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COVID-19 and multisystem inflammatory syndrome in
children and adolescents

Li Jiang™, Kun Tang*, Mike Levin, Omar Irfan, Shaun K Morris, Karen Wilson, Jonathan D Klein, Zulfigar A Bhutta

MIS-C associated with PIMS-TS MIS-C associated with ~ Complete Kawasaki Incomplete Kawasaki Kawasaki disease shock
COVID-19 COVID-19 disease disease syndrome
Organisation ~ WHO* Royal College of Pediatrics  US Centers for Disease American Heart American Heart Kanegaye etal,”
or publication and Child Health™ Control and Prevention”  Association™ Association®
Age 0-19 years Child (age not specified)  <21years Child (age not specified) Child (age not specified) Child (age not specified)
Inflammation  Fever and elevated Fever and elevated Fever and elevated Fever lasting 5 days or Fever lasting 5 days or Fever
inflammatory markers for inflammatory markers inflammatory markers more* more*
3 days or more

Main features

Two of the following:

(A) rash or bilateral
non-purulent conjunctivitis
or mucocutaneous
inflammation signs

(oral, hands, or feet);

(B) hypotension or shock;
(C) features of myocardial
dysfunction, pericarditis,
valvulitis, or coronary
abnormalities (including
echocardiogram findings or
elevated troponin or
N-terminal pro B-type
natriuretic peptide);

Single or multiple organ
dysfunction (shock or
respiratory, renal,
gastrointestinal, or
neurological disorder;
additional features
(appendix 6 pp 3-4)

Clinically severe illness

requiring hospitalisation;

and mwltisystem (two or
more) organ
involvement (cardiac,
renal, respiratory,
haematological,
gastrointestinal,
dermatological, or
neurological)

Four or more principal
clinical features:

(A) erythema and cracking
of lips, strawberry tongue or
oral and pharyngeal
mucosa; (B) bilateral bulbar
conjunctival injection
without exudate; (C) rash;
(D) erythema and oedema
of the hands and feet in
acute phase and periungual
desquamation in subacute
phase; and (E) cervical
lymphadenopathy

Two or three principal
clinical featuresora
positive echocardiogram

Kawasaki disease-like
clinical features and any of
the following causing
initiation of volume
expansion, vasoactive
agents, or transfer to the
intensive care unit: systolic
hypotension based on age,
or a decrease in systolic
blood pressure from
baseline by 20% or more, or
clinical signs of poor
perfusion

(D) evidence of coagulopathy
(elevated prothrombin time,
partial thromboplastin time,
and elevated D-dimers); and
(E) acute gastrointestinal
problems (diarrhoea,
vomiting, or abdominal pain)
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Postmortem Findings Associated With SARS-CoV-2

Systematic Review and Meta-analysis

Swati Satturwar, MD* Mary Fowkes MD, PhD. 7 Carol Farver, MD, 7 Allecia M. Wilson MD.;
Albino Eccher, MD, § [aria Girolami MD.§ Elisabet Pujadas MD, PhD. 7 Clare Bryvce MD 7
Fadi Salem, MD,7 Siraj M. El Jamal MD,7 Alberto Paniz-Mondolfi, MD, PhD 7
Bruce Petersen, MD,7 Ronald E. Gordon, PhD 7 Jason Reidy, MSc 7 Filippo Fraggetta MD,||
Desiree A. Marshall MDY and Liron Pantanowitz, MD, MHAF

TABLE 5. Key Microscopic Lung Pathology Findings

COVID-19 SARS-CoV-1

Histopathology Total (%) Total n (') Higher Proportion [2

DAD* 157 127(809) 4 54(1000) SARS 12029
Hyaline membranes 157 126 (80.3) 4 49(90.7) SARS 3122
[nflammatory cellst 157 115(73.) 4 45(83.3) SARS 2487
Microthrombi 157 93 (39.2) 4 33(61.1) SARS 0059
Hemorrhage 137 30 (35.7) M £2(71.8) SARS 28,643
Vascular injury} 137 33 (210) M 20 (48.1) SARS 14,681
Pulmonary embolism 137 13(8.3) AL 6(11.1) SARS 0.393
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Viral presence and immunopathology in patients with lethal
COVID-19: a prospective autopsy cohort study

Bernadette Schurink*, Eva Roos*, Teodora Radonic, Ellis Barbe, Catherine S C Bouman, Hans H de Boer, Godelieve | de Bree, Esther B Bulle,
Eleonora M Aronica, Sandrine Florquin, Judith Fronczek, Leo M A Heunks, Menno D de Jong, Lihui Guo, Romy du Long, Rene Lutter,

Pam C G Molenaar, E Andra Neefjes-Borst, Hans W M Niessen, Carel | M van Noesel, Joris ] T H Roelofs, Eric ] Snijder, Eline C Soer, Joanne Verheij,
Alexander P ] Vlaar, Wim Vos, Nicole N van der Wel, Allard C van der Wal, Paul van der Valkt, Marianna Bugianit

Other disease manifestations
Thromboembolic events 10 (48%)
Deep venous thrombosis 3

Pulmonary embolism (thrombosis) b

Both 1
Cardiac events 13 (62%)
Arhythmias 1
Ischaemic events 0
Heart failure 1
Renal failureq 15(71%)
KDIGO stage 1 2
KDIGO stage 2 3
KDIGO stage 3 10
Neurological events 10 (48%)

JNIVERSITA DEGLI STUDI DI MILANO

FACOLTA DI MEDICINA E CHIRURGIA

Delirium
Cerebrovascular accident (acute stroke)
Other]|
Necrotising encephalitis
Hypoxic encephalopathy
Suprainfection (%)
Aspergillus™™
Bacterial
Viral
Autopsy characteristics

Disease course from symptom onset,
days

Time from death to autopsy, h

Autopsy diagnosis cause of death
COVID-19 pneumonia
Pulmonary embolism
Cerebrovascular accident (acute stroke)
Multiorgan failure
Othertt

(43%)

O B 00W N B W NWV

22 (5-44)

15 (3-88)

9 (43%)
2 (10%)
1(5%)

7 (33%)
2 (10%)

Lancet Microbe 2020;1: e290-99




Viral presence and immunopathology in patients with lethal
COVID-19: a prospective autopsy cohort study

Bernadette Schurink®, Eva Roos*, Teodora Radonic, Ellis Barbe, Catherine S C Bouman, Hans H de Boer, Godelieve | de Bree, Esther B Bulle,
Eleonora M Aronica, Sandrine Florquin, Judith Fronczek, Leo M A Heunks, Menno D de Jong, Lihui Guo, Romy du Long, Rene Lutter,

Pam C G Molenaar, E Andra Neefjes-Borst, Hans W M Niessen, Carel ] M van Noesel, Joris ] T H Roelofs, Eric ] Snijder, Eline C Soer, Joanne Verheij,
Alexander P ] Viaar, Wim Vos, Nicole N van der Wel, Allard C van der Wal, Paul van der Valkt, Marianna Bugianit
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Histopathological findings and viral tropism in UK patients
with severe fatal COVID-19: a post-mortem study

Brian Hanley, Kikkeri N Naresh, Candice Roufosse, Andrew G Nicholson, Justin Weir, Graham S Cooke, Mark Thursz, Pinelopi Manousou,
Richard Corbett, Robert Goldin, Safa Al-Sarraj, Alireza Abdolrasouli, Olivia C Swann, Laury Baillon, Rebecca Penn, Wendy S Barclay, Patrizia Viola,
Michael Osborn
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Figure 4: Pathological findings in haematological organs in patients with COVID-19
T-cell depletion in the spleen of a 79-year-old woman (PM9) with COVID-19: haematoxylin and eosin staining of the spleen at 10x magnification (A); CD20 staining
of spleen indicating presence of B cells (B; 10x magnification), with the insert showing the same region at higher power (20x magnification); and CD3 staining of
spleen indicating depletion of T cells (C; 10x magnification), with the insert showing the same region at higher power (20x magnification). Bone marrow
phagocytosis in a 97-year-old man (PM8) with COVID-19: haematoxylin and eosin staining of a well preserved bone marrow, with an arrow indicating presence of

14:-'{&_..(_);_.-1;'\-..L.'.;l‘1\-'1];'L'JI(.‘.I?~".-\ E CHIRURGIA Hanley B et al. Lancet Microbe 2020;112245-
B3




Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2):

d SYStemlc InfECtlon environment. In this model, more than 90% of ciliated cells. less than 10% of club cells,
and no basal or goblet cells were infected with SARS-CoV-2 (107). Tindle et al. devel-

) Aleksandra Synowiec,® ' Artur Szczepanski,® * Emilia Barreto-Duran,® * Laurensius Kevin Lie,® © Krzysztof Pyrc®

Basal stemn Club
cell cell

Neuroendocrine
cell

type Il cell —

Alveolar
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Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2):
a Systemic Infection

Aleksandra Synowiec,® " Artur Szczepanski,»® ' Emilia Barreto-Duran,® © Laurensius Kevin Lie, ' Krzysztof Pyrc

than that seen in the lungs (139). To be more precise, ACE2 is abundantly expressed in
stomach epithelial cells and in enterocytes from the small intestine, including the duo-
denum, jejunum, and ileum, and it is poorly expressed in colonocytes (140).
Unsurprisingly, human colonoids are affected to a lesser extent than organoids deriv-
ing from the small intestine (128, 136). Consequently, SARS-CoV and SARS-CoV-2 infect
only enterocytes and not goblet cells, EECs, tuft cells, or Paneth cells (123, 136). Mature
— gt | enterocytes express higher ACE2 levels than immature ones, but the levels of replica-
e | tion are comparable. This may indicate that a low level of ACE2 expression is sufficient
Entroendocrine cels for the virus to enter the cell (123, 136) or that there is an additional restriction factor
~| ... | Presentin mature enterocytes. What is interesting is that ACE2 expression increases
__ during gastric (141) and colorectal (142) cancer development. Increased expression of
e ACER s also observed in patients with inflammatory bowel disease (IBD) (143, 144).

Intestinal stem cell —
(e.g. LGRS+)




Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2):
a Systemic Infection

Aleksandra Synowiec,® - Artur Szczepanski,>® ' Emilia Barreto-Duran,® © Laurensius Kevin Lie, *' Krzysztof Pyrc
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b WS, . = o\ f \
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) \/ Direct Myocardial ACE2 Expressing Cells Confirmation of
Pericyte Vascular cells Infection SARS-Cole2 e
Endothelial cell . Red blood cell SARC-CoV2 | High ACE2 Cardiomyocytes Yes
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<= Endothelial cel
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membrane —
Connective tissue B Pericyte
External elastic

membrane

t151, 152, 155, 230, 242, 243). HEgh expréssion of AC—EZ in the heart suggests that direc-t
injury is possible (152, 231, 244); indeed, pericytes are thought to be the target cardiac
cells for SARS-CoV-2 due to high ACE2 expression (220, 240). Viral particles have been

FAGOLTA DI MBDICINA . CHIRURGIA Clin Microbiol Rev 2021; 34:e00133-20
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Coagulopathy of Coronavirus disease 2019

Two separate pathologic coagulation
process

Lung microcirculation (other
organs?)
* Vascular and endothelial

Injury
|

Systemi circulation
*Hypercoagulability with
hyperfibrinogenemia

\ 4

Microvascular clot formation

Large vessel
thrombosis/major

JNIVERSITA DEGLI STUDI DI MILANO
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thromboembolic sequelae
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Coagulopathy of Coronavirus disease 2019

D-dimer increase (46,4%)

Levels > 2.0 mg/L predictive of mortality
(Sen 92.3%; Spec 83.3%)

Platelets counts variable

Thrombocytopenia associated with > 5-fold
risk of severe disease

UNIVERSITA DEGLI STUDI DI MILANO

LTA DI MEDICINA E CHIRURGIA
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The clinical spectrum of COVID-19-associated cutaneous
manifestations: an Italian multicentre study of 200 adults

}  TABLE 1. Demographic data and clinical features of 200 patients with COVID-19-associated cutaneous manifestations

Median age at the time of the onset of COVID-19, years (IQR) 57 (40.25-72.25)
Males, n (%) 108 (54)
Females, n (%) 92 (46)
Median latency between cutaneous manifestations and systemic symptoms, days ( IQR)* 14 (4-27)
Median duration of cutaneous manifestations, days (IQR)"* 12 (8-20)
Cutaneous phenotypes Urticarial rash, n (%)* 19 (10.2)
Confluent erythematous/maculo-papular/morbilliform 48 (25.7)
rash, n (%)
Papulovesicular exanthem, n (%)° 29 (15.5)
Chilblain-like acral pattern, n (%)" 46 (24.6)
Livedo reticularis-like/racemosa-like pattern, n (%)* 4(2.9)
Purpuric “vasculitic” pattern, n (%)’ 13 (6.9)
Other cutaneous phenotypes, n (%)* 28 (15)
More than one phenotype, n (%) 13 (6.5)

UNIVERSITA DEGLI STUDI DI MILANO Marzano AV et 0' J Am Acad Der'ma‘rol
FACOLTA DI MEDICINA E CHIRURGIA 2021 Jan 18




BJD
REVIEW ARTICLE

British Journal of Dermatology

Cutaneous manifestations in patients with COVID-19: a
preliminary review of an emerging issue*

A.V. Marzano (,"? N. Cassano,> G. Genovese (%,* C. Moltrasio® and G.A. Vena?

h

‘F'_* ¥ily \ UNIVEKSITA DEGLI STUDI DI MILANU
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S5 BJD 2020; 183: 431-42
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Neurological manifestations associated with
SARS-CoV-2 and other coronaviruses: A narrative
review for clinicians

Table 1 - Prevalence and characteristics of neurological manifestations in COVID-19 patients: data from eight cohort

studies.

Authors Mao et al Romero- Mahammedi: Gulmot Agarwal Varathara) Kremer  Paterson Meppiel
Sanchez etal etal. et al. et al etal et al. et al.
et al.

Setting China, 3 Spain, 2 Italy, 3 Belgium, 3 USA, 1 UK-wide France, 11 UK, 1 France, 46

centers centers centers centers center surveillance centers center centers
study
COVID-19 patients, 214 (100) 841 (100) 725 (100) 349 (100) 404 (100) - - - -
total n (%)
COVID-19 patients 78 (36.4) 483 (57.4) 108 (149) 15 (4.3) 295 (73.0) 153 s 43 222

with neurological
symptoms, n (%)

Headache 28 (13.1) 119 (14.1) 13 (1.8) - 82 (203) - 10 - 24

Dizziness 36 (16.8) 51 (6.1) 4 (0.6) - 31 (7.9 - - - 5

Altered mental 16 (7.5) 165 (19.6) 64 (8.8) 7 (1.5) 86(213) 139 34 - 117

status and/or

impaired

consciousness

Ataxia 1(0.5) E 2 (0.3) - 20 (5.0 = - - -

Seizure 1(0.5) 6 (0.7) 1(0.1) 2 (0.6) 2 (0.5) - 2 1 21

Anosmia 12 (5.6) 41 (49) 2 (0.3) 2 (0.6) 18 (4.5) 1 1 -

Nerve pain 5(23) - 3 (04) - - - - -

Dysautonomia - 21 (2.5) - - 1(0.2) - - - -

Neuropsychiatric - 167 (19.8) = 3 (0.9) - - - -

Myalgia 23 (10.7) 145 (17.2) 13 (1.8) - 131 (2.4) 23 - - -
Neuroloeical

It Maury A, et al. Rev Neurol 2020, Dec 16 [ ~F)Vi




Neurological manifestations associated with
SARS-CoV-2 and other coronaviruses: A narrative
review for clinicians

Table 1 - Prevalence and characteristics of neurological manifestations in COVID-19 patients: data from eight cohort

studies.
Authors Mao et al Romero- Mahammedi: Gulmot Agarwal Varathara) Kremer  Paterson Meppiel
Sanchez etal etal et al. et al etal et al. et al.
Meurological
manifestatons,
fil (3]
At G (28] 14 [17) 42 (5.8) 3 (09 30.7) i - - 57
cerebrovascular
diseass
lschemic stroke - 11 (13) 34 (4.7) 2 (06) 2 (0.5) 57 17 8 L
Hemorrhagic - & [0U8) 1(03) 1(0.3) 5 - - 5
£ TrnkE e
Cerebral Venous - - 2 {0, 3) O L] 2 - - 1
Thrombaosis
Posterior - 10.7) 10.1) 1] 0 - - - 1]
raversihle
encephalopathy
Encephalopathy/ - 1 (0.1} 4 (0.6)" 10 (2.9)° B6 (213) 16 19° 21" BRE
encephalitis
Myelitis - - - - - - - - 1]
Guillain-Barré - 1 (03 3 [} 1 {03y 2] 4 - 7 153
syndrome and
variants
solated - - - 1 (0.3) o - - | 2
oculomotor
nenropathy

It Maury A, et al. Rev Neurol 2020, Dec 16 [ ~F)Vi




Cytokine elevation in severe and critical COVID-19: a rapid
systematic review, meta-analysis, and comparison with
other inflammatory syndromes

Daniel E Leisman*, Lukas Ronner*, Rachel Pinotti, Matthew D Taylor, Pratik Sinha, Carolyn S Calfee, Alexandre V Hirayama, Fiore Mastroiani,
Cameron | Turtle, Michael O Harhay, Matthieu Legrand, Clifford S Deutschman
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(n=650) (n=367) (n=1245) ARDS ARDS
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UNIVERSITA DEGLI STUDI DI MILANO

FACOLTA DI MEDICINA E CHIRURGIA Lance"' Respir' Med 2020; 8 . 1 233 -44
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Invasive pulmonary aspergillosis complicating SARS-CoV-2 pneumonia: A
diagnostic challenge
Spinello Antinori*”", Roberto Rech®, Laura Galimberti”, Antonio Castelli‘, Elena Angeli”,

Tommaso Fossali®, Davide Bernasconi”, Alice Covizzi®”, Cecilia Bonazzetti*"”, Alessandro Torre”,
Luca Carsana“, Cristina Tonello®, Pietro Zerbi®“, Manuela Nebuloni®*
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EMERGING
INFECTIOUS DISEASES®

COVID-19 associated pulmonary aspergillosis: An analysis
of epidemioclogical and clinical characteristics of 186
international cases from FungiScope® Registry and the

literature
Table 1. Characteristics of 186 patients with CAPA.
n % CAPA consensus definition (27)

Pathogens * Proven 7 38
A. fumigatus 122 66.0 Probable 82 41
A. niger 13 7.0 Possible 19 102
A. flavus 10 54 Not classifiable § 8 419
A. terreus 6 32

Mortality 97 522

Within 6 weeks 89 478

Within 12 weeks 93 3500

| UNIVERSITA DEGLI STUDI DI MILANO Salmanton-Garcia J et al. FungiScope

FACOLTA DI MEDICINA E CHIRURGIA ECMM/ISHAM Wor'king Gr.oup



EMERGING
INFECTIOUS DISEASES®

COVID-19 associated pulmonary aspergillosis: An analysis
of epidemioclogical and clinical characteristics of 186
international cases from FungiScope® Registry and the
literature

Reported cases of CAPA
until August 2020

M > 25cases

B 11-25 cases -

B 6-10 cases

B 2-5cases

[7] 1 case

[] No cases reported

NIVERSITA DEGLI STUDI DI MILANO SQImGnTOH'GQPCiG J et Cll. FungiSCOpe
ACOLTA DI MEDICINA E CHIRURGIA .
ECMM/ISHAM Working Group




Admitted to the ICU,
Influenza PCR+ and pulmonary infiltrates

v .

Plaque, pseudomembrane or Galactomannan
ulcer visibile at bronchoscopy in serum or BAL
Positive —— Negative or not done

hyphae consistent with l * l +

Aspergilius in biopsy
of the lesion Probable Aspergillus Aspergillus not cultured
Or(*) IAPA cultured on BAL in BAL (or not done)
positive sputum or
-

tracheal aspirate culture
Aspergillus is cultured
on sputum or tracheal aspirate

Cavitation in an area of
pulmonary consolitation

No cavitation in an area of
pulmonary consolitation

Y

NO IAPA Aspergillus not cultured
on sputum or tracheal aspirate

Fig. 1 Flowchart of probable IAPA classification. “If hyphae consistent with Aspergillus are documented in a biopsy of an airway lesion AND Asper-
gilfus is grown from sputum or a tracheal aspirate, the case fulfills the definition of proven IAPA

\

UNIVERSITA DEGLI STUDI DI MILANO

FACOLTA DI MEDICINA E CHIRURGIA Ver‘weij P, et al Intensive Car Med 2020;46:1524-1535
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Edward Hopper: distanziamento sociale

Figure 7. Foreshadowing the Social Distancing of COVID-19
Edward Hopper. Car Chair. 1965, Ol on canvas. 40 x 50 in. © 2000 Heis of Josephine M. Hoppar /
Licensad by Artists Rights Society (ARS), Naw Yaorke
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