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Abstract

Most of the people who suffered from COVID-19 fully recovered, but approximately 10-20% of them developed a wide
variety of symptoms after they recover from their initial illness. Long COVID can develop at any patient; however, several
studies suggest that the development of Long Covid syndrome may be linked to severity of acute illness. Some of the risk
factors are hospitalization (with mechanical ventilation), Intensive Care Unit admission, age (over 50 years), gender (female)
and comorbidities. Since the precise mechanism of Long COVID has not been clarified, neither the management of Long
COVID-19 syndrome has been solved yet. Promising results have been published with vaccines as they effectively reduced
the risk of Long COVID; however, other data suggest that vaccination results only partial protection in the post-acute phase of
the disease. Recently, the orally effective antiviral agents (Paxlovid, molnupiravir) are preferred for outpatient management,
and they highly reduce the progression of mild-to-moderate COVID-19 to severe one, and consequently, might reduce the
development of Long COVID. Finally, recently, several clinical trials are in progress with either dietary supplements or
drugs with different mechanisms of action. Additional information on the precise mechanisms, risk factors of Long COVID
may result in successful preventive and therapeutic management of Long Covid 19 syndrome.
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Introduction The Long Covid terminology is generally used for the

description of the condition when the symptoms last far

Long COVID or post-COVID refers to the prolonged symp-
toms which may be new or returning ones, that patients may
develop after recovery from the initial, acute SARS-CoV-2
infection. The post-COVID symptoms are highly heteroge-
neous and complex, fatigue, dyspnea, sleep disorders, gas-
trointestinal disturbance, chronic cough, anxiety, depres-
sion, memory loss, concentration problems and a significant
impairment in their quality of life have been reported;
fatigue and neurocognitive complaints are the predominate
ones. The symptoms can be mild to severe, may persist for
months, and can fluctuate or relapses.
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longer than it would be expected after recovery from SARS-
CoV-2 infection. However, since both the course, the symp-
toms, the severity and the duration of Long COVID show
great diversity, there is no consensus how to define it.

The lack of consensus is reflected by the numerous names
that have been used for Long Covid syndrome, including:
Post-COVID, chronic COVID syndrome, Long-hauler
COVID-19, Long-haul COVID, Long-tail COVID, late
sequelae of SARS-CoV-2 infection, post-acute sequelae of
SARS CoV-2 infection and post-acute COVId-19 (Yong
2021).

Definitions of Long COVID

Fernandez-de-las-Peiias et al. (2021a, b) distinguished four
stages in the course of Long COVID: a./4-5 weeks after
the initial phase of the disease characterized by infection-
related symptoms, b./from week 5 to 12 after the onset acute
post-COVID symptoms, c./from week 12-24 after the initial
period Long post-COVID symptom, and d./over 24 weeks
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after the acute infection the persistent post-COVID symp-
toms (Fernandez-de-Las-Peiias et al. 2021a).

Another definitions by the same group distinguished
two phases: acute post-COVID (from week 5 to week 12)
and chronic post-COVID (lasting more than 12 weeks after
symptom’s onset) (Fernandez-de-las-Pefias 2022). Similarly,
two phases, the ongoing symptomatic COVID-19 (from 4 to
12 weeks) and the post-COVID-19 syndrome (12 weeks or
more) were suggested by Datta et al. (2020). Furthermore,
according to Yong (2021) when the symptoms persist for
more than 3 months after the onset of the disease, it can be
taken as Long COVID.

The National Institute for Health and Care Excellence
guideline (United Kingdom) distinguishes Long- and
post-COVID conditions: Long COVID means the ongoing
symptomatic COVID-19, where symptoms last for 4
to 12 weeks and post-COVID-19 syndrome, where the
symptoms persist beyond 12 weeks in the absence of an
alternative diagnosis (NICE 2020).

Similarly, the World Health Organization (WHO) defines
Long COVID as symptoms that persist for 3 months after
the onset of COVID infection and the symptoms cannot be
explained by an alternative diagnosis (Soriano et al. 2022).

Prevalence of Long-COVID syndrome after the acute
SARS-CoV-2 infection

People infected with SARS-CoV-2 approximately 10-20%
developed a wide variety of symptoms after they recover
from their initial illness (Ballering et al. 2022); others have
experienced higher prevalence, 30% of the development
of Long COVID-19 in people infected with SARS-CoV-2
(Yoo et al. 2022). On the other hand, much lower (around
7%) prevalence of Post-Acute Sequelac of SARS-CoV-2
infection (PASC) was found by Xie et al. (2021), though it
was consistently higher in people with poorer baseline health
and in those who had more severe acute infection.

Susceptibility to Long COVID

Long COVID can develop at any patient, also after mild-to-
moderate cases and also in youngers, who were not admitted
to hospital or even had asymptomatic COVID-19 (Dennis
et al. 2021; Shah et al. 2021, Yong 2021). In addition, it has
also been raised that neither the severity of the infection nor
the intensity of the treatment the patients received, have any
role in the development of Long COVID-19 (Crook et al.
2021).

In contrast, several studies suggest that the development
of Long Covid symptoms may be linked to symptomatic
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COVID-19 infection; severity of illness, hospitalization (with
mechanical ventilation), as well as sex (women) may have
role in higher incidence of Long COVID (Baratta et al. 2021;
Fernandez-de-Las-Penas et al. 2021b).

Others also confirmed and raised additional risk factors,
for example the severity of illness (need for hospital or
Intensive Care Unit /ICU/ admission), ventilatory support,
age (over 50 years), gender (female) and comorbidities
(asthma or previous respiratory disease, obesity and
increased body mass index). On the other hand, several
diseases, such as diabetes, hypertension, cancer and
immunosuppression are risk factors for severity and
mortality in the acute phase of COVID-19 infection, but
no association has been proven with the development of
post-COVID syndrome (Carod-Artal 2021). In consistence
with the previous data, it has been found that patients who
had to be admitted to hospital to the Intensive Care Unit
(ICU) developed more frequently Long COVID, e.g., the
prevalence of different post-COVID-19 symptoms were
higher in patients who were treated in intensive care
unit compared to ward patients, such as fatigue (72% vs.
60.3%), dyspnea (65.6% vs. 42.6%), attention and memory
disorders (52% vs. 33.8%), and swallowing and language
disorders (68.7% vs. 42.6%) were the most frequent
symptoms (Halpin et al. 2021). Furthermore, patients
(n=119) treated in ICU, after recovery from the acute
disease, 56% more likely to develop a neuropsychiatric
disorder compared to non-ICU survivors (Taquet et al.
2021). Similarly, in patients who had been admitted to
hospital for severe pneumonia 2 months after discharge,
persistent symptoms were common, e.g., 68% had
persistent fatigue, 57% sleep disorders, 39% persistent
dyspnea or cough (D’Cruz et al. 2021).

In another study of 143 hospitalized patients with
COVID-19, 87% of the patients had symptoms 2 months
after being discharged and 40% reported a decrease in
their quality of life, and fatigue persisted in over 50%
for more than 60 days after the onset of symptoms
(Carfi et al. 2020). Similar results have been published
by Tomasoni et al (2021): patients with pneumonia due
to SARS-CoV-2 infection complained about persistent
physical symptoms (52%), anxiety (29%) and cognitive
disorders (17%) 1-3 months after discharge (Tomasoni
et al. 2021). Moreover, the health status of COVID-19
patients was evaluated at 6 and 12 months after hospital
discharge. It was found that patients who needed
respiratory support compared to patients who did not
require, had higher probability of having symptoms
at 6 and even in at 12 months. Consequently, it may be
concluded that hospitalized COVID-19 patients with more
severe symptoms in the acute phase may have higher risk
of developing Long Covid symptoms (Lopez-Leon et al.
2021).
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Potential preventive options of Long COVID
Vaccines

The effect of vaccines on the development of Long COVID
is inconsistent in the light of literature. The third dose of
BNT162b2 (Pfizer—BioNTech) COVID-19 vaccine has
important potential benefits; beyond reducing the illness,
may prevent the COVID-19 sequelae after breakthrough
infections. It was found that two or three doses of vaccine
reduced the odds of developing Long COVID by 75 and
85%, respectively (Labos 2022; Ledford 2021). Accordingly,
others have found that two doses of a COVID-19 vaccine
resulted in 50% reduction of the risk of Long COVID. The
data were obtained from self-reported information of 1.2
million UK individuals (Antonelli et al. 2022).

In contrast, though vaccination decreased the risk of death
and post-acute sequelae, the protection was only partial in
the post-acute phase of the disease (15%) according a study
on US veterans (Al-Aly et al. 2022).

Antiviral compounds

As it was discussed above, several data suggest potential
correlation between the severity of the acute infection of
SARS-CoV-2 and the risk of the development of Long
COVID-19. Therapeutic management of non-hospitalized
(hospitalized) patients may prevent the progression of mild-
to-moderate COVID-19 to severe one and, consequently,
might reduce the risk of Long Covid.

Currently, for outpatient management, the orally effective
antiviral agents are preferred such as nirmatrelvir plus rito-
navir (Paxlovid) and molnupiravir. Recent findings suggest
that oral treatment with nirmatrelvir plus ritonavir resulted
in a 89% reduction of the risk of progression of mild-to-
moderate COVID-19 to severe one (Hammond et al. 2022,
Ledford 2022). Similarly, early treatment with molnupiravir

(alternative therapy in non-hospitalized patients with mild-
to-moderate COVID-19 who are at high risk of disease pro-
gression when Paxlovid is not available) reduced the risk
of hospitalization (and death) in non-hospitalized, unvac-
cinated adults with mild-to-moderate COVID-19 who had
at least one risk factor for severe COVID-19 illness (Jayk
Bernal et al. 2022).

Parenteral preparations which also may prevent the
progression of mild-to-moderate SARS-CoV-2 infection
to severe one are the monoclonal antibody bebtelovimab
as well as remdesivir, which is recommended both for the
treatment of non-hospitalized and hospitalized patients,
reduced the progression to mechanical ventilation for non-
ventilated patients (Ali et al. 2022) (Table 1).

Glucocorticoids

COVID-19 is a multi-organ damage with substantial
inflammatory component. In sever COVID-19, elevated
levels of inflammatory markers have been observed. Though
glucocorticoids are highly potent anti-inflammatory agents
and show substantial benefits, their role in the therapy of
COVID-19 has been debated. Recent study indicate that
glucocorticoids (dexamethasone) have beneficial effect in
hospitalized patients who are receiving respiratory support
and the glucocorticoid therapy has been started after the
first week, when already immunopathological elements
dominate and the active viral replication (typical in the
first week) have only a minor role. But no benefit (even a
potential harm) was observed among patients who did not
require respiratory support (oxygen or invasive mechanical
ventilation) (The RECOVERY Collaborative Group 2021).

In contrast, it has not been clarified how glucocorticoids
may influence the risk of the development of Long/post-
COVID. Glucocorticoids as highly potent anti-inflammatory
agent may reduce not only the mortality but also the progres-
sion of the disease (e.g., may prevent the need of invasive

Table 1 Therapeutic Oral
management of non-

Parenteral

hospitalized patients: antiviral
agents and anti-SARS-CoV-2
monoclonal antibody

Paxlovid: nirmatrelvir (protease inhibitor, inhibition of the Remdesivir: prodrug of an adenosine
virus replication) + ritonavir (slows the breakdown of
nirmatrelvir by inhibiting CYP3A4)

analogue, the active metabolite of
remdesivir interferes with the action of
viral RNA-dependent RNA polymerase and
inhibits viral replication

(Recommended for both non-hospitalized and
hospitalized patients (WHO, September,
2022)

Molnupiravir: prodrug of N-hydroxycytidine (NHC). After Bebtelovimab: monoclonal antibody, isolated

phosphorylation in the cell to NHC triphosphate, it is
incorporated into viral RNA and misdirects the viral
polymerase and inhibits viral replication

from a patient recovered from the COVID-
19 disease, directed against the spike protein
of the virus. (For the treatment of high-risk
outpatients with mild-to-moderate COVID-
19, if Paxlovid and remdesivir are not
available.)
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Table 2 Ongoing clinical trials on Long COVID (ClinicalTrials.gov website)*

NCT number Title Interventions
1 NCTO05618587  Effect of Lithium Therapy on Long COVID Symptoms Drug: Lithium
Drug: Placebo
2 NCT04997395 Feasibility of Cannabidiol for the Treatment of Long Drug: MediCabilis Cannabis sativa 50
COVID
3 NCT05595369 SARS CoV-2 Viral Persistence Study (PASC)—Study of Drug: Paxlovid
Long COVID-19 Drug: Placebo
4 NCT05576662 Paxlovid for Treatment of Long Covid Drug: Nirmatrelvir 4+ Ritonavir Drug: Placebo + Ritonavir
5 NCT05220280 SOLIDARITY Finland Plus Long-COVID Drug: Imatinib
Drug: Infliximab
6 NCT05513560 Canadian Adaptive Platform Trial for Long COVID-19 Drug: Ibudilast
Drug: Pentoxifylline
Other: Placebo
7 NCT04978259 SOLIDARITY Finland Long-COVID (Remdesivir Long- Drug: Remdesivir
term Follow-up Study of COVID Patients)
8 NCT05592418  Study to Evaluate the Efficacy and Safety of Ampligen in Drug: Rintatolimod
Patients With Post-COVID Conditions Other: Placebo/Normal Saline
9 NCT04604704 Pilot Study Into LDN and NAD + for Treatment of Patients ~ Drug: Naltrexone
With Post-COVID-19 Syndrome Dietary Supplement: NAD +
10 NCT05216614 Fluvoxamine to Augment Olfactory Recovery For Long Drug: Fluvoxamine
COVID-19 Parosmia Drug: Placebo
11 NCT04695704 Efficacy of Montelukast in Mild-moderate Respiratory Drug: Montelukast
Symptoms in Patients With Long-COVID-19: Other: placebo
12 NCT04948203 Assessing the Efficacy of Sirolimus in Patients With Drug: Sirolimus
COVID-19 Pneumonia for Prevention of Post-COVID
Fibrosis
13 NCT05507372 Treatment for post acute COVID-19 Syndrome Drug: Pimozide
14 NCTO04904536 Statin TReatment for COVID-19 to Optimise NeuroloGical ~Drug: Atorvastatin
recovERy Other: Standard Care
15 NCT05497089 Temelimab as a Disease Modifying Therapy in Patients Drug: Temelimab
With Neuropsychiatric Symptoms in Post-COVID 19 or ~ Drug: Placebo
PASC Syndrome
16  NCT05350774 Immunotherapy for Neurological Post-Acute Sequelae of Drug: IV immunoglobulin Drug: IV normal saline
SARS-CoV-2 Drug: IV methylprednisolone
17 NCT05430152 Low-dose Naltrexone for Post-COVID Fatigue Syndrome Drug: Low-Dose Naltrexone Other: Placebo
18 NCTO05096884 Post-Acute Sequelae of Coronavirus-19 (COVID-19) Drug: Metoprolol Succinate
With Dyspnea on Exertion And Associated TaChycardia
TrEatment Study
19 NCT05047952 Vortioxetine for post-COVID-19 Condition Drug: Vortioxetine
Drug: Placebo
20  NCTO05228899 Zofin to Treat COVID-19 Long Haulers Drug: Zofin
Other: Placebo
21 NCTO05052307 A Real-world Evidence Study of BNT162b2 mRNA Covid- Drug: Pfizer/BioNTech BNT162b2 mRNA COVID-19

19 Vaccine in Brazil

vaccine, CoronaVac COVID-19 vaccine, ChAdOx]1
nCoV-19 vid-19 Vaccine, Janssen COVID-19 Vaccine

*In the ClinicalTrials.gov database, on 29.11.2022, 333 hits were recived for the search term “long covid”. Among the ongoing clinical trials,
drug intervention was performed in 21 cases. For scope reasons, studies using drugs and dietary supplements in the experimental stage have not
been included in the table

mechanical ventilation in patients who are given oxygen
alone). As discussed above, there is a correlation between
the severity of the initial infection of SARS-CoV-2 and the
development of Long COVID-19 consequently, glucocorti-
coid treatment in acute phase of the disease might reduce the
risk of the development of Long/post-COVID. Accordingly,

@ Springer

a recent study showed that hospitalized COVID-19 patients,
who received oral dexamethasone were less likely to experi-
ence persistent symptoms at 8-month follow-up (Milne et al.
2021). However, further studies are needed to reveal if glu-
cocorticoid may reduce the risk of the development Long/
post-COVID.



2811

Long COVID and possible preventive options

IV XS
(Impy 19p[O NPY)
Iop[o pue SI1aX 8T 98y

SI[NSaI ON € “udwyjoIuyg

IV -x3§

(mpy 19p[O NPY)
I9p[O pue SIBdX 8] :93Y
7€ uaw[oiuyg

Jrqerreae Aporqnd 304 jou
SIInq ‘paNIuqng sINsAY

IV XeS
MNPV I9PIO NNPY)
IOp[O pue SIBAX 8] 98y

SIS ON 007 :JUSW[OIUF
IV :Xe§
Orpvy)

J[qe[reAR  SIBOX () O) SIe9L 8] 93y

QIe ejep W00 AIewld T uSW[oIug

jusuIeaI],

:osoding Arewirig
(103831S9AU]
quedroniey)

9[qno(q :Suryse
JUQWUIISSY [d[[ered

:[OPOJAl UOTIUQA U]

PoZIuopuEy UOEIO[[Y
JuAUIBIL],

:osoding Arewrig
(10SSasSYy SowoANQ
‘101e31SIAU] “IOPIAOI]
are) 9uedroniey)

ordnapen() :3unysejy
JUQWUSISSY [o[[ered

:[OPOJAl UOTIUDAIIU]

paziuopuey :UoNedo[[y

JUQWIBAI],

:osoding Arewtid
(108$9SSY SowodnQ
‘10183 1ISIAUT ‘IOPIAOI]
are) quedronied)

grdnapeng) :Sunysejy
Jjuowu3Issy [o[[eled

:[OPOJAl UOTIUAAIU]

PoZIuOpuUEyY UOEIO[Y
JUSWIEL],

rasoding Arewtig
(1Pqe

uad(Q) QuoN :Surysen
JUAWUSISS Y
dnoip o[3urg

:[OPOJAl UOTIUDAINU]

V/N ‘UOnEd0[Y

0qooeld

Juowoddng Arejorq
(LNT-vad) uroan
PpIOUOAR] JUEPIXOT)UE
M PIZIUOIDIWEI[N-0I
rurejoueyjaLojrured

Juowoddng Areyerq

0qaoe[d
pareyuy :1oyyQ uordwry
pareyuy :[es1dojorg

uonnjos
T8I0 0qQa2B[d Y10
uonnjos

[eI0 TET-LAVAVY
Juowerddng Arejorq

Keads Teseu
areaniAd wnipos :3niq

an3nej pue sjure[dwod
aAnTuS00 YYMm sjuaned
AIAQD SuoT ur (SA.LY)
uone[nWns sIng e}
JUSNTWLISIUL SB UAAIS SIALL
aannadar 193e opmydwe
(ddN) srenuajod payoad
Jojow jo uonenuajod
JUSISUBT) Y)IM PIXpul
‘Kyronserd ondeuAs a1y
-dI/T ‘UOISSTWSURIIOINAU
J181-gVEVD Uo 11T
-VAd ynm Adeay) yoom-g
ue Jo $109}9 onnaderay)
d1qissod ay3 1593 0,

dIAQD Suo
yim sjuaned ur sowooIno
[BOIUI]D Y} PUE (S[OAJ]
Qun01A0 KI10jRWUITIRUT
Sje[npow 03 AJI[Iqe ONIA Ul
AU} YIIM UTuNQ[e wnos
uewny Jo Aen[y 1ySrom
Ie[nosow mof) uordury
Jo K1oyes oy} 9Jen[eAd O,
potxod uoneyIIqeyax
Sump 61-AIAOD Suo]
Jjo swoydwAs 19yjo pue
Kyarxue ‘uorssardop
‘uoneardsar pider pue
JNOLFIP “IIOYSp UOuae
‘auyoepeay ‘on3nej jo
UONIBIAJ[[® ‘QOUIISI[BAUOD
ay} Jo uoneInp Y}
SuIsea109p Ul 7¢g
~LdVAV WM jusunean
juean(pe jo Aoeorye
9qIssod 9jensuowop of,

SIo[NeH
Su0T 61-AIAQD YNm
pajeroosse swoydwAs oy
uo juowean) (Aexds [eseu
JreantAd wnipoS) GTIN

JO S109JJ9 9Y) SUIWEXS O],

sjuaned prao)
-3U0T UT UOTSSTWSUEI],

o131y gVD pue
suonouny 9qo [eIUO0L]

Uuo LNT-VAd JO S109f . CC8ITESOLON

(@1A0D Suo)
61-AIAOD 01 ong
swoldwAg K10jendsay
posuofoId YT
syuane ur uordwy

sjenfeag 03 ApmS vV 19108870LON

61-dIAOD
SuoT YA Suaned ut

suagoidepy jo Aoeolyd  LSSS6LF0LON

sIo[neH

8uoT 61-AIAOD Ut
Keidg [eseN a1eANIAg

wnipog Jo s394 SI81L8Y0LON

4

€

C

I

SINsSoY uone[ndod

ugisop Apmig

SUOTJUSAIUT

wry

RUND

Joquinu [N

s(aseqeiep A0S S[eLIL [BITUID) 70T 10qQuRAON 7 AQ pAR[dwod IAQD FuoT uo syuswolddns A1e3a1p 10 s3nip jo s[ern [edrur) € ajqel

pringer

A's



S. Sebdk, K. Gyires

2812

SI[NSAI ON

S}nsal oN

(2T0g ‘Te 10 Sunox)
sjonpoid Apmjs uo awn
paywr] pue ‘ogaderd onn €
Jo yoe[ oy ‘syuedronred jo
Joquunu [[ewsS 9y) opn[out
suone)wI "surpuy
3591 03 unnqINuUOd

9q Aew suone[NULIOJ

10q guotaAoxduwr
poyensuowrap sdnoi3

104 Jey) UAID

IV X938
(Impy 19p[O NPY)

SIB9X ()8 01 SIB9X §T 98V

G81 uawjorug

IV -X3§
O1pv)

SIBQX 49 0) SIBQX Q[ 98V

It “uaw[oIug

IV :Xe§

(npY I9pIO NPY)
SIBOX G/ 01 SIB9X 8T 93V
€ USW[oIug

JuauIBAL],

:osoding Arewrid
(1088988
sowodINQ) ‘10Je31SIAU]
quedroniey)

orduy, :Sunysey
Jjuowu3Issy [o[[eled

:[OPOJA UOTIURAIIU]

PozZIwopuLy :UONEBIO[[Y

JuaUIIBAIL],

:osoding Arewtid
(101831S9AUT ‘IOPIAOI]
are) quedioniey)

ordury, :Sunysey
JuowuSISS Y [o[[eIed

:[OPOJA UOTIUSAIIU]

paziwopuey :uonedo[[y

10Q :9soding Arewrig
(uedroniey)

9[3uIS :SunSeA
JUQWUSISSY IOA0SSOI)

:[OPOJAl UOT}UDA U]

PazZIuopuey :UONedo[[y

0Qqa2e[{ I_YI0
001-LAT :8nug

0qode[d :3niq
STITVXYV 8nig

0qgaoe[q
Juowerddng Arejer(q
(O enwog)
T g—Sw 0z -sdoiq
[ensur[qng | o B[OULIO]
SSQU[[OA\ PRIOSIR],
Juowoddng Areyerq

aseasIq
K1ojendsay 61-ATAQD
moe-1sod ur (00T
LX) suoprudgrdnaq
Jo Koeoyyy pue

Kjoyes 9y} 9ren[eAd o],
skep 87
10J A[rep 201m3 0qaderd
BI0 CTIIVXYV JO 9s0p
Quo aye) [[IM s309[qng

"STITVXYV Jo Afiqeso[o

pue Kjayes oY) se [[om Sk

T-A0D-SYVS Jo oejonbag

AINOY-1S0d JURUIWOPAI]
-on3ne} ym s30afqns
UL 9SI919Xd 9)BIPOW
Surmor[oy (wsrjoqeaur)
uonouny Aosnw
Suraoxduwr uo ‘oqaoerd
0) paredwoo ‘sproe
OUIWE JO QIMIXIUWL JAIIOR
Ae1o ue ‘Gz IVXYV Jo

$100J9 oy} aredwod oJ,

SOVd pim

suosiad ur D e[nurio Jo
K19JeS Q1J) SSISSE 0] SeM
9A1399[qo ATRpU0das Ay,
'SOVd im suosrad ur
(100) ay1-o-Aypenb uo
D e[nurio jo joedwr oy
SSasse 0) pue 1-AIAOD
UIIM JUSISISUOD S)OAJO
Jo @ougysisiad 10 SOV
PAUSWNIOP AR OYM
sympe ur swoydws uo
D B[NWIO JO SIgauaq

[BOTUTD SY} JeN[eAd O],

IseasI(J

K1oyendsay 61-AIAOD
AMde-1s0d ur OO I-LAT SI1STSIY0LION

uonoAuf
61-dIAOD oWV
an3ne ul GZI VXV
Jo Aiqess[og,
‘K1oyes ‘Aoeoyq  68TSTSOLON

QWOIPUAS

61-dIAOD MMV

-s0d M 21doad

ur sdoxd [e10 D

B[nNULIO a3eInopuyg

Jo K1oyeS pue sygousg
Jenpeay 01 ApmS  8998780LON

SNsSoY

uonendog

ugisop Apmig

SUOTJUSAIUT

wry

opIL  Joqunu [DN

(ponunuoo) ¢ 3jqey


Isaac Foster
Highlight


2813

Long COVID and possible preventive options

(2T0T T8 10 MnoaT

Q) paynuapt a1om dnoid
[onuod pue uedoon[iz ay)
U90M)Oq SOOUAIYIP KJoFes
JUBAQ[I ON "[OUOD 1M
paredwos uonenuadu0d
(€0°0=4d) g-unynojaut
pue (100°0>d)

6-9GD WNIAS PAIdMO]|
uejdoon[rz ‘uonewIUIEuI
OTwIASAS m sjuaned
61-AIAOD drwaxodAy

ur sjuowroaoxdur

[eorurpo pue K1ojendsar
JUBAQ[QI A[[eoTIoWINU

0} po[ uerdoon(iz YPm

uonIquyut 6O Juawddwo)

IV -X3§

(mpy 19p[O NPY)
IOp[O pue SIBQX 8] 98V
18 Susw[oIug

JuauIIBAL],

rasoding Arewtig
(1oqe1

uad(Q) QuoN :Sursen
JuowuSISS Y [o[[eIed

:[OPOJA UOTJUSAIIU]

PoZIwopuEy :UONEIO[[Y

Knfur Sun| 9Inoe [exia
-1sod (rm ot ur SAYV
juaaaxd pue Ajfejrow
juaaaxd ues opeydolq
©GD TRy} SUIMOYS 901U UT
pouriojrad syuowrrradxe uo
paseq st s1sayjodAy sy,
‘s1ojowrered uoneuadAxo
Suny ur Juoweaordwr 967
© 0] PBI[ ey ‘SWSIURYOIW
aredar Suny 9jowoxd
ued pue ‘6[-AIAOD
-3sod Am(ur Sunf 9Jnoe
SuniqIyur uo $)09Jo
punojouid sey (1o3qIyur
¢D Juowordwod)
euEIdoon|iz eyy st
uonuaAIdur pasodoid

ay) Jo sisaypodAy oy,

0qade[d :3niq
guerdoonrz :3niq

ainyrey K1ojendsar

orxodAy 9ynoe s

sianed 61-ATAOD

JO 2WI02NO WIS}

-Suoy pue -110ys pue

uoneuadAxo Juraoxduwr
ur guerdoon[rz  GG/T8EFOLON 1

0CI-2e0M 10 OCl

(. Jorney -1€03 ur paredronred
[uoly (DSS) 218D 3uol,,) 0Z1-7€0X 10 0TI oym syudned  1omey
IV :XaS aAnoadsorg aanIoddng oS 10710 -1€03 ut pajedronred 3uor,, ur swojdwAs
QIpy 19p[0 Nnpy) :0A10adsI0d Qi ) oym syuaned ur uonoajur 61-AIAQD 9renyeAd
JIOP[O pue SIBIX Q] :98Y joyo)  aantoddng Jjo§ + uedA[3 61-AIAOD Jo swoydwAs 0) Apnjs [eorur[o
SI[NSAI ON €€¢ IuowfjoIug [OPOJA [PUOTIBAIOSQD  [QAOU B ST 60T OO  JO douasaid oy ajenyead oJ, [RUONBAISSQO UY 16+ I8Y0LON Ol
syuaned onerpad UAIp[IYD) 9ANISOd
IV -X3§ oA1adsoId aamsod 61-QIAQD Ul 61-dIAOD Ul 1esH
Qmpy ‘pryD) :0A10adsI0d Qi uoneziejodar IenoLnuoA Jo wAIsAS uononpuo)
SIB9X 8] 01 IeaX | :93y A[uQ-ase) uo UIAWOIYIZY JO Uo 9S() UIOAWOIYNZY
SI[NSa1 ON GOT :udwjoiug :[OPOJAl [BUONBAIISQQ upAwonIzy :Sniq 199132 A} AJBN[BA O], 101099 UL L60669Y0LON 6
JusuIIBAL],
:osoding Arewirig
(10SS2sSY SawWoANQ
‘101e3NISIAUT ‘IOPIAOI] 61-AIAOD
are) quedioniey) wa], Suo yim syuaned
IV :XaS ordnipen() :3unyse|y ur swoydwAs pajiodar-yos
(Qmpy I9p[0 Nnpy) JUAWIUSISSY JOAOSSOID) Jo AJ119A9S puR JoqUINU UO 61-AIAOD WIa],
IOp[O pue SIBQX Q] 98V [OPOJAl UOTJUDAIIU] 0qade[d :Sniq (10 QwAzu20)) 9sop-y3y 3uorT JoJ Juaunealy,
SI[NSa1 ON [T] :UQW[[oIug  PIZIWOPURY :UONBIO[[Y 010 SwAzud0) :3nig  JO 19912 2] 21eINSIAUI O], se 00 QWAZU20D) GIZ096V0LON 8
SNsSoY uone[ndod u3isop Apms SUOTIUDAIOIU] wry opiL  Jquinu JON

(ponunuoo) ¢ 3jqey

pringer

A's



S. Sebdk, K. Gyires

2814

AIAOQD 3uoT Jo MATA Jo Jurod 9y} WOIJ JUBAS[QI JOU AIoMm s ‘AdeIaty) 9Inde 0} paje[al sarpns ¢ ‘syuawo[ddns Arejarp 10 Inip e Jo asn
AU} PIA[OAUI G ‘s[etn pajedwos oyl Jo INQ "zz0T 11+ U0 pAR[dwod a1om SAIpMIS s[eln} §G YoIym Jo ‘qQIAQD SuUoT SPIomAY 9y} JOJ punoj 1M s)Nsal 9z¢ ‘@seqerep A0 S[BLIL[BIIUI[D) dY) U[

(zoT e w
stiken) Apms joid siy) jo
anjeu Kiojerordxa oy 03
onp suostredwod opdnnw
JI0J UONI1I0D JNOYIIM
Q0UBOYIUSIS [BO1ISTIR)S
QuIIapIOq SuryoraI
Juawiean; 0oqaoerd ym
paredwod qewIuoId]
10J s2100s wojdwAs mex
paonpar yim syuedronred
Jo a8eyuaorad 1oySIy
A[[eorIowinu e sem 919y}
‘Sw0)dwAS [RIIADS 10
‘(yueoyrusTs A[reonsness
JOU) ()’ [— SeM IDUAIYIP
ueow pajsnipe ay)
‘so)erIRA0d payroadsaxd
103 Sunsnfpe ‘Afoanoadsar
‘0°CI— Pue 0’91~ d1om
0qooe[d sA QeI uOId]
10§ 9G—0¢ Aep woij jurod
Q) 9[qe[IBAR 1S)R] )
0] QuIfeseq WO} saSueyd
2100s woydwAs ueow Ay,

IV XS

(mpy 19p[0 NPY)
IOp[O pue SIBQX Q] 98V
9G JuAWI[[OIUF

JuowjeAI],

:osoding Arewrig
(10Ss3SSY SawodNQ
‘101e3NISIAUT ‘IOPIAOI]
are) quedioniey)

ordnipen() :3unysejy
JuoWUSISSY [9[[eIed

:[OPOJA UOTIURAIIU]

pazIwopuey :uonedo[[y

(8w 00L)
qewIuoIay :3ni
$0qaoe[q :3niq

61-dIAOD
Jo (syeam 71 <) swoydwAs
paSuojoid Surouarrodxa
s309[qns ur suoroafur
SNOJUBINOQNS A[IoM SB
parsunpe (01 Odd)
qBWI[UOIJ] JO AOBOLJD

pue £JoJes ) $sasse 0],

Apmg s19[ney

-8u0T 61-AIAOD 0£88L9P0LON ¢TI

SNsSoY

uonendog

ugisop Apmig

SUOTJUSAIUT

wry

RUND

(ponunuoo) ¢ 3jqey

b
)
)
5
et
|9
A
&l



Long COVID and possible preventive options

2815

Ongoing and recently completed clinical trials with drugs
and dietary supplements for the management of Long
Covid syndrome

The precise mechanism of Long COVID has not been
clarified. One of the potential mechanisms of Long
COVID might be that lingering SARS-CoV-2 or fragments
of the virus may further stimulate the immune system.
Furthermore, it has also been raised that the infection
induces production of antibodies that may damage the
body’s own proteins, resulting in a cell/tissue damage for
a longer period after the initial illness. It has also been
observed that SARS-CoV-2 infection resulted in a formation
of microscopic blood clots that reduce the oxygen supply of
the tissues in a great extent (Ledford 2022).

Recently, several clinical trials are in progress in order
to find effective, safe management of acute SARS-CoV-2
infection or Long Covid-19 syndrome. Most of the trials
on Long COVID-19 analyzed the effect of either dietary
supplements, e.g., mitoquinone (synthetic analogue
of coenzyme Q10 with antioxidant property), vitamin
K,, Vitamin D;, and N-acetyl-cysteine, or drugs, with
different mechanism of action, for example, lithium, which
has multiple mechanisms including anti-inflammatory
actions, that may be relevant for treating Long COVID,
naltrexone (opioid receptor antagonist, in lower doses
has unique immune modulation activity), rintatolimod
(stimulates the innate immune system by activating the
TLR-3 receptors) amphetamine-dextroamphetamine
(psychostimulants), vortioxetine (serotonin reuptake
inhibitor, antidepressant), ipilimumab (monoclonal antibody,
activates the immune system by targeting CTLA-4, a
protein receptor that downregulates the immune system),
pentoxifylline and ibudilast (both are phosphodiesterase
inhibitors, pentoxifylline has also anti-inflammatory and
immunomodulatory properties via adenosine A2A receptor),
ivabradine (funny current (I) inhibitor), and few antivirals,
such as Paxlovid, remdesivir, favipiravir as well as vaccines
(e.g., Pfizer/BioNTech BNT162b2 mRNA COVID-19
vaccine, Janssen COVID-19 Vaccine) (Table 2).

The results of completed (by 24 November, 2022) clinical
trials of drugs or dietary supplements on Long COVID
syndrome are summarized on Table 3. From the 12 trials,
more than half was ended as “no results”. The effect of
dietary supplement Formula C was studied on the symptoms
of Post-Acute COVID-19 Syndrome and improvement was
experienced. However, limitation of the trial is the small
number of participants (n=32) and the lack of a true placebo.
Leronlimab (humanized monoclonal antibody against the
CCRS receptor located on T lymphocytes) reduced several
raw symptom scores in participants compared to control,
but the mean symptom score changes for leronlimab vs
placebo were statistically not significant. The clinical trial

with Zilucoplan (complement C5 inhibitor) aimed to study
the inhibition of post-COVID-19 acute lung injury, and the
lung repair mechanisms. The results of the trial showed a
relevant respiratory and clinical improvement in hypoxemic
COVID-19 patients with systemic inflammation (Table 3).

Concluding remarks

Survivors of COVID-19 may have long-lasting symptoms. If
Long COVID developed, its symptomology is very different
and its management depends on which organ system has
been damaged. Randomized trials are in progress to test
drugs able to attenuate the different symptoms. The tested
drugs have different mechanism of action, and several of
them are repurposing drugs that already have approved for
other conditions.

Though several mechanisms have been raised, the precise
cause of Long COVID is unclear. Consequently, at present,
no pharmacologic agent has been known that effectively
reduces or abolishes the symptoms of Long COVID. One of
the assumption has raised that the coronavirus after the acute
infection is lingering in different tissues (e.g., in intestine,
liver, and brain) where it causes damage. On the other
hand, initial infection can induce production of antibodies
and additional immunological reactions which can attack
the body’s own tissues after the acute infection has already
passed. Vaccination against SARS-CoV-2 considerably
reduces the infection rates and the severity of symptoms as
well as the development of Long COVID, though data on
the protective role of vaccines are inconsistent. Therefore,
further studies are needed to determine the effect of SARS-
CoV-2 vaccination on Long COVID. Furthermore, since
correlation between the severity of the acute infection of
SARS-CoV-2 and the risk of the development of Long
COVID-19 has been found, the orally effective as well as
the parenteral antiviral agents that prevent the progression
of mild-to-moderate COVID-19 to severe one might reduce
also the risk of Long COVID. Finally, the role of different
factors, such as gender, age, comorbidities, and severity of
initial COVID-19 disease, should also be considered and
clarified in the risk of post-COVID-19 condition.
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