an in ovo assay against
FWPV compared with other extracts of the same plant [61].

Nimaviridae

WSSV of the family Nimaviridae is responsible for causing white
spot syndrome in a wide range of crustacean hosts [62]. White
spot syndrome is a viral infection of penaeid shrimp and causes
severe economic losses to aquaculture. The disease is highly con-
tagious and lethal, killing shrimps quickly [63]. Until date, there
are no commercially available drugs to control the virus. This seri-
ous problem has been the focus of several recent investigations
on medicinal plants with antiviral activity against WSSV, leading
to 51 publications in CAB database. This review lists 12 plant spe-
cies with activity against WSSV in Table 1S, Supporting Informa-
tion, that were investigated in a study of 2007 [63] and described
in 9 publications from 2014 to 2019 [64-72].

Reoviridae

Infection with avian orthoreovirus, also known as ARV, causes
mainly arthritis and tenosynovitis in poultry. Aqueous extracts of
8 plant species [31,73, 74] exhibited antiviral activity against ARV
in vitro. BRV are the most common cause of neonatal diarrhea in
calves. Clinical disease in calves older than 1 mo is rare. However,
periodic asymptomatic re-infection and shedding occurs in older
cows and calves. Theaflavins of C. sinensis (L.) Kuntze (Theaceae)
were noted to be active against this virus [75].

Coronaviridae

Avian IBV is a coronavirus that infects chickens, causing infectious
bronchitis. It is a highly infectious avian pathogen that affects the
respiratory tract, gut, kidneys, and reproductive system of chick-
ens. The aqueous extract of A. sativum L. (Amaryllidaceae) [76],
the ethanolic (80%) extract of Sambucus nigra L. (Adoxaceae)
[77], polysaccharides of Astragalus species [78], and the essential
oil of Rosmarinus officinalis L. (Lamiaceae) [79] were determined
to be active against IBV in vitro. Furthermore, theaflavins of C. si-
nensis (L.) Kuntze (Theaceae) exhibited activity against BCV [75].

Other viruses

The antiviral activity of plant extracts against viruses of insects
was not the primary focus of this review. Therefore, only a few ex-
amples were presented in this review highlighting the possibilities
to fight against viruses causing diseases in bees. Five plant species
were noted to be active against ACNPV (Baculoviridae), namely
Aconitum nasutum Fisch. ex Rchb. (Ranunculaceae), Hypericum an-
drosaemum L. (Hypericaceae), Laurus nobilis L. (Lauraceae), Rhodo-
dendron caucasicum Pall. (Ericaceae), and Urtica dioica L. (Urtica-
ceae) [80]. Furthermore, the antiviral potential of L. nobilis leaf
ethanolic extract on forager honeybees naturally infected with
BQCV (Dicistroviridae) [81] should not go unmentioned.
Antivirals display a variety of mechanisms of action, and while
some block a specific enzyme or a particular stage in the viral rep-
lication cycle, others like zanamivir and oseltamivir have the abil-
ity to inhibit prokaryotic neuraminidase. More recent research has
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revealed antiviral activity of the following plant species during in
vitro enzyme assay: Geranium sanguineum L. (Geraniaceae), Euca-
lyptus globulus Labill. (Myrtaceae), Ginkgo biloba L. (Ginkgoaceae),
Echinacea angustifolia DC. (Asteraceae), and Zingiber officinale
Roscoe (Zingiberaceae) [82]. Nevertheless, it is imperative to per-
severe with exploring and developing new antiviral compounds
because viruses are continually evolving into new antiviral-resist-
ant strains by virtue of their high mutation rate [1].

This review demonstrates that there exists an overwhelming
number of plant species with the potential to fight against various
highly pathogenic animal viruses, and these plant species need to
be analyzed for their potential prophylactic and therapeutic appli-
cations. Notably, some plant species are promising candidates for
developing new antiviral remedies that are required urgently.

Supporting Information

Table 1S is a compilation of plant species exhibiting antiviral activ-
ity against animal viruses causing notifiable diseases (virus
marked in bold) or diseases with high infection rate leading to
high mortality or large economic losses; plant family; virus spe-
cies; reference; kind of extracts, fractions or compound(s) investi-
gated; plant part investigated, and design of trial.
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