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Limiting the spread of virus during the recent pandemic outbreak was a major
challenge. Viral loads in saliva, nasopharyngeal and oropharyngeal swabs were the
major cause for droplet transmission and aerosols. Saliva being the major contributor
for the presence of viral load is the major key factor; various mouthwashes and their
combination were analyzed and utilized in health care centers to hamper the spread of
virus and decrease viral load. The compositions of these mouthwashes to an extent
affected the viral load and thereby transmission, but there is always a scope for other
protocols which may provide better results. Here we evaluated the potential of
antimicrobial peptide LL-37 in decreasing the viral load of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) through an in silico work and evidence from
other studies. This narrative review highlighted a brief nonsystematic methodology to
include the selected articles for discussion. Accessible electronic databases (Medline,
Scopus, Web of Science, SciELO, and PubMed) were used to find studies that reported
the salivary viral load of SARS-CoV-2 published between December 2019 and
June 2021. The following keywords were utilized for brief searching of the databases:
“saliva,” “viral load,” and “SARS-CoV-2.” Articles in English language, in vitro cell-line
studies, ex vivo studies, and clinical trials explaining the viral load of SARS-CoV-2 in
saliva and strategies to decrease viral load were included in this review. The search was
complemented by manual searching of the reference lists of included articles and
performing a citation search for any additional reviews. The antiviral potential of
cationic host defense peptide LL-37 was evaluated using computational approaches
providing in silico evidence. The analysis of docking studies and the display of positive
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interfacial hydrophobicity of LL-37 resulting in disruption of COVID-19 viral membrane
elucidate the fact that LL-37 could be effective against all variants of SARS-CoV-2.
Further experimental studies would be needed to confirm the binding of the receptor-
binding domain with LL-37. The possibility of using it in many forms further to decrease
the viral load by disrupting the viral membrane is seen.

Introduction

The emergence of the novel coronavirus has received world-
wide attention due to its high transmission and reproduction
rate (~2.2 < [1.4-6.5]). Coronaviruses are enveloped RNA
viruses, and two strains of them—severe acute respiratory
syndrome coronavirus (SARS-CoV) and Middle East respira-
tory syndrome coronavirus (MERS-CoV)—are zoonotic in
origin and known to cause fatal respiratory diseases and
the recent SARS-CoV-2 is responsible for the global pandem-
ic. The viral infection turned into a devastating pandemic
condition due to human-to-human transmission across the
globe. The early detection of viral RNA in saliva peaks during
the onset of symptoms. The attachment of SARS-CoV-2 to the
ACE2 receptor on host cells of tongue and salivary gland
makes saliva a major candidate for transmission of this virus
via droplet or aerosol transmission, further contributing to
the disease transmission.'*? Post outbreak of the pandemic,
various guidelines for treatment strategies have been formu-
lated by the Ministry of Health and Family Welfare, Govern-
ment of India to prevent transmission in medical
dispensaries, hospitals, and dental clinics. They mainly con-
centrated on various ways which can prevent the transmis-
sion, such as using personal protective equipment, N95
masks, face shields, triple-layer masks, and single ventilated
rooms for aerosol-related procedures. Even though these
protocols are implemented, they do not completely mitigate
the risk of transmission of the coronavirus 2019 (COVID-19)
virus.

The key issue during this period was how to prevent
transmission, which could decrease the requirement of
treatment. Various reports and editorials mentioned the
risk of health care workers (HCWs) and clinic setups.3 The
risk of acquiring infection among HCWs including doctors,
nurses, ward boys, and dentists who are exposed to these
individuals further become a source of infection to other
individuals who are not yet infected or are in isolation.
Prevention of infectious diseases in HCWs serves three
purposes: the health of the HCW, the prevention of work
restrictions, and the reduction of hospital-acquired infec-
tions. In China around 3,300 HCWs were infected and 22 died
due to the COVID-19 virus outbreak.? The major concern was
the transmission of droplets and aerosols. Basically, various
clinics implemented use of HEPA filters, ultraviolet lights,
fumigation and antifogging device, and high suction devices
in COVID wards and clinics where risk of transmission still
exists. Identifying measures to restrict transmission from the
source is still a challenge. There have been various agents
which are being utilized and discussed for reducing the viral

load in saliva. In our review we would like to discuss the
potential role of human antimicrobial peptide (AMP) LL-37 in
mitigating the risk instilled by COVID-19 viral load in saliva.

AMP LL-37 is a human antimicrobial protein of 18 kDa,
only known member of cathelicidin in humans. They are pre-
propeptides, with immunomodulatory effect, and are also
one among the three defense lines of human body, i.e., the
humoral immunity. They possess antimicrobial, antibacteri-
al, and antiviral potential that disrupts pathogen membrane
and facilitates wound healing through epidermal growth
factors.* The antiviral potential of LL-37 has been studied
in various viral infections through in vitro and animal
models. LL-37 primarily interacts with the outer envelope
of the virus further after disruption of the membrane, and it
irreversibly binds to the DNA and RNA.°> LL-37 counters the
virus in the respiratory epithelium that is secreted from
neutrophils, macrophages, and epithelial cells. LL-37 is a
potent peptide against various RNA and DNA viruses like
Venezuelan equine encephalitis virus (VEEV), Vaccinia virus,
Zika virus (ZIKV), hepatitis virus, human rhinovirus (HRV),
respiratory syncytial virus (RSV), dengue virus, and human
immunodeficiency virus (HIV) in various in vitro and animal
studies.® The mechanism of action discussed in these studies
are direct alteration of viral architecture, thereby inactivat-
ing virus permanently, robust reduction of viral RNA copies,
removal of outer membrane of virus by rapid disintegration,
removal of outer membrane, exposure of the virus to adap-
tive immune system, and inactivation by flocculation and
aggregation of negatively charged viral particles that is
associated with biomass clumping of these positively
charged elements leading to immobilization. This floccula-
tion and aggregation lead to entry prevention of viruses.’

Innate immune defense may involve synergies between
multiple cationic host defense peptides (CHDPs) acting via
different mechanisms. CHDPs’ responses against viral infec-
tion may have therapeutic potential with broader applica-
bility against SARS-CoV-2 and may minimize the potential to
promote the emergence of resistant strains by avoiding
direct peptide targeting of the virus. Therefore, targeting
upregulation of endogenous CHDP expression may be a
prophylactic antiviral property with less chances of emer-
gence of resistant strains.?

Methods

Search Strategy and Criteria
This review highlights a brief nonsystematic methodology to
include the selected articles for discussion. Accessible
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electronic databases (Medline, Scopus, Web of Science,
SciELO, and PubMed) were used to find studies that reported
the salivary viral load of SARS-CoV-2 published between
December 2019 and June 2021. The following keywords were
utilized for brief searching of the databases: “saliva,” “viral
load,” and “SARS-CoV-2.” Articles in English language, in vitro
cell-line studies, ex vivo studies, and clinical trials explaining
the viral load of SARS-CoV-2 in saliva and strategies to
decrease viral load were included in this review. The search
was complemented by manual searching of the reference
lists of included articles and performing a citation search for
any additional reviews. The number of articles that focused
on strategies for reducing viral load was six. The articles
which did not provide any information regarding reducing
viral load of SARS-CoV-2 and merely discussed the presence
of viral load in saliva were excluded. The selected articles are
briefly explained in =Table 2.

Evaluating the Antiviral Potential of Cationic Host
Defense Peptide LL-37 through Computational
Approaches

One of the most important steps toward rational design and
development of therapeutics of LL-37 is inspired by the
function and mode of action. Several reports are there
demonstrating the antiviral potentiality of the LL-37 peptide.
To investigate the peptide-protein interactions of LL-37 with
the SARS-CoV-2 targets, we implemented the structural
bioinformatics approach (=Table 1). For this, approximately
29 potential SARS-CoV-2 target proteins were selected, such
as spike RBD (receptor-binding domain), spike monomer
(close), spike monomer (open), spike trimer (close), spike
trimer (open), S2 (postfusion state), ACE2, membrane pro-
tein, E protein, N protein, N protein (C domain), N protein (N
domain), main protease, papain-like protease (dimer), papa-
in-like protease (monomer), NSP12 (SARS-CoV-2 RNA-de-
pendent RNA polymerase), NSP15, NSP 16/10 (2'-O-
methyltransferase), NSP 14, NSP 16, NSP 9, NSP 1, NSP 4,
Orf 7a, Orf 3a, and Orf 6. The proteins with no X-ray
coordinates were downloaded from the Zhang’s laboratory
from the University of Michigan (https://zhanglab.ccmb.

med.umich.edu/COVID-19/). The proteins and peptides
were submitted to MolProbity webserver to check the file
and fixed any potential errors in PDB (program database).
The protein chains were edited for missing hydrogen atoms,
bond orders, and hydrogen bonds and were optimized. The
binding mode of the LL-37 peptide with all the above-listed
protein targets was studied by performing peptide-protein
docking using a COVID-19 docking server.’

Global docking was performed to predict the binding
mode between LL-37 and target proteins using CoDockPP.
The CoDockPP server performs a multistage protein-protein
docking based on shape complementarity, knowledge-based
scoring function, and site constraint. The best docked com-
plexis identified based on the score value (kcal/mol) and was
considered for further interaction analysis. The interaction
map analysis was performed by using the PDBSum web-
server (https://[www.ebi.ac.uk/thornton-srv/databases/cgi--
bin/pdbsum) and Ppor. The parameters such as number of
hydrogen bonds, salt bridges, disulphide bonds, and non-
bonded contacts were considered in interpreting the
strength of the interaction.

The putative target for the LL-37 peptide was predicted by
considering a cut-off value for binding energy score (greater
than —1,000 kcal/mol). Nearly seven targets were identified
with the score value above the cut-off. The membrane
protein, envelope protein, main protease, spike monomer
(close), NSP 4, NSP 12, and Orf 3 were identified as potential
targets (=Table 1). Based on their binding energy and also
literature sources, we predicted that the envelope and mem-
brane proteins may be the main targets of this peptide. It is
demonstrated that LL-37 was found not to alter the binding
or initial uptake of the virus by cells, but regulate peptide-
mediated disruption of viral membranes and further impair
viral survival or propagation within the infected cells.'®

This in silico work also suggested some crucial informa-
tion of the interaction of LL-37 with the membrane and
envelope by forming hydrogen bonds, hydrophobic interac-
tions, ionic bonds, and noncovalent bonds. It was seen the LL-
37 forms hydrogen bond interactions with Asn231, Leu242,
Asp245, Asp 248, Asn 151, and Asp122; hydrophobic

Table 1 Docking result analysis of top 7 peptide-protein complexes

Potential protein targets Amino acids of targets interacting with LL-37 peptide
Binding energy Hydrogen-bond interaction Number of Nonbonded
(kcal/mol) salt bridges interactions
Membrane protein —1,353.12 Asn 231; Leu 242; Asp 245; Asp 248; Asn 5 140
151; Asp 133
Nonstructural —1,295.69 Asp 433, Gln 273; Asn 266; Thr 254; Arg 2 144
protein (Nsp 4) 305; Ala 307; Asp 72; Tyr 82
Oorf3 —1,196.52 Glu 266; Thr 269; Met 5; Asp 2
Envelope (E) protein —1,193.21 Leu 28; Leu 39; Cys 43, Phe 4; Ser 6 - 90
Main protease —1,141.8 Arg 298; Glu 107; Asp 110 4 137
Spike monomer (close) —1,031.67 Pro 225; Glu 281; Ser 45; Lys 733 2 118
Nsp 12 —-1,005.71 Asn 552; Val 166; Glu 167; Asn 437; Asp 2 234
445; GIn 444; Arg 249; Ser 451; Thr 324;
Trp 268; Leu 251; Ser 255

European Journal of Dentistry ~ Vol. 16 No. 3/2022 © 2021. The Author(s).


https://zhanglab.ccmb.med.umich.edu/COVID-19/
https://zhanglab.ccmb.med.umich.edu/COVID-19/
https://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/pdbsum
https://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/pdbsum

481

LL-37 in Combating COVID-19 Salivary Viral Load Nireeksha et al.

(panupuod)

*suolsodwod Jualaip
U3Im saysemyinow

13430 Y3im apeuw

buraq uosiiedwod ou sem
313y sIydeqmelp Ajuo ayy
INq ‘peO| [BJIA 3NPaI 0}
ysemyinow aulpIxay.ojyd
Jo abesn ay3

suonuaw Apies Apnis ay |

‘poliad wiaj-jioys e

104 BAI|BS 93 Ul PEO| [BIIA Z
-\0D-S¥VS ay3 bupnpau ul
JAIID3Y43 SEM YSEMUINOLW
QuIpIXaylojyy

*61-AIAOD jo abeis Aj1ea
ay3 buunp xuAteydoio
3y3 ul Jey3 ueys Jaybiy
Aj9A13e[21 SBM 31 teAljES
ay3 ur ybiy Ajpuaisisuod
SBM PEO| |BJIA Z-A0D-SYYS

"ysemyinow auipixaylojyd ay3 buisn
13}4e sinoy g 104 AjJuUalsue.} pasealdap
BAI[ES U3 Ul pEO| [BJIA Y] "sjudned
410q Jo eAljes ay3 wouly (g uaned

10} 6 Aep ssau||l) 9 Aep |eyidsoy 03 dn
Pa323313p sem Z-A0D-SYVS “(Tw/sa1dod
0LHo| 0 °£ =z 3uailed qu/saidod
0LBo| £€9°9 = | Jualied) eajjes ay3 ur ybiy
AjqedjJewas osje sem 31 3nq ‘(Jw/saidod
0Lbo| 61"/ = ¢ 3ualled ‘qw/saidod
0LHo| | '8 = | juaijed) xuAieydoseu
3y ul 353ybiy ay3z sem peoj [edin 3y

“¥Dd-1¥4 Aq syuaized
y30q jo suawidads any ayj [|e
W0y P330333p SeM Z-A0D-SHYS

‘paulwIdlap
Sem peoj [elIA (Z-A0D-SHVS) T
SNJIABUOIOD 3Y] "Ysemyjinouu
aulpixaylojy> e buisn

1914e sunoy ¢ pue ‘sinoy g
INOY | 3B U3 DI9M BAI|ES
9y3 Jo sajdwes |euonppy

"6 01 | Aep |eyidsoy wouy 6L
-dIAOD Yyim sjuaized omi jo
‘suawidads aupn pue ‘wninds
‘eAljes ‘qems |eabuAieydolo
‘qems |eabuAieydoseu

se (ans ‘suawidads

pinyy Apoq snotiea ul
SOIWBUAP [BliA 9y} pajen|ea]

020 ‘e 32 UOOA

abejuenpesip

3y] 3W0213A0 0 Aem
9|qissod e aq 1ybiw awn
13buo| 10y syusuodwod
953y] JO asesal
pauleisns ‘a10jaJay |
'sinoy 9 s| syusuoduwiod
9say] Jo duasaid

10 w1} ay3 sAes Ajiesp 1
1nq peoj |ediA builadwey
1o} saysemiyznow
paseg-aulpol

—-auopinod pue -apLiojyd
wniuipuAdiA3ad jo

9besn s3s9bbns Apnis siyy

‘jujod w3 1noy g 03 dn
paulelsns 3q 03 PaAIasqo
sem bulsul-ynow |4

pue JdD yim peoj Aseajjes
Buiseardap jo 129449 3y

'sinoy g 1e syuaned dnoib

Id @Y3 Ul puUE SINOY g pue SaINuIW g

e sjuanzed dnoib HdD ay3 ul panlasqo
sem 3sealdul yuedyiubis e ‘syujod

aw} aA13dadsal ay3 Je sjusnned dnolb
193em Jo abueypd pjoj ay3 yum patedwod
21am sjuaned dnoub asur-yinow

9y3 4o yoea jo sabueyd pjoj anjea 1D 3yl
UDUM “IDAIMOH *S9OUId44Ip Juediubis
Aue moys jou pip sjulod awi3 Inoy 9
pUE INOY € ‘9INUIW G B I19JBM PUB ‘DdD
‘XHD ‘Id J0 dnoub yoea uiym sjuaned
40 sanjeA 1) Auealjes jo uostiedwo)

‘sisAjeue ¥yDd-1y Z-A0D-SUVS
03 pa123lqns atam sa|dwes
9Y] “193eM/[sasuli-yInow

Jo uonzedyjddeysod

SINOY g pue ‘sinoy ¢

‘S9INUIW G JB pue Juldseq e
sjuanied ||e wouy pa3I9||0d 1M
sa|dwes ealjes (z=u) dnoib
[013U0D 3y Se 1jeM pue ‘(f =U)
dnoib Hdd ‘(9=u) dnoib

XHD ‘(¢=u) dnoib |d—sdnoib
Inoj 03 paubisse Ajwopues a1am
sjusnned 9| yd1ym jo ‘pannidal
2.19m sjuaned aanisod
-C-\0D-SYVS 9¢ 40 B30} V

“191eM UM pasedwod
sjuaied 61-AIAOD Ul

PEO| [BIIA Z-A0D-SHVS AleAljes
ay3 bupnpas ul Aijiqe a3 oy
passasse alam ‘(DdD) apuojyd
wniuiptiAdjA393 pue ‘(XHD)
93eU0dN|b 3UIpIXaYJOolYd

‘(14) autpoi-auopiaod

*ZIA 9SUL-YINOW [BIDJ3WIWO0D
9313 JO S9I2BIIY4D B3 YdIym
ul [BL3 |0J3UOD PIZIWIOPUR VY

L 20T ‘|B 313 dUIBJIABUIS

"C-N\OD-SHVS

UM pajdajul sjualjed
10} sa1bajenys uonebiiw
3|SLI SB PaJapISu0d

9Q p|N0> $32Npo.d

‘Bursun

1934 saINUIW Q€ 03

dn uononpas ueoyiubis
e Ul paj|nsal ysemyinow
dH 3y3 3jiym ‘buisun
1914 saynuiw 09 03 dn
BAI|ES Ul PBO| |BJIA Z-A0D
-SYVS 9yl Jo suononpal
juedyiubis ur payjnsal
XHD pueduiz+3dd
Y3Im ysemyino

(A]pn13dadsau

‘SUOIIINPRI PIOJ-4' T F Y PUR 8 € F T°9
“G'LF L") €L PUB ‘71 ‘LL 38 PEO [BJIA
3y3 pasnpal Appuesyiubis ysemyinow
XHD 3yl (¥"€ F6'9) buisuil 1a34e
sajnuIWw 0 03 dn peoj [BIIA Z-A0D-SYYS
ay3 ur uoipdnpal Juedyubis e ul paynsal
ysemyinow dH ‘dH 104 panIasqo jou sem
PU3J1 SIU] ‘€] 38 UOIINP3I PIOJ-L° 0 F 9'C
e paurejuiew dnoib uz + ddD ay3
ybnoyy|y AjpAizdadsal ¢ ] 3e suoi3dnpal
PIO}L"€F¥'0C PUB 800 F 8°GL

Y3M ‘peOJ [BJIA Ul SUOIIINPAI 19333q

Ul pay|nsal uz + DdD pue dH yum buisury

*shesse ¥DOd

-1¥4b Aq painseaw sem peoj edin
Z-\0D-S¥VS Asealjes ay *(€1)
Buisuil 1934 sajnuIW Qg pue
‘(z1) buisull 1934e sanuIW QE
‘(11) buisuir 133ye Aj93eIpaWwiw]
‘(0.L) Puisui a1049q sjuediyled
9U3 WOl pa1ds)|0d a1aMm
sa|dwes eAljeS “ysemyinouwl

Jo 9dA3 ay1 01 buipiodoe sdnoib
pue dnoub (133em paj|iasip

yum Buisuil |e1o) ogaded e ojul
papIAIp Ajwopuel a1am sjuaiied
9A1Is0d-Z-A0D-S¥VS 09

‘|eld3 [e21UlD 193U
-9|buis paziwopuel jod

SIY3 Ut sautod Wi Jua.ap Je
BAl[BS Ul DBOJ |BIIA 2-AOD-SHVS
ay3 bupnpai 1o} pajenjead
al1am (XHD) a1euodn|b
SUIPIXaYIolYd %1°0

10 “(dH) apixoad uaboipAy
%G1 “(uz+DdD) a3e310€]

duiz %8z°0 snid apuojyd
wnuipuAdiA3ed %5070 13412
Buruiejuod suonjos yum
saysemyinow jo adA3 aaly

LZ0Z ‘|e 3@ opsenp3

SyHeway

uoisnpuo)

awodno

Abojopoyis\

eale [ejuawiadxy

Joyiny

S9lpnis papn|du| jJo sdiisiiajdeley) g Ijqer

European Journal of Dentistry ~ Vol. 16 No. 3/2022 © 2021. The Author(s).



LL-37 in Combating COVID-19 Salivary Viral Load Nireeksha et al.

482

‘peo| |ediA
9seadap 03 saibajenys
19430 104 sanuase suado
919y} ‘suoijeuiwexa
|eabuAieydoio

pue sainpaso.d

|e3uap bujwioylad

03 Joud peoj [elin 3y}
9dnpal 03 saysemynow
J0 uonewy|

9Y3 S3IBIS M3IAAL Y]

‘pasiuelenb

j0u ybnoyy uane
auLR3sI] pue -dAd %L
Buruiejuod saysemyznow
Buisul 19348 pasealdap
9q [|!M BAllES Ul Z-AOD
-SyVS 4O peoj [eliA 9y

"C-NOD-SYVS

UO 9AI123449 J0U SBM Saysemyinowl
XHD %20 PUe ‘I-dAd%S°0 DdD

%6200 ‘@pixosad uaboipAy %| bujbien
*UOIJUIAIRIUI JO G ABP UO 9AI1IIY4D SeM
apixotad uaboipAy %9 pue ajeuodn|b
QUIPIX3aYIO|yd %z°0 4O UOI3N|OS INIXIW
V 'SINOY 7 19148 DAIIDD4)d J0U Sem

2 Inq ‘buisulr 350d sinoy g-0 A3
SBM USEMUINOW XHD %Z L0 A4
919M YSeMyInow aualsi] pue |-dAd %L
‘san|ea (32) pjoysalyi 3242 aannebau pue
peoj [edin buipiebay "malnal d1jeWwISAS
SIY3 Ul papN|oul 943M S3IPN3S XIS
‘sajpi3te 9)qibia Ajjennuslod i€ 4o INQ

"salpn3s
papn|aul 3y} wouly seiq jo

3[SII AU} PaIeN|BAd 9M pue ejep
JUBAD[3I 3SOW Y3 PAIIBIIXD
9/ "UOIIDRIIXD BIEP pUR
Buruaalds aunjeall| pazonpuod
sioyjne juapuadapul

931y] ‘uonsanb soDId 03 anp
papnjaul a1am (Apnis) saipnis
|ejuswiiadxa-isenb pue sjeLy
|BDIUID paziWopueluou pue
paziwopuel 3y3 Ul (3Wwo0331n0)
6 L-dIAOD 40 UOI1394ul-SS01D
Bupnpal 1o peoj [eliA 6 1-AIAOD
Bbupnpau 104 (uostedwod)
WIdY3 3sull Jou op oym sjuaijed
yum pasedwod (uopuaniajur)
S9YSEMUINOLW JSULl OYM
(s3uanzed) uondajul 61-AIA0D
yum sjuaijed buizenjeas
siaded "1z0z Aleniga4

01 dn saIpn3s JUBAJ3L 104
Aleiql| auesyd0) pue ‘aduads
40 g3 ‘sndods ‘ISVaINg
‘PaNGNd Ul Yo1eas d13ewalsAs v

‘uoljeujwexa [eabukieydolo
pue ainpadold |ejuap bunnp
peoj |ellA 61-AIAOD 93npal
S9YSEMUINOLL J3YIaym
9UIWII3P 03 PIJONPUOd
SEM MIIAJI D1IBLLDISAS Y

LZ0Z ‘[e 39 1qgaYoIN

'sdnolb uosiiedwod

ul pasn uaaq jou aney
saysemyinow |ejyuajod
1ayjo ybnoyy uana
‘sioyine Aq paisabbns ase
(WD@D) (spiouoneyolq)
X0J312 pUB UlIXapo|PA)-g

*BAI|BS Ul PEBO| |BIA
Budnpal ur ogade|d yum
pa.edwod Jjauaq 3sapou
e apinoad 03 sieadde
DINAD “(sAep £) 13440
wi33-buoj 104 “ealjes

ul peoj [BlIA Z-A0D-SYVS
93 9dnpal 03 (Isop |elul
9y3 J1914e sinoy ) | Aep uo
IND@D buisn jo adueas|al
a3 syoddns |ely siy|

(%99° L7

03 %0013 MOl %79°053) dnoib
ogade|d ay3 yum paltedwod (%9€ €3
03 %0012 40l ‘%79'859) dnosb NDAD
9Y3 Ul dWI} J9A0 peo| [eJIA AlBAl|ES Ul
9sea129p (Jw/saidod 0Lhoj) abejuadiad
uelpaw 133ealb e ||13s sem 19y}

‘L Rep 3y (G2 '#98L°L 401 1w/sa1dod
0lpo| | £'¢) ogade|d yum patedwod
(61'%90 401 Jw/sardod °Lbo| 80*€)
INDQD 23 10j 3N|eA UBIPIW MO| 3Y3}
paulejulew 3sop puodas 3yl ‘(%91 09
03 %GG°629 *¥0I) %85°CLd 40 7IdL1
9s5ea.23p (Tw/saidod 0LHoj) abejuadiad
uelpaw e ym ‘(90’0 =d) asop 31s1y
dy3 1334e sinoy 0qade|d Uey) dAIIIYD
alow Apueoyiubis sem DD ‘Aep |

JO 9SIN0D 3Y3 13A0 ‘1BY] pIjRIISUOWIP
sisA|eue 3e313-03-UoI3UUI Y]

“Z-\OD-SYVS 12919p 01

pasn sem ¥Dd-1¥ dAneIIuEND
"00°G 1 38 Udye} sem d|dwes auo
‘skep 9 buimoy|o) ay3 uQ (1)
0081 pue ‘(z1) 00°€L “(L1)
00°60 38 | Aep uo pawuoylad
sem buidwes ealjes ‘skep /.
10} pawloylad a1am Ajiep
sasull da1y] oqadeld 1o \DAD
03 (L:L) paubisse Ajwopue.
9.19m sjuanzed 3|qibip 9/ |

O |B303 V¥ "Pa}INIdAL 31aM SABp
8> 10y swoidwiAs (61-AINOD)
6107 9Se3sIp SNIIABUOIOD

pliw 03 d13ewoldwAse

yim sieah gg-g| pabe sjuanned
aAIHS0d-¥Dd (Z-A0DSYVS)

Z SNJIABUOI0D dWOIpUAS
A103el1dsal ajnoe 313N ‘|el)
P3||043U0D paziwopuel siy3 U

peoj

[eain A1eAjes (Z-A0D-S¥VS)

¢ SNIIABUOIO0D 9] asealdap
PIN0> (INDAD) (splouonejolq)
X0J312 pPUB ULIIX3PO|IAD

-q yum ysemyinouw ajqejieae
Aj[e12J3WWod §i duIwlIaIRp 0]

LZ0Z ‘|e 33 [anouie)

S)Hewiay

uoisnpuo)

3awo033INQ

Kbojopoyis|\

eale |ejuawiadx3y

loyiny

(panunuod) g sjqel

European Journal of Dentistry ~ Vol. 16 No. 3/2022 © 2021. The Author(s).



Comparisons done are
clearer and results clearly
suggest usage of CPC or
delmopinol
hydrochloride-based

Remarks
products

delmopinol hydrochloride
as antiseptics decrease

containing CPC or
viral loads.

Suggests products

Conclusion

The virus was inactivated in vitro by the

contact time in directions for use of all
oral care products containing CPC or

delmopinol hydrochloride as

Outcome
antiseptics.

mouthwash in Europe; 0.075%
CPC mouthwash, 0.12% CHX

0.05% cetylpyridinium chloride
(CPC) mouthwash, 0.05% CPC
toothpaste and 0.30% CPC
spray in Japan; 0.06%
chlorhexidine gluconate

(CHX) 4 0.05% CPC mouthwash
and 0.12% CHX +0.05% CPC
mouthwash, and 0.20%
delmopinol hydrochloride
mouthwash in the United
States; and 0.04% CPC
mouthwash in China were
assessed for their virucidal
activity with ASTM E1052.

Methodology

products in several countries

Examined inactivation of
SARS-CoV-2 by oral care
in vitro

Experimental area

Komine et al, 2021

Author

Table 2 (Continued)
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interactions with Phe3, Trp 207, Ala 210, leu 288, and others;
ionic interactions with Lys5, Glu288, Glu290, Lys12, Asp92,
Glu178, and Asp155; aromatic-aromatic interactions with
phe5, Tyr37, Phel03, Tyr101, Phe140, Tyr182, Tyr161,
Phe159, and others; aromatic-sulfur interactions with
Cys300, Phe3, Tyr 54, Phe66, Cys44, Cys22, Cys160, Cys128,
Met120, Met264, and Cys262 of the membrane protein.
Similarly, the residues Leu28, leu39, Cys43, Phe4, and Ser6
of the envelope protein interact with LL-37 by hydrogen
bond formation. The hydrophobic interactions were formed
by Metl, Tyr2, Lue21, Val22, Val58, Luu 74, and other
residues. The ionic interactions between the LL37 and the
envelope protein involve Arg69 and Arg72. The residues
Phe23, Phe26, Phe26, and Tyr form aromatic-aromatic inter-
actions, and Tyr2 and Cys40 are found associated with
aromatic-sulfur interactions (~Table 1).

These different types of interactions, especially hydrogen
bond and hydrophobic interactions, between the LL-37
peptide and the SARS-CoV-2 membrane and envelope pro-
teins provide a clue for potential anti-SARS-CoV-2 activity
(=Figs. 1 and 2). Thus, it can be hypothesized that positive
interfacial hydrophobicity of LL-37 increases the chance of
membrane binding, i.e., interacting with the viral hydropho-
bic surface, and thus may kill enveloped viruses by disrupt-
ing the viral membrane and envelope, further damaging the
virions in inhibiting infectivity.

Results

The articles that analyzed various treatment protocols for
reducing viral load in saliva, using various combinations,
formulations, of mouthwashes in different concentrations
are briefly discussed below (=Table 2). The various compo-
nents in the mouthwashes did decrease the risk of transmis-
sion and contribute to decreased risk but did not sustain its
effect for a longer period of time.

Discussion

Strategies to Tackle SARS-CoV-2 Viral Load in Saliva

Salivary viral load of SARS-CoV-2 is claimed by World Health
Organization to be a major transmission factor because it is
the entry of the respiratory system and also has been tested
for presence of 2019-nCoV nucleic acid in salivary samples
collected from infected individuals. Various studies mention
the load of COVID-19 virus in saliva can be used to correlate
with the severity of disease state.!’ Comparison of patient
demographics, cellular immune profiling data with salivary
and nasopharyngeal (NP) swabs by estimating the viral load
over time, was conducted among 154 SARS-CoV-2 reverse
transcription quantitative polymerase chain reaction (RT-q-
PCR)-positive eligible adults and 109 uninfected HCWs. The
viral RNA, SARS-CoV-2 specific-antibody, cytokine levels,
platelets, lymphocytes, and cTfh cell kinetics were compared
between the groups. A total of 154 SARS-CoV-2 RT-q-PCR-
positive adults were included in the study group; 109
uninfected HCWs were included in this study as the control
group. Individuals with SARS-CoV-2 risk factors showed a

Abbreviation: RT-PCR, reverse transcription polymerase chain reaction.
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Fig. 2 The binding mode and interactions of the LL-37 with SARS-CoV-2 envelope (E) protein.

higher load of virus in saliva which could be correlated with
the increasing disease severity, which could be attributed as
a predictor of mortality over time (area under the curve
=0.90)."2 The potential of saliva transmission of COVID-19
can be due to the cell receptor of ACE2 expression in the
tongue and salivary glands. Thus, it is important to prevent
droplet formation and transmission." Saliva harbors various
antiviral components like lysozyme, mucins, cathelicidin (LL-
37), lactoferrin, peroxidase, sIgA SLPI, salivary agglutinin
(gp340, DMBT1), a-defensins, B-defensins, and cystatins,
which hamper viral multiplication. The microvesicles with
20 microRNAs restrict multiplication of viruses, but the

European Journal of Dentistry ~ Vol. 16 No. 3/2022 © 2021. The Author(s).

major possible factor could be hypo-salivation which causes
increased multiplication and adhesion of virus due to de-
creased salivary proteins and peptides.'> An oral axis for
SARS-CoV-2 pathogen and transmission was planned to
evaluate the expression of SARS-CoV-2 entry into cells of
salivary glands. The mode of asymptomatic transmission of
the virus remains “Achilles heel” in this pandemic situation.
Due to anatomical location, frequent exposure to external
environment, oral tissues, and saliva may play a major factor
in the spread of SARS-CoV-2."4

It is documented through various studies that salivary
viral load of SARS-CoV-2 is diagnostic in nature, which helps
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in correlating with the disease severity, plays a role in
transmission of disease, and therefore strategies to tackle
and reduce the viral load play a prime role.” A collective
opinion from Various studies provided a collective opinion to
use 0.2% povidone iodine(PI) for 30 sec as a pre procedural
rinse followed by gargles for 30 seconds and throat gargle for
Iminute in dental clinics which may act as a potent decon-
taminating agent in the reduction of SARS-COV-2 virus in the
oral cavity. D’Amico et al suggested 1% solution of hydrogen
peroxide usage for 30 seconds with 0.2 to 0.03% chlorhexi-
dine to reduce viral/bacterial load; components of chlorhex-
idine are considered to be effective against lipid enveloped
viruses; 0.12% 5mL of chlorhexidine could suppress viral
loads for 2 hours, even though it was beneficial in hampering
droplet transmission in some patients, did not reduce sali-
vary viral load in many after 1 hour of use.'® CPC (cetylpyr-
idinium chloride), a quaternary ammonia salt in a
concentration of 0.02 to 0.07% for oral use, provided a
detergent action and demonstrated disruption of lipid bilay-
er envelope of SARS-CoV-2 virus. It is also one among the
most recommended mouthwashes for use in SARS -COV-2
patients."”” Mouthwash with CPC + zinc and CHX resulted in
significant reductions of the SARS-CoV-2 viral load in saliva
up to 60 minutes after rinsing, while hydrogen peroxide
mouthwash resulted in a significant reduction up to
30 minutes after rinsing.'® In a randomized control trial in
which the efficacy of three commercial mouth-rinses were
evaluated, povidone-iodine (PI), chlorhexidine gluconate
(CHX), and CPC; CPC decreased salivary load of SARS-CoV-
2 and PI mouth-rinsing was observed to sustain up to 6-hour
time point.'® Stawarz-Janeczek et al recommended effective
usage of 0.1% sodium hypochlorite, 0.5% hydrogen peroxide,
ethanol at the minimum concentration of 62 to 71% in
1 minute to reduce viral load. Ethanol at a concentration of
78 to 95% for 30 sec to 1 min reduced salivary viral load of
SARS COV-2 drastically.? Also various oral care products
were assessed and further in vitro studies among 0.5% CPC
mouthwash, 0.05% CPC toothpaste and 0.30% CPC spray,
0.06% CHX+0.05% CPC mouthwash, 0.12% CHX+ 0.05%
CPC mouthwash, 0.075% CPC mouthwash, 0.12% CHX mouth-
wash, 0.20% delmopinol hydrochloride mouthwash and
0.04% CPC mouthwash were evaluated for their antiviral
activity. Suggested products containing CPC or delmopinol
hydrochloride as antiseptics decrease viral loads.?’ Farook
et al recommend preprocedural rinse with chlorhexidine, PI,
which is being used in dental clinics to reduce viral load in
oral cavity even through it is not established,?’ either with
usage of 0.12% of chlorhexidine, 1% of hydrogen peroxide or
0.2% of PI solution.??>3 LL-37 is proved through in silico work
to have capacity to disrupt the viral membrane; various
studies have employed the AMP LL-37 in different treatment
strategies in various viral conditions with therapeutic effect.

Potential of LL-37 Peptide to Inhibit Viral Infections

Various authors and researchers have explained the potential
of LL-37 in tackling various viral conditions. In vitro experi-
ments and in silico analyses have shown that LL-37 inhibits
dengue virus type 2 at the stage of entry into the cells by

binding to the E protein, thus might be potent against dengue
virus infections.?* Therapeutic activity of LL-37 against
influenza type A virus (IAV) demonstrates LL-37 encounters
IAV in the respiratory tract through innate immune
responses against the virus, secreted through neutrophils,
macrophages, and epithelial cells. The study further conclud-
ed that LL-37 reduced IAV infection severity in a manner
comparable to zanamivir.?> LL-37 has shown inhibition of
HIV 1 protease activity, furthermore the plasma LL-37 levels
of individuals undergoing antiretroviral therapy (ART) were
significantly higher, in contrast, high susceptibility
to secondary infections was observed in patients not under-
going ART.%® The efficacy of LL-37 peptide against RSV was
demonstrated in a study which clearly showed that this
peptide had potential to inhibit viral-induced cell death,
impact the expression of chemokines, and showed that
children with low cathelicidin levels are more susceptible
to RSV-associated bronchitis.?’ A study showed the effect of
LL-37 AMP on decreasing viral load of HRV, a causative factor
for common cold and most respiratory infections. The study
concluded the LL-37 expression decreased HRV viral load in
vivo and thereby decreases infections in respiratory cells and
cystic fibrosis cells.?® LL-37 was delivered through corneal
implants and assessment of release was done, which showed
that even though LL-37 did not block the herpes simplex
virus 1 (HSV-1) action it prevented infection in corneal
epithelial cells by preventing viral cell attachment, hence
proving that LL-37 actively takes part in entry inhibition.?
Zika, a single-stranded RNA virus, is responsible for “micro-
cephaly ventriculomegaly intracranial infectious disease”
related to birth defects; a study was conducted to evaluate
the effect of LL-37 and synthetic derivatives on primary
human fetal astrocytes. The study showed sevenfold de-
crease in ZIKV plaque-forming unit’s posttreatment, with
LL-37 in vitro.3? The host defense peptide LL-37 was studied
against VEEV, and data showed that LL-37 exhibits robust
antiviral activity with minimal toxicity to humans, and
blocks the virus from entering human cells.® A study dis-
cussed the effect of LL-37 in combating rhinovirus and
further concluded that delivery of LL -37 has novel synthetic
analogues representing a novel treatment module for reduc-
ing the viral load.! The effect of LL-37 on inhibition of Ebola
virus (EBOV) was studied, with regard to the outbreak of
Ebola epidemic in South Africa in the period of 2014 to 2016.
Various therapeutic modalities were tested and showed that
human cathelicidin AMP LL-37 and engineered LL-37 AMPs
inhibit the infection of recombinant virus pseudo-typed
with EBOV glycoprotein (GP) and the wild-type EBOV. These
AMPs target EBOV infection at the endosomal cell-entry step
by impairing cathepsin B-mediated processing of EBOV GP.*
Results identify AMPs as a novel class of anti-EBOV thera-
peutics and demonstrate the feasibility of engineering AMPs
for improved therapeutic efficacy.>’ Ron-Doitch et al pre-
pared LL-37 liposomes coated with PEG and evaluated their
activity against HSV-1. They found lower toxicity and en-
hanced antiviral activity for LL-37 liposomes compared with
both the free AMPs.32 Nordstrém et al investigated how the
charge density in poly(ethyl acrylate-co-methacrylic acid) or
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poly (ethyl acrylate/methacrylic acid [MAA]/1,4-butandiol
diacrylate) microgels (MAA26.5 and MAAG60 microgels)
affects the capacity to release the peptides LL-37 effective
against Pseudomonas aeruginosa and Escherichia coli bacte-
ria, and studied hemolysis, proteolytic stability, and interac-
tion of loaded hydrogel with membranes.® Fan et al
conducted a study to detect the efficiency and antitumor
effect of docetaxel and LL-37-loaded thermosensitive hydro-
gel nanoparticles on peritoneal carcinomatosis of colorectal
cancer. They concluded that the Doc+LL37 NP-hydrogel
composite showed improved antiangiogenesis and antitu-
mor activity, and thus may have potential applications in
colorectal carcinoma therapy.>* Fumakia and Ho investigated
the potential therapeutic effects of combining LL37 and A1l
into a single nanoparticle formulation to improve wound
healing and synergistically enhance antibacterial activity in
vitro, in comparison to individual drugs alone, and concluded
that they successfully developed the first solid lipid nano-
particle formulation that can simultaneously deliver LL37
and Al at specific ratios resulting in accelerated wound
healing by promoting wound closure in BJ fibroblast cells
and keratinocytes as well as synergistically enhancing anti-
bacterial activity against Staphylococcus aureus and E. coli in
comparison to LL37 or A1 alone.>

Conclusion

The analysis of docking studies and the display of positive
interfacial hydrophobicity of LL-37 resulting in disruption
of COVID-19 viral membrane elucidate the fact that LL-37
could be effective against all variants of SARS-CoV-2. Fur-
ther experimental studies would be needed to confirm the
binding of RBD with LL-37. Its immunoregulatory pathway
would be at a faster pace when compared with different
therapeutics that being researched and developed, owing to
its nativity to the human body. The article provides the
potential of LL-37 in combating SARS-CoV-2 in saliva. It can
be employed strategically in different ways, which will help
in mitigating risk to frontline workers, who come in contact
with patients in COVID wards, and dentists who are in
danger because they are exposed to oral cavity. The current
article is an attempt to showcase the therapeutic potential
of LL-37. The possibility of using it in many forms further to
decrease the viral load by disrupting the viral membrane is
seen.
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