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ARTICLE INFO ABSTRACT

Keywords: The novel coronavirus SARS-CoV2 is a threat to the health and well-being of millions of lifes across the globe. A
COVID significant proportion of adult patients require hospitalisation and may develop severe life-threatening com-
SARS plications. Children, on the other hand, can carry and transmit the virus, but usually do not develop severe
SARS-CoV2 disease. Mortality in the paediatric age-group is relatively low. Differences in virus containment and clearance,
Paediatric . . . e .
Inflammation as well as reduced inflammation-related tissue and organ damage may be caused by age-specific environmental
ARDS and host factors. Since severe complications in adults are frequently caused by uncontrolled immune responses
Cytokine storm and a resulting “cytokine storm” that may be controlled by targeted blockade of cytokines, previously estab-
Rheumatology lished treatment with immunosuppressive treatments may indeed protect children from complications.

1. Introduction

SARS-CoV2 is the pathogen causing COVID-19, a pandemic threa-
tening millions of lifes globally. While in most individuals SARS-CoV2
infections are unapparent or associated with mild to moderate symp-
toms, as many as 10-20% develop severe or life-threatening disease [1].

Surprisingly for an air-borne viral infection, the number for children
diagnosed with COVID-19 is relatively small (2.1% of 42.672 confirmed
COVID-19 cases in China were children and young people
(< 19 years)), and disease-associated mortality among children is low
[2,3] (Table 1).

Molecular studies targeting the pathophysiology of COVID-19 are
sparse, but clinical and molecular parallels with related coronaviruses
(SARS-, MERS-CoV) may be extrapolated.

2. Infection and immune evasion

Both SARS-CoV and SARS-Cov2 use ACE2 as entry receptor facil-
itating infection. Reflecting common organ involvement, ACE2 is ex-
pressed on pulmonary and intestinal epithelial cells [1,4]. As ACE2 is
only expressed on a small subset of immune cells, other receptors and/
or phagocytosis of virus-containing immune complexes may be in-
volved in their infection [1,5,6].

SARS-CoV and SARS-CoV2 share the potential to escape the host's
immune response [6]. Usually, RNAs viruses, including coronaviruses,
are detected by endosomal TLR-3 and 7 and/or cytoplasmic RNA sen-
sors RIG-I and MDA5. TLR-3 and -7 promote nuclear shuttling of

transcription factors NFkB and IRF3, while RIG-1/MDAS5 ligation results
in activation of IRF3. This triggers increased expression of type 1 in-
terferons (T1IFN) (through IRF3) and other innate pro-inflammatory
cytokines (IL-1, IL-6, TNF-a through NFxB) [6,7]. These induce an
“anti-viral state” and innate and adaptive immune cell responses which
contribute to pathogen containment and clearance. Novel cor-
onaviruses can escape these mechanisms by altering ubiquitination and
degradation of the RIG-I/MDAS5 adaptor molecule mitochondrial anti-
viral-signalling protein (MAVS), and inhibition of the nuclear translo-
cation of IRF3 and TNF receptor-associated factors (TRAF)3 and 6
which induce NFkB signalling [8]. Furthermore, SARS-CoV and SARS-
CoV-2 can counteract T1IFN through inhibition of STAT transcription
factor phosphorylation [7].

3. COVID-19 associated cytokine storm

Several clinical and laboratory features of COVID-19 are associated
with poor outcomes. Early studies from China linked cytopenias (leu-
kopenia, lymphopenia, anaemia, thrombcytopenia) and elevated in-
flammatory parameters (IL-6, CRP, ESR) with unfavourable outcomes,
suggesting cytokine storm syndrome in these patients [9]. ICU de-
pendency in particular was associated with increased plasma levels of
innate chemokines IP-10, MCP-1, MIP-1A, and the pro-inflammatory
cytokine TNF-a [10].

Though seemingly contradictory to aforementioned immune eva-
sion through reduced cytokine expression, enhanced innate immune
activation promotes morbidity and mortality in COVID-19. However,

* Corresponding author at: Institute in the Park, Alder Hey Children's NHS Foundation Trust Hospital, East Prescot Road, Liverpool L14 5AB, UK.

E-mail address: E.christian.hedrich@liverpool.ac.uk.

https://doi.org/10.1016/j.clim.2020.108420
Received 9 April 2020

Available online 10 April 2020

1521-6616/ © 2020 Published by Elsevier Inc.


http://www.sciencedirect.com/science/journal/15216616
https://www.elsevier.com/locate/yclim
https://doi.org/10.1016/j.clim.2020.108420
https://doi.org/10.1016/j.clim.2020.108420
mailto:E.christian.hedrich@liverpool.ac.uk
https://doi.org/10.1016/j.clim.2020.108420
http://crossmark.crossref.org/dialog/?doi=10.1016/j.clim.2020.108420&domain=pdf

Clinical Immunology 214 (2020) 108420

C.M. Hedrich

‘3[qe[reAe Jou 1y/N ‘(UOTRAS[® [TV IO/pUe [SY) SIS} UONDUNJ ISAT] 14T 9Jel UONBIuSwWIpas 9140011410 :YSH ‘uraloxd 9ATIoRaI ) (gD ‘SIUunod 19[ale[d :I'1d ‘UIqojSowey :gH ‘S)Unod pooiq
UM DM :SUONBIARIQQY "[6°T] SowooIno 1ood [IIM PIILIDOSSE ST YITYM ‘QUIOIPUAS ULIOIS dUN0ILD Jo susdis moys syuaned [[1 A[o1949s Jo suonrodoid Juedoyrudis a1oym ‘S)I0U0D JMpe 0] ISeruod ur aq o) sreadde sryy
‘parruT] A19A 9I€ BIRP S[IYM "UOTIDUNJ ISAT] PaIdITe 1O ‘Seruadol£d se [ans ‘SoWO0IPUAS ULI0]s Sun[01£d Jo sudis A10jeIoqe] J0/pue [edTUT]d JIGIYXS A[JUSISISUOD 10U PIP 6T-AIAQD 219A3s pado[2Ap OYM UIPIYD M3 (%60°0)
PAIp T PUB (%8°S) (S911071 P10Qq) TTT A[[EINILID 10 A[9I9AS 9I9M T S[]E.[, UT PISIIRUITINS USIP[IYD 062 JO EET [TYM ‘OSBISIP 9]BISPOUI IO PIIUI PISUSTIZAXD USIPTIYD ISO 'SII0YO0D 3SIUTYD) WIOIJ dIe S}9SeIep S[qe[TeAr AJUS1IMD

V/N 0 0 %€'8) € 0 0 (%S°LE) € 0 (%001) T 0 1141
V/N V/N V/N 0 0 V/N V/N 0 V/N V/N | asa
(T/Tw 01 >
AME‘_OZu
(#0'S2-16°0
/3w §pT
V/N uerpaur ‘y/N 0 (%07T) T 0 (%09) T (%S'C9) S 0 (%09) T 0 | @D
0 (%ID) T V/N (%STT) T 0 0 0 111d
V/N V/N 0 V/N 0 V/N (%S2) T 0 (%001) ¢ 0 111d
V/N V/N 0 V/N (%SS) S V/N (%S°LE) € 0 0 0 aH
V/N 0 0 0 0 (%SCD T 0 0 1 sa1fd>oyduwAs
V/N 0 0 N(%S0€) 1T 0 0 0 0 V/N 0 | sa1f>oyduwsy
V/N 0 0 (%¥'61) L (%€¢) € 0 (%SCD) T 0 0 0 10am
V/N 0 0 0 0 0 (%S2) T 0 (%001) T 0 10gMm
meMw:u @umhﬂuoa
V/N (%89) L1 0 ur 18 “(%ES) 61 (%S°SS) S (%001) ¢ (%001) 8 (%001) T (%09) T (%001) T sa3ueyd drydesdorper 1sayD
(1021112 %9°0)
€1 ‘212495 (%Z°S)
ZI1 ‘1eispowr AI9AS
(%8'8€) 1€8 ‘Pl (%8) T “@reropowr djerapow (%8°¢S)
(%6°0S) 1601 (%09) ST ‘prru prrw 61 PIIW (%' Lb) SeIapow 1021
(%6'+6) Lb0T (2€) 8 (%001) ST (%001) T LT “(%001) 9¢ 03 Pl ‘(%€E) €  eIPOW ‘(%001) T 40 242435 “(%00I) 8  PIW (%00T) T  PIIW (%00T) ¢ 0 swoydwAs
(%9'99) €121 (%99) +1 0 (%+9) €C (%€¢) € (%009) T (%SL) 9 (%001) T 0 (%001) T Sa[eIN
euryn euryn euryn euryn Buryn euryn BUIYD iittie) iittie) BUIYD uorsay
(184€1-2) 14 £ (£ 67) 16 € KL (491-1) €8 (M eowll) £ 9€ (hp) Ik y (14 g1-owrg) 1L g K e1 (surmy) owry T K01 (a8uex fuerpawr) a3y
£v1IT etd 1 9€ 6 4 8 1 4 1 SaseD Jo oN
elep Dad [2] ‘Te 39 AIUSH Ul pasLIewIwng
[ve]
[€] ‘e 3@ 8uoqg [sZ] ‘Te 3@ 8uayz ‘Te 39 urg [€Z] 'Te 30 nIO [zZ] ‘Te 1@ ng [T2] TR 3@ IT [0Z] 'Te 10 ung ‘Te 10 oeyz ‘[e 10 Sueyz  ‘Te 32 ueyd 921nos
V/N 0 V/N V/N (%2T) L V/N V/N 0 (%02) T ARy
V/N V/N V/N V/N V/N V/N V/N V/N V/N | asa
V/N 0 0 0 (%Z€) 110§ V/N “(%L6) € V/N (%001) T (%001) 1 (%0€) € | 48D
(%001) T 0 0 0 0 V/N 0 (%001) T (%0D)T 111d
0 0 (%001) T (%001) T (%S'9) T V/N 0 0 (%02) T l11d
V/N V/N 0 0 V/N V/N (%001) T V/N 0 aH
(%001) T 0 V/N V/N (%S'9) T V/N 0 V/N 0 1 sa1fooyduws
0 0 V/N V/N (%6720 ¢ V/N (%001) T V/N 1(%01) T | sa1fooyduwsy
(%001) T 0 0 0 (%S'9) T (%ST) L 0 0 (%01) T 10gm
0 0 0 0 (%L£°6) € 0 (%001) T (%001) 1 (%0€) € 10gMm
0 (%001) T (%001) T (%001) T (%SP) v1 (%09) 6 (%001) T (%001) T (%0%) ¥ sadueyd sryderdorper 1sayd
0PI (%001) T  PIw (%001) T PIiu (%001) T pIiwt ‘(%£8) LT Pl (%02) € priur (%001) T Pl (%001) T pIrur (%001) 0T swojdwAs
(%001) T (%001) 1 0 (%001) 1 (%8%) ST (%€¢€) S (%001) T (%001) 1 (%0%) ¢ Sa[eIN
arode3urg BUIYD Buryn BUIYD BUIYD BUIYD Buryn BUIYD Buryn uorsay
owg 1L owrg Mg (14 £1-0owQ) 1L £ 1A Z1 owg| 1K/ (14 11-0owg) 1L 9 (98ues {uerpaur) a8y
1 I 1 I € ST 1 I ot $3seD JO ON
[2Z] ‘Te 39 AIUSH Ul pasLIeUIwng
‘Te 39 wey ‘Te 3@ nr1 ‘Te 19 Sueyz ‘Te 19 Suaz ‘Te 19 Suem ‘Te 19 Suag ‘Te 319 uayD ‘Te 1@ 18D ‘D 32 TRD 221nos

‘6 T-AIAQD YIM UIP[IYD ul sSurpuy A1ojeioqe] pue AJLI9AdS 9seasIq

I 3lqeL



C.M. Hedrich

possible contributors to uncontrolled inflammation are cell damage and
death as a result of viral replication [11]. In SARS-CoV infected mice,
innate immune cells are recruited to the site of infection, where they
induce strong inflammatory responses that further promote tissue da-
mage and systemic inflammation [12].

Another mechanism contributing to poor outcomes may be anti-
body-dependent enhancement which is caused by early antibody pro-
duction. Resulting virus-containing immune complexes promote cel-
lular uptake of virus particles through Fcy receptors. This may result in
persistent viral replication in cells (including antigen-presenting cells),
and immune complex mediated inflammation and damage [13-15].
Indeed, blood vessel occlusion and infarctions have been reported in
COVID, and show histopathologic features associated with immune
complex vasculitis [12].

4. Why do children not get sicker?

Currently, it is not known why children usually develop mild/
moderate disease and only rarely develop cytokine storm syndrome
(Table 1). Several contributors may alter risk in children:

i) Children are not travelling for business, reducing exposure to
people. This may have played a role at the beginning of the pan-
demic.

ii) While pathogen clearance may be reduced in adults, particularly in
individuals at risk (elderly patients, diabetics, etc.) [6,10], children
have fewer comorbidities, including obesity.

iii) Different immune response compared to adults, including strong
innate and weaker adaptive immune responses. This may contribute
to effective virus containment/clearance and/or reduced secondary
lymphocyte-mediated inflammation [16].

iv) Local microbiomes, co-infections (and co-clearance) with other
viruses, and/or immune priming to coronavirus infections as a re-
sult of frequent/constant exposure may help children to overcome
SARS-CoV2 more effectively.

v) As ACE2 is essential for epithelial cell infection, but also controls
pulmonary inflammation and repair, variable ACE2 expression
patterns may affect disease susceptibility and progression [17,18].

5. Risk for patients receiving immunosuppressive treatment

Coronaviruses, including SARS-CoV2 are “masters” of immune
evasion, which contributes to uncontrolled virus replication and de-
layed but significant pro-inflammatory cytokine responses. While most
children and young people effectively control infections and less fre-
quently develop severe disease, patients receiving immune modulating
treatments may have reduced ability to do so. Reassuringly, in a cohort
of 200 liver transplant patients on immune suppressive treatment, only
three tested positive for SARS-CoV2 and none developed relevant dis-
ease [19].

There are no evidence-based, approved treatments for COVID-19
and/or associated cytokine storm syndromes. Though children re-
ceiving immunosuppressive treatment may be at an increased risk for
SARS-CoV2 infections, immunosuppression may protect from compli-
cations. Antimalarial treatments (chloroquine/hydroxychloroquine)
may prevent infection through endocytosis. Classical and/or biologic
DMARDs (particularly IL-6 and IL-1 blockers) may control pro-in-
flammatory cytokine expression and limit tissue/organ damage.
Delayed activation of adaptive immune responses may be of benefit, as
early antibody production may promote infection of immune cells and/
or cause immune complex mediated pathology [15].

Clinical Immunology 214 (2020) 108420

6. Conclusions

While data on COVID-19 is limited, children appear to be protected
from severe disease. Paediatric Rheumatology Societies, including the
Paediatric Rheumatology European Society (https://www.pres.eu/
news/newsstory.html?id =29), recognize that discontinuation of im-
mune modulating treatment may result in disease flares. In the absence
of symptoms, immune modulating treatment should therefore be con-
tinued and changes should only be made under close monitoring by the
responsible clinical service. International collaboration is needed to
safely assess individual risk in vulnerable patient groups. Until reliable
data is available, close clinical monitoring and social distancing should
be prioritized, but the collection of prospective data is required to im-
prove the evidence base.
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