/&) JOHNS HOPKINS

M E DI C I N E

Learning from previous viral infections:
From influenza to SARS, MERS and Zika

Carlos A. Pardo, MD

Ny
Division of Neuroimmunology and Neuroinfectious Disorders \\\’J@//
Johns Hopkins University School of Medicine NEA@N«“
cpardovl@jhmi.edu 0=

March 5, 2021 1




The long road to Post-COVID-19 Condition

Pneumonia
Systemic inflammatory
Disorder

Organ complications

SARS-CoV2
The virus and
Pathogenesis

Acute-Critical Convalescent Recovery

COVID-19 Delirium

Clinical Encephalopathies

Neurological Cerebrovascular
Problems Others

==

42190\
{ ’!g ), World Health CA Pardo/Johns Hopkins Neurology
&% Organization

—r—



The long road to Post-COVID-19 Condition

Pneumonia
Systemic inflammatory
Disorder

Organ complications

Acute-Critical Convalescent Recovery

COVID-19 Delirium
Clinical Encephalopathies
Neurological Cerebrovascular
Problems Others

/4
g’@v World Health CA Pardo/Johns Hopkins Neurology
¥V Organization



Infectious disease outbreaks in the 215t century

1918 1957 1968 2009 2019
Influenza Influenza Influenza Influenza COVID-19

HIN1 H2N2 H3N2 H1N1 SARS-CoV?2

20th Century
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Lessons from Influenza the 19" and 20 century:

Long-term and after-effect of viral infections

(11889-1892 flu pandemic,
“Asiatic flu” “Russian flu”

o ”neuralgia”
“neuroasthenia”

“nerve exhaustion”
“erippe catalepsy”
“post-grippal” numbness
“prostration”

“inertia”

paranoia
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TOUT LE MONDE L’'A (ter) L'INFLUENZA!

La Ronde des Médecins et des Potards.

ing by Pépin

3ty cing

ionallCC BY 4.0\ manwith influerza, takenin hand by a docter,

(EGuillaumin), 1889

558 THE LaNcer,] [MARCH 7, 1891

THE INFLUENZA OF 1890 AND A DEPRESSED
TONE OF HUMAN VITALITY.

IN our Edinburgh correspondent’s notes last week some
interesting extracts were given from the report sub-
mitted by Dr. Clouston upon the Royal Edinburgh Asylum
for the past year. They had reference more especially to
some evidence produced by Dr. Clouston as to the existence
of an exceptionally low tone of human vitality during the
year 1890 in relation to the epidemic of influenza.

The art of medicine
Taking pandemic sequelae seriously: from the Russian influenza

to COVID-19 long-haulers
www . thelancet.com Vol 396 October 31, 2020

*Mark Honigsbaum, Lakshmi Krishnan

Department of Journalism, School of Arts and Social Sciences,
City University, London EC1V OHB, UK (MH); and Department of
Medicine and Department of English, Georgetown Medical
Humanities Initiative, Georgetown University, Washington, DC,
USA (LK)
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Lessons from Influenza the 19" and 20 century:

Long-term and after-effect of viral infections

(11889-1892 flu pandemic,

d“Asiatic flu” “Russian flu”

o "neuralgia”

o “neuroasthenia”

o “nerve exhaustion”
“grippe catalepsy”
“post-grippal” numbness
“prostration”

“inertia”

paranoia
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“the epidemic of
influenza left the

European world’s nerves
and spirits in a far worse

Cl (1 DUl d
> Inflilenza A virus subtype H2N2

» Influenza A virus subtype H3N8
» Coronavirus OC43 (?)
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THE INFLUENZA OF 1890 AND A DEPRESSED
TONE OF HUMAN VITALITY.

IN our Edinburgh correspondent’s notes last week some
interesting extracts were given from the report sub-
mitted by Dr. Clouston upon the Royal Edinburgh Asylum
for the past year. They had reference more especially to
some evidence produced by Dr. Clouston as to the existence
of an exceptionally low tone of human vitality during the
year 1890 in relation to the epidemic of inflnenza. Whether
it was the influenza in the early part of the year that had
perceptibly lowered human vitality, or whether the pre-
valence of the influenza merely showed that Eunropean
humanity was in a lowered state of vitality, so being
8 fit nidus for the influenza germs to propagate in, or
whether it was the sunless, summerless general character
of the year, Dr. Clouston could not say. He distinctly
connected, however, the influenza in some way with
the unprecedented number of melancholic patients sent to
Morningside Asylum. He goes on to say, and we think
with truth, that he believes the epidemic of influenza left
the European world’s nerves and spirits in & far worse state
than it found them, and that they scarcely yet had recovered
their normal tone. .
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Lessons from Influenza the 19" and 20 century:

Long-term and after-effect of viral infections

Post-encephalitic
Parkinsonism or

Von Economo’s
Encephalitis:

The link with the
“Spanish flu” remains
controversial

(11918-1919 flu pandemic,
d“Spanish flu”

o Neurological effects

o Encephalitis lethargica (?)
o Post-infectious syndrome
o Asthenia

¥ Neurol Neurosurg Psychiatry 1998;64:5
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Viral disease outbreak in the 215! century

2009 2019
Influenza COVID-19

H1IN1 SARS-CoV2

2015-
2016

Ebola 2013-2016
v
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Dengue outbreaks




Flavivirus Associated
with Epidemic Diseases

Flaviviridae Family i
Hepacivius genus i‘“‘[ -
100 sutu vrus
1 ' Alfuy wirus (subtype of Murray Valley encephalitis virus)
F I aVIVI ru S g e n u S o — Murra:r Valley en:ephalilis virus (OR156)
o 100 Murray Valley encephalitis virus (NG156)
(+) SSRNA " W{: Murra: Valley encephalitis virus (MK6684) .
« Enveloped " st Nie Vi Mosquito-
. e | Iru
« lcosahedral/spherical (7)) " - borne
. ) =3 .
40-60 nm - o flavivirus
N - 100 lIheus virus
> » 1IJD| Rocio virus
> i =1 Dengue Virus 1
i i — Dengue Virus 2
B B . © I Dengue Viris 3
m 100 Dengue Virus 4
E —_— | | Yellow Fever Virus | A
*4’63-':r,rrzgmeter Yoo Vokose urus
Apoi virus @ Unknown vector
'9(1)\—m;:nu:ter '120-nl;lr:‘<li-itzmeter m | RN VTS | .
= Omsk hemonhagic fever irus T|Ck_borne
Louping ill virus . .
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Zika virus has been in many areas of the world since 1950
and spread only until recent years to the French Polynesia
and Latinamerica

2007
Yap
(Federated States Nu't;mlber 2015
of Micronesia) October 2015 uriname
l Ff:rlmz h Colombia * J
April 2015 Pol},rrllesia 2014
Vanuatu Easter Island
;3’ (Chile)
1 l
2014 2014 May 2015
New Caledonia  Cook Brazil

(France) Islands
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Courtesy Dr. Jairo Lizarazo
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Kutsana S. Euro Surveill. 2014;19
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Clinical
Manifestations of Zika

infection

* Exanthema and rash

* Fever

* Headache

* Myalgias

* Arthralgias

* Conjuntivitis

* Diarrhea

* 80 % infected people
remain asymptomatic
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GBS in times of Zika,
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Guatemala

Source: WHO website
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A Weekly Case Reports of ZIKV Disease and GBS in Six Countries and Bahia, Brazil, 2015-2016
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INCIDENCE OF DENGUE, CHIKUNGUNYA AND ZIKA
VIRUSES IN_CQLOMBIA 2009-2016

2010 2011 2012 2013 2014 2015 2016
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Based on data from the Colombian National Institute of Health (Boletin Epidemiologico Semanal)

Parra B et al., N Engl J Med 2016;375:1513-23.



Neurological Problems Presumed
to be Associated with Zika Infection

Brain
Development

Peripheral Nervous System Central Nervous System
Involvement: = A\ Involvement:

* Guillain-Barre * Encephalitis
Syndrome * Myelitis

> Acute Demyelinating » Optic neuritis

Polyneuropathy

» Acute Motor Axonal
Neuropathy

» Miller-Fisher variant

 Neuropathies

Guilllian-Barre Syndrome

Polyradiculoneuritis

March 5, 2021 Immune Mediated Pathogenesis vs Direct Viral Neuropathogenicity or Both



Chikungunya virus: emergent y re-emergent
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The neurological complications of chikungunya virus:

A systematic review
~ Ravi Mehta’® @ | Patrick Gerardin®? | Carlos Alexandre Antunes de Brito® |
Cristiane Nascimento Soares® | Maria Lucia Brito Ferreira® | Tom Solomon®”2 ©
Rev Med Viral. 2018:21978.
https: /doi.org/10.1002/rmv. 19 78
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Mono-infection (n=98) Dual infection (n=50) All cases (n=201)

ZIKV CHIKV DENV pvalue*  ZIKV+CHIKY  ZIKV+CHIKV  CHIKV+DENV  pvaluet  Laboratory No laboratory pvaluet
(n-41) (m=55) (n=2) co-infection  (n-33) (n=4) evidence ofacute  evidence of acute
(n-13) arbovirus infection  arbovirus
(m-148) infection (n-53)

Systemic features of infection
Fever 21(51%) 47 (85%) 1(50%) 00003 11(85%) 31(94%) 4(100%) 00063 114 (77%) 33(62%) 0.0%7
Rash 37 (90%) 43 (78%) 0 012 10 (77%) 31(94%) 2(50%) 036 123 (83%) 43(81%) 075
Pruritus 13(32%) 18 (33%) 2(100%) 092 5 (38%) 14 (42%) 3(75%) 029 55 (37%) 15(28%) 025
Non-purulent 13 (32%) 15 (27%) 0 0.64 4(31%) 8 (24%) 3(75%) 0.70 43 (29%) 16 (20%) 0.88
conjunctivitis
Myalgia 20 (49%) 37 (67%) 2(100%)  0-068 7 (54%) 25 (76%) 3(75%) 024 94 (64%) 32 (60%) 0.69
Jointoedema 16 (39%) 36 (65%) 0 0.010 4(31%) 20(61%) 1(25%) 0-82 77 (52%) 18 (34%) 0.024
Arthralgia 25 (61%) 47 (85%) 1(50%) 0.0061 8 (62%) 28 (Bo%) 3(75%) 0.67 112 (76%) 28 (63%) 0:0019
Vomiting 8 (20%) 16 (29%) 0 029 6 (46%) 13(39%) 1(25%) 0048 44 (30%) 19 (36%) 041
Diarthoea 3 (7%) 9 (16%) 0 019 4(31%) 5 (15%) 0 (0%) 027 21(14%) 10 (19%) 0.42
Sore throat 5 (12%) 4(7%) 0 0.64 1(8%) 3(9%) 1(25%) >0.99 14 (9%) 4(8%) 0.92
Difficulty 7 (17%) 4(7%) 0 024 5(38%) 3(9%) 0 033 19 (13%) 10 (19%) 029
breathing
Cough 9(22%) 3(5%) 0 0.016 2(15%) 6 (18%) 2 (50%) 0-43 22 (15%) 4(8%) 017

Neurological disease in adults with Zika and chikungunya
virus infection in Northeast Brazil: a prospective
observational study

Maria Licia Brito Ferreira, Maria de Fatima Pessoa Militdo de Albuquerque, Carlos Alexandre Antunes de Brito, Rafael Freitas de Oliveira Franga,
Alvaro José Porto Moreira, Maria lris de Morais Machado, Roberta da Paz Melo, Raguel Medialdea- Carrera, Solange Dornelas Mesquita,
Marcela Lopes Santos, Ravi Mehta, Rafael Ramos e Silva, Sonja E Leonhard, Mark Ellul, Anna Rosala-Hallas, Girvan Burnside, Lance Turtle,

World Health
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Michael | Griffiths, Bart C Jacobs, Maneesh Bhojak, Hugh | Willison, Lindomar José Pena, Caros A Pardo, Ricardo A A Ximenes,
Celina Maria Turchi Martell, David W G Brown, Marli Tenério Cordeiro, Suzannah Lant, Tom Solomon

www.thelancet.com/neurclogy Vol19 October 2020



Mone-infection (n=98) Dual infection (n=50) All cases (n=201)

ZIEV CHIKV DENV pvalue* ZIKV+CHIKY  ZIKV +CHIKV  CHIKV + DENV ~ pvaluet  Laboratory Molaboratory  pvaluet
(n-41) (n=55) (n=2) co-infection  (n=33) (n=4) evidence of evidence of
(n=13) acute arbovirus  acute arbovirus
infection infection
(n=148) (n=53)
Inpatient progress and outcome
Intubated 1 1(2%) 0 =099 2 3 0 0087 7 4 0-40
(3%; n-31) (17%;n-12)  (9%; n-32) (5%: n-136)  (9%;n-47)
Admitted to intensive 3 1(2%) 0 029 2 3 0 027 9 6 028
treatment unit (9%; n-33) (17%;n-12) (9% n-32) (7%;n-138)  (13%; n-46)
Number of days in 7 7 20 094 19 22 12 034 17 18 073
hospital (3-23) (3-22) (14-25) (13-23) (8-29) (7-17) (9-24) (9-27)
Disability at En 47 2(100%) =099 11(85%) 26 3 015 126 43 092
discharge¥] (93%; n-40) (92%; n-51) (81%; n-32) (100%; n-3) (80%: n=141)  (91%; n-47)
Uied 3] 1(2%) ] =099 0 0 3] =099 1(1%) 1(2%) 0-45

Neurological disease in adults with Zika and chikungunya
virus infection in Northeast Brazil: a prospective
observational study

MariaLicia Brito Ferreira, Maria de Fatima Pessoa Militdo de Albuquerque, Carlos Alexandre Antunes de Brito, Rafael Freitas de Oliveira Franca,
Alvaro José Porto Moreira, Maria Iris de Morais Machado, Roberta da Paz Melo, Ragquel Medialdea- Carrera, Solange Dornelas Mesquita,
MarcelaLopes Santos, Ravi Mehta, Rafael Ramos e Silva, Sonja ELeonhard, Mark Ellul, Anna Rosala-Hallas, Girvan Burnside, Lance Turtle,
‘Michael | Griffiths, Bart CJacobs, Maneesh Bhojak, Hugh | Willison, Lindomar José Pena, Carlos A Pardo, Ricardo A A Ximenes,

CelinaMaria Turchi Martell] David W G Brown, Marli Tendrio Cordeiro, Suzannah Lant, Tom Solomon
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