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Acid ribonucleic (RNA)

Area sota la corba (AUC)
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Echovirus (E)
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Frequencia cardiaca (FC)
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Immunoglobulines intravenoses (IGIV)

Iniciativa Global per a I'Eradicacio de la Poliomielitis (GPEI)
Interleuquina-1( (IL-1P8)

Interferd (IFN)
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Organitzacié Mundial de la Salut (OMS)

Paralisi flaccida aguda (PFA)

Parechovirus (HPeV)

Poliovirus (PV)

Poliovirus derivats de la vacuna de la poliomielitis (PVDV)
Poliovirus salvatges (PVS)

Proteina associada a la diferenciacio del melanoma 5 (MDADS),
Proteina de senyalitzacio antiviral mitocondrial (MAVS)
Reacci6 en cadena de la polimerasa real time després de transcriptasa inversa
(real-time RT-PCR)
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2 INTRODUCCIO

2.1 GENERALITATS

La present Tesi Doctoral s’inscriu en el marc de dos projectes FIS
consecutius que han dut a terme una activitat de vigilancia epidemiologica
d’enterovirus (EV) i parechovirus (HPeV) a Espanya, “Investigacion en
infecciones por enterovirus y parechovirus que causan patologias neuroldgicas
y sistémicas severas en poblacion infantil” (PI115CIII/00020, 2016-2018) i
“Investigacion de las infecciones neuroldgicas graves en nifios causadas por
enterovirus emergentes en Espafia: EV-A71 y EV-D68” (P118CIlI1/00017, 2019-
fins l'actualitat), en que [l'autor ha participat en qualitat d’investigador

col-laborador.

En el decurs d’aquesta activitat, pren especial rellevancia I'aparicio des de
mar¢ de 2016 a Catalunya d’'una serie de casos de pacients pediatrics amb
patologia neuroldgica aguda amb signes d’afectacio de tronc encefalict. L’equip
de I'Hospital Vall d’Hebron i I'lnstitut Catala de la Salut van tenir un paper clau en
donar la primera veu d’alarma, en ser centres receptors dels primers pacients
afectes de I'area de Tarragona?2. En els primers casos es va identificar 'EV, pero
aquests resultats s’havien d’interpretar amb precaucié perqué eren producte de
I'analisi de mostres no invasives en un nombre reduit de pacients. A meés, a
Espanya mai no s’havia descrit un brot d’infecci6 per EV amb aquestes
caracteristiques clinigues. En un moment d’incertesa, va ser clau la rapida
capacitat de coordinacié dels recursos humans i técnics que es va orquestrar des
de la Subdireccid General de Vigilancia i Resposta a Emergéncies de Salut
Plblica, a través del “Protocol d’actuacié davant casos d’EV en poblacio
pediatrica™. Durant el brot d’encefalitis de tronc de I'any 2016, seguint les
instruccions de Catsalut, des del nostre centre es van notificar tots els casos a
I'Area de vigilancia epidemioldgica referenti es va treballar en xarxa amb el

Centre Nacional de Microbiologia i 'Hospital de Sant Pau.
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Davant d'aquest escenari, vam considerar oportu estudiar i caracteritzar
microbiologicament els pacients amb simptomes neurologics de forma
prospectiva, per tal de respondre a una série d'interrogants que es van generar
davant els primers casos: Era I'EV I'agent causal del brot? Podiem demostrar la
preséncia de I'EV en el sistema nervios central (SNC)? Quin genotip era? La
soca s’havia originat per mutacié d’una soca local o bé era importada? Quines
caracteristiques cliniques tenien els pacients afectes en relaci6 a altres
descripcions? Seriem capacos d’identificar nous biomarcadors amb implicacions
pronostiques i terapeutiques? La gravetat de la patologia, el fet que afectés a
poblacio infantil, i la novetat en el nostre medi, expliquen I'important repercussio
mediatica que va tenir aquest brot, aixi com l'impacte dels estudis que formen
part d’aquesta Memodria de Tesi, tant en premsa especialitzada com no

especialitzada®.

2.2 VIGILANCIA EPIDEMIOLOGICA D’EV | HPeV

La vigilancia epidemiologica d’infeccions per EV i HPeV té els seus
origens en el programa per a l'eradicacié de la poliomielitis de I'Organitzacié
Mundial de la Salut (OMS). L’estandard de referéncia per a la vigilancia de la
poliomielitis és el programa de vigilancia de paralisi flaccida aguda (PFA), que té
per objectiu descartar o confirmar la presencia de poliomielitis en qualsevol cas
de PFA en un menor de 15 anys®. L’Unica técnica acceptada és I'aillament viral
en cultiu cel-lular, a partir de mostres de femta®. Actualment 'OMS recomana
que en els casos de PFA s’estudii no només la preséencia de poliovirus (PV) si
no també la d’enterovirus no poliovirus (ENP) que també sén causa d’'important
morbiditat i mortalitat, com per exemple 'EV-D68 i 'EV-A71.
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Figura 1. Taxa de notificacio de casos de PFA a Espanya entre 2000 i 2016.
Figura extreta de l'informe Vigilancia de la Paralisis Flacida Aguda y Vigilancia
de Enterovirus. Plan de accion en Espafia para la erradicacion de la
Poliomielitis’.

Mantenir I'estatus de “lliure de poliomielitis” €s un repte en aquells paisos
no endémics, on la disminucio progressiva de la percepcié de risc del personal
sanitari pot afectar els resultats del programa de vigilancia de PFA. Per exemple,
les dades del programa de vigilancia de PFA a Espanya, vigent des de I'any
1998, reflecteixen que la taxa de notificaci6 de casos de PFA és inferior a
I'esperat segons 'OMS (1 cas/100.000 menors de 15 anys a I'any) (Figura 1)8.
Convé tenir present que 'amenaca de la poliomielitis és encara vigent, ja que en
els ultims anys paisos que préviament eren considerats “lliures de poliomielitis”
han presentat casos importats de paisos endemics, com per exemple el brot de

Tajikistan que es va estendre a Russia I'any 2010 o el brot de Xina I'any 201182,

Per tal d’intensificar la vigilancia de la poliomielitis en paisos no endémics
que comptin amb serveis sanitaris de qualitat, 'OMS accepta sistemes
complementaris, com per exemple la vigilancia d’EV i la vigilancia mediambiental
de PV®. La vigilancia d’EV té per objectiu demostrar I'abséncia de PV circulants
entre els EV caracteritzats en mostres cliniques de pacients amb quadres clinics
diferents de PFA. En ampliar el focus d’estudi, permet estudiar patologies
neurologiques i sistemiques produides per ENP que també son causa
d'important morbiditat i mortalitat, com per exemple 'EV-D68 i 'EV-A71. La
vigilancia d’'EV, vigent a Espanya des de 1998, és voluntaria i no esta establerta
en tot el territori nacional’. La xarxa de laboratoris esta constituida pel Laboratori
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Nacional de PV del Centre Nacional de Microbiologia de I'Institut de Salut Carles

11, aixi com per laboratoris de 9 hospitals’.

La vigilancia de HPeV sempre ha estat lligada a la vigilancia d’EV, tant per
motius historics, doncs no va ser fins I'any 1992 que els HPeV van considerar-
se un geéenere independent dels EV, com per motius clinics, doncs també sén
causa de patologies neurologiques i sistemiques greus que se solapen amb

patologies produides per EV°.

Soén objecte d’estudi d’aquesta Tesi Doctoral els ENP (no Rhinovirus) i els
HPeV.

2.3 GENERE ENTEROVIRUS
2.3.1 Classificaci6

El genere Enterovirus forma part de la familia Picornaviridae, formada per
virus petits (30 nm) amb acid ribonucleic (RNA) monocatenari de polaritat
positiva, amb una capside icosaédrica i sense embolcall'. Al seu torn, el génere
Enterovirus esta constituit per 15 espécies, Enterovirus A-L i Rhinovirus A-C, i
més de 300 tipus??. Només s6n patogens humans els Enterovirus A-D i els
Rhinovirus A-C'. S’agrupen dins d’un mateix tipus (o genotip) els EV que
presenten > 75% d’homologia en la sequéncia de nucledtids de la regio
genomica VP1 (> 85% dhomologia en la seqléncia d’aminoacids)?!’.
Historicament, els tipus s’han designat amb una terminologia heterogénia, com
ara PV i ENP (entre els que s’incloien, per exemple, els coxsackievirus [CV] A i
B i els echovirus [E]), pero els tipus recentment descoberts s’han numerat des
de 'EV-D68 en amunt, de forma no continua. El terme subgenotip designa un

grup dins d’'un genotip.

2.3.2 Epidemiologia

Els EV circulen amb un patro estacional en climes temperats, amb un pic

d’incidéncia a la primavera i a I'estiu a Espanya (Figura 2), pero en climes
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tropicals circulen durant tot I'any*3. Les infeccions per EV poden cursar en forma
de brots epidémics ciclics (cada 2-4 anys)!4. Diferents genotips i subgenotips co-
circulen en un mateix periode i area geografical®. Destaca I'alta contagiositat dels
EV, ja que la probabilitat d’haver presentat almenys una infeccié per EV als 2
anys d’edat és de fins al 90%?°. Les infeccions per EV afecten tots els grups
d’edat, perd son més susceptibles els lactants i els escolars, probablement per
la manca d’'immunitat especifica i creuada que confereix I'exposicié repetida a la

infecciolb.

El periode d’incubacio és de 3-10 dies'’. Es transmeten principalment per
via fecal-oral, tot i que també es poden transmetre per via respiratoria, per
contacte amb contingut vesicular o superficies contaminades, aixi com via
transplacentarial’. L'excrecio en femtes és més perllongada (de 6 setmanes a 3
mesos) que l'excrecid a orofaringe (2 setmanes)®. Els EV (no RV) repliquen
millor a 37°C, son estables en medi acid (sobreviuen a I'exposicié a sucs gastrics)
i es repliquen millor en el tracte gastrointestinal'l. L’EV-D68 comparteix multiples
propietats amb els RV: replica millor a 33°C, és inestable en medi acid, es replica
principalment en I'epiteli respiratori i es transmet per via respiratoria; derivat de
I'anterior, sobretot es detecta en mostres respiratories!!. Els EV poden
sobreviure a temperatura ambient durant dies, també s’han aillat en aigues
superficials i profundes i en balnearis'®?°, Els EV s6n resistents a la clorhexidina
i 'alcohol, mentre que els derivats del clor han demostrat eficacia®?2. El rentat
amb aigua i sab6 redueix el nombre de particules infectives, si bé la fricci6 és

més eficac que I'emulsificacio?®.

4<
2 3
ii
0 T T T Y T T T T T T T T T T T Y
O 48

.\Qo@ N \° N .’\“ ® S N \°°" N Ry AN R \"q" N R R \'\' \"' NN \"‘o\"’ \"q\"‘ \'\' \'1,*(\- v
R o 30 W of T o N (o o Y R o o T (T PR S

r120
F100

F 60

Q772773

B CV-A6 O CV-A16 8 EV-71 O Other CV-A B EV-B O Notyped EV —— EV positive samples from all syndromes

Figura 2. Nombre de mostres positives per EV analitzades al Centre Nacional
de Microbiologia (Espanya) entre gener de 2010 i desembre de 2012. Grafica
extreta de la revista Clinical Microbiology and Infection?s.
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2.3.3 Estructuraireplicacié

El genoma de 'EV té una longitud aproximada de 7.500 nucleotids, que
compren una regio 5’ no traduida de 750 nucleotids, un marc de lectura obert (en
anglés, open reading frame, ORF) de 6.700 nucleotids, i una regié 3’ no traduida
de 70-100 nucleotids?!?. La capside viral icosaedrica (Figura 3) esta constituida
per 60 protomers, formats per assemblatge de les proteines estructurals VP1-
424, Laregio 5’ no traduida és ampliament conservada, per la qual cosa s'utilitza
per a la detecci6 d’EV. Tanmateix, la regio codificant per a la proteina VP1
presenta variabilitat entre genotips i subgenotips i conté la majoria d’epitops
reconeguts pels anticossos neutralitzants, per al qual cosa s'utilitza per a la

tipificacio i 'analisi filogenética®t.

w2 | w3 | v | 2a| 28| 2c | 3Af 38

o
5
—‘ VP4

3C ‘ 3D }— AAA

0 1000 2000 3000 4000 5000 6000 7000

Genome length in nucleotides

Figura 3. Estructura del viri6 i del genoma de 'EV-AT71. Figura extreta de

la revista Lancet Infectious Diseases?°.

El cicle de replicacié dels EV comenca amb la unié de les proteines VP1-
3 a receptors de membrana i I'endocitosi mitjangada per receptor (Figura 4).
L’RNA viral s’allibera al citoplasma a través d'un porus en la membrana de
'endosoma, unit de forma covalent a la proteina VPg (3B), un encebador
necessari per a la replicaci6?6. La traduccié de la regid6 ORF codifica una
poliproteina que és escindida per les proteinases virals (2AP™©, 3CP© | 3CDP™) en
3 proteines estructurals (VPO, VP1 i VP3) i 7 proteines no estructurals (2A-C i
3A-D)?%. Les proteinases 2AP™ i 3CP'° també escindeixen multiples proteines de

I'hoste per optimitzar la replicacio i inhibir la resposta cel-lular antiviral®®.
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La replicacio per la RNA-polimerasa dependent d’RNA (3DP°) comenca
amb la sintesi d’'una cadena de polaritat negativa que és utilitzada com a motlle
per a fabricar les noves cadenes de polaritat positiva®®. La replicacio té lloc als
organuls de replicacié, que sén estructures de membrana induides pel virus?’.
Les proteines de capside (VPO, VP1 i VP3) s’ajunten formant protomers i
pentamers que, junt amb I’'RNA viral, constitueixen el provirié26. Finalment, '/RNA
viral indueix I'escissié de VPO en VP2 i VP4 i es constitueix el viri6 madur?®.
Aquest abandona la cel-lula hoste mitjancant alliberaci6 de vesicules

extracel-lulars o mitjangant citolisi en fases avancades de la infecci6?®.
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Figura 4. Cicle de replicacié dels EV. ll-lustraci6 extreta de la revista Nature
Reviews. Microbiology?®.

La gran diversitat genética dels EV és deguda als fenomens de mutacio,
ja que 'RNA-polimerasa dependent d’'RNA (3DP°) té una taxa d’error d’una
mutacio per cada cicle de replicacio, i recombinacio, tant intra-espécie com inter-

espécie?®?9, La recombinacié va ser descrita per primera vegada en cel-lules
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infectades per PV, Diferents estudis han relacionat de forma directa fenomens

de recombinacié amb I'aparicié de nous subgenotips d’EV-A713,

2.3.4 Fisiopatologia

Un cop s’ha produit la infeccio, els llocs de replicacio primaris son el tracte
gastrointestinal (plaques de Peyer de l'intesti prim) i respiratori (amigdales)*. La
replicacié continua en els noduls limfatics adjacents (cervicals i mesenterics) i
pot produir viremia'l. En la majoria de pacients, la infeccié es limita en aquest
punt i romanen asimptomatics®2. Tanmateix, si no es controla la infeccié es
produeix la disseminacié hematogena. Alguns tipus d’EV presenten tropismes
tissulars especifics, incloent cél-lules neuronals, cardiomiocits i cel-lules
epitelials entre d’altres'!. La infecci6é per EV produeix un dany cel-lular directe,
perd s’hipotetitza que part de la patologia s’explica per la resposta inflamatoria
desencadenada en I'hoste®3. La immunitat humoral és el principal mecanisme de
defensa front els EV. N’és una prova que els pacients amb agammaglobulinémia

lligada al cromosoma X presenten infeccions més greus i perllongades®.

2.3.5 Clinica

Les infeccions per EV son freqlientment asimptomatiques i sobretot
afecten a lactants i escolars'’. Poden produir patologies d’'un ampli espectre de
gravetat. S’associen a infeccions de vies respiratories altes, herpangina,
conjuntivitis hemorragica aguda, bronquitis, bronquiolitis i pneumonial’. Poden
produir exantemes de diferents tipus, un dels més caracteristics és el que déna
nom a la malaltia boca-ma-peu (MBMP)'’. També s’associen a febre sense focus
i sepsia neonatal, a vegades de curs fatal'’. Son la primera causa de meningitis
aseptica, si bé també poden produir altres patologies neurologiques, com
encefalitis, encefalitis de tronc i PFAL’. També s’associen amb manifestacions
rares pero greus, com miocarditis, pericarditis, pleurodinia (malaltia de
Bornholm), hepatitis i pancreatitis'’. Recentment s’ha implicat els EV, sobretot el
CV-B1, en la fisiopatologia de la diabetis mellitus tipus 13°. Un mateix tipus d’EV
pot produir diferents patologies i una mateixa patologia pot ser produida per

diferents tipus d’EV, si bé hi ha algunes associacions caracteristiques (Taula

13 DOCTORAND: Didac CASAS ALBA



1), Tot i que el nom pugui portar a la confusié, no sén una causa freqiient de

gastroenteritis aguda.

Els EV sbn la causa més frequent de meningitis aseptica infantil en aquells
casos en que s'identifica I'etiologia en el nostre medi®®. Els tipus d’'EV més
frequents son: CV-B2, CV-B3, CV-B4, CV-B5, CV-A5, CV-A7, CV-A9, CV-A16,
E4, E6, E9, E11, E14, E16, E25, E30, E31 i 'EV-A71%. En la meningitis per EV
€s caracteristica la pleocitosi, a vegades amb predomini de cel-lules
polimorfonuclears, pero en nounats es descriu sovint també la presencia de
material genétic en LCR en abséncia de pleocitosi®. El pronostic a curt termini

és benigne, perd manguen estudis a llarg termini®e.

Espécie | Tipus representatius | Manifestacions cliniques caracteristiques

EV-A CV-A6, CV-AlS6, S’associen amb exantemes maculovesiculars, sobretot
EV-A71 MBMP, infeccions de vies respiratories altes, herpangina
i conjuntivitis

L’EV-A71 s’associa amb MBMP i brots de patologia
neurologica aguda (meningitis, encefalitis de tronc i

encefalomielitis) a Asia i Regi6 del Pacific

EV-B Echovirus, CV-A9, S’associen amb meningitis, sépsia neonatal, miocarditis,
CV-B4 pericarditis, pleurodinia (malaltia de Bornholm),

pneumonitis focal i necrosi hepatica

EV-C PV 1-3, CV-A24 Els PV s’associen amb meningitis i PFA
L’EV-A24 s’associa amb conjuntivitis hemorragica
EV-D EV-D68, EV-D70, L’EV-D68 s’associa amb brots de malaltia respiratoria
EV-D94 L’EV-D70 s’associa amb epidémies de conjuntivitis

hemorragica

L’'EV-D94 s’associa amb paralisi flaccida

Taula 1. Manifestacions cliniques caracteristiques dels EV. Taula adaptada del
llibre Manual of Childhood Infection: The Blue Book?’.

Mereixen consideracié a part els PV, aixi com 'EV-D68 i 'EV-A71, que

s’han associat amb l'aparicié de brots en diferents regions.
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2.3.6 Diagnostic

La deteccié d’EV en mostres invasives (sang o liquid cefaloraquidi [LCR])
confirma la infeccid, mentre que la deteccié en mostres no invasives (mostres
respiratories o fecals) s’ha d’interpretar amb precaucid, ja que els portadors

asimptomatics també poden excretar el virus de forma sostinguda®®.

La detecci6 de material genétic mitjancant reaccid en cadena de la
polimerasa després de transcriptasa inversa (RT-PCR) esta desplacant
I'aillament viral en cultiu cel-lular per al diagnostic de la infeccié per EV38. La
regié 5 no traduida del genoma dels EV conté elements essencials per a la
replicacio viral i la traduccié de la regidé codificant, per la qual cosa es troba
ampliament conservada entre les diferents espécies®®. S’han identificat
sequeéncies de la regio 5 no traduida d’alta homologia per al desenvolupament

d’encebadors i sondes per a la deteccidé d’EV mitjancant RT-PCR%°,

L’amplificacio de la regié VP1 i seqlenciacié de I'amplicé esta desplacant
el test de neutralitzacié per a la tipificacié d’EV32. La regié VP1 es correlaciona
amb el serotip viral, per la qual cosa es pot realitzar la tipificacié mitjancant la
comparacié d’'un fragment 3’ de la regi6 VP1 d'un EV amb seqliéncies de
referencia disponibles a bases de dades de sequéncies genétiques (com per
exemple GenBank)*°. Les dades de sequenciacié genética, a més de servir per
a la tipificacié d’'EV, poden utilitzar-se per a realitzar analisi filogenética, és a dir,
una estimacio de la distancia genética (nombre de substitucions) que reflecteix

el temps de separacié entre dos virus amb un ancestre com(*,

Probablement el futur de la deteccié d’EV passi per les noves técniques
de biologia molecular, com ara la sequenciaci6 de nova generacio
metagenomica (MNGS) clinica. La tipificacio i analisi filogenética a partir de la
sequenciacio del genoma complet (WGS), que ofereix la mNGS clinica, permet
arribar a conclusions molt més precises que no pas els analisis realitzats a partir

d’una Unica regié gendomica“2.
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2.3.7 Prevencio6 i tractament

Tot i la frequiéncia de les infeccions per EV, només es disposa de vacunes
aprovades front als PV i, recentment, front a 'EV-A71 a la Xina, que es

comentaran a part.

El tractament de les infeccions per EV és de suport*3. En funcié del tipus i
la gravetat de la patologia, aquest pot incloure ventilacié mecanica, administracié
d’inotrops, oxigenaci6 amb membrana extracorpodria, dispositius d’assistencia

ventricular i trasplantament cardiac o hepatic.

L’us d'immunoglobulines intravenoses (IGIV) inespecifiques s’ha descrit
en infeccions greus per EV, pero falten evidencies per a una recomanacio forta*3,
Se sap que la immunitat humoral és clau en la resposta front els EV, i les IGIV
contenen anticossos front a EV en quantitats variables®. Un assaig clinic
randomitzat en nounats amb infeccié per EV, amb importants limitacions per la
mida de la mostra (n=16), va mostrar que I'administracio d’IGIV reduia la duracio
de la viremia, sense repercussio clinica*4. L’us d'IGIV en I'encefalitis de tronc per

EV-A71 s’exposara a part.

No es disposa de cap antiviral aprovat per a les infeccions per EV. El
pleconaril, un inhibidor de capside amb activitat creuada front a picornavirus, és
I'antiviral més estudiat*®. Un assaig clinic randomitzat en nounats amb sépsia per
EV (n=61) va mostrar que I'administracio de pleconaril reduia la duraci6 de la

viremia i augmentava la supervivéncia®.

2.3.8 Poliovirus
2.3.8.1 Classificacio

Els PV formen part de I'espécie Enterovirus C. La importancia dels PV és
de tal magnitud que s'utilitza un terme per designar els EV de qualsevol altre
tipus, els ENP. Els PV es classifiquen en poliovirus salvatges 1-3 (PVS 1-3), virus

de la vacuna de la poliomielitis oral (VVPO) i poliovirus derivats de la vacuna de
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la poliomielitis (PVDV). La poliomielitis pot ser produida per PVS i PVDV. Els
PVDV son soques amb neurovirulencia augmentada, generalment per mutacio

de la regio 5’ no traduida de la sequéncia del VVPO?,

2.3.8.2 Epidemiologia

Els PV van ser descrits com a causants de la poliomielitis el 19094’. Des
del llangament de la Iniciativa Global per a 'Eradicacio de la Poliomielitis (GPEI)
I'any 1988, la incidéncia de la poliomielitis s’ha reduit un 99,9% (Figura 5)°. Les
sogues PVS3 i PVS2 van ser eradicades el 2012 i el 2015, respectivament®. La
soca PVS1 és I'inica circulant en I'actualitat. Quatre de les sis regions de 'TOMS
han assolit I'eradicaci6 de la poliomielitis: Les Amériques (1994), Pacific
Occidental (2000), Europa (2002) i Asia Sud-Oriental. Encara persisteix la
transmissié endemica de PVS1l a algunes regions d’Afganistan, Pakistan i

Nigéria®. Europa va ser declarada lliure de poliomielitis I'any 200248,
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Figura 5. Casos de poliomielitis reportats a tot el mén entre 1988 i 2010.
Grafica extreta de la revista The Lancet 4°.

2.3.8.3 Clinica

Les infeccions per PV s6n asimptomatiques en el 95% dels casos?'’.
Poden produir poliomielitis abortiva, meningitis aseéptica, polioencefalitis i
poliomielitis paralitica (0,1-1% dels pacients)'’. La poliomielitis abortiva és una

malaltia lleu que es caracteritza per la preséncia de febre, sovint acompanyada
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de cefalea, odinofagia, anoréxia i vomits, de 1-3 dies de duracié'’. La

polioencefalitis es caracteritza per alteracié de la consciéncia i convulsions?!’.

La poliomielitis paralitica segueix un curs bifasic: prodroms en forma de
poliomielitis abortiva i, 2-5 dies després de la resolucio, aparicio de febre, signes
meningis, mialgies greus i finalment debilitat muscular en la localitzacio afectada.
L’alteracié de parells cranials afecta al 5-35% dels casos!’. Una de les principals
complicacions és la fallada respiratoria, per alteracié del centre respiratori i els
parells cranials IX, Xi XIl. En I'era pre-vacunal, la mortalitat era del 60%, sobretot
per fallada respiratoria’. Fins al 60% dels pacients presenten déficits residuals?’.
La sindrome post-poliomielitis, que afecta el 30% dels pacients amb recuperacio
completa inicial, consisteix en la reaparici6 de debilitat i dolor en els grups

musculars préviament afectats 25-35 anys després?’.

2.3.8.4 Diagnostic

Els PV rarament es detecten en el LCR, per la qual cosa es recomana la

recollida de frotis faringi i mostra de femta per a la deteccié del virus?’.

2.3.8.5 Prevencid i tractament

Es disposa de dos tipus de vacunes front a la poliomielitis:

- Vacuna antipoliomielitica inactivada (VPI) o vacuna Salk!’. Vacuna de
virus inactivats que combina les tres soques de PV.

- Vacuna antipoliomielitica oral (VPO) o vacuna Sabin'’. Vacuna de
virus vius atenuats que combina les tres soques de PV. Presenta
major immunogenicitat, induccié d'immunitat de mucoses, facilitat en
'administracio i el potencial benefici de la disseminacio dels virus
vacunals entre la poblacié no immunitzada. Tanmateix, la inestabilitat
de les soques vacunals i la recombinacié amb altres virus pot donar

lloc a l'aparicié de VDPV.

Donat que la majoria de poliomielitis secundaries a PVDV estaven
associades al PVDV2, 'OMS va substituir la VPO trivalent per una VPO bivalent
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a tot el moén 'any 2016. Aquest és el primer pas en la retirada definitiva de les
vacunes de virus vius atenuats, prevista per 'any 2019-2020°. A Espanya, la
VPO es va substituir per la VPI I'any 2004. Des de 1996, la cobertura nacional

amb tres dosis supera el 95%’.

El tractament de la poliomielitis paralitica és de suport. L’analgésia i el
repos absolut durant la fase aguda disminueixen I'extensié de la paralisi'’. Es
recomana evitar injeccions intramusculars pel mateix motiu'’. En cas de fallada
respiratoria es requereix ventilaci6 mecanical’. També és important la

fisioterapia en la fase de sequeles?’.

2.3.9 Enterovirus D68
2.3.9.1 Classificaci6

L’EV-D68 forma part de I'espécie Enterovirus D. Es classifica en els
subgenotips Al-2, B1-3, C i D. La majoria de casos de PFA s’associen amb I'EV-
D68 B1°,

2.3.9.2 Epidemiologia

L’EV-D68 va ser descrit per primera vegada associat a malaltia
respiratoria lleu I'any 1962°1. Tanmateix, 'EV-D68 va saltar a la primera pagina
de l'actualitat arran del brot de malaltia respiratoria greu i mielitis flaccida aguda
(MFA)/PFA, sobretot en poblacié infantil, a Estats Units i Canada I'any 20140,
Simultaniament es van reportar brots més petits a multiples paisos d’Europa i a
Xina®?. Els primers casos reportats de MFA/PFA per EV-D68 a Espanya daten
de 2015%2. L’'EV-D68 comparteix multiples propietats amb els RV: replica millor a
33°C, és inestable en medi acid (no sobreviu a I'exposicié a sucs gastrics), es
replica principalment en I'epiteli respiratori i es transmet per via respiratoria;

derivat de I'anterior, sobretot es detecta en mostres respiratories*?.
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2.3.9.3 Clinica

Les infeccions per EV-D68 sén frequentment asimptomatiques i afecten
principalment a nens®*. Poden produir infeccions respiratories de vies altes,
bronquitis, bronquiolitis i pneumonia®. La majoria de pacients presenten
simptomes respiratoris lleus, pero alguns poden requerir ventilacié mecanica®*.
L’antecedent d’asma predisposa a malaltia respiratoria greu®*. La MFA/PFA, al
igual que la poliomielitis paralitica, segueix un curs bifasic en el 90% dels
pacients: prodroms en forma de febre o malaltia respiratoria i, 5 dies després,
reaparicié de febre, mialgies i debilitat muscular en la localitzacié afectada®.

Rarament és mortal, tot i que s’han reportat alguns casos.

2.3.9.4 Diagnostic

L’EV-D68, al igual que els PV i 'EV-A71, rarament es detecta en LCR, per
la qual cosa es recomana la recollida de frotis faringi i mostra de femta per a la
deteccié del virus®. El frotis faringi és la mostra més rentable per a la detecci6
del virus, tot i que I'excrecio a orofaringe és breu (1 setmana)®®. En la ressonancia
magnetica (RM) medul-lar, s’observen lesions hiperintenses en sequéencies
ponderades en T2%. Les lesions sén longitudinals i extenses, bilaterals i
predominantment en astes anteriors®®. També poden observar-se lesions a tronc

de I'encéfal®S.

2.3.9.5 Prevencid i tractament

No es disposa de cap vacuna front a I'EV-D68. El tractament de la
MFA/PFA per EV-D68 és de suport. Durant el brot d’Estats Units i Canada I'any
2014, van administrar-se corticoides, IGIV i plasmaféeresi, sense benefici clinic
evident®. La fluoxetina ha demostrat activitat front a EV-D68 en estudis in vitro,

perd no ha demostrat millorar el pronostic neurologic en estudis in vivo®7%8,
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2.3.10 Enterovirus A71
2.3.10.1 Classificacio

L’EV-A71 forma part de I'espécie Enterovirus A. La classificacié de 'EV-
A71 en subgenotips es basa en l'analisi de la regio codificant per a la proteina
VP1%, El subgenotip A només conté el prototip BrCr. El subgenotip B se
subclassifica en B0-5 i el subgenotip C en C1-5 (també es diferencien els
llinatges C4a-b). Ambdos subgenotips tenen una distribucio global. Recentment

s’ha descobert un subgenotip nou a I'india (D) i dos a I'Africa (E i F)®°.

2.3.10.2 Epidemiologia

El primer brot d’EV-A71 associat a malaltia neurologica aguda va ser
descrit a California entre 1969 i 1972%1, tot i que les mostres més antigues en
que s’ha aillat el virus daten de 1963, a Holanda®?. Dos brots amb una important
mortalitat associada van tenir lloc a Bulgaria I'any 1975 i a Hongria I'any 19786364,
Des de llavors, s’han reportat casos esporadics i brots afectant principalment
menors de 5 anys en multiples paisos. Els brots que han afectat a un major
nombre de pacients i que han associat major morbimortalitat s’han localitzat a
Asia i a la Regi6 del Pacific, de forma periodica cada 2-3 anys. Destaquen el brot
de Taiwan (Xina) I'any 1998 amb 130.000 casos i 78 éxitus®®, i el brot d’Anhui
(Xina) I'any 2008 amb 500.000 casos i 128 éxitus®®. En aquests paisos, la
infeccioé per EV-A71 és un problema de salut publica, es considera una malaltia
de declaracié obligatoria i és prioritari el desenvolupament de vacunes i
antivirals®’. En el nostre medi, es realitza declaracié microbiologica per part dels
laboratoris al Sistema de Notificacid Microbiologica de Catalunya de tots els

microorganismes que ocasionen meningoencefalitis (inclos 'EV-A71).
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Figura 6. Subgenotips d’EV-AT1 identificats en brots de 1997 a 2014. Figura
extreta de la revista Clinical and Experimental Vaccine Research®®.

La distribucié geografica i temporal dels subgenotips d’EV-A71 és
complexa i canviant (Figura 6). Els subgenotips B van ser predominants als anys
1970-1980, i no va ser fins a mitjans de 1980 que es van identificar nous
subgenotips que van passar a classificar-se com a subgenotips C. A Asia i a la
Regio del Pacific, destaquen com a causants de brots el subgenotip B5, que
predomina a Malaisia, Jap0, i Taiwan, i el subgenotip C4, que predomina a Xina,
Korea i Vietham?®. Per altra banda, el subgenotip C1 té una distribuci6 més
generalitzada i acostuma a associar-se a casos esporadics, excepte el brot
d’Australia I'any 198625%°, A Europa, els subgenotips predominants sén C1 i
C27%71 Una nova variant recombinant de subgenotip C1 va identificar-se a
Alemanya I'any 201572. S’han reportat casos esporadics de patologia neurologica
aguda a Alemanya, Franca i al Regne Unit’>=’4, A Espanya, abans del brot
d’encefalitis de tronc I'any 2016, s’havia observat la circulacido d’EV-A71 C2, si
bé la intensitat era baixa i la simptomatologia associada era exclusivament lleu
(Figura 7)%3.
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Figura 7. Paisos on s’havia reportat aillament d’EV-A71 a data d’abril de 2014.
Figura extreta de la revista Current Opinion in Virology?®.

2.3.10.3 Replicacio

Pel que fa a la replicaci6 viral, la majoria de conceptes referents als EV en
general son aplicables a I'EV-A71, si bé la uni6 a receptors de membrana
presenta algunes particularitats que es detallen a continuacié. El receptor
scavenger classe B membre 2 té un paper clau en la infeccié per EV-A71,
s’expressa en la membrana dels lisosomes i esta implicat en el transport del
sistema endosoma-lisosoma’®. L’'EV-A71 també utilitza el lligand de glicoproteina
P-selectina 1, que s’expressa en la membrana dels leucocits i esta implicat en la

interaccio dels leucocits amb I'endoteli vascular’”.

2.3.104 Anatomia patologica de I'encefalomielitis per EV-AT71

En I'estudi de pacients éxitus per encefalomielitis per EV-A71, a nivell
macroscopic, destaca un patro de distribucié de la inflamacio repetitiu en que les
regions més afectades son la medul-la espinal (astes anteriors), el tronc cerebral
(regié dorsal), els nuclis dentats del cerebel i I'hipotalem (Figura 8)78. L’area
motora del cortex cerebral pot estar lleument afectada, pero altres regions estan
respectades’®. També s'observen signes de meningitis lleu’®. A nivell
microscopic, s’observa infiltrat limfocitari perivascular, edema, necrosi, ndduls de

microglia i neuronofagia, troballes tipiques d’encefalitis virals’®. Les cél-lules
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inflamatories sén principalment macrofags i neutrofils; els limfocits es troben més
dispersos’®. La preséncia d’antigens i RNA virals en les neurones d’aquestes
localitzacions confirma el neurotropisme de 'EV-A71, pero l'area d’inflamacié

acostuma a ser molt més extensa’®.
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Figura 8. Troballes anatomopatologiques en un cas éxitus per encefalitis de
tronc per EV-A71: A) edema pulmonar neurogeénic (tinci6 hematoxilina-eosina);
B) prominéncia de neutrofils en el tronc de I'encefal (tinci6 hematoxilina-
eosina); C) tincié immunohistoquimica per a la localitzacié d’antigen d’EV-A71
en el tronc de I'encéfal. Figura extreta de la revista Journal of Pathology’®.

Pel que fa a altres localitzacions, en casos de fallada cardiopulmonar
s’observa edema pulmonar amb hemorragies multifocals, amb o sense signes
inflamatoris, en abséncia d’antigens o RNA virals (Figura 7)8°. No s’acostumen
a observar signes de miocarditis®. La deteccié d’antigens i RNA viral a I'epiteli
escamOs de les criptes amigdalines, perd no en altres regions del tracte

gastrointestinal, suggereix que aquest és el lloc de replicacié primari®?!.

2.3.10.5 Fisiopatologia de I'encefalitis de tronc per EV-AT71

L’EV-A71, després d’infectar I'hoste, envaeix els llocs de replicacié

primaris. Seguidament es pot disseminar mitjancant viremia, colonitzant la pell i
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altres organs’®. El neurotropisme de I'EV-A71 i la citolisi que indueix es van
demostrar per primera vegada mitjangant la deteccié d’antigens i RNA virals en
neurones de pacients éxitus per encefalomielitis a Malaisia I'any 1999%2. A
diferéncia d’altres EV, s’hipotetitza que la neuroinvasio es produeix principalment
per transport axonal retrograd, des dels parells cranials i els nervis motors
periferics fins als nuclis motors del tronc de I'encéfal i les astes anteriors de la

medul-la espinal, respectivament (Figura 9) 83,
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Figura 9. Hipotesi sobre I'entrada de 'EV-A71 al SNC. Il-lustracié extreta de la
revista Brain Pathology’®.

La teoria del transport axonal retrograd es basa en els estudis de Chen et
al. que treballant en models de ratoli va observar que, després de la inoculacié
intramuscular d’EV-A71 en extremitats inferiors, es detectava a les astes
anteriors de la medul-la espinal distal i després s’estenia a segments superiors;
després de la inoculacié intramuscular en extremitats superiors, es detectava a
les astes anteriors de la medul-la espinal proximal®. També va reportar que la
colquicina, un inhibidor del transport axonal, reduia la neuroinfeccié de forma

dosi dependent®s.

Després de I'entrada en el SNC, 'EV-A71 produeix mort cel-lular neuronal
i astrocitica, el que desencadena una resposta inflamatoria i immunitaria
(cascada de citocines) que resulta en I'encefalitis de tronc®*. Les citocines més
elevades en pacients amb edema pulmonar neurogénic son: interleuquina-1p (IL-
18), IL-1RA, factor estimulant de colonies de granulocits (G-CSF), IL-6, IL-10,
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factor de necrosi tumoral a (TNF-a) i interfer6-y (IFN-y)&. Per altra banda,
l'alteracié dels centres vasomotors i respiratoris produeix alliberacid de
catecolamines i disfuncié autonomica®. S’hipotetitza que la causa de I'edema
pulmonar i la fallada cardiopulmonar és I'efecte combinat de la cascada de

citocines i I'alteracio dels centres vasomotors i respiratoris.

Els receptors de la immunitat innata que reconeixen 'EV-A71 sén el gen
induible de l'acid retinoic | (RIG-I) i la proteina associada a la diferenciacio del
melanoma 5 (MDAS), ambdues de la familia de receptors tipus RIG-I (RLR), i el
receptor tipus Toll 3 (TLR3) (Figura 10)%’. La uni6é de 'EV-A71 als receptors RLR
desencadena una cascada de senyalitzaci6, mitjancant la proteina de
senyalitzacié antiviral mitocondrial (MAVS), que activa els interferons de tipus |
(IFN tipus 1) i del factor nuclear potenciador de les cadenes lleugeres k de les
cél-lules B activades (NF-kB)&. La uni6 al receptor TLR3 activa IFN-B i NF-kB.

Els IFN tenen un paper clau en limitar la replicacio viral®®.

A més, recentment s’ha descrit que I'EV-A71 pot induir piroptosi,
mitjangant 'assemblatge d’'un complex supramolecular anomenat inflammasoma
que desencadena una cadena de senyalitzacié en la qual destaca la caspasa-1
i la gasdermina D (GSDMD)33. La piroptosi és una forma de mort cel-lular
programada altament inflamatoria desencadenada per patogens intracel-lulars

que probablement formi part de la resposta antimicrobiana®2.

Per altra banda, 'EV-A71 disposa de multiples mecanismes per inhibir la
resposta immunitaria antiviral (Figura 10). Les proteinases virals 2AP7© | 3CP™,
que escindeixen la poliproteina de 'EV-A71, també poden escindir proteines del
sistema immunitari de I’hoste, com per exemple RIG-I, MDA5, MAVS i GSDMD,

afavorint la propagacio del virus8:93-9,

Aquestes troballes, junt amb I'evidéncia anatomopatoldogica que l'area
d’inflamacié acostuma a ser molt més extensa que l'area on es detecta la
presencia del virus en pacients amb encefalomielitis’®, han conduit a la hipotesi
que meés enlla del dany cel-lular directe produit per 'EV-A71, gran part de la
patologia s’explica per la resposta inflamatoria desencadenada en I'hoste.
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Figura 10. Receptors de la immunitat innata i estrategies d’evasio de 'EV-AT1.
Figura extreta de la revista Viruses 8.

Encara existeix un buit de coneixement pel que fa a factors de risc de
fallada cardiopulmonar en la infecci6 per EV-A71. Pel que fa a factors
dependents del virus, alguns estudis associen determinats subgenotips amb
major gravetat?®. Més recentment, algunes mutacions puntuals s’han associat
amb major gravetat®. De forma similar, alguns factors genétics de I'hoste, com
per I'exemple 'HLA-A2, s’han associat a major gravetat, pero el principal factor
de risc és I'edat menor de 2 anys, probablement per la manca d’immunitat

especifica i creuada que confereix I'exposicioé repetida a infeccions per EV®7:%,

2.3.10.6 Clinica

Les infeccions per EV-A71 poden cursar de forma asimptomatica i
sobretot afecten a lactants i escolars®®. Caracteristicament s’associen amb la
MBMP i I'herpangina®. Poden produir febre sense focus, infeccions respiratories
de vies altes, bronquitis, bronquiolitis, pneumonia i gastroenteritis®®. També pot
causar patologies neurologiques agudes com la meningitis aseptica, I'encefalitis,
'encefalitis de tronc i menys freqientment la sindrome de Guillain-Barré i
I'encefalomielitis, a vegades de curs fatal (Taula 2)%°. Donada la important
morbimortalitat associada, en I'escenari actual en que la poliomielitis es
considera radicada en la majoria de paisos del mén, 'EV-A71 s’ha guanyat el

sobrenom de “la poliomielitis del segle 2171,
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Manifestacié

Definicio

MBMP Febre i exantema papulovesicular palmoplantar que es pot
acompanyar de vesicules o Ulceres bucals. L’exantema pot ser
maculopapular i també pot afectar natges, genolls i colzes.

Herpangina Febre i mdltiples Ulceres bucals posteriors

Meningitis aséptica

Febre, cefalea, vomits, signes meningis, pleocitosi (>5-10

cél-lules/mm?3 de LCR) i cultiu de LCR negatiu

Encefalitis de tronc

Miocldnies, ataxia, nistagme, parésies oculomotores i parésies
bulbars en diferents combinacions, amb o sense RM cerebral
alterada. En regions subdesenvolupades, el diagnostic d’encefalitis
de tronc pot realitzar-se en nens amb mioclonies frequents i

pleocitosi

Encefalitis

Disminuci6é de consciéncia (somnoléncia, letargia o coma),

convulsions o mioclonies

Encefalomielitis

PFA amb mioclonies, ataxia, nistagme, parésies oculomotores i

parésies bulbars en diferents combinacions

Disfuncié autonomica

Suor freda, cutis reticular, taquicardia, taquipnea i hipertensio

arterial

Edema/hemorragia

Destret respiratori amb taquicardia, taquipnea, crepitants i

pulmonar secrecions respiratories rosades que apareix després de la
disfuncié autonomica, amb radiografia toracica que mostra infiltrats
pulmonars bilaterals sense cardiomegalia

Fallada Taquicardia, destret respiratori, edema pulmonar, mala perfusié

cardiorrespiratoria

periférica que requereix inotrops, edema pulmonar per radiografia
toracica i disfuncio contractil per ecocardiografia

Taula 2. Manifestacions cliniques de la infeccié per EV-A71. Taula extreta de la
WHO Guide to Clinical Management and Public Health Response for HFMD2,

El terme MBMP, tal i com defineix la guia clinica de 'OMS, designa un

exantema febril (Figura 11)!°. Com que en els paisos d’Asia i Regié del Pacific,

on la infeccio per EV-A71 representa un problema de salut publica, els brots han

cursat historicament amb manifestacions dermatologiques i neurologiques, en la

literatura cientifica és frequent I'is del terme MBMP per a designar de forma

amplia la infeccié per EV-A71.
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Aquest Us pot resultar xocant en determinades regions on els brots han
cursat amb poques manifestacions dermatologiques degut al baix
dermotropisme del subgenotip causal, com per exemple en el brot d’Hongria I'any
1978%. Les dues etiologies principals de la MBMP sén 'EV-A71 i el CV-A16, i
amb menor frequencia el CV-A6 i el CV-A10. Tanmateix, 'lEV-A71 s’associa amb
major freqliéncia amb brots de patologia neurologica amb important
morbimortalitat. Es important conéixer que I'EV-A71 pot associar-se amb
exantemes de caracteristiques inespecifiques, sobretot en menors de 2 anys®.
L’'onicomadesi és una alteracié unguial infreqient que tipicament es presenta 1-

2 mesos després de la MBMP192,

Figura 11. Lesions mucocutanies de la MBMP: A) Ulceres a la llengua, C i D)
vesicules i Ulceres a ma i peu. Figura extreta de la revista Lancet Neurology °°.

L’encefalitis de tronc es presenta tipicament en forma de febre alta (amb
0 sense exantema), acompanyada d’irritabilitat i/o letargia, amb aparicié posterior
de mioclonies durant la son i tremolor intencional, ataxia i, menys freqientment,
parésies oculomotores, paresies bulbars i/o paralisi flaccida aguda®. La
presencia de mioclonies és més frequent en la infeccié del SNC per EV-A71 que
en altres EV i podria ser un marcador preco¢ d’afectacié neurological®. El
reconeixement d’aquest signe requereix un alt index de sospita, ja que les
mioclonies poden presentar-se de forma fisiologica durant la son. Per altra
banda, també poden presentar-se en altres encefalitis virals®®. La preséncia de
convulsions és infrequient, i en cas de presentar-se habitualment es tracta de

convulsions febrils®°.

L’encefalitis de tronc/encefalomielitis per EV-A71, de forma similar a la
poliomielitis, pot associar simptomes cardiorrespiratoris®. Tal i com s’ha descrit,

'edema pulmonar i la fallada cardiopulmonar es produeixen per I'efecte combinat
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de la cascada de citocines i I'alteracio dels centres vasomotors i respiratoris86,
Habitualment es presenta en forma de MBMP seguida d’un empitjorament sobtat
entre el tercer i el cinqué dia de febre amb edema pulmonar i xoc, precedit a
vegades per simptomes neurologics lleus®. En abséncia de tractament de

suport, associa una alta taxa de mortalitat'®4.

2.3.10.7 Diagnostic

En pacients amb sospita d’infeccio del SNC per EV-A71, TOMS recomana
la recollida de frotis faringi i vesicular (en cas de no presentar vesicules,
recomana la recollida de mostra de femta), ja que sén les mostres més rentables
per a la deteccid del virust®1105 La deteccié en frotis vesicular confirma la
infeccid, mentre que la deteccio en frotis faringi o mostra de femta no permet
descartar I'estat de portador asimptomatic, ja que els EV poden detectar-se de

forma perllongada en faringe (2 setmanes) i femta (6 setmanes a 3 mesos)18101,

L’OMS recomana I'estudi de LCR per confirmar I'afectacié de SNC°L, La
taxa de detecciéo d’'EV-A71 en LCR és de 0-5% mitjancant tecnigues habituals,
de forma similar als PV1%, Tanmateix, el LCR és util per a I'estudi d’altres EV
causants de meningitis aséptica. L’analitica sanguinia també forma part de
I'estudi basic'®l. Pel que fa a proves d’imatge, 'OMS recomana valorar la
realitzaci6 de RM cerebral i medul-lar i ecocardiografia, per confirmar el

diagnostic o per valorar la progressié de la malaltia©?.

2.3.10.8 Pronostic

Segons la guia clinica 'TOMS, el més important en la valoracio inicial d’un
nen amb sospita d’infeccio per EV-A71 és identificar els factors de mal pronostic,
per tal que ingressin en un centre hospitalari on puguin ser monitoritzats i tractats
de forma precoc!®t. S’han descrit diversos factors de mal pronostic, perd pocs
s’han validat de forma prospectiva. Son factors de risc d’afectacié neuroldgica
(no de fallada cardiopulmonar) la preséncia de temperatura maxima = 38,5°C, la
persisténcia de la febre > 3 dies i la preséncia de letargial®. Els pacients amb

menor edat (< 2 anys) presenten major risc de d’afectacié neurologica greul?.
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Els pacients amb signes de disfuncié autonomica, incloent sudoracio freda, pell
reticulada, taquicardia, alteracio de la variabilitat de la freqiencia cardiaca (FC),
taquipnea, hipertensié i hiperglucémia, presenten alt risc de fallada
cardiopulomonari®®19 | a preséncia de parésia d’extremitats també s’associa
amb fallada cardiopulmonar!1®, Existeixen dues classificacions de la gravetat
inicial de la MBMP, la classificacio de 'OMS i la classificacio del Ministeri de Salut
de Vietnam (Taules 3 i 4)1°1111 | a segona té especial interes perqué va ser la
primera en demostrar correlacio entre la gravetat clinica inicial i el pronostic, si

bé la classificacié de 'OMS és la més utilitzada per guiar el tractament!?,

Grau Criteris
Grau 1 MBMP i/o herpangina
Grau 2a Grauli

- Mioclonies observades per la familia (no personal sanitari)
- Letargia

- Temperatura=39°C 0248 h

- Vomits

Grau 2b grup 1 Grauli

- Mioclonies observades per personal sanitari o la familia (= 2 mioclonies/30
minuts o 1 mioclonia i estupor)

- FC 130-150 bpm (ajustada per la febre)

Grau 2b grup 2 Grau 1, mioclonies i

- Tremolor continu, paresia/paralisi d’extremitats o somnoléncia (sense
hipoglucémia)
- FC > 150 bpm (ajustada per la febre)

- Temperatura rectal = 39,5°C i manca de resposta a antitermics durant 4 hores

Grau 3 Complicacions greus neurologiques o cardiopulmonars:

- FC>170bpm

- Suor profusa

- Hipertensio arterial (pressi6 arterial sistolica > percentil 95)
- Alteracions respiratories: taquipnea, dificultat respiratoria

- Convulsions

- Coma (escala de Glasgow < 10 punts)

Grau 4 Complicacions greus:
- Edema pulmonar agut
- Fallada cardiopulmonar

- SatHb < 92% amb oxigenoterapia amb ulleres nasals 6 a Ipm

- Parada respiratoria o gasping

Taula 3. Classificacio de la MBMP del Ministeri de Salut de Vietham. Taula
extreta de la revista Trials!12,
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Grau

Criteris

MBMP/herpangina no complicada

MBMP i/o herpangina

MBMP amb afectacié del SNC

Signes meningis

Mioclonies

Ataxia, tremolors
Letargia

Debilitat d’extremitats
Afectaci6 del SNC i

- FC 150-170 bpm

- Hipertensié arterial

MBMP amb disfuncié autonémica

- Sudoraci6 profusa
- Alteracions respiratories  (taquipnea,

dificultat respiratoria)

MBMP amb fallada cardiopulmonar Disfuncié autondmica i;
- Hipotensié/shock
- Edema/hemorragia pulmonar

- Fallada cardiaca
Taula 4. Classificacié de la MBMP de 'OMS. Taula extreta de la guia clinica A

Guide to Clinical Management and Public Health Response for Hand, Foot and
Mouth Disease (HFMD)2,

Pel que fa a proves de laboratori, la pleocitosi es descriu de forma
invariable en els pacients que presenten fallada cardiopulmonar, fins i tot en
aquells que no havien presentat simptomes neuroldgics®. Tanmateix, també pot
trobar-se pleocitosi lleu en pacients no greus®. L’elevacié dels nivells de lactat
en LCR també s’associa amb mal pronostic!'3. La preséncia de leucocitosi amb
neutrofilia s’associa amb fallada cardiopulmonar!l®, L’elevacié dels nivells de
creatinina fosfoquinasa s’observa en pacients amb afectacié cardiacal®®, i
I'elevacié dels nivells de troponina | és indicativa de fallada cardiopulmonar

imminent114,

Pel que fa a proves de neuroimatge, 'OMS desaconsella la realitzacié de
tomografia computeritzada (TC)!°%. La RM cerebral i medul-lar és la prova
d’eleccio, ja que permet una millor valoracio del tonc cerebral i de les lesions
caracteristiques®. El protocol habitual inclou seqliéncies ponderades en T1, T2,
FLAIR i estudi de difusi6 (sequéencia T1 post-contrast opcional).

Caracteristicament s’observen lesions hiperintenses en sequéncies ponderades
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en T2 a nivell dorsal de protuberancia i bulb (a vegades mesencéfal) i nuclis
dentats del cerebel (Figura 12)!°. També poden observar-se lesions
hiperintenses en sequéncies ponderades en T2 a nivell d’astes anteriors de la
medul-la espinal''®. La normalitat de la RM es correlaciona amb bon prondstic!?e,
La presencia de lesions hiperintenses en sequéncies ponderades en T2 a nivell
dorsal de bulb, aixi com la preséncia de lesions en multiples arees del SNC,
s’associen amb mal pronostict’118, ’estudi de difusié podria ser més sensible
per a la deteccié precoc¢ de lesions i la restriccio en la difusio en el tronc de
'encéfal, indicativa d’edema citotoxic, podria associar-se amb fallada

cardiopulmonartt®120,

IZ, Cervical and thoracic spinal cord Ventral lumbar nerve roots @ Peripheral nerve roots

[F‘ Dorsal medulla of the brainstem ?l Dorsal medulla of the brainstem m Dorsal pons and dentate nuclei
of the cerebellum

Figura 12. Troballes de RM en pacients amb encefalitis de tronc per EV-A71:
A) senyal hiperintensa en sequéncia ponderada en T2; B i C) captaci6 de
contrast; D i E) restriccio de la difusio; F) senyal hiperintensa en T2. Figura

extreta de la revista JAMA Neurology**®.

La preséncia d’edema pulmonar i fallada cardiopulmonar s’observa en la
RX de térax en forma d’infiltrats pulmonars bilaterals, sense cardiomegalia.
Tanmateix, si que es poden observar signes disfuncié ventricular esquerra, amb

0 sense regurgitacié mitral©8,

Segons una meta-analisi recent, la incidéncia acumulada de sequeles a

llarg termini o mort és del 20% (p25-p75: 10%-31%), essent més elevada en
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pacients amb manifestacions inicials més greus (fallada cardiopulmonar). Pel
que fa a I'evolucio de la parésia d’extremitats, un estudi va reportar que el 71%
presenten recuperacié completa als 2-3 mesos i el 13% presenten paresies
residuals als 6 mesos; la recuperacié va de distal a proximal*?l. Alguns estudis
han associat la infeccié del SNC per EV-A71 amb el desenvolupament a llarg

termini de déficit d’atencié amb hiperactivitat'22.

2.3.10.9 Prevencio

Tal i com s’ha exposat, la MBMP per EV-A71 suposa un problema de salut
publica en el Sud-Est Asiatic, i és per aquest motiu que aquests paisos han
liderat el desenvolupament de vacunes. L’Administracio d’Aliments i Farmacs de
la Xina va aprovar la primera vacuna inactivada front a 'lEV-A71 el desembre de
2015 (Sinovac Biotech Co., Ltd.), i la segona el gener de 2016 (Chinese Academy
of Medical Sciences)®®. Ambdues estan dirigides front al subgenotip EV-A71
C4a%. Un assaig clinic de fase 3 amb la primera vacuna va demostrar una
eficacia vacunal superior al 90% front a la MBMP per EV-A71 i una taxa de

seroconversio del 88-929%,123,

2.3.10.10 Tractament

L’OMS destaca la importancia de la deteccio precog de signes de gravetat
en la MBMP, ja que els casos greus poden presentar un empitjorament sobtat
que associa una alta taxa de mortalitat en abséncia de tractament!®, Es tant
important I'exploracié neuroldgica com la cardiocirculatoria (incloent mesura de
la tensié arterial i la freqléncia cardiaca) per a una correcta valoracié. El
tractament és de suport, ja que no es disposa de cap antiviral aprovat!®l. L'OMS

proposa un algoritme terapeutic en funcié de la gravetat clinica (Taula 5)°1,

Grau Seguiment/Tractament

MBMP no complicada | Alta al domicili amb signes d’alarma
Seguiment cada 1-2 dies durant els propers 7 dies
Paracetamol

Ingesta hidrica abundant
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MBMP amb afectacio Ingrés hospitalari

del SNC Paracetamol

Oxigenoterapia

IGIV (no indicades en meningitis aséptica, a valorar en encefalitis

de tronc, recomanades en paralisi flaccida aguda)

MBMP amb disfuncié Ingrés a Unitat de Cures Intensives Pediatrica
autonomica Seroterapia intravenosa

Considerar intubacié precog

IGIV

Inotrops (dobutamina, milrinona)

MBMP amb fallada Ingrés a Unitat de Cures Intensives Pediatrica
cardiopulmonar Seroterapia intravenosa

Ventilacié mecanica

Inotrops (dobutamina, milrinona)

IGIV (si no s’han administrat préviament)

Taula 5. Tractament recomanat segons la classificacio de la MBMP de 'OMS
Taula extreta de la guia clinica A Guide to Clinical Management and Public
Health Response for Hand, Foot and Mouth Disease (HFMD)°1,

En multiples paisos afectats per brots de MBMP per EV-A71 s’ha reportat
I'as d’IGIV. S’hipotetitza que tant la preséncia d’anticossos neutralitzants com les
propietats antiinflamatories inespecifiques podrien ser beneficioses. A més, I'is
d’'IGIV s’ha descrit en altres infeccions per EV#3. Estudis retrospectius
suggereixen que lI'administracié preco¢ d’IGIV suposa un benefici clinicl®®.
L’analisi de citoquines abans i després de I'administracié d'IGIV també mostra
una reduccié de diverses citoquines proinflamatories en pacients amb disfuncié
autonomica'?*. Tot i la manca d’assajos clinics randomitzats, I'is d’IGIV és estés
a la practica clinica. La pauta d’administracié més frequent és 1 g/kg cada 24

hores durant 2 dies (dosi total 2 g/kg).

Els pacients amb disfuncid6 autonomica o fallada cardiopulmonar sén
candidats a mesures de suport a Unitat de Cures Intensives Pediatrica (UCIP),
incloent ventilaci6 mecanica, seroterapia intravenosa, administracié d’inotrops
(dobutamina, milrinona) i oxigenaci6 amb membrana extracorporiatol.
L’administracio de seroterapia endovenosa s’ha de realitzar amb precaucié pel

risc dedema pulmonari®l, Un estudi retrospectiu (n=24) va mostrar que
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I'administracié de milrinona en pacients amb edema pulmonar s’associava amb

menor mortalitat1%4,

L’administracié de glucocorticoides endovenosos en la MBMP per EV-A71
és controvertida, doncs no esta recomanada per 'OMS!, Tanmateix,
s’hipotetitza que podria ser beneficiosa, al igual que en les mielitis agudes virals,
i de fet se n’ha reportat I'us en diferents brots, com per exemple el d’Australia
I'any 2013%%°, Un experiment amb model de ratoli va mostrar que I'administracio
precoc (primeres 72 hores) podria ser perjudicial'?®. Estudis observacionals en
humans han arribat a conclusions similars'?6. La pauta d’administraci® més
frequent és metilprednisolona intravenosa, bolus de 30 mg/kg cada 24 hores

(maxim 1 g) durant 3 dies!®.

2.4 GENERE PARECHOVIRUS
2.4.1 Classificaci6

El génere Parechovirus forma part de la familia Picornaviridae. Al seu torn,
el génere Parechovirus esta constituit per quatre especies, Parechovirus A-D*2.
L’espécie Parechovirus A, amb major interés clinic, se subclassifica en 19
genotips, els parechovirus humans 1-19 (HPeV-1-19)'?7. Els HPeV-1i 2 van ser
aillats per primera vegada en pacients amb gastroenteritis I'any 1956, i van
classificar-se dins del génere Enterovirus com E-22 i 2328, No va ser fins I'any
1992 que l'analisi de la sequéncia completa de I'E-22 va permetre reclassificar
els HPeV dins d’'un génere independent®. Per aquest motiu, historicament EV i

HPeV s’han estudiat de forma conjunta.

2.4.2 Epidemiologia

L’estacionalitat de les infeccions per HPeV és variable, ja que depén del
genotip. El HPeV-1 circula durant tot I'any. La incidéncia d’infeccions per HPeV-
3 és més variable, amb un pic a I'estiu i amb un patr6 bianual en determinats
paisos®?. Les infeccions per HPeV poden cursar en forma de brots epidémics??,

La seropositivitat front a HPeV-1 és gairebé universal en adults, mentre que front
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a HPeV-3 és menor!®, Les infeccions per HPeV afecten principalment a lactants,
essent el HPeV-1 el genotip predominant®3L. Les infeccions més greus afecten a
menors de 6 mesos, per la major incidéncia de HPeV-3 en aquest grup d’edat*3L.
Es transmeten principalment per via fecal-oral. L’excrecié en femtes és més

perllongada (7 setmanes) que I'excrecié a orofaringe (1-3 setmanes)32.

2.4.3 Estructura

El genoma del HPeV té una longitud aproximada de 7.300 nucleotids, que
compren una regio 5’ no traduida, una regié ORF, una regi6 3’ no traduida i una
cua poliadeniladal®. La capside viral icosaédrica esta constituida per 60
protomers, formats per assemblatge de les proteines estructurals VPO, VP1 i
VP3. La traducci6 de la regido ORF codifica una poliproteina que és escindida en
3 proteines estructurals (VPO, VP1 i VP3) i 7 proteines no estructurals (2A-C i
3A-D)%°. A diferéncia dels EV, la regié VPO no és escindida en VP2 i VP4, per la

qual cosa només conté tres polipéeptids diferents!33,

2.4.4 Fisiopatologia

Un cop s’ha produit la infeccid, els llocs de replicacio primaris son el tracte
gastrointestinal i respiratori*®*. En una minoria de casos, les infeccions per HPeV
es poden disseminar per via hematogena a altres organs, incloent el SNC o el

fetge, que poden actuar com llocs de replicacié secundaris'®4.

2.45 Clinica

Les infeccions per HPeV son freqientment asimptomatiques i sobretot
afecten a lactants'®l. Generalment produeixen gastroenteritis i infeccions
respiratories de vies altes i baixes. La majoria d’infeccions greus per HPeV
s’associen amb HPeV-3, que afecta principalment a menors de 3 mesos en forma
de sépsia, malaltia similar a sépsia o meningoencefalitis'3®. Tal i com es descriu
en el brot d’Australia I'any 2013, en un context epidemiologic compatible, és

suggestiva d’aquesta etiologia la preséncia de febre, irritabilitat i exantema
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(Figura 13)'35, L’exantema és caracteristicament maculopapular eritematos de
distribuci6 generalitzada o palmoplantar*®. Poden presentar distensié
abdominal, a vegades amb protrusié6 umbilical, aixi com apnees!®®. Les
infeccions per HPeV (sobretot HPeV-3) sén la segona causa d’infeccié del SNC
en menors de 2 mesos, després de les infeccions per EV. La meningoencefalitis
per HPeV cursa tipicament amb crisis convulsives i s’associa amb risc de
sequeles per lesié de substancia blanca'®. Els HPeV sbén una causa infrequient
de PFAY’, Altres manifestacions infreqlients sén: hepatitis, insuficiencia hepatica
aguda, sindrome hemolitica uremica, miocarditis, miositis, herpangina, MBMP,
sindrome de mort sobtada del lactant, limfohistiocitosi hemofagocitica (HPeV-3),
hiperferritinemia extrema amb disfuncio transitoria de la citotoxicitat NK (HPeV-

3) i sindrome de Reye'?’.

Figura 13. Exantema caracteristic de la infeccié per HPeV-3. Imatge extreta de
la revista Clinical Infectious Diseases .

2.4.6 Diagnostic

Els HPeV poden detectar-se en mostres invasives (sang o LCR) i no
invasives (femta i secrecions respiratories). Al igual que en el cas de I'EV, la
deteccio de material genétic mitjancant RT-PCR (amb encebadors especifics per
alaregio 5’ no traduida) esta desplagant I'aillament viral en cultiu'?’. Les mostres
més rentables per a la deteccié de HPeV sén les femtes (sensibilitat de fins al
95%) i el LCR (sensibilitat de fins al 84%)*38,
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De forma similar a 'EV, I'amplificacié de la regié VP3/VP1 (que és
preferible a I'amplificacid de la regid VP1) i sequenciacié de I'amplicd esta

desplacant el test de neutralitzaci6 per a la tipificacié de HPeV1%,

2.4.7 Prevencid i tractament

No es disposa de cap vacuna ni antiviral per a les infeccions per HPeV,
per la qual cosa el tractament és de suport'?’. L’Gs d’ IGIV inespecifiques també
s’ha descrit en infeccions greus per HPeV, perd falten evidéncies per a una

recomanacio fortal?’.

2.5 BIOLOGIA MOLECULAR APLICADA A LA DETECCIO D’EV | HPeV
2.5.1 Generalitats

Tal i com s’ha comentat al llarg de la introduccid, les técniques de biologia
molecular estan reemplacant de forma progressiva les tecniques classiques per
a la deteccio d’EV i HPeV. Per exemple, la RT-PCR esta substituint I'aillament
viral en cultiu cel-lular per a la deteccié d’'EV?. La RT-PCR és més sensible, més
rapida i pot detectar EV no cultivables®®. Moltes tecniques de RT-PCR per a la
deteccio d’EV utilitzen encebadors que identifiquen seqiéncies de la regidé 5’ no
traduida d’alta homologia, per la qual cosa detecten EV (incloent RV) sense
diferenciar genotip ni subgenotip3®. El mateix és aplicable a la deteccié de HPeV.

La possibilitat de contaminacié creuada és un inconvenient a tenir en compte®.

De forma similar, 'amplificacio de la regié VP1 i sequenciacio de 'amplico
esta desplagant el test de neutralitzacio per a la tipificacié d’EV38. La regi6 VP1
es correlaciona amb el serotip viral, per la qual cosa es pot realitzar la tipificacio
mitjangant la comparacié d’un fragment 3’ de la regié VP1 d’'un EV amb una base
de dades de sequiéncies prototip*°. Aquesta técnica també és més sensible, més
rapida i permet tipificar EV no serotipables®®. En el cas dels HPeV, la regi6
amplificada és VP3/VPL1.
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Una alternativa per a la deteccié d’EV-A71 en un sol pas és una RT-PCR
amb encebadors especifics d’'EV-A71'40, Aquesta técnica és rapida, senzilla i
econdmica, pero pot donar falsos negatius en cas d’aparicié de noves variants,
per la qual cosa requereix vigilancia epidemiologica mitjancant un altre

metodel40,

Recentment s’han realitzat grans avencos en el camp de la biologia
molecular. Algunes técniques ja han arribat a la practica clinica, com la PCR
niada multiple, i d’altres s’estan comencgant a obrir pas, com la mNGS clinica. La
PCR niada mdultiple és una tecnica que combina la detecci6 simultania de
multiples patogens que ofereix la PCR multiple i l'alta sensibilitat que ofereix la
PCR niada. Les primeres aplicacions de la PCR niada multiple en I'estudi de
meningitis/encefalitis de causa desconeguda daten de mitjans de 19904, En el
context de la infeccio del SNC per EV-A71, s’ha utilitzat per a la diferenciacié de
genotips i subgenotips d’'EV, perd no per al diagnostic diferencial amb altres
patdogens!#?. El FilmArray® Meningitis/Encephalitis (FA-M/E) panel utilitza la
técnica RT-PCR niada multiple per a la deteccio simultania de 16 patogens que
son causa frequent de meningitis/encefalitis: 6 bacteris (S. pneumoniae, N.
meningitidis, S. agalactiae, H. influenzae, L. monocytogenes, E. coli K1), 8 virus
(EV, HPeV, virus herpes simple 1 i 2 [VHS-1i 2], virus herpes huma 6 [VHH-6],
citomegalovirus, virus Epstein Barr, virus varicel-la zoster) i 2 fongs
(Cryptococcus gattii/neoformans)'*3. EI seu Us s’ha reportat en l'estudi de
meningitis i encefalitis de causa desconeguda*3, pero no en la infeccié del SNC
per EV-A71, si bé és una técnica rapida que permet detectar simultaniament EV

i altres patdogens que formen part del diagnostic diferencial d’aquesta entitat.

La mNGS clinica és una tecnica que suposa un canvi de paradigma en el
camp de la microbiologia, ja que permet I'estudi de microorganismes de forma
no dirigida. D’aquesta manera es pot identificar simultaniament un ampli rang de
patogens (bacteris, virus, fongs i parasits) i sequenciar el genoma complet, fent
possible la deteccié de canvis genétics en patdogens esperats, la descoberta de
patogens inesperats o fins i tot el descobriment de nous patogens. L’encefalitis
representa en I'actualitat un important repte diagnodstic, doncs el percentatge de

casos que romanen sense diagnostic després d’estudi mitjangant técniques
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habituals és de 63-80%44145, Les primeres aplicacions de la mNGS en I'estudi

d’encefalitis daten de mitjans de 2010, si bé tampoc no s’ha reportat el seu us en
la infeccié del SNC per EV-A7145,

2.5.2 Breu descripcié metodologica

2.5.2.1 PCR, real-time RT-PCR i PCR niada multiple

La PCR és la técnica de biologia molecular més utilitzada en la deteccié

de patogens'#’. La PCR convencional requereix una cadena de DNA motlle, DNA

polimerasa (Taq polimerasa), un parell d’encebadors especifics, nucleotids i

termociclador (reactius a part)!“é. La mescla se sotmet a cicles d’altes i baixes

temperatures durant els quals es desnaturalitzen les cadenes de DNA, s’hibriden

els encebadors i se sintetitzen les noves cadenes de DNA'#8, Després de 30-45

cicles, la PCR genera 2" copies d’'una unica cadena de DNA (n = numero de

cicles).

Variants de la PCR convencional:

RT-PCR: Inicialment es converteix una cadena de RNA en DNA
complementari mitjancant una transcriptasa inversa i seguidament es
realitza una PCR convencional'4.

Real-time PCR: PCR que amplifica i pot quantificar el producte de
I'amplificacié de forma simultania'®. Existeixen diferents métodes de
real-time PCR que utilitzen diferents mecanismes de quantificacio. El
cicle llindar es defineix com el nombre de cicles que requereix la
senyal fluorescent per sobrepassar la fluorescéncia basal.

Real-time RT-PCR: Combinacié de la RT-PCR i la real-time PCR, que
es pot realitzar en un sol pas o en dos passos.

PCR niada: En el primer pas, s’amplifica una seqiéncia de DNA
extensa que conté la sequéncia d’interes. En el segon pas, s’amplifica
la sequéncia d’interés dins de 'amplicé que s’ha generat en el primer
pas. Aquesta técnica té una alta sensibilitat i especificitat.

PCR mudltiple: PCR en que s’amplifica simultaniament més d’una

sequencia.
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- PCR niada multiple: Combinacio de la PCR niada i de la PCR mudltiple.

2.5.2.2 Real-time RT-PCR PAN EV d’elaboraci6 propia de 'Hospital Sant Joan

de Déu

El Departament de Microbiologia de I'Hospital Sant Joan de Déu utilitza
una tecnica de real-time RT-PCR PAN EV d’elaboracié propia, que ha sigut
validada per comparacié amb una técnica comercial de referencia'®. La técnica
propia identifica la regié 5’ no traduida i utilitza sondes TagMan?'®. Les sondes
TagMan sén sondes especifiques formades per oligonucleotids amb un fluorofor
a I'extrem 3’ i una molécula que bloqueja I'emissio de fluorescéncia en I'extrem
5’ (en anglés, quencher)'®2, Inicialment, aquestes sondes s’hibriden en la regié
central de la sequéncia diana, sense emetre fluorescéncia perque els dos
extrems soén proxims!®2, Posteriorment la Tag polimerasa, degut a la seva
activitat exonucleasa 5-3’, escindeix la sonda hibridada en la sequiéencia diana,
la qual cosa produeix la separaci6 del fluorofor i el quencher i per tant 'emissio
de fluorescencia, que detecta el termociclador!®?, Aquesta fluorescencia és

directament proporcional a la quantitat d’amplicons.

A continuacié es detalla el protocol de la real-time RT-PCR PAN EV
d’elaboracio propia de I'Hospital Sant Joan de Déu?®:. L’'RNA viral s’extreu a
partir de 200 pyL de cada mostra amb el sistema NucliSENS®easyMag®
(bioMérieux, Marcy I'Etoile, France) i es dilueix en 25 uL de solucié amortidora.
L’amplificacié es du a terme en un sol tub de reaccié utilitzant els encebadors i
la sonda sintetitzats per Applied Biosystems (Applied Byosystems, Foster City,
CA). S’afegeixen 5 yL d’'RNA viral a la mescla formada per 300 nM d’encebador
en sentit directe (5'-CCCTGAATGCGGCTAATCC-3'), 900 nM d’encebador en
sentit invers (5-ATTGTCACCATAAGCAGCCAZ'), 150 nM de sonda (5'FAM-
AACCGACTACTTTGGGTGTCCGTGTTTC-3TAMRA), 2x QuantiTect Probe
RT-PCR Master Mix (QuantiTect Probe RT-PCR Master Mix kit, QIAGEN), 1x
QuantiTect RT Mix (QuantiTect Probe RT-PCR Master Mix kit, QIAGEN), 1 uL
de control intern i aigua lliure de nucleasa. El control intern consisteix en
TagMan® RNase P Detection Reagents (VIC™) (Applied Biosystems), que
inclou iniciadors de RNasa P humana i la sonda TagMan amb fluorofor VIC a
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'extrem 5’. EI DNA s’amplifica mitjancant I'’Applied ABI PRISM 7300 Analytical
PCR System (Applied Biosystems, Foster City, CA). Cada reaccio consisteix en
30 minuts a 50°C, 15 minuts a 95°C, seguit per 45 cicles de 15 segons a 95°C i
1 minut a 60°C. Els resultats de I'amplificacié s’analitzen amb el SDS software

(Applied Biosystems). Els resultats negatius es defineixen com Ct > 40.

2.5.2.3 FilmArray® Meningitis/Encephalitis panel

El FA-M/E panel utilitza la técnica RT-PCR niada multiple amb analisi
d’alta resolucié de fusié'>3. En aquesta analisi, després de realitzar una PCR,
s’afegeix un fluorofor (per exemple LCGreen®) que s’hibrida al DNA de doble
cadena de forma inespecifica i augmenta la fluorescéncia emesal®.
Seguidament s’escalfa I'amplicé fins assolir la temperatura de fusio, és a dir,
aguella temperatura en que es desnaturalitza el DNA i per tant disminueix la
fluorescéncia emesal®*. La temperatura de fusié és especifica per cada amplicé.
En tot moment es monitoritza la temperatura i la fluorescéncia, que es

representen de forma grafica en una corba de fusio.

A continuaci6 es detalla el protocol del FA-M/E panel®3;

- Extraccio i purificacié dels acids nucleics.

- Transcriptasa inversa: Alguns patogens detectats son virus RNA, per
la qual cosa inicialment s’ha de generar DNA complementari.

- Primera PCR: PCR multiple en que s'utilitzen simultaniament
encebadors per a tots els patogens.

- Segona PCR: El producte de la primera PCR es dilueix, s’afegeix el
fluorofor LCGreen® i es distribueix en una matriu multicel-la (en un
sistema tancat per evitar contaminacid). Cada cel-la conté un parell
d’encebadors especifics que amplifiquen sequencies d’interés dins
dels amplicons que s’han generat en la primera PCR (per triplicat).

- Analisi d’alta resolucié de fusio: S’escalfen les cel-les i es monitoritza
la fluorescéncia per generar una corba de fusié.

- Processament de la informacié: El software processa la informacié de

cadascuna de les cel-les i déna un resultat.
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2.5.2.4 Sequenciacio de primera generacio

La tecnologia Sanger permet la lectura de sequéncies de DNA
relativament curtes (< 1.000 parells de bases), per la qual cosa s'utilitza per a
sequenciar regions d’interés que préviament s’han amplificat mitjancant PCR
amb encebadors especifics'®®. La tecnologia Sanger, o métode de terminacié de
cadena, requereix una cadena simple de DNA (regio d’interés), DNA polimerasa,
encebadors, desoxinucleotids i 2’,3’-didesoxinucleotids trifosfats (ddNTP), és a
dir, desoxinucleotids amb un grup hidroxil en el seu extrem 3’ que bloqueja la
incorporacié de nous desoxinucleotids!®®. Hi ha diferents variants del métode de
terminacio de cadena, perd la més exitosa és la sequienciaci6 amb ddNTP
marcats amb fluorofors, en la qual cadascun dels quatre ddNTP (A, C, G i T) esta
marcat amb fluorofors que emeten longituds d’ona diferents, perqué permet la
sequenciacid en un sol tub de reacci6é'®. En cada cicle, s’incorpora un
desoxinucleotid o ddNTP a I'atzar!>®. Finalment es desnaturalitzen les cadenes
d’ADN i se separen per pes molecular mitjancant electroforesi en gel de
poliacrilamida, la qual cosa permet I'obtenir un cromatograma mitjangant un
microscopi de fluorescencia (Figura 14)'5. La seqiiéncia es compara amb bases

de dades de sequiéencies de patdogens conegudes.

First generation sequencing (Sanger)

1 Genomic DNA o - . RS WS e

y v v '

2 Fragmented B - - = mm =emmm /ﬁ
DNA l

3 Cloning and amplification o)

3..GACTAGATCCGAGCGTGA..5
B Sequencmg . = - - s =

5. GAT.. > | _.CTGAT®..
r ) ..CTGATC®...
| (l ..CTGATCT@...
5 Detection I [ | —
J\ I\ ..CTGATCTA@®...
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...CTGATCTAGGCTCGCACT..

Figura 14. Sequenciacié amb tecnologia Sanger. Il-lustracio extreta de la
revista Nature 6.

L’Hospital Sant Joan de Déu col-labora amb la Unitat d’EV del Centre
Nacional de Microbiologia de I'Institut de Salut Carles Il per a la tipificacio

d’EV'S’. En aquest centre, 'RNA viral s’extreu de cada mostra amb el sistema
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QIAamp Viral RNA mini kit (Germany, QIAGEN). A continuacio es realitza RT-
PCR niada amb encebadors especifics per a les espécies dEV-A, B, Ci D i
seguidament es realitza sequenciacié Sanger d’'un fragment 3’ de la regid

codificant per a la proteina VP11%8,

2.5.2.5 Sequenciacio de segona generacio

La tecnologia NGS permet la sequienciacié de multiples fragments de DNA
en paral-lel, produint milions de lectures en un sol pas, el que suposa un gran
avencg respecte la sequenciacido de primera generacié. La mNGS clinica és
I'aplicacio de la tecnologia NGS per a la deteccié de multiples patogens presents
en una mostra clinica, sense requerir encebadors especifics (o utilitzant maltiples
encebadors)®°. Aquesta tecnologia permet sequienciar el genoma complet d’un
patogen (o mdultiples patdogens), i per tant no només detectar-lo, sind6 també
tipificar-lo i fins i tot poder identificar gens de viruléncia o de resisténcia

antibacteriana.

Inicialment es fragmenta el DNA i s’afegeixen sequéncies adaptadores als
extrems mitjancgant lligacié, en un procés denominat preparacié de la llibreria®®®.
Seguidament se seqlencien els fragments i s’analitzen mitjangant procediments
bioinformatics'®® (Figura 15). En la mNGS clinica, les sequéncies de genoma
huma sén rebutjades i la resta de seqiiéncies es comparen amb bases de dades
de sequéncies de patogens conegudes. Tots els passos poden introduir errors

gue poden alterar la interpretacio dels resultats, sobretot en I'analisi de RNA.

Els diferents sequenciadors utilitzen diferents tecnologies. Les
plataformes Illumina®, que son les més utilitzades, es basen en el métode de
terminacié ciclica reversible. Inicialment els fragments de DNA se separen i
s’amplifiquen clonalment (clusters)'®. Seguidament s’incorpora DNA
polimerasa, encebadors i nucleotids marcats amb un fluorofor i amb un extrem
3’ que bloqueja la incorporacié de nous nucleotids, ambdoés reversibles!€.
Cadascun dels quatre nucleotids (A, C, G i T) esta marcat amb fluorofors que
emeten longituds d’ona diferents. En cada cicle, els fragments de cada cluster

incorporen un unic nucleotid, es renten els nucleodtids no incorporats i s’obté una

45 DOCTORAND: Didac CASAS ALBA



imatge mitjancant un microscopi de fluorescencial®®. Finalment s’escindeix el
fluordfor i 'extrem 3’ que bloqueja la incorporacié de nous nucleotids per poder
comencar un nou cicle'69,

Second generation sequencing (massively parallel)

1 Genomic DNA S - . R S .

2 Fragmented DNA ] = = l o e mm
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Figura 15. Sequenciacié amb tecnologia NGS. Il-lustracié extreta de la revista
Nature 16,

2.5.2.6 Sequenciacio de tercera generacio

S’anomena sequenciacié de tercera generacié a una série de plataformes
que s’han desenvolupat amb I'objectiu de sequenciar molécules uniques en
temps real, sense necessitat de fragmentar ni amplificar el material genetic.

Les plataformes Nanopore s’estan posicionant entre les més utilitzades a
I'actualitat, si bé el seu Us encara esta restringit a 'ambit de la recercal®!. La
sequenciacié6 Nanopore utilitza I'eletroforesi per transportar un polinucleotid
(DNA o RNA) de cadena unica a traves d’'un Nanopore, un biosensor que conté
un orifici d’aproximadament 1 nm de diametre!®l. Amb el pas de cada base
nucleica es produeix una senyal eléctrica caracteristica que permet desxifrar la

sequéncia de la cadena'?.

46 DOCTORAND: Didac CASAS ALBA



Third generation sequencing —??
(Real-time, single molecule) I(

R

Figura 16. Sequenciacié amb tecnologia Nanopore. Il-lustracié extreta de

la revista Nature 156,

2.6 NEOPTERINA COM A BIOMARCADOR DE GRAVETAT

El maneig de l'encefalitis de tronc/encefalomielitis per EV-A71 depén
exclusivament de signes clinics en la majoria de guies i protocols. Alguns
parametres de determinacié habitual, com ara la pleocitosi, I'elevacio de lactat
en LCR, la leucocitosi o la neutrofilia s’han associat amb mal prondstic, pero ja
sigui per la inespecificitat o per la inconsistencia dels resultats, cap d’aquests
parametres s'utilitza en la practica clinica per a guiar el tractament®>119.113 Tot i
els avencos en diferents ambits, manquen biomarcadors amb implicacions
pronostiques i terapéeutiques. En el context clinic actual en que s’estan
desenvolupant nous farmacs, cobra especial rellevancia el descobriment de
biomarcadors, tant per identificar aquells pacients que es beneficiarien d’un
tractament més precog¢, com per mesurar la resposta al tractament de forma

objectiva.

La neopterina, o 2-amino-4-hidroxi-6-(D-eritro-1’,2’,3’-trihidroxipropil)-
pteridina, es forma a partir del trifosfat de guanosina (GTP) a través de la via
GTP-ciclohidrolasa-1'%2. La seva formacié té lloc a monocits, macrofags, cél-lules
dendritiques i cél-lules endotelials, amb I'objectiu d’augmentar la citotoxicitat
d’aquestes cél-lules®?. Els principals inductors de neopterina son l'interfero-y, a
través de la via Jak2/Stat, i el TNF a través de la via NF-kappaB, alliberats per
limfocits T i cél-lules NK*%2 (Figura 17). En resum, és un marcador d’'immunitat

cel-lular.
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Figura 17. Vies per a la induccio de la produccié de neopterina. Figura extreta
de la revista Journal of Biomarkers 162,

L’elevacio de neopterina en LCR s’ha correlacionat amb la gravetat de
multiples infeccions del SNC64165 En el cas de I'encefalitis herpética la seva
elevacio s’ha associat amb sequeles neurologiques i mortalitat, i en el cas de la
infeccioé per VIH, amb la gravetat de la deméncia associada a la SIDA1%6:167 S’hg
descrit una elevacio lleu en els valors de neopterina en LCR en pacients amb
meningitis per EV'%. Considerant aquestes troballes, la neopterina en LCR
podria ser un biomarcador de gravetat en I'encefalitis de tronc per EV-A71, no

estudiat fins a dia d’avui.

La determinacio de neopterina en LCR requereix la conservacio de les
mostres a -70°C amb proteccié luminica®®. Es realitza oxidacié6 amb dioxid de
manganeés i analisi mitjangant cromatografia liquida d’alta resoluci6 i deteccié per

fluorescencial®s.
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La present Tesi Doctoral s’inscriu en el marc de dos projectes FIS
consecutius que han dut a terme una activitat de vigilancia epidemiologica d’EV
i HPeV a Espanya, “Investigacion en infecciones por enterovirus y parechovirus
que causan patologias neuroldgicas y sistémicas severas en poblacién infantil”
(PI115CI11/00020, 2016-2018) i “Investigacién de las infecciones neuroldgicas
graves en nifios causadas por enterovirus emergentes en Espafa: EV-A71y EV-
D68” (PI18CIII/00017, 2019-2021), en que l'autor ha participat en qualitat
d’'investigador col-laborador. Aquests projectes FIS desenvolupen una activitat
de vigilancia epidemioldgica d’EV, reconeguda per 'OMS com un sistema
complementari de vigilancia de poliomielitis, que a més permet estudiar
patologies neurologiques i sistéemiques produides per ENP, que tal i com s’ha
exposat al llarg de la introduccié poden ser una important causa de morbiditat i
mortalitat.

Amb aquests projectes en curs, al mar¢ de 2016 a Catalunya es va
declarar un brot de patologia neurologica aguda associada a infeccié per EV en
poblacié pediatrica. En els primers casos es va identificar I'EV, pero aquestes
dades s’havien d’interpretar amb precaucié donat que les primeres deteccions
es van realitzar en pocs pacients i en mostres no invasives. Vam considerar
oportu estudiar de forma prospectiva aquest brot, per confirmar-ne 'agent causal
i analitzar-ne les caracteristiques cliniques, amb particular eémfasi en les

variables associades a major gravetat.

Durant el brot, la taxa de detecci6 d’EV en LCR mitjancant tecniques
habituals va ser molt baixa, fet que podia generar dubtes sobre I'etiologia i la
fisiopatologia de I'afectacidé neuroldgica en pacients amb deteccié del virus en
mostres exclusivament no invasives. Es plantegen estrategies complementaries
d’abordatge diagnostic, per tal d’analitzar la utilitat de noves técniques de biologia
molecular per demostrar la neuroinfeccié. S’avalua la utilitat de la PCR niada
multiple en comparacié amb les técniques diagnostiques habituals. També es

planteja I'estudi de biomarcadors que podrien tenir implicacions en el pronostic i
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el maneig de la malaltia, com la neopterina en LCR, un marcador d’immunitat
cel-lular I'elevaci6 del qual s’ha pogut demostrar en diverses infeccions virals del

SNC, pero no estudiat en I'encefalitis de tronc per EV fins a dia d’avui.

Es van establir les seguents hipotesis de treball:

— L’aparicié de noves manifestacions cliniques per EV en el nostre medi

s’explica per noves variants d’ENP ja coneguts.

— Existeixen variables cliniques i analitiques associades amb major
gravetat en la infeccié del SNC per EV-A71 (2016).

— EI FA-M/E panel, que utilitza la técnica de PCR niada multiple, és més
sensible per a la deteccidé de RNA d’EV en LCR que els procediments
habituals de real-time RT-PCR.

— L’elevacié de la neopterina en LCR es pot utilitzar com a marcador de
gravetat en la infeccio del SNC per EV, i pot tenir implicacions en el
maneig del pacient després d’interpretar els resultats en diferents

contextos clinics.
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4 OBJECTIUS

D’acord amb les hipotesis descrites, els objectius plantejats en els estudis

gue conformen aquesta tesi doctoral son els seguents:

1. Primer estudi: Casas-Alba D, de Sevilla MF, Valero-Rello A, Fortuny
C, Garcia-Garcia JJ, Ortez C, Muchart J, Armangué T, Jordan |, Luaces
C, Barrabeig |, Gonzalez-Sanz R, Cabrerizo M, Mufioz-Almagro C, Launes C.
Outbreak of brainstem encephalitis associated with enterovirus-A71 in Catalonia,
Spain (2016): a clinical observational study in a children's reference centre in
Catalonia. Clin Microbiol Infect. 2017 Nov; 23 (11): 874-881.

Objectiu general:

1. Descriure les caracteristiques dels pacients pediatrics ingressats per
infeccions per EV amb manifestacions neurologigues en el nostre

medi durant la temporada epidémica de I'any 2016.

Obijectius especifics:

1.1. Descriure les caracteristiques cliniques, analitiques i
microbiologiques dels pacients afectats pel brot d’encefalitis de
tronc associat amb EV-A71.

1.2. Determinar les diferéncies cliniques, analitiques i
microbiologiques entre les diferents formes d’afectacio

neurologica per EV.
1.3. Descriure les caracteristigues cliniques i analitiques de

determinacié habitual associades amb major gravetat en el brot

d’encefalitis de tronc associat amb EV-A71.
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1.4. Determinar el subgenotip i filogenia de 'EV causant de la brot
segons tecniques convencionals d’amplificacié de la regio VP1

i sequenciacio de I'amplicé.

2. Segon estudi: Launes C, Casas-Alba D, Fortuny C, Valero-Rello A,
Cabrerizo M, Mufioz-Almagro C. Utility of FilmArray Meningitis/Encephalitis
Panel during Outbreak of Brainstem Encephalitis Caused by Enterovirus in
Catalonia in 2016. J Clin Microbiol. 2016 Des 28; 55 (1): 336-338.

Objectiu general:

2. Demostrar la neuroinfecci6 en els pacients afectes del brot
d’encefalitis de tronc per EV (2016) mitjancant noves técniques de

biologia molecular per a la deteccié de multiples patogens.

Obijectius especifics:

2.1. Caracteritzacié microbiologica i identificacio de I'agent causal
en LCR dels pacients afectes pel brot d’encefalitis de tronc per
EV (2016).

2.2. Comparar els resultats de la PCR niada multiple i la real-time
RT-PCR PAN EV en l'estudi etiologic del brot d’encefalitis de
tronc per EV (2016).

3. Tercer estudi: Casas-Alba D, Valero-Rello A, Muchart J, Armangué T,
Jordan |, Cabrerizo M, Molero-Luis M, Artuch R, Fortuny C, Mufioz-Almagro C,
Launes C. Cerebrospinal fluid neopterin as a biomarker of disease severity in
children with enterovirus-related brainstem encephalitis. Pediatr Neurol. 2019
Feb; [Epub ahead of print].

Obijectiu general:
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3. Descriure quins son els valors de neopterina en LCR en els pacients

amb encefalitis de tronc per EV.

Objectius especifics:

3.1. Determinar si existeixen diferéncies en els valors de neopterina
entre els pacients amb encefalitis de tronc per EV i els pacients
amb meningitis aseptica per EV descrits en altres séries.

3.2. Avaluar el paper de la neopterina en LCR per a estimar la
gravetat de I'encefalitis de tronc per EV i quins poden ser els

factors de confusio a tenir en compte en la seva interpretacio.

4. Quart estudi: Casas-Alba D, Martinez-Monseny A, Monfort L, Mufioz-
Almagro C, Cabrerizo M, Deya A, Launes C. Extreme Hyperferritinemia in
Dizygotic Twins With Human Parechovirus-3 Infection. Pediatr Infect Dis J. 2016
Des;35 (12): 1366-1368.

Objectiu general:

4. Descriure les caracteristiques dels pacients pediatrics ingressats per
infeccions per HPeV amb manifestacions neurologiques i sistemiques

en el nostre medi durant el periode 2015-2018.

Obijectius especifics:

4.1. Descriure les troballes cliniques i analitigues dels pacients

pediatrics amb infeccié per HPeV.
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Els resultats dels quatre estudis presentats han sigut publicats en quatre
articles que es presenten a continuacio, dels quals el doctorand és el primer autor

en el primer, tercer i quart articles, i el segon autor en el segon article.
Aquests articles han sigut publicats en revistes situades en el primer decil
(primer article), primer quartil (segon article) i segon quartil (tercer i quart articles)

de factor d'impacte de les seves arees de coneixement.

Primer article:

Outbreak of brainstem encephalitis associated with enterovirus-A71
in Catalonia, Spain (2016): a clinical observational study in a
children's reference centre in Catalonia.

Casas-Alba D, de Sevilla MF, Valero-Rello A, Fortuny C, Garcia-Garcia
JJ, Ortez C, Muchart J, Armangué T, Jordan |, Luaces C, Barrabeig
I, Gonzélez-Sanz R, Cabrerizo M, Mufioz-Almagro C, Launes C.

Clin Microbiol Infect. 2017 Nov; 23 (11): 874-881.

ISI Journal Citation Reports Ranking ® 2017: Decil 1.

Impact factor 2017: 5,394

Segon article:

Utility of FilmArray Meningitis/Encephalitis Panel during Outbreak of
Brainstem Encephalitis Caused by Enterovirus in Catalonia in 2016.
Launes C, Casas-Alba D, Fortuny C, Valero-Rello A, Cabrerizo M, Mufioz-
Almagro C.

J Clin Microbiol. 2016 Des; 55 (1): 336-338.

ISI Journal Citation Reports Ranking ® 2017: Quartil 1.

Impact factor 2017: 4,054.

Tercer article:

Cerebrospinal fluid neopterin in children with enterovirus-related

brainstem encephalitis.
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Casas-Alba D, Valero-Rello A, Muchart J, Armangué T, Jordan I,
Cabrerizo M, Molero-Luis M, Artuch R, Fortuny C, Mufioz-Almagro C,
Launes C.

Pediatr Neurol. 2019 Feb; [Epub ahead of print]

ISI Journal Citation Reports Ranking ® 2017: Quatrtil 2.

Impact factor 2017: 2,398.

Quart article:

Extreme Hyperferritinemia in Dizygotic Twins With Human
Parechovirus-3 Infection.

Casas-Alba D, Martinez-Monseny A, Monfort L, Mufioz-Almagro C,
Cabrerizo M, Deya A, Launes C.

Pediatr Infect Dis J. 2016 Des; 35 (12): 1366-1368.

ISI Journal Citation Reports Ranking ® 2017: Quartil 2.

Impact factor 2017: 2,305.
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5.1 Primer article

Outbreak of brainstem encephalitis associated with enterovirus-A71 in
Catalonia, Spain (2016): a clinical observational study in a children's

reference centre in Catalonia.
Casas-Alba D, de Sevilla MF, Valero-Rello A, Fortuny C, Garcia-Garcia
JJ, Ortez C, Muchart J, Armangué T, Jordan I, Luaces C, Barrabeig

|, Gonzalez-Sanz R, Cabrerizo M, Mufioz-Almagro C, Launes C.

Article publicat a:
Clin Microbiol Infect. 2017 Nov; 23 (11): 874-881.
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Objectives: To describe the characteristics of an outbreak of brainstem encephalitis and encephalomy-
elitis related to enterovirus (EV) infection in Catalonia (Spain), a setting in which these manifestations
were uncommon.
Methods: Clinical and microbiological data were analysed from patients with neurological symptoms
associated with EV detection admitted to a reference paediatric hospital between April and June 2016.
Results: Fifty-seven patients were included. Median age was 27.7 months (p25-p75 17.1-37.6). Forty-one
(72%) were diagnosed with brainstem encephalitis, seven (12%) with aseptic meningitis, six (11%) with
encephalitis, and three (5%) with encephalomyelitis (two out of three with cardiopulmonary failure).
Fever, lethargy, and myoclonic jerks were the most common symptoms. Age younger than 12 months,
higher white-blood-cell count, and higher procalcitonin levels were associated with cardiopulmonary
failure. Using a PAN-EV real-time PCR, EV was detected in faeces and/or nasopharyngeal aspirate in all
the patients, but it was found in cerebrospinal fluid only in patients with aseptic meningitis. EV was
genotyped in 47 out of 57 and EV-A71 was identified in 40 out of 47, being the only EV type found in
patients with brainstem symptoms. Most of the detected EV-A71 strains were subgenogroup C1. Intra-
venous immunoglobulins were used in 34 patients. Eight cases (14%) were admitted to the intensive care
unit. All the patients but three, those with encephalomyelitis, showed a good clinical course and had no
significant sequelae. No deaths occurred.
Conclusions: The 2016 outbreak of brainstem encephalitis in Catalonia was associated with EV-A71
subgenogroup C1. Despite the clinical manifestations of serious disease, a favourable outcome was
observed in the majority of patients. D. Casas-Alba, Clin Microbiol Infect 2017;23:874
© 2017 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All
rights reserved.
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Introduction

An outbreak of enterovirus (EV) infection affecting more than
100 children with acute brainstem symptoms was reported in
Catalonia (Spain) between April and June 2016. EV detected in the
first patients were typed as EV-A71 [1,2].

EV-A71 infections characteristically present as hand-foot-
mouth disease (HFMD) or herpangina, but they are also associ-
ated with neurological pathologies [3.4], causing epidemics of
aseptic meningitis, brainstem encephalitis, encephalomyelitis, and
acute flaccid paralysis (AFP) largely restricted to infants [4]. The
first association of EV-A71 with an outbreak of neurological disease
occurred in California between 1969 and 1972 (5], although a
subsequent retrospective study detected EV-A71 in samples from
1963 from The Netherlands [G]. In Europe, there were large out-
breaks in Bulgaria and Hungary in the 1970s |7.8]. Since then, large
outbreaks of EV-A71-associated illness with severe presentations
have only been reported in the Asia-Pacific region, while sporadic
cases and small outbreaks of mild to moderate disease have been
reported worldwide [9—11]. Recent global concern about EV-A71-
related neurological disease has increased because of the 2016
outbreak in Spain [2].

The great genetic diversity within EV, because of error-prone
RNA-dependent RNA polymerase [12] and the intra- and inter-
species recombination events among EVs [13-15], together with
the different socioeconomic conditions of each setting, may lead to
differences in clinical expression and outcomes from one outbreak
to another. Furthermore, attempting to treat a completely unknown
disease in our setting was made even more difficult as various
treatment approaches had been used in Southeast Asia [16-20],
with little strong clinical evidence of their benefit. The WHO
summarized the evidence and issued clinical guidelines for man-
agement of HFMD/EV-A71 illness of different severities [21].

The objectives of this study were to describe the clinical char-
acteristics of patients with EV infection associated with acute
neurologic manifestations during the outbreak, as well as to detect
variables associated with more severe disease and poorer prog-
nosis. The study also describes the molecular EV typing of these
cases.

Methods
Study design

Epidemiological, microbiological, and clinical data were pro-
spectively collected from all children with enterovirus-related
neurological disease who were seen in or transferred for hospital-
ization to a tertiary paediatric hospital (Hospital Sant Joan de Déu,
University of Barcelona) from 15 April to 30 June 2016. This hospital
is a 300-bed reference medical centre for high-complexity pa-
thologies that provides healthcare services to a paediatric popula-
tion of =300,000 subjects. The centre has participated in a Spanish
EV molecular surveillance network since 2010.

Inclusion criteria and definitions

Case definitions of the WHO Guide to Clinical Management and
Public Health Response for HFMD [21] were used to define the in-
clusion criteria. Patients with clinical diagnosis of brainstem en-
cephalitis, encephalomyelitis with/without autonomic dysfunction,
encephalitis, and aseptic meningitis were included if EV infection
was detected in any sample and no other cause was associated with
the clinical symptoms.

The Vietnamese Ministry of Health HFMD Classification and
Management Guidelines were used to stratify the severity of
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patients with brainstem encephalitis or encephalomyelitis [22].
Ataxia was considered a Grade 2b Group 2 criterion [16] (see
Table S1, supporting information). The major variables considered
in estimating severity were the Vietnamese classification, the
presence of cardiopulmonary failure, and the persistence of
neurologic symptoms with a modified Rankin Scale >2 (neurologic
symptoms with significant disability) at days 14 and 30 from the
onset of disease [23].

Management, including microbiological diagnosis and imaging tests

A protocol for the diagnosis and management of cases was
established and it was applied prospectively during the study
period.

Baseline assessment at presentation included history and phys-
ical examination, blood and CSF analysis, bacterial cultures, and
collection of nasopharyngeal swab and stool samples in all the cases.
An in-house PAN-Enterovirus real time-PCR [24] was performed in
plasma and CSF in all patients. In addition, nasopharyngeal aspirate
and stools were collected for EV detection by PAN-Enterovirus real
time-PCR in patients with brainstem encephalitis or encephalomy-
elitis. RT-PCR for herpes simplex virus (HSV) in CSF was tested. The
FilmArray Meningitis-Encephalitis (FA-M/E) panel was also tested in
the CSF of the first 20 patients with brainstem symptoms of the
outbreak [ 1]. Imaging studies were performed on all children with
brainstem encephalitis and encephalomyelitis, except those with
mild symptoms or quick recovery. The imaging studies included
brain and spine magnetic resonance image (MRI) (diffusion-
weighted, fast-spin-echo, T1 and T2-weighted, fluid-attenuation-
inversion-recovery, and spoiled-gradient-echo sequences for the
brain study, and T1 and T2-weighted for the spine study).

Treatment conformed to several guidelines for diagnosis and
treatment of HFMD, recommending supportive care and consider-
ation of IVIG in severe cases |16,21]. The clinical, radiological, and
pathological assessments described for the Australian 2013
outbreak [20] were taken into special consideration to prescribe
IVIG and/or methylprednisolone. IVIG (1 g/kg/day, once daily, for
2 days) was administrated to patients with lethargy, invalidating or
persistent ataxia, progressive worsening, or paresis. Methylpred-
nisolone (30 mg/kg/day, 1 time/day, for 3 days) was given to pa-
tients with clinical or MRI signs of myelitis and patients with
brainstem MRI lesions and persistent symptoms in whom IVIG had
already been administered.

Outpatient follow-up after discharge was performed on all pa-
tients at days 14 and 30 from onset of disease.

EV-positive samples were genotyped at the Enterovirus Unit of
the National Centre for Microbiology using a RT-nested PCR in the
3'-VP1 region specific for species EV-A, B, and C and sequencing
according to a previously described procedure [25]. To study the
relationships between Spanish EV-A71 strains and those circulating
in other countries, a phylogenetic analysis was performed. Multiple
sequence alignments were performed by the ClustalW program.
Genetic distances were calculated using the maximum composite
likelihood (MCL) nucleotide distance model, and statistical signifi-
cance of phylogenies was estimated by bootstrap analysis with 1000
pseudoreplicate datasets. Phylogenetic trees were constructed using
the neighbour-joining (N]) method in the MEGA software 6.0.

Statistical analysis

Descriptive statistics are reported in terms of absolute fre-
quencies and percentages. Data comparisons of categorical vari-
ables were performed using Pearson chi-square test or Fisher's
exact test when appropriate. Continuous non-normal distributed
variables were described as median value and interquartile range
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(IQR) and compared using Mann-Whitney U test and Kruskal-
Wallis analysis. Spearman's rho correlation coefficient was used
to analyse the correlation between the time from the onset of
neurologic symptoms to the initiation of therapies and the duration
of symptoms after the onset of therapies. Statistical analysis was
performed with SPSS v22.0 software (Armonk, NY: IBM Corp). A p-
value <0.05 was considered to be statistically significant. Relative
risks and 95% CI were calculated using MedCalc software.

The institutional ethics board approved the study and informed
consent was obtained from parents or carers.

Results
Patient demographics

Sixty-three patients were admitted with neurological symp-
toms and EV detection during the study period. Informed consent
could not be obtained from six patients and they were excluded
from the study.

Of the 57 patients, 41 (72%) were classified with brainstem en-
cephalitis following the WHO Classification, seven cases (12%) were
diagnosed with aseptic meningitis, six cases (11%) with encepha-
litis, and three cases (5%) with encephalomyelitis, two of them with
cardiopulmonary failure.

Overall, the median age at disease onset was 27.7 months (IQR
17.1-37.6) and 33 out of 57 patients were male (57.9%). The first
case was diagnosed on 27 April and the outbreak lasted 10 weeks
(Fig. 1).

Non-neurological manifestations

Table S2 (supporting information) shows the main clinical
symptoms of patients. Fever (axillary temperature >38°C at home

or in hospital) was the initial manifestation in all patients, with the
median peak body temperature being 39°C (IQR 38.5—39.5). The
mean time from the onset of fever to admission was 48 hours (IQR
24-72 hours) and the fever lasted a median of 3 days (IQR
2-4 days). There were no differences in peak body temperature
between patients with aseptic meningitis and patients with
brainstem encephalitis or encephalomyelitis; however, fever was
shorter in patients with aseptic meningitis (Table 1).

Among the mucocutaneous manifestations, herpangina was
observed in only eight (14%) patients, while petechial rash on ex-
tremities was the main observed exanthema (11, 19%) followed by
HFMD vesicular exanthema (10, 18%).

Neurological manifestations

The mean time from the onset of fever to the onset of neuro-
logical symptoms was 24 hours (IQR 0—72 hours). Within the first
24 hours of fever, the most common neurological symptoms were
lethargy and/or irritability (17 (30%) patients). Myoclonic jerks,
tremor, ataxia, and/or cranial nerve involvement appeared subse-
quently in 44 children, mainly after 24 hours of fever (27 (61%)
patients). Nystagmus and/or strabismus were observed in eight
patients (14%). The three patients with encephalomyelitis devel-
oped paresis with a marked weakness especially in the neck and
shoulder region after 24 hours of fever, two of them experiencing
bulbar palsy and autonomous nervous system (ANS) dysfunction in
the form of cardiopulmonary failure as well. One patient had a
typical febrile seizure.

Laboratory and imaging findings

White-blood-cell (WBC) count and procalcitonin were high in
patients with severe ANS dysfunction, but normal in all the others

WHO clinical
diagnostic
[CIMeningitis
[J Encephalitis
[H Brainstem encephalitis

no. patients

21 22
Week

[ Encephalomyelitis
phalomy
u Encephalomyelitis and
cardiopulmonary failure

Fig. 1. Cases per week of EV-related neurological disease, classified according to the case definitions from the WHO Guide to Clinical Management and Public Health Response for

Hand, Foot and Mouth Disease |21].
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Table 1
idemit ical, clinical, |. y, and imaging variables associated with more severe disease in children with EV-related neurologic disease (n = 57)
No. Age, months" Sex,  Peak fever,°C’  Duration of White-blood-cell  CSF white cell Procalcitonin Bulbar
males fever®, days count?, cells*10*/uL count®, cellsymm® ng/mL* involvement
on MRI (yes/no.
patients who
underwent MRI)
WHO clinical classification [21]
CNS involvement stage 55 27.8(18.4-37.7) 31/55 39.0(38.5-39.5) 3(2-4) 124 (11-15) 182 (105-442) 0.1(0.07-0.15) 13/45
without ANS dysfunction
Cardiopulmonary failure 2 8.2(7.7-8.6) 22 38.3 (38.1-38.5) 4(3-5) 194 (17.4-214) 55 (10-100) 1(0.40-1.60) 22
stage
p0.07 p055 p0.14 p0.43 p0.03 p 0.09 p 0.02 po0.10
Vietnam HFMD classification [22]
Aseptic meningitis 123(0.7-37.7) 4/7  383(380-392) 1(05-3) 124(10.1-154) 560 (200-690)  0.09 (0.06-0.11) —
2a 9 184(5.1-489) 6/9 39.0 (38.3-39.8) 3(1-4) 11.0(9.9-12.7) 88 (52-180) 0.10 (0.10-0.25) 1/5
2bG1 9 279(22.6-369) 5/9 39.0 (38.0-39.8) 3(05-4.5) 11.9(11.5-13.3) 198 (135-370)  0.09 (0.09-0.20) 1/9
2bG2 30 28.1(20.6-42.0) 16/30 39.0(38.7-39.6) 3.5(3—4) 12.8(11.7-15.3) 180(112-385)  0.08 (0.05-0.14) 11/29
4 2 82(79-86) 22 383(38.1-385) 4(3-5) 19.4(17.4-21.4)  55(10-100) 1.00 (0.40-1.60) 2/2
p 0.09 p0.73 p0.25 p 0.02 p 0.05 p 0.02 p0.10 p0.08
NRL exploration with persistent
paresis at day 30
Yes 3 86(82-167) 2/3  385(383-39.1) 4(35-4.5) 17.4(150-194) 50 (30-75) 0.09 (0.07-0.14) 3/3
No 54 27.8(18.2-37.8) 31/54 39.0(38.5-39.5) 3(2-4) 124 (11.1-15.1) 185 (112—445) 1.00 (0.40—1.60) 12/42
p0.12 p 1.00 p0.59 p0.27 p0.07 p 0.02 p0.01 p0.01

ANS, autonomic nervous system; CNS, central nervous system; CSF, cerebrospinal fluid; HFMD, hand-foot-mouth disease; MRI, magnetic resonance imaging; NRL, neurologic;

'WHO, World Health Organization.

Differences were considered significant at p<0.05, and these values are listed in bold type.

# Median (interquartile range).

(Table 1). No patient had significant alterations in plasma C-reactive
protein. CSF white-cell count was significantly higher in patients
with aseptic meningitis than in patients with brainstem encepha-
litis and/or encephalomyelitis (Table 1).

Forty-seven MRIs were performed, among which 25 (53%) were
abnormal: 15 had bulbar involvement and 18 had medullar
involvement. The most common MRI findings were high-intensity
lesions on T2-weighted images in the dorsal pons and medulla
oblongata, midbrain, and dentate nuclei. In cases with medullar
involvement, MRI showed bilateral high-intensity lesions on T2-
weighted images in the anterior horn cells of the spinal cord and
also in the posterior cords in some cases.

Virological findings

The PAN-Enterovirus real time-PCR detected EV genome in the
CSF of six out of 57 (11%) patients, all being patients with diagnosis
of aseptic meningitis. Patients testing negative for CSF were tested
for EV detection in faeces and nasopharyngeal aspirate using the
same PAN-Enterovirus real time-PCR. The rates of detections were
40 out of 46 (87%) in faeces and 35 out of 51 (69%) in nasopha-
ryngeal aspirate. In only two of 33 patients was EV detected in
plasma.

On the other hand, the FilmArray M/E panel detected EV
genome in CSF of four out of 20 patients with brainstem symptoms
who were negative for EV detection in CSF using the PAN-
Enterovirus real time-PCR [1]. HHEV-6 was detected in three of
20 patients and the result was interpreted as latency in CSF [1].

No bacterial culture from CSF or blood was positive. No patient
tested positive for HSV infection in CSF.

Detected EV was genotyped in 47 of 57 (82%) patients, with EV-
A71 being the most frequently identified type (40 out of 47), fol-
lowed by echovirus-30 (four out of 47), coxsackievirus (CV)-B1 (two
out of 47), and CV-A10 (one out of 47). EV-A71 was the only sero-
type detected in patients with brainstem encephalitis or encepha-
lomyelitis. Table 2 shows EV types and the WHO clinical diagnosis.
EV-A71 was detected in the CSF from one brainstem encephalitis

case and in another CSF sample, an EV-A was identified, but the
specific serotype could not be determined. The rest of the EV-A71
were typed from respiratory and/or stool detections.

Phylogenetic analysis carried out with 38 EV-A71 strains ob-
tained in this study and others available in GenBank showed that
most of the Spanish ones (35 out of 38) belonged to subgenogroup
C1 and only three out of 38 to subgenogroup C2 (Fig. 2).
Furthermore, Spanish C1 strains formed a subclade together with
the variant Germany strain detected in 2015 [15,26].

Management

Thirty-three patients (58%) received IVIG, of whom 26 also
received steroids (46%). No patient with aseptic meningitis or en-
cephalitis received treatment. The median lag time between the
onset of fever and the administration of IVIG was 3 days (IQR 3-5),
and from admission to its administration was 1 day (IQR 1-2). The
median time from the onset of fever to corticosteroid administra-
tion was 4 days (IQR 3.5-5 days), and a median of 2 days (IQR 1-3)
passed from admission to its administration. Steroids were initiated
in six cases with normal MRI, because of cranial nerve dysfunction
(two cases) and persistent symptoms (mainly, ataxia) despite the
administration of IVIG (four cases). Four patients did not receive
steroids because of complete recovery before abnormal MRI results.

Outcomes and variables associated with a more severe disease

The neurological symptoms lasted a median of 5 days (IQR
3.5-8 days), and the median hospital stay was 7 days (IQR
4.5-9 days). Eight cases (14%) were admitted to the intensive care
unit (ICU), because of decreased consciousness level for a short-
observation period (six cases) and severe shock (two) requiring
mechanical ventilation and inotropes. The median ICU stay was
3.5 days (IQR 1.5—17.5).

Forty-four patients (77%) recovered fully while they were
hospitalized and the remaining 13 patients (23%) were discharged
with symptoms, ranging from mild ataxia in 10 patients, to paresis
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Table 2
Clinical characteristics and enterovirus (EV) positive rates according to EV genotypes

D. Casas-Alba et al. / Clinical Microbiology and Infection 23 (2017) 874—881

Patients in whom EV could be genotyped

Patients in whom

EV could not be

EV-A71,n = 40 Other EV types, n = 7 p-value® Total, n = 47 genotyped, n — 10
WHO clinical classification [21]
Aseptic meningitis 2(28.6%) 5(71.4%) 7 0
Encephalitis 4(66.6%) 2(33.3%) 6 0
Brainstem encephalitis 31 (100%) 0 (0%) <0.01 31 10°
Encephalomyelitis 1 (100%) 0 (0%) 1 0
Encephalomyelitis with ANS dysfunction 2(100%) 0 2 0
Positive samples in cerebrospinal fluid 4/37¢ 5/7 <0.01 9/44 2/8
Positive samples in respiratory specimens 27/40 2/4 059 29/44 6/7
Positive samples in faeces 29/35 3/3 1 32/38 8/8

ANS, autonomous nervous system; WHO, World Health Organization.
@ Comparing proportions between EV-A71 group and other EV types.
b In one case, EV from species A was identified but it could not be typed.

© The four detections were made using the FilmArray meningitis/encephalitis panel [1].

in three. Paresis affected neck musculature chiefly (two patients
had hypotony on horizontal and vertical suspension, oral feeding
disability and shoulder weakness, and one patient was bending the
neck laterally). At day 30, all were improving and oral feeding was
successfully recovered. Three additional patients presented
persistent hyperreflexia in some extremity with no significant
disability at day 30. There were no deaths.

With regard to epidemiological variables associated with severe
ANS dysfunction, two out of nine patients aged under 12 months
old had cardiopulmonary failure, whereas no older patients had it
(p 0.02). Higher white-blood-cell counts, higher procalcitonin
blood levels, and lower CSF white-cell counts were more common
in patients with cardiopulmonary failure. As for MRI results, all the
patients with cardiopulmonary failure had bulbar inflammatory
lesions (two out of two), but this finding was also found in patients
without ANS dysfunction (13 out of 45), so the differences were not
significant (Table 1).

Sequelae with significant disability at day 30 were related to the
presence of encephalomyelitis independently of cardiopulmonary
failure, using both the case definitions of the WHO (relative risk
(RR) 96.2; 95% ClI 6—1557) and stage 4 of the Vietnamese classifi-
cation (RR 31; 95% CI 6-163) (Table 3). We did not find any cor-
relation between the prompt initiation of IVIG and the duration of
neurological symptoms after the onset of treatment (Spearman rho
-0.24, p 0.20). However, the lag time between the onset of symp-
toms and the onset of corticosteroids, and the duration of neuro-
logical symptoms after the onset of treatment, correlated inversely
(Spearman rho -0.56, p 0.01). No paresis/ANS dysfunction was
observed in patients who had been administered corticosteroids
and/or IVIG.

Discussion

This is the first report of an outbreak of central nervous system
(CNS) disease associated with EV-A71 detection in Spain. In all
patients with brainstem or encephalomyelitis symptoms in whom
EV could be typed, EV-A71 was found. The other EV types were in
the minority and were only found causing benign entities. The
outbreak occurred in spring, showing a similar seasonal pattern to
that reported for other EVs in Spain [9,25]. It affected children of
around 2 years of age, like other EV-A71 epidemics elsewhere
[4,20,27]. Although the EV-A71 outbreak seemed to be largely
restricted to Catalonia, some sporadic cases occurred in the rest of
Spain (no published data). Furthermore, a smaller concomitant
outbreak in France has recently been reported [28]. EV-A71 is

classified into seven genogroups, A—G, on the basis of the diversity
of the nucleotide sequences of the VP1 protein capsid. In recent
years, increasing epidemic activity of genogroups B3-B5 and C1-C5
has been reported in the Asian-Pacific region, while genogroup C1-
C5 viruses were also detected in Australia. In Europe, most of the
EV-A71 detected belongs to C1 and C2 [12]. The phylogenetic
analysis showed that most of the EV-A71 detected in 2016 in Cat-
alonia belonged to subgenogroup C1. Our centre participates in a
Spanish EV surveillance network that reported low-level circula-
tion of EV-A71 in recent years, associated with non-severe neuro-
logical symptoms [10,29]. These EV-A71 C1 viruses had not
previously been detected in Spain [ 10] and were closely related to a
new cluster of EV-A71 C1 viruses identified in Germany and France
in 2015 and 2016, respectively, suggesting that this new variant has
spread from the north to the south of Europe [15,26,28]. The Public
Health Agency of Catalonia conducted epidemiological research
and they did not find any association between the first cases sug-
gesting acommon origin nor a clear connection between cases [30].

Similar to poliomyelitis, detection of EV-A71 from sterile sites is
specific but usually insensitive [21], while detection from rectal and
throat swabs is more sensitive but less specific and may include
asymptomatic carriage. The clinical similarity between the patients
as well as the detection of EV-A71 in all the cases of brainstem
encephalitis and encephalomyelitis guided us to the aetiologic
diagnosis of the outbreak. Wide networks of EV molecular sur-
veillance in European countries may help to identify new virulent
variants and to assist in early detection of the aetiology and
epidemiological connections of similar outbreaks, which in turn
may help to guide clinical management and foster optimal diag-
nostic strategies.

We found a very low rate of patients with EV-A71 and muco-
cutaneous manifestations, which is concordant with previous
literature reporting a wide variability of manifestations depending
on the dermatotropism and neurotropism of the circulating strain
[8,31]. This fact made a prompt diagnosis harder. Initial manifes-
tations could be indistinguishable among patients with meningitis,
encephalitis, brainstem encephalitis, and encephalomyelitis, but
patients with the later two progressively developed myoclonic
jerks, tremor, ataxia, and, among a minority, cranial nerve
involvement. In patients with aseptic meningitis, fever duration
was shorter, pleocytosis was higher, and the CSF was more likely to
be positive for EV, as in other studies [32]. Consequently, patients
with a suspected diagnosis of aseptic meningitis and persistent
fever should undergo close clinical observation and may require
further investigation.
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Fig. 2. Phylogenetic analysis of 38 Catalonian and 31 worldwide strains of EV-A71
based on a 360-nucleotide 3'-VP1 sequence. MEGA 6 software was used to construct
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Regarding variables associated with a more severe disease, most
of our patients were classified in the Stage 2b Group 2 of the
Vietnamese classification at the peak of the disease. During hos-
pitalization, some patients worsened to Stage 2b Group 2, but no
patient developed ANS dysfunction (Stages 3 and 4), in contrast to
other series [27]. There were no deaths, which seems plausible
considering that the case-fatality rate for this disease is low (<0.4%)
[ 16]. Nevertheless, two cases had signs of severe ANS dysfunction at
admission. Both were younger than 12 months old, in line with
other series that have inversely correlated the age at onset with the
severity [18,33,34]. Leucocytosis has also been described in the
most severely affected children, as has a more prolonged fever
[19,35]. As with the outbreak in Australia in 2013 [20], this study
also supports the usefulness of the 2011 WHO guidelines for
establishing the risk of sequelae using the case definitions of each
clinical entity. Persistent paresis at day 30 was only observed in the
three patients with encephalomyelitis.

The role of IVIG treatment in reducing acute morbidity and
mortality rates is controversial [ 16—20]. Despite the main indica-
tion of IGIV treatment being clinical severity [16,21], we used MRI
to guide the treatment, following some other experiences [20]. The
frequency and type of MRI findings in our patients with severe
symptoms (Stage 2b Group 2) were consistent with previous re-
ports [20,36,37], but we found an unexpected number of patients
with non-severe symptoms (Stage 2a) and bulbar involvement on
MRI. Furthermore, some patients with abnormal MRI were not
treated because of the timing of imaging and recovery. This limits
the conclusions that can be drawn about the role of MRI in treat-
ment planning, as some patients may not need to be treated if they
continue to improve despite abnormal imaging. Additionally, no
conclusions can be drawn concerning the worsening of neurolog-
ical manifestations without IVIG treatment, as all the patients with
severe disease received it. Regarding steroids, they are a common
treatment in viral and inflammatory myelitis [38], and their use in
EV-A71 disease has been documented [20,39]. The prompt use of
corticosteroids in children with no severe symptoms also has been
associated with increased risk of subsequent severe disease in other
observational studies [40,41]. In our series, most of the patients
received the treatment after several days of symptoms, and a
worsened clinical course was not observed in them. Additional
research on the effectiveness and safety of IVIG and steroids is
imperative.

One of the main limitations of this study is that the small
number of patients with ANS dysfunction limits the extrapolation
from the data. It is also an observational study and this limits
conclusions about the efficacy of treatments.

To conclude, 57 patients with CNS disease because of EV, sought
treatment at our department. Most were infants with brainstem
encephalitis, a manifestation rarely observed in our setting previ-
ously. EV-A71 was detected in all the cases of brainstem encepha-
litis or encephalomyelitis. Most of the EV-A71 belonged to
subgenogroup C1, which was closely related to a new cluster of EV-
A71 C1 viruses identified in Germany and France in 2015 and 2016.
Treatment with IVIGs and corticosteroids was used according to the
severity, but no conclusions can be drawn about their efficacy. Age
younger than 12 months, longer fever, higher WBC-count, and
higher procalcitonin levels were related to a more severe disease.
All the patients but the three who presented with signs of
encephalomyelitis before treatment showed a good clinical course
and had no significant sequelae at day 30.

the NJ and MCL tree. CV-A16 prototype strain G-10 was used as the outgroup. Boot-
strap values >70% are indicated at the branch nodes. The Catalonian strains from 2016
are indicated by black circles.
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Table 3
Outcomes according to the WHO clinical classification [21] and the Vietnamese HFMD classification [22]
Length of hospital IVIG treatment NRL symptoms NRL symptoms
stay, days (Yes) (mRS >2) at day 14 (mRS >2) at day 30
'WHO clinical classification
Meningitis 3(2-5) 0/7 07 07
Encephalitis 45(3-62) 1/6 0/6 0/6
Brainstem encephalitis 8(6-9) 30/41 9/41 0/41*
Encephalomyelitis 10 (7.5-11.0) 11 17 171
Enc itis and cardi y failure 51 (38-64) 22 212 22
p0.01 p <0.01
Vietnam HFMD classification
Aseptic meningitis 3(2-5) 0/7 0/7 0/7
2a 4(3-6.5) 2/9 0/9 0/9
2bG1 9(5.5-10.5) 6/9 2/9 0/9
2bG2 8(6-10) 2430 8/30 1/30"
4 51 (38-64) 22 212 22
po0.01 p <0.01
HFMD, hand-foot-mouth disease; IVIG, i il in; NRL, gic; mRS, dified Rankin Scale; WHO, World Health Organization.

Differences were considered significant at p <0.05, and these values are listed in bold type.
2 Three other patients had discrete hyperreflexia in an extremity without significant disability.
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5.1.1 Resum del primer article

Es tracta d’'un estudi observacional prospectiu en el que es van incloure
tots els pacients pediatrics amb diagnostic clinic d’encefalitis de tronc,
encefalomielitis, encefalitis i meningitis aséptica, amb deteccié d’EV en alguna
mostra i abséncia d’altra etiologia plausible entre el 15 d’abril i el 30 de juny de
2016. Es van recollr dades cliniques, analitiques, radiologiques i
microbiologiques. Les principals variables considerades per a estimar la gravetat
van ser: la classificacié de Vietnam 12, la presencia de fallada cardiopulmonar i
la persisténcia de simptomes neurologics amb discapacitat significativa als 30
dies. Es va establir un protocol diagnostic i terapeutic per al maneig dels casos,
gue recomanava realitzar una real-time RT-PCR PAN EV d’elaboracio propia en
plasma i LCR en tots els pacients, i en aspirat nasofaringi i mostra de femtes en
els pacients amb encefalitis de tronc o encefalomielitis. En els primers 20
pacients amb encefalitis de tronc, també es va analitzar el FA-M/E panel en LCR
(els resultats detallats d’aquesta analisi s’exposen en el segon article). Les
mostres positives per a EV es van tipificar, mitjancant amplificacié de la regi6 3’-
VP1 i sequenciacio Sanger de 'amplicd, a la Unitat d’EV del Centre Nacional de
Microbiologia. Es van recollir cultius bacterians i es va realitzar real-time PCR per
a VHS-1i2 en LCR. Es va realitzar RM cerebral i medul-lar en els pacients amb

encefalitis de tronc o encefalomielitis, excepte milloria rapida.

L’Hospital Sant Joan de Déu (Esplugues de Llobregat, Barcelona) és un
centre monografic pediatric de tercer nivell, amb 300 llits d’hospitalitzacié
pediatrica i una UCIP amb 24 llits. El centre participa en la xarxa espanyola de
vigilancia epidemiologica d’infeccions per EV i HPeV des de 2010.

Els resultats d’aquest primer estudi son:

1. Caracteristiques epidemiologiques:

1.1. Van ingressar seixanta-tres pacients amb simptomes neurologics i

deteccié d’EV durant el periode d’estudi, dels quals vam obtenir el consentiment
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informat en cinquanta-set pacients. L’edat mitjana va ser de 27,7 mesos (rang
interquartilic (RIQ), de 17,1 mesos a 37,6 mesos) i trenta-tres (57,9%) eren

homes.

1.2. Seguint les definicions de 'OMS*0!, quaranta-un pacients (72%)
van presentar encefalitis de tronc, set (12%) meningitis aséptica, sis (11%)
encefalitis i tres (5%) encefalomielitis, dos d’ells amb fallada cardiopulmonar.

1.3. El brot va durar 10 setmanes.

2. Manifestacions no neurologigues:

2.1. Lafebre va ser la manifestacio inicial en tots els pacients. La febre
va durar una mitjana de 3 dies (RIQ de 2 a 4 dies), essent més breu en els

pacients amb meningitis aséptica (p=0,02).

2.2.  Només vuit pacients (14%) van presentar herpangina, onze (19%)

un exantema petequial a extremitats i deu (18%) un exantema tipus MBMP.

3. Manifestacions neuroldgiques:

3.1. Les primeres 24 hores de febre, els simptomes neurologics més
freqlients van ser la presencia de letargia i/o irritabilitat; conjuntament o per

separat van estar presents en disset pacients (30%).

3.2. Les mioclonies, el tremolor, I'ataxia i 'afectacio de parells cranials
van estar presents, conjuntament o per separat, en quaranta-quatre pacients
(77%). Agquests simptomes neuroldgics van apareixer principalment a partir de

les 24 hores de febre.

3.3. Van presentar paresies els tres pacients amb encefalomielitis,

també a partir de les 24 hores de febre.
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4. Troballes radiologiques:

4.1. Esvarealitzar RM cerebral i medul-lar a quaranta-set pacients, dels
quals vint-i-cinc (53%) van presentar alteracions. Quinze van presentar afectacio

bulbar i divuit afectacié medul-lar.

4.2. Les troballes radiologiqgues més frequents van ser la presencia de
lesions hiperintenses en sequencies ponderades en T2, localitzades a regio
dorsal del pont, bulb, mesencefal i nuclis dentats. A nivell medul-lar, les lesions
estaven localitzades a les astes anteriors (i en alguns casos a les astes

posteriors).

5. Troballes microbiologiques:

5.1. Resultats de la real-time RT-PCR PAN EV en mostres invasives:
- Positiva en LCR en 6/57 (11%), tots amb diagnostic de
meningitis aséptica.

- Positiva en plasma en 2/33 (6%).

5.2. Resultats de la real-time RT-PCR PAN EV en mostres no invasives
(pacients sense deteccio d’'EV en LCR):
- Positiva en femtes en 40/46 (87%).
- Positiva en aspirat nasofaringi en 35/51 (69%).

- Positiva en femtes i/o aspirat nasofaringi en 57/57 (100%).

5.3. Tots els cultius bacterians van resultar negatius i cap pacient va

resultar positiu per a VHS en LCR.

5.4. Es va poder tipificar una de les mostres positives per a EV en
quaranta-set dels pacients inclosos (82%). L’EV-A71 va ser el genotip més
frequent (40/47) i l'unic identificat en pacients amb encefalitis de tronc o
encefalomielitis. Altres genotips identificats van ser: E-30 (4/47), CV-B1 (2/47) i
CV-A10 (1/47).
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5.5. L’analisi filogenética de la regié 3’-VP1 va mostrar que 35/38
soques d’EV-A71 pertanyien al subgenotip C1 i 3/38 al subgenotip C2. A més,
es va identificar una nova soca recombinant C1 detectada per primer cop el 2015

a Alemanya’216°,

6. Maneig:

6.1. Trenta-tres pacients (58%) van rebre IGIV, dels quals vint-i-sis
(46%) també van rebre corticoides. La mitjana de temps entre l'inici de la febre i
I'administracio d’IVIG va ser de 3 dies (RIQ de 3 a 5 dies), i entre I'inici de la febre

i 'administracié de corticoides va ser de 4 dies (RIQ de 3,5 a 5 dies).

7. Pronostic i variables associades amb malaltia greu:

7.1. La majoria de pacients es van classificar com a estadi 2b grup 2 de
la classificacié de Vietnam!'2. Durant l'ingrés, cap pacient sense disfuncié

autonomica inicial va progressar a disfuncié autonomica.

7.2. Els simptomes neurologics van durar una mitjana de 5 dies (RIQ de
3,5 a 8 dies). A l'alta, tretze pacients (23%) presentaven sequeles, des d’ataxia
lleu (10/13) a parésia (3/13). Als 30 dies, tots els pacients amb sequeles

presentaven milloria. No va haver-hi cap exitus.

7.3. Vuit pacients (14%) van ingressar a UCIP per disminuci6 del nivell

de consciéencia (6/8) o xoc que va precisar ventilaci6 mecanica i inotrops (2/8).

7.4. Variables associades amb malaltia greu:
- L’edat menor de 12 mesos es va associar amb fallada
cardiopulmonar (p=0,02).
- Els valors més elevats de leucocits en plasma i de
procalcitonina en plasma es van associar amb fallada

cardiopulmonar (respectivament, p=0,03 i p=0,02).
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- La clinica d’encefalomielitis (independentment de la
presencia de fallada cardiopulmonar) es va associar amb la
preséncia de sequeles amb discapacitat significativa al dia
30.

7.5. No es va observar una associacio entre la precocitat en l'inici d’'IGIV

i la duraci6 dels simptomes neurologics.
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5.2 Segon article

Utility of FilmArray Meningitis/Encephalitis Panel during Outbreak of
Brainstem Encephalitis Caused by Enterovirus in Catalonia in 2016.

Launes C, Casas-Alba D, Fortuny C, Valero-Rello A, Cabrerizo M, Mufioz-

Almagro C.

Article publicat a:
J Clin Microbiol. 2016 Dec 28;55(1):336-338.
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We read with interest the article by Leber et al. (1). The authors reported the
performance of the FilmArray meningitis/encephalitis (FA-M/E) panel in a multi-
center evaluation that included a large number of infants. Enterovirus (EV) was the main
detection, and they described very high positive and negative percentages of agree-
ment with comparator PCR assays (95.7% and 99.5%, respectively) for EV detections.

In April 2016, the first cases of an outbreak of brainstem encephalitis were
observed in Catalonia, Spain. They were related to an increase of EV detections in
nasopharyngeal aspirates and/or stools but not in normally sterile samples (blood
or cerebrospinal fluid [CSF]) (2). EV is rarely detected by culture or molecular
methods in CSF samples of children presenting with brainstem encephalitis, due to
the low viral loads there (3). Despite the fact that clinical diagnosis was compatible
with the EV neurological disease in other outbreaks, physicians were faced with
multiple diagnostic dilemmas in an effort to ensure that bacterial or other treatable
infections were not missed.

We report the performance and utility of the FA-M/E panel in this setting.

Commencing in April 2016, the first 20 children fulfilling clinical case definitions of
brainstem encephalitis or encephalomyelitis (4) who were admitted in a referral pedi-
atric hospital were included. The protocol for assessment included blood and CSF
bacterial cultures, a real-time PCR for detection of herpes simplex virus 1 and 2 in CSF
samples, and an in-house pan-EV real-time PCR assay (5) in plasma and CSF samples. All
the negative CSF samples in the previous assays underwent additional testing by the
FA-M/E panel. In these cases, the pan-EV real-time PCR was also performed in naso-
pharyngeal aspirate and fecal samples.

The median patient age was 27 months (interquartile range [IQR], 27.7 to 77.6).
Pan-EV real-time PCR was positive in noninvasive samples in all patients (13/20 in
respiratory sample and 13/18 in fecal samples) (Table 1). In CSF samples, the pan-EV
real-time PCR was negative in all patients, whereas EV RNA was detected in 4/20 using
the FA-M/E panel. These four patients had a lower median duration of symptoms before
sampling than the patients who were FA-M/E negative (30 h [IQR, 8 to 45] versus 48
h [IQR, 21 to 72], respectively), but this difference was not statistically significant.
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TABLE 1 Microbiological results of 20 cases with clinical diagnosis of brainstem encephalitis or encephalomyelitis

Result for indicated sample type and assay?®

Respiratory Feces
Cerebrospinal fluid Plasma/blood specimens
Real-time Pan-EV Gram stain Pan-EV Pan-EV
No. of PCR-HSV 1 real-time and bacterial real-time Bacterial Pan-EV real-time
cases and 2 PCR culture FA-M/E® PCR culture real-time PCR¢ PCR?
7 Negative Negative Negative No detection Negative Negative Negative Positive
4 Negative Negative Negative No detection Negative Negative Positive Negative/NT
2 Negative Negative Negative EV Negative Negative Positive Positive
2 Negative Negative Negative EV Negative Negative Positive Negative/NT
2 Negative Negative Negative HHV-6 Negative Negative Positive Positive
1 Negative Negative Negative No detection Positive Negative Positive Positive
1 Negative Negative Negative No detection Negative Negative Positive Positive
1 Negative Negative Negative HHV-6 Negative Negative Positive Negative

9HSV, herpes-simplex virus; EV, ; HHV-6, human herpesvirus 6; FA-M/E, FilmArray meningitis/encephalitis panel; NT, not tested.

bThe median lag time (interquartile range) (h) between onset of fever and sampling was 30 (8 to 45) for samples with EV-positive results and 48 (21 to 72) for
samples with EV-negative results.

<The median lag time (interquartile range) (h) between onset of fever and sampling was 48 (27 to 90) for samples with EV-positive results and 48 (18 to 72) for
samples with EV-negative results.

“The median lag time (interquartile range) (h) between onset of fever and sampling was 48 (24 to 66) for samples with EV-positive results and 96 (30 to 96) for
samples with EV-negative results.

There were no differences in clinical severity between patients with positive and
negative detections in CSF samples. EV genotyping (6) was performed in 19 positive
samples at the National Centre for Microbiology, Madrid, and all strains were
identified as EV-A71.

With regard to other pathogens in CSF samples, human herpesvirus 6 (HHV-6) was
detected in 3 patients who were negative for EV. Typical HHV-6 symptoms (such as
exanthema or seizures) were not observed in them. On the other hand, HHV-6 was not
found in either nasopharyngeal aspirate or blood samples, suggesting a viral latency in
CSF samples. The neurological clinical features and the clinical course were similar to
those in the rest of the patients.

To conclude, the FA-M/E panel was prospectively used to test samples from 20
children with brainstem symptoms with/without paresis in whom EV was detected in
respiratory samples and/or fecal samples but not in CSF samples using a pan-EV
real-time PCR. The FA-M/E detected EV in the CSF samples of 4 cases. These detections
were confirmatory of the ongoing outbreak due to an EV neuroinfection, which was
subsequently identified as EV-A71. We hypothesize that, like other nested multiplex
PCRs (7), the FA-M/E panel could have a higher sensitivity to detect low viral loads than
single-step real-time reverse transcription (RT)-PCR procedures.
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5.2.1 Resum del segon article

Es tracta d’'un estudi observacional prospectiu en el que es van incloure
els primers 20 pacients ingressats amb diagnostic d’encefalitis de tronc o
encefalomielitis, amb deteccié d’EV en alguna mostra i abséncia d’altra etiologia
plausible, a partir de l'abril de 2016. Es van recollir dades cliniques i
microbiologiques. El protocol diagnostic va incloure realitzar una real-time RT-
PCR PAN EV d’elaboracié propia en plasma i LCR. En cas de resultat negatiu
es va realitzar en aspirat nasofaringi i mostra de femtes, i també es va analitzar
el FA-M/E panel en LCR. Les mostres positives per a EV es van tipificar a la
Unitat d’'EV del Centre Nacional de Microbiologia. Es van recollir cultius
bacterians i es va realitzar real-time PCR per a VHS-11i 2 en LCR.

Els resultats d’aquest segon estudi son:

1. Resultats de la deteccié dI’EV:

1.1. Lareal-time RT-PCR PAN EV en LCR va resultar negativa en tots
els pacients. En aspirat nasofaringi va resultar positiva en 13/20 (65%) i en
mostra de femtes va resultar positiva en 13/18 (72%). En aspirat nasofaringi o

femtes va resultar positiva en 20/20 (100%).

1.2. EIl FA-M/E panel en LCR va resultar positiu per a EV en 4/20
pacients.

1.3. En el grup de pacients amb resultat positiu per a EV en LCR, la
mitjana de temps des de l'inici de la febre fins la realitzacié de la puncié lumbar
va ser menor que la resta, pero les diferéncies no van ser estadisticament

significatives. Tampoc no van observar-se diferencies de gravetat clinica.

1.4. Esva poder tipificar una de les mostres positives per a EV en dinou
dels pacients inclosos. L’EV-A71 va ser I'inic genotip identificat (19/19). Es va
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poder tipificar 'TEV-A71 en una mostra de LCR d’'un pacient amb encefalitis de

tronc.

2. Resultats de la deteccio d’altres gérmens en LCR:

2.1. El FA-M/E panel va detectar VHH-6 en 3 pacients negatius per a
EV en LCR. El curs clinic d’aquests pacients va ser similar a la resta, no van
presentar signes caracteristics d’infeccio per HHV-6 i es va descartar la
presencia de HHV-6 en aspirat nasofaringi i mostra de femtes, per la qual cosa

es van interpretar els resultat com a latéencia viral en LCR.
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5.3 Tercer article

Cerebrospinal fluid neopterin as a biomarker of disease severity in

children with enterovirus-related brainstem encephalitis.

Casas-Alba D, Valero-Rello A, Muchart J, Armangué T, Jordan |, Cabrerizo M,
Molero-Luis M, Artuch R, Fortuny C, Mufioz-Almagro C, Launes C.
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ABSTRACT
Background: Enterovirus-A71 causes outbreaks of brainstem encephalitis (BE). ranging from
self-limited disease to acute flaccid paralysis and severe MRI abnormalities. The aim of this
study was to assess the role of CSF neopterin as a biomarker of disease severity in children with
enterovirus-related BE.
Methods: A descriptive, prospective. cohort study was conducted from April 2016 to March
2017 in a tertiary pediatric hospital. Pediatric patients with diagnosis of BE with/without
myelitis (encephalomyelitis (EM)) due to enterovirus infection were enrolled. The final study
group comprised a convenience sample including all patients with sufficient CSF volume for
neopterin determination. Other inflammatory markers were analyzed (CSF WBC count, CSF
protein: blood WBC. lymphocyte and neutrophil counts, serum C-reactive protein). The major
variables considered in estimating severity were the diagnosis of EM. the presence of lesions
and extensive lesions (> 2 affected areas) on brain and spine MRI. hospital stay length > 7 days
and the persistence of neurological symptoms with significant disability at day 30.
Results: Out of 60 patients, CSF neopterin could be measured in 36. Median age was 26 months
(IQR:19-32). Thirty-three were diagnosed with BE and three with EM. Enterovirus-A71 was the
only identified genotype (25/25). CSF neopterin levels were elevated (> 61 nmol/L) in 33/36
(92%). with a median of 347 nmol/L (IQR:204-525). CSF neopterin was useful to distinguish
patients with lesions on MRI (AUC=0.76:p=0.02) and extensive lesions (AUC=0.76:p=0.04).
Conclusions: This study suggests an association between CSF neopterin levels and the presence

of inflammatory lesions on MRI.

83 DOCTORAND: Didac CASAS ALBA




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

INTRODUCTION

An outbreak of brainstem encephalitis (BE) associated with enterovirus-A71 (EV-A71)
infection affecting more than 100 children occurred in Catalonia (Spain) in 2016 [1]. The
clinical spectrum ranged from a mild disease to acute flaccid paralysis and cardiopulmonary
failure. Outbreaks of EV-A71 have been associated with significant morbidity and mortality,
particularly in the Asia-Pacific region, leading to the coining of the term “the poliomyelitis of
the 21* century™ [2]. Case management depends on clinical signs and symptoms in most
guidelines [3]. More recently, the prognostic utility of magnetic resonance imaging (MRI) for
EV-A71 BE has been reported and its potential to guide treatment could be inferred [4-6]. There
is limited literature on biomarkers to assess discase severity.

Neopterin is a marker of cell-mediated immunity and its levels have been proven to
correlate with the severity of several CNS infections, but have not been reported in EV-A71 BE
[7.8.9]. Neopterin is formed in monocytes, macrophages. dendritic cells and endothelial cells
enhancing the cytotoxic potential. Its production is induced by interferon-y through the
Jak2/Stat pathway and by tumor necrosis factor through the NF-kappaB pathway, released by T-
lymphocytes and natural killer cells [10]. The objective of this study was to assess the use of

CSF neopterin as a biomarker of disease severity in children with EV-related BE.

METHODS

Study design

A descriptive, prospective, cohort study was conducted from April 2016 to March 2017
in a tertiary pediatric hospital (Hospital Sant Joan de Deu, University of Barcelona).
Inclusion criteria and definitions

Pediatric patients with diagnosis of BE with/without myelitis (encephalomyelitis (EM))
according to the WHO case definitions [3] due to EV infection were enrolled [1]. The final
study group comprised a convenience sample including all patients with sufficient CSF volume

for neopterin determination (Supplementary Figure 1).

w
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The major variables considered in estimating severity were the diagnosis of EM, the
presence of lesions and extensive lesions (>2 affected areas) on brain and spine MRI. hospital
stay length >7 days and the persistence of neurological symptoms with significant disability
(modified Rankin Scale >2) at day 30 [11].

Management

PAN-EV real time-PCR was performed in blood and CSF. If case of negative results,
nasopharyngeal aspirates and stool samples were also tested while other etiologies were
excluded [1]. EV-positive samples were sent to the EV Unit of the National Centre for
Microbiology for genotype identification [1].

To measure neopterin, CSF samples were stored at -70°C with protection from light
[12]. Neopterin was determined by oxidation by manganese dioxide and analysis by reverse
phase high performance liquid chromatography [12]. CSF neopterin levels were considered
elevated if >61 nmol/L, according to our previously established cut-off value for immune-
inflammatory conditions [13]. Other inflammatory markers were analyzed for comparative
purposes (CSF WBC count. CSF protein, blood WBC, lymphocyte and neutrophil counts and
serum C-reactive protein).

Brain and spine MRI were performed in most of the children, except in those who were
recovering before performing the MRI. The images were interpreted by neuroradiologists
blinded to the laboratory results. The number of CNS areas involved was calculated by
classifying high-intensity lesions in T2-weighted sequences according to their location in
supratentorial space, brainstem, cerebellum, cervicodorsal spine and lumbar spine.

Treatment consisted of supportive care and consideration of intravenous
immunoglobulin with/without methylprednisolone in severe cases [1]. Lumbar puncture was
performed before treatment administration.

Statistics

Dichotomous variables were compared using Chi-square test or Fisher’s exact test.
Mann-Whitney U test was used to compare biomarker levels between groups. Receiver
operating characteristic (ROC) curve analysis was used to determine diagnostic accuracy of

4
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CSF neopterin to detect lesions on MRI. The significance level considered was <0.05. Statistical
analysis was performed with SPSS v22.0 software (Armonk, NY: IBM Corp).
Ethics Statement

The study was approved by the institutional ethics committee. All parents of the

participants provided the informed consent prior to patient enrollment.

RESULTS
Description of the cohort

Out of 60 patients, 8 were excluded because the lumbar puncture was performed in
another center and 16 due to insufficient CSF volume for necopterin determination
(Supplementary Figure 1). Excluded patients were comparable regarding age. sex and lesions
on MRI (data not shown). Thus, CSF neopterin levels were measured in 36. Median age was 26
months (interquartile-range(IQR):19-32) and 21/36 (58%) were male. Thirty-three (92%) were
diagnosed with BE and three (8%) with EM (Supplementary Table 1). The three patients with
EM developed paresis with a marked weakness especially in the neck and shoulder region (two
of them with severe autonomous nervous system dysfunction). No immunodeficiency was
detected in those patients.

EV was genotyped in 27/36: EV-A71 was the most frequently identified type (25/27).
In the other 2 patients, an EV belonging to species A was found. but further identification could
not be performed. The group of patients in whom EV-A71 could be genotyped was comparable
with the rest of the cohort (Supplementary Table 1).

MRI were abnormal on 18/28 (64%) patients (Supplementary Table 2). Analysis of
variables associated with abnormal MRI can be found on Supplementary Table 3. CSF
neopterin levels were elevated in 33/36 (92%), with a median of 347 nmol/L (IQR:204-525).
Variables associated with a more severe disease

Higher CSF neopterin levels correlated with the presence of lesions on MRI (see Table
1). The area under the ROC curve (AUC) was 0.76 (95% confidence interval (CI):0.56-0.96;
p=0.027). The cut-off value of >94 nmol/L had the highest average of sensitivity (100%) and

5
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specificity (50%). The positive predictive value (PPV) was 78% and the negative predictive
value (NPV) was 100%.

Higher CSF neopterin levels were also observed in children with extensive lesions on
MRI (see Table 1). The AUC was 0.76 (95% CI:0.55-0.96: p=0.047). With a cut-of value of
>360 nmol/L. the sensitivity was 71%, the specificity was 70%. the PPV was 46% and the NPV
was 88%.

The three patients with EM had significant disability at day 30 (and persistent lesions on
MRI at 12-month-follow-up). Median CSF neopterin was higher in this group of patients. but
differences were not statistically significant (Table 1).

Concerning potential confounding variables, no significant association was found
between CSF neopterin levels and sex or age (data not shown). CSF neopterin levels tended to
peak on day 4-5 from fever onset and then tapered off (Figure 1). The lag time from fever onset
to CSF sampling did not correlate with the presence of lesions or extensive lesions on brain and
spine MRI (p=0.28).

No other inflammatory marker was associated with the severity variables (Table 1).

DISCUSSION

This study reveals that CSF neopterin levels are elevated in children with EV-related
BE/EM, and higher in those with MRI lesions. Lower values of CSF neopterin had been
previously described in EV meningitis/encephalitis [7,14].

A correlation between CSF neopterin levels and CSF viral load has been described in
several viral infections [8]. In the case of EV-A71 BE, no correlation with CSF viral load is
expected, as it is rarely detected in CSF [1]. Several observations support the etiologic role of
EV-A71 in BE/EM, including the observation of neuronal degeneration., necrosis and
neuronophagia, together with the identification of viral antigens and ribonucleic acid almost
exclusively on neurons in fatal cases with EM [15]. Besides, EV-A71 is known to activate many

inflammatory pathways which play a role in limiting viral replication but also have a deleterious
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ceffect on the brain [16]. We hypothesize that viral infection induces cell-mediated immunity.
microglia activation and neopterin synthesis, which is a pathway linked to neurovirulence.

This study demonstrated an association between CSF neopterin levels and the presence
and extent of MRI lesions. It is a promising finding because according to a recent meta-analysis
on outcomes following EV-A71 BE. a normal MRI may be a good prognostic sign (lower
cumulative incidence of sequelac or death) [4]. Moreover. many authors have reported a
statistically significant association between multiple area involvement on MRI and disease
severity [5.6], and hence the presence of lesions on MRI is not only useful for diagnosis but also
for prognosis. Because of equipment availability and the need for sedation in children, MRI is
not always feasible or is performed days after discase onset.

The main limitations of this study are the small sample size, the potential bias of a
single-center study and the potential confounding effect of lag time from fever onset to CSF
sampling, which has been illustrated in Figure 1. Twenty-four patients were excluded because
CSF was unavailable or insufficient, but those were comparable regarding epidemiologic and
clinical variables. No conclusions regarding the utility of ncopterin as a biomarker of
neurological sequelae could be drawn as only three patients had a significant disability at day
30. Because CSF neopterin levels are generally performed in reference laboratories, the inability
to obtain timely results can limit their clinical utility.

To conclude. this study suggests an association between CSF neopterin levels and the
presence of inflammatory lesions on MRI. This finding must be further validated in larger
cohorts, which might allow deeper insights into the role of CSF ncopterin as a biomarker of

disease severity.
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FIGURE 1. Graphic representation of CSF neopterin (nmol/L) and lag time from fever onset to

CSF sampling (days). in patients with/without lesions on MRI.

Footnote: *Patients with encephalomyelitis and persistent neurologic symptoms at day 30.
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1 TABLE 1. Inflammatory markers in children with enterovirus-related brainstem encephalitis or

2 encephalomyelitis.
3
N CSF CSF WBC CSF protein, Blood WBC Blood Blood Serum
neopterin, count, mg/dL* count, lymphocyte neutrophil C-reactive
nmol/L* cells*10%/uL? cells*10°/uL? count, count, protein,
cells*10%ul? | cells*10%/uL? mg/L*
Lesions on brain and spine
MRI
Yes | 18 371 165 42 12750 4000 8650 6
(213-637) (80-380) (33-52) (11950-16175)  (2475-4700) ~ (6625-11125) (3-12)
No | 10 172 153 47 12050 3450 6200 8
(53-371) (617-94) (38-65) (8925-15150) (2150-5325) (4575-8625) (1-15)
p=0.027 p=0.943 p=0.270 p=0.172 p=0.792 p=0.084 p=0.487
Extensive lesions on brain
and spine MRI (> 2 areas)
Yes | 7 438 185 44 12600 4700 8700 6
(189-899) (50-220) (35-45) (11600-17400)  (2600-4700)  (5000-11000) (2-12)
No | 21 286 145 46 12600 3200 7200 5
(99-495) (100-420) (33-61) (10750-15200)  (2100-4900) (5650-9550) (2-12)
p=0.048 p=0.671 p=0.426 p=0.633 p=0264 p=0.614 p=0.750
Length of hospital stay > 7
days
Yes | 16 341 175 45 12650 4500 8400 5
(204-559) (108-348) (37-47) (11875-15975)  (2475-5325)  (5775-10400) (2-9)
No | 20 358 103 39 12100 3800 6450 3
(200-480) (43-203) (29-57) (9075-13250)  (2750-5075)  (4575-8250) (2-12)
p=0.679 p=0.108 p=0.671 p=0.108 p=0.762 p=0.161 p=0.962
NRL symptoms > 30 days °
Yes | 3 438 50 45 17400 4700 9600 6
No | 33 334 145 40 12200 3800 7100 5
(174-529) (63-295) (31-55) (9550-14600) (2450-5350) (4550-8900) (2-10)
p=0.317 p=0.097 p=0.841 p=0.052 p=0.242 p=0.241 p=0.442

CSF, cerebrospinal fluid; WBC. white blood cell: MRI. magnetic resonance imaging; NRL, neurologic.
Differences were considered significant at p<0.05 and these values are listed in bold type.

" Median (p25-p75).

" The three patients with clinical diagnosis of encephalomyelitis following the WHO definition were the same three patients with persistence of neurological

symptoms with significant disability at day 30.
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5.3.1 Resum del tercer article

Es tracta d’'un estudi observacional prospectiu en el que es van incloure
els pacients pediatrics amb diagnostic d’encefalitis de tronc i encefalomielitis,
amb deteccidé d’EV en alguna mostra i abséncia d’altra etiologia plausible entre
abril de 2016 i marc de 2017. Es van incloure els pacients amb mostra de LCR
disponible i suficient per a la determinacié de neopterina. Es van recollir dades
cliniques, analitiques, radiologiques i microbiologiques. Les principals variables
considerades per estimar la severitat van ser: diagnostic d’encefalomielitis,
preséncia de lesions i lesions extenses (> 2 arees afectades) a la RM cerebral i
medul-lar, durada de I'estada hospitalaria > 7 dies i persisténcia de simptomes
neurologics amb discapacitat significativa als 30 dies. Es va realitzar una real-
time RT-PCR PAN EV d’elaboracioé propia en plasma i LCR en tots els pacients.
En cas de resultat negatiu, també es va realitzar en aspirat nasofaringi i mostra
de femtes. Es va realitzar la tipificacio a la Unitat d’EV del Centre Nacional de
Microbiologia. Es van recollir cultius bacterians i es va realitzar real-time PCR per
a VHS-1i 2 en LCR. A més de la determinacio de neopterina, es van analitzar
altres parametres inflamatoris per tal de poder comparar els resultats (leucocits i
proteines en LCR; leucocits, limfocits i neutrofils en sang, proteina C reactiva en
plasma). Es va realitzar RM cerebral i medul-lar en els pacients amb encefalitis

de tronc o encefalomielitis, excepte milloria rapida.

La determinaci6 de neopterina en LCR es va realitzar en el Laboratori de
Malalties Metaboliques Hereditaries de I'Hospital Sant Joan de Déu, que és
referéncia a I'estat per I'estudi de patologies neurometabdliques.

Els resultats d’aquest tercer estudi son:

1. Caracteristigues epidemiologigues i microbioldgiques:

1.1. Van ingressar seixanta pacients amb encefalitis de tronc o
encefalomielitis i detecciéo d’EV durant el periode d’estudi. Es van excloure vuit
pacients perque la puncio lumbar es va realitzar en un altre centre, sense seguir

les normes de conservacié adequades, i setze pacients perqué la mostra de LCR

95 DOCTORAND: Didac CASAS ALBA



era insuficient per a la determinacio de neopterina. Finalment, trenta-sis pacients

van ser inclosos en 'estudi.

1.2. L’edat mitjana va ser de 2,2 anys (RIQ d’'1,5 a 2,7 anys) i vint-i-un

(58%) eren homes.

1.3. Seguint les definicions de 'TOMS'%!, trenta-tres (92%) van presentar

encefalitis de tronc i tres (8%) encefalomielitis.

1.4. Es va poder tipificar una de les mostres positives per a EV en vint-
i-set dels pacients inclosos. L’EV-A71 va ser el genotip més freqlent (25/27). En
dos pacients es va trobar un EV de I'espécie A, perd no es va poder identificar el
genotip. El grup de pacients en que es va poder tipificar 'EV-A71 era comparable

amb la resta de la cohort.

2. Troballes analitiques i radiologiques:

2.1. Es va realitzar RM cerebral i medul-lar a vint-i-vuit pacients, dels
quals divuit (64%) van presentar alteracions.

2.2. Els nivells de neopterina en LCR van resultar elevats en 33/36
pacients (92%), amb una mitjana de 347 nmol/L (RIQ de 204 a 525 nmol/L).

3. Variables associades amb malaltia greu:

3.1. Nivells de neopterina en LCR més elevats es van correlacionar amb
la preséncia de lesions a la RM. L’area sota la corba (AUC) va ser 0,76 (index
de confianga del 95% [IC 95%]:0,56-0,96; p=0,027). El valor llindar amb major
sensibilitat i especificitat va ser > 94 nmol/L. El valor predictiu positiu va ser 78%

i el valor predictiu negatiu va ser 100%.

3.2. Nivells de neopterina en LCR més elevats es van correlacionar amb
la preséncia de lesions extenses a la RM. L’AUC va ser 0,76 (IC 95%:0,55-0,96;
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p=0,047). El valor llindar amb major sensibilitat i especificitat va ser > 360 nmol/L.

El valor predictiu positiu va ser 46% i el valor predictiu negatiu va ser 88%.

3.3. Els tres pacients amb encefalomielitis va presentar discapacitat
significativa el dia 30 (i persisténcia de lesions radiologiques als 12 mesos). La
mitjana de nivells de neopterina en LCR va ser més elevada en aquest grup de

pacients, pero les diferéncies no van resultar estadisticament significatives.

3.4. Pel que fa a potencials variables confusores, no es va trobar cap
associacio significativa entre els nivells de neopterina en LCR i el sexe o I'edat.
Els nivells de neopterina en LCR van presentar un pic en torn al quart-cinque dia
de febre i un descens posterior. El temps de demora en realitzar la puncié lumbar
no es va correlacionar amb la presencia de lesions o lesions extenses a la RM
(p=0,28).

3.5. Laresta de marcadors inflamatoris no es van correlacionar amb les

variables de gravetat.
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5.4 Quart article

Extreme Hyperferritinemia in Dizygotic Twins With Human Parechovirus-3

Infection.

Casas-Alba D, Martinez-Monseny A, Monfort L, Mufioz-Almagro C, Cabrerizo

M, Deya A, Launes C.

Article publicat a:
Pediatr Infect Dis J. 2016 Des; 35 (12): 1366-1368.
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H uman parechoviruses (HPeVs) are members of the Parecho-
virus genus of the Picornaviridae family, which includes
important pathogens, such as rhinoviruses and enteroviruses,
among others. Human parechoviruses replicate mainly in intesti-
nal cells and are transmitted by the fecal-oral route, although the
respiratory route has also been described.! Human parechovirus
infections typically target infants less than 2 years old and are
associated with mild gastrointestinal and respiratory symptoms.’
Current knowledge suggests that HPeV may be an important
cause of fever without source in young infants too. Currently,
16 types of HPeV have been described. The most predominant
type is HPeV-1 followed by HPeV-3.' Human parechovirus-1
rarely causes severe symptoms, but HPeV-3 has been associ-
ated more often with severe clinical manifestations in infants
<3 months of age, such as sepsis-like illness, meningoencepha-
litis** and hemophagocytic lymphohistiocytosis (HLH)-like
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illness.” Human parechovirus-3 has also been linked to white
matter injury and neurological sequelae.® but the vast majority of
patients have a favorable outcome.’ Human parechovirus-3-spe-
cific diagnostic assays are not routinely available in most clinical
practice settings; therefore, the real HPeV-3 incidence may be
underestimated.'

The article reports the occurrence of HPeV-3 infection in
dizygotic twin infants with extremely high values of ferritin. Both
had a benign and self-limited course of the disease despite this
alarming analytical feature, which is often linked to severe hyper-
cytokinemia and HLH.”

CASE REPORT

In July 2015, case 1, a 35-day-old male attended the Emer-
gency Department of our institution with fever and irritability for the
last 12 hours. He had a dizygotic twin, and they were born at the 38th
week of gestation. Personal and family history was unremarkable.
He had an axillary body temperature of 38.9°C. Physical examina-
tion showed no other abnormal findings. Low risk for invasive bacte-
rial infection was estimated according to laboratory tests (Table 1).
Blood and urine cultures were obtained, and the infant was hospital-
ized without antibiotic treatment while awaiting culture results.

Fever and irritability persisted, together with insidious skin
changes that became more apparent on hospital day 4. On physi-
cal examination, an erythematous rash on palms, soles, upper chest
and mild livedo reticularis were noted. He developed peripheral
edema and minor abdominal distension. Because of the persistence
of fever, a more extensive panel of serum assays was obtained. It
showed leukopenia, elevation of alanine aminotransferase, aspartate
aminotransferase (AST), lactate dehydrogenase (LDH) and extreme
hyperferritinemia (26,890 pg/L), with normal C-reactive protein
(CRP; Table 1). There was neither hepatomegaly nor splenomegaly
and other HLH-2004 diagnostic analytical criteria were not fulfilled
(cytopenias affecting at least 2 lineages in the peripheral blood or
hypertriglyceridemia/hypofibrinogenemia).* Blood and urine cul-
tures revealed no bacterial growth. Hepatotropic virus (hepatitis B
virus, hepatitis C virus, Epstein Barr virus and cytomegalovirus),
parvovirus-B19 and enterovirus infections were excluded by the
absence of detection of the viral genome using several real-time
polymerase chain reaction assays in blood samples. Adenovirus was
also negative by antigen detection in nasal swab. Bearing in mind
the dermatologic and laboratory findings with high ferritin values,
we considered HPeV-3 infection. Therefore, blood and pharyngeal
swab samples were sent to the Spanish National Centre for Microbi-
ology in Majadahonda (Madrid) for HPeV testing using a real-time
polymerase chain reaction previously described.” The high hyperfer-
ritinemia was followed, along with laboratory parameters related to
HLH, while the patient remained febrile. We observed an increase of
ferritin level up to 31,679 pg/L and hypertriglyceridemia (215 mg/
dL, reference range 64-161, HLH-2004 diagnostic criteria >265),
but complete blood count remained normal, and no hepatospleno-
megaly was found. A complete immunologic evaluation for HLH
was performed revealing an elevation of soluble interleukin-2 recep-
tor (sIL2R/sCD25; 1659 IU/mL, reference range <1000 Ul/mL,
HLH-2004 diagnostic criteria >2400 TU/mL) and a natural killer
(NK) function test was ordered. To assess the NK cell cytotoxicity,
peripheral blood mononuclear cells containing NK cells were iso-
lated and co-cultured with target cell K562 until an effector:target
cell ratio of 50: 1. Samples were analyzed by flow cytometry on a BD
FACSCanto. The target cell killing was below 10% in all cultures;
values far below the control activity. This result was reported after
the patient started to improve at day 6 of hospital admission with-
out specific treatment, remaining afebrile since then. Cranial and
abdominal ultrasounds were normal. He was discharged on hospital

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Main Laboratory Data of 2 Heterozygotic Twins With HPeV-3 Infection
Case 1 Case 2
Reference Range On Ad Day 4* On Ad Day 4%
Hemoglobin (g/dL) 9-13.5 10.3 10.2 10.8 11.2
Platelets (x 10%L) 150-500 380 247 492 369
WBC count (x 10°/L) 7.5-13.5 4 5.5 3.1 95
Segmented neutrophil count (x 10%/L) 1.5-5 1.5 11 1.9 7
Banded neutrophil count (x 10%L) 0-0.5 0.1 0.1 - 0
Lymphocyte count (x 10%L) 1.5-5 21 4.1 0.8 1.8
C-reactive protein (mg/L) <15 19.8 1.5 11 -
Procalcitonin (ng/mL) <0.5 0.22 - 0.12 -
Ferritin (pg/L) 10-200 - 31,679 672 47,710
Transferrin (mg/L) 1800-3500 - 874 1611 1255
LDH (TU/L) <776 - 3179 - 3815
Triglycerides (mg/dL) 94-161 - 131 - 270
Fibrinogen (g/L) 1.5-3.5 - 2.2 - 2.9
ALT (IU/L) 2-37 - 116 15 298
AST (IU/L) 3-63 - 528 34 1008
Quick prothrombin time (%) 80-120 - 110 - 117
Total bilirrubin (mg/dL) 0.2-1 - 0.2 - -
ALT indicates alanine aminotransferase; AST, aspartate aminotr LDH, lactate g WBC, white blood cell.

*After the onset of fever.

day 9 with a ferritin that had decreased to 3141 pg/L and completely
asymptomatic. All the abnormal laboratory values normalized 6
weeks later. NK cell cytotoxicity was repeated a month later, being
normal, with a normal expression of perforin and NK-cell degranu-
lation assay with normal results too.

Four days after the admission of case 1, his heterozygotic
twin, case 2, a 38-day-old female attended the Emergency Depart-
ment with similar symptoms. Personal history was noncontribu-
tory. Clinical and analytical data at admission were similar to case
1 (Table 1). She was also hospitalized without antibiotic treatment
while awaiting culture results. Rash appeared at day 4 too, as well
as abdominal distension. Blood and pharyngeal swab samples were
obtained for HPeV detection. Considering that the highest values of
ferritin in HPeV-3 infection had been reported on the 4th or 5th days
of fever,'” we performed a blood test that showed elevation of ala-
nine aminotransferase, AST and LDH and marked hyperferritinemia
(47.710 pg/L). She also had hypertriglyceridemia (270 mg/dL). Cra-
nial ultrasound was normal. No specific treatment was initiated. On
hospital day 5, fever and irritability resolved. She was discharged on
hospital day 6 with a decreasing ferritin and totally asymptomatic,
with outpatient follow-up during the next days.

Human parechovirus RNA was positive in blood and
pharyngeal swab samples of both cases. Molecular typing was
carried out by VP3/VP1 amplification and sequencing. Three of
the 4 HPeV-positive samples were typed as HPeV-3. One sample
(pharyngeal swab) could not be typed because of the low viral load.
A posthospitalization follow-up was performed, and patients were
fully recovered and asymptomatic.

DISCUSSION

Herein we report 2 infants with a persistent febrile disease
and severe hyperferritinemia, which could not be ascribed to the
development of an HLH, but to an infection by HPeV-3. As it is
reported in this article, HPeV-3 illness frequently begins with fever
and irritability. Fever lasts a mean of 3 days. A palmar—plantar ery-
thema that appears 35 days after fever onset, and abdominal disten-
sion with navel protrusion may be considered a diagnostic clue to
HPeV-3 infection,'” although these aspects are not consistent across
all reports. Other skin manifestations are rash in trunk and axillary
area, livedo reticularis and peripheral edema.’* Laboratory findings

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

such as elevated ferritin levels and decreased leukocyte and platelet
counts are other described features of HPe V-3 infection.'’ C-reactive
protein is not significantly elevated.’ Hypertriglyceridemia, elevated
sIL2R and mild AST elevation have been reported in a few cases.’
We report the highest values of ferritin found in patients
with HPeV-3 infection compared with previously published litera-
ture.*>'*!" After finding such an extraordinary hyperferritinemia
in a pair of heterozygotic twins with fever without a source, we
initially suspected viral sepsis-like illness and, with the distal rash
and abdominal distension, HPeV-3 infection specifically. Despite
the major immune system activation suggested by the analytical
data, our approach was conservative because patients were not in
bad general state, and they did not meet specific criteria for HLH.®
We want to underline that their illness showed a benign and self-
limiting course, and no severe systemic symptoms were noted.
Hemophagocytic lymphohistiocytosis is a challenging condition
because of its nonspecific clinical presentation, bad outcome with-
out treatment and toxicity of chemotherapy. Taking into account
the need of a prompt treatment, Allen et al” emphasized the impor-
tance of hyperferritinemia as a marker of HLH in the acute set-
ting. This idea has led some authors to initiate corticoids and/or
cyclosporine in infants with incomplete HLH criteria, a condition
defined as HLH-like illness.'* However, one case of complete
HLH because of HPeV-3 infection has been described.!” As it has
been noted by Castillo et al,® the International Histiocyte Society
has broadened its diagnostic criteria, and there is significant overlap
between HLH, sepsis, systemic inflammatory response syndrome,
multiorgan dysfunction syndrome and macrophage activation syn-
drome. Thus, extreme caution has to be exercised in applying HLH
therapies. For instance, Shiota et al'’ reported a group of febrile
infants with transitory hyperferritinemia, elevated LDH, triglycer-
ides and sIL2R, which normalized within 3 weeks without immu-
nosuppressive therapy. Macrophage activation triggered by viral
infections through overresponse of the Toll-like receptor signaling
pathway is the proposed pathogenesis of transient hyperferritine-
mia, but the exact mechanisms for HPeV-3 recognition by innate
immunity system and its inhibition are unknown. We report for
the first time a transient NK cytotoxicity impairment coinciding
with HPeV-3 infection, excluding the only known case of complete
HLH described." Molecular identification of an HLH-associated
gene mutation was not performed because the clinical course was
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inconsistent with HLH diagnosis, and the NK cell cytotoxicity
function was fully recovered after the viral infection. In our opinion,
long follow-up of these and other similar cases is needed in order
to detect severe manifestations with any other new febrile episode.
However, hepatotoxicity by direct viral damage or immune-medi-
ated damage has also been described in HPeV-3 infection, and it
could also contribute to high ferritin levels.?

Allen et al” described main causes of extreme hyperferritine-
mia (>10,000 pg/L) in pediatric patients. Besides HLH and HLH-
like syndromes triggered by viral infections (herpesviruses chiefly),
congenital hemochromatosis, other causes of liver failure and iron
overload because of multiple transfusions have been related to such
extreme ferritin values in neonates and very young infants.

Finally, we want to remark that HPeV-3 infection could be
the most common cause of meningoencephalitis in infants <90-day
old and mortality and sequelae are uncommon.* Sequelae are corre-
lated with the severity of white matter abnormalities in brain ultra-
sound or magnetic resonance imaging.® In our cases, we did not
observe neither neurologic symptoms nor changes in brain ultra-
sound. We feel that the need of long-term follow-up in neonates
and young infants with HPeV-3 infection without seizures or other
neurologic symptoms is yet to be defined.
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BRUCELLAR AORTITIS AND
MENINGOENCEPHALITIS IN AN ADOLESCENT

Gulsum Iclal Bayhan,* Ibrahim Ece, 1 and Ahmet Faik Oner}

Abstract: Brucellosis can affect any organ system and result in possible
complications. We present an adolescent male who had brucellar aortitis
and meningitis simultaneously. Brucellar aortic involvement is a rare com-
plication of brucellosis and can occur without concomitant endocarditis.
Here, the patient was managed with prolonged antibiotic therapy without
any surgery.
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Brucellosis is still highly endemic and causes high morbidity
in Turkey. Brucellosis may involve any organ system and can
lead to several complications. Of these, meningitis and endocar-
ditis are the most serious. Cardiovascular complications including
endocarditis, myocarditis, pericarditis and arteritis occur in less
than 2% of the patients with brucellosis. Endocarditis because
of Brucella spp. accounts for a majority of the deaths related to
brucellosis.! We report an adolescent male with brucellar aortitis
and meningoencephalitis.

CASE

A 12-year-old boy with headache and difficulty in walking
was referred to our hospital. The patient’s history revealed aggres-
sive behavior, constant talking and cursing, and poor sleep for
1 month. Additionally, he had fever, headache, knee pain and could
not walk without assistance for 10 days. The patient and his family
were involved with animal husbandry, and they reared sheep, goats
and cattle; they sold milk and ate dairy products. The patient con-
sumed unpasteurized dairy products. Further, his mother had a his-
tory of brucellosis. On physical examination, he was sluggish and
appeared pale. He smiled constantly, which was incompatible with
his health. He had a grade 3/6 cardiac murmur and neck stiffness
with positive Kernig and Brudzinski signs. No spinal tenderness
was observed. Laboratory-based tests revealed hemoglobin value
of 10.9g/dL (11-18g/dL), white blood cell count of 6000/mm?
(4000-11,000/mm?), platelet count of 206,000/mm?® (150,000
400,000/mm®), C-reactive protein of 142mg/L (0-5mg/L)
and erythrocyte sedimentation rate of 10mm/h (1-20mm/h).
Anti-HIV enzyme-linked immunosorbent assay test was nega-
tive. Cercbrospinal fluid (CSF) examination revealed slightly
cloudy fluid with white blood cell count of 200/mm® (counted
by using Thoma counting chamber) with 55% lymphocytes,
45% polymorphonuclear leukocytes, protein of 88mg/dL
(2040 mg/dL) and glucose of 34mg/dL (45-80mg/dL). No
bacteria were observed on Gram-stained smear of the CSF
The other laboratory-based findings were within the normal
ranges. Transthoracic echocardiography revealed hyperechoic
structures moving in the ascending aorta (Fig. 1). The patient
was hospitalized and diagnosed with infective endocarditis
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5.4.1 Resum del quart article

Durant el periode 2015-2018, només vam detectar quatre pacients amb
infeccié per HPeV. El quart estudi €s un article a proposit de dos casos que
descriu la infecci6 per HPeV-3 en dos bessons dizigotics amb valors
extremadament elevats de ferritina en plasma. Tot i que aquesta troballa
frequentment s’associa amb hipercitoquinémia i limfohistiocitosi hemofagocitica,
aquest no va ser el cas d’aquets pacients, doncs ambddos van presentar un curs
benigne i autolimitat. Els altres dos pacients amb infeccié per HPeV, no inclosos

en aguest article, van presentar un quadre clinic tipict3.

Els resultats d’aquest quart estudi son:

1.1. Ambdds pacients, bessons dizigotics, van ser portats a urgencies
amb 1 mes de vida per febre i irritabilitat de curta evolucié. L’exploracio fisica
inicial era normal i els resultats analitics de sang i orina van mostrar baix risc

d’infeccio bacteriana potencialment greu.

1.2. El quart dia, persistien la febre i la irritabilitat i resultaven evidents
una serie de troballes a I'exploracié fisica que havien aparegut de forma
progressiva: exantema eritematés a palmes, plantes i torax superior, cutis

reticular lleu, edema periferic i distensié abdominal.

1.3. Es van realitzar analitiques sanguinies successives que van
mostrar leucopénia, hipertigliceridémia i hiperferritinemia extrema (maxima de
31.679 ug/L 141.710 pg/L). En el primer cas, també es va observar elevacié dels

nivells de receptor soluble d’interleuquina 2 i disfuncié NK.
1.4. El sise dia va desapareixer la febre i van presentar una milloria

progressiva, sense haver administrat cap tractament especific. Tots els valors

analitics es van normalitzar en el seguiment post-alta.
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1.5. No van presentar hepato-esplenomegalia i no es van complir els
criteris de HLH-2004'7°, Els cultius bacterians van resultar negatius. Es va
descartar la infeccié per virus hepatotrops, parvovirus B19, EV i adenovirus.
Davant la sospita d’infeccio per HPeV-3, es van recollir mostres de sang i aspirat
nasofaringi i es van tipificar al Centre Nacional de Microbiologia (Institut de Salut
Carles IlI).

1.6. Es va detectar HPeV en mostres de sang i aspirat nasofaringi

d’ambdds casos. L’amplificacio de la regié VP3/VP1 i sequienciacié de 'amplicé

va identificar el genotip HPeV-3.
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6 DISCUSSIO
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6 DISCUSSIO

6.1 Brot d’encefalitis de tronc per EV-A71 (2016)

Els resultats del primer i segon article descriuen el brot d’encefalitis de
tronc associat amb EV-A71 que va iniciar-se a Catalunya i va estendre’s a la
resta d’Espanya I'any 2016. En el nostre medi mai no s’havia descrit un brot
d’infeccié per EV amb aquestes caracteristiques cliniques. Abans del brot
d’encefalitis de tronc I'any 2016, Espanya era un dels paisos que havia
comunicat la circulacié d’'EV-AT71, si bé la intensitat era baixa i la simptomatologia
associada era exclusivament lleu'3. Es tracta doncs d’'un patogen emergent en

el nostre med.i.

Aquests resultats son fruit del programa de vigilancia d’EV, que tal i com
s’ha exposat al llarg de la introduccido és un dels sistemes complementaris
acceptats per a intensificar la vigilancia epidemiologica de la poliomielitis®. En un
escenari on 'amenaca de la poliomielitis tot i minvar encara esta present, cobra
especial rellevancia la vigilancia d’altres patologies neuroldgiques i sistemiques
produides per ENP que també sén causa important de morbiditat i mortalitat, com
I'encefalitis de tronc per EV-A71.

6.1.1 Identificacié de I’'agent causal i demostracio de neuroinfeccio

Tal i com s’ha exposat en la seccié de resultats, en I'estudi de pacients
amb encefalitis de tronc mitjangant real-time RT-PCR es va observar baixa taxa
de deteccid d’EV en mostres invasives i alta taxa de deteccid en mostres no
invasives. En un pacient aillat, la deteccié d’EV en una mostra no invasiva no és
criteri suficient per a establir la causalitat, ja que no es pot descartar I'estat de
portador asimptomatic. Segons la literatura previa, la taxa de deteccié d’'EV-A71
en LCR és de 0-5% mitjancant técniques convencionals!®®171, Es remarcable la
similitud amb la poliomielitis, on s’havia descrit una taxa de deteccié en LCR de
fins al 6%'72. En el cas de 'EV-D68, la deteccié en LCR és molt inferior, tot i que
hi ha alguns casos descrits®®. Com a consequiéncia, en brots previs d’EV-A71 i

EV-D68 s’ha especulat que les manifestacions neuroldgiques podrien ser
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secundaries a un mecanisme parainfecciés o a coinfeccid, més que a un efecte

directe del virus.

El segon article que es presenta en aquesta Memoria de Tesi té el valor
de confirmar la sospita que I'EV era 'agent causal del brot. En primer lloc, es
presenten 20 pacients amb encefalitis de tronc, amb troballes cliniques i
radiologiques tipiques, en els quals es detecta EV mitjan¢ant real-time RT-PCR
en mostres no invasives en 20/20 (100%). En segon lloc, es detecta EV
mitjancant PCR niada multiple en LCR en 4/20 (20%), en uns casos que son
clinica i radiologicament indestriables de la resta, reforcant la hipotesi de la
neuroinfeccié. En tercer lloc, es descarta la coinfeccié bacteriana i viral en
aguests pacients. En quart i ultim lloc, en aquest article ja s’indica que I'inic
genotip identificat mitjancant amplificacio de la regié VP1 i seqlenciacio Sanger
de I'amplicé en aquest grup de pacients amb encefalitis de tronc va ser 'lEV-A71.
A partir de I'experiéncia dels nostres resultats, considerem que el FA-M/E panel
va ser una técnica d’especial utilitat en 'abordatge diagndstic inicial del brot,
essent aguesta una estrategia que podria ser replicable en altres ambits, o bé en

casos aillats.

El FA-M/E panel va detectar EV en LCR en 4/20 pacients amb encefalitis
de tronc, en que la real-time RT-PCR havia resultat negativa. S’ha plantejat la
hipotesi que la baixa taxa de deteccié de 'EV-A71 en LCR podria ser deguda a
disminuci6 rapida de la carrega viral en LCR després de la infecci6'’®. En la
nostra serie, en el grup de pacients amb resultat positiu per a EV en LCR, la
demora en I'obtenci6 del LCR respecte I'inici de la clinica va ser menor que en la
resta, pero les diferencies no van ser estadisticament significatives. Tampoc no
van observar-se diferéencies en la gravetat clinica. També s’ha plantejat la
hipotesi que la baixa deteccié en LCR podria ser deguda a baixa carrega viral'’3,
Hipotetitzem que els resultats de la nostra série s’expliquen perque el FA-M/E
panel podria ser més sensible per a la deteccié de carregues virals baixes que
les técniques de real-time RT-PCR. En un estudi que analitzava la taxa de
deteccido d’'EV (de diferents genotips) en LCR, la RT-PCR niada va resultar
positiva en 25/105 casos, mentre que la real-time RT-PCR va resultar positiva

en 14/105 casos'’. En un cas aillat amb encefalitis de tronc per EV-A71, s’ha
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reportat la positivitat de la RT-PCR niada en LCR, essent la real-time RT-PCR
negatival’®>. La mNGS clinica amb plataforma Illumina® també ha demostrat
augmentar la taxa de deteccié d’EV-A71 en LCR en I'encefalitis de tronc respecte
la real-time RT-PCR'’®, En aquest estudi també es va observar una baixa
carrega viral de 'EV-A71 en LCR'’S,

Pel que fa a coinfeccié per altres germens, el FA-M/E panel només va
detectar VHH-6 en 3 pacients amb encefalitis de tronc, negatius per a EV en
LCR. El curs clinic d’aquests pacients va ser similar a la resta, no van presentar
signes caracteristics d’'infeccié per HHV-6 i es va descartar la presencia de HHV-
6 en aspirat nasofaringi i mostra de femtes, per la qual cosa es van interpretar
els resultat com a laténcia viral en LCR. Pocs estudis han analitzat la coinfeccio
per altres gérmens en I'encefalitis de tronc per EV-A71, tot i que és un fet conegut
en la vigilancia d’EV que diferents genotips i subgenotips co-circulen en un
mateix periode i area geografica, per la qual cosa és plausible la coinfecci6 per
diferents EV'3. En aquesta linia, destaca un estudi realitzat a Xina 'any 2012 en
99 pacients amb MBMP (de gravetat variable), en que es van realitzar cultius en
diferents linies cel-lulars, identificant-se coinfeccié per diferents genotips d’EV en
6 pacients’’. La mNGS clinica amb plataforma Illlumina® ha demostrat ser més
sensible en aquest ambit, detectant coinfeccié per altres virus en 3/10 pacients
amb encefalitis de tronc per EV-A71 (un CVB a aspirat nasofaringi, un E-30 a

aspirat nasofaringi i un VHH-7 a LCR)76,

L’analisi de les dades de sequienciacié Sanger de la regio 3’ de 'amplico
VP1 va mostrar que la majoria de soques d’EV-A71 pertanyien al subgenotip C1.
Aquests resultats es van poder replicar en el cinqué article inclos en 'annex, un
estudi observacional prospectiu multicentric desenvolupat a Espanya i Andorra i
coordinat per la Unitat d’'EV del Centre Nacional de Microbiologia, en que
I'Hospital Sant Joan de Déu va tenir una participacié destacada'’®. En aquest
estudi es va utilitzar 'analisi de les dades de seqlienciacié Sanger de la regio 3’
de 'amplico VP1 i 'analisi de la regié 3Dpol'’8. També es va arribar a la mateixa
conclusié mitjancant la mNGS clinica amb plataforma lllumina®, a partir de la

sequenciacié del genoma complet!’s. A més, es va descartar la presencia de
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polimorfismes d’un sol nucledtiod no sindbnims associats amb neurovirulencia

augmentadal’®.

A més, una minoria de soques d’EV-A71 pertanyien al subgenotip C2. En
la vigilancia I’EV és frequent que diferents genotips i subgenotips co-circulin en
un mateix periode i area geografica'®. La distribucié geografica i temporal dels
subgenotips d’EV-A71 és complexa i canviant. Historicament, a Europa els
subgenotips predominants sén C1 i C27%7t, A Espanya, abans del brot
d’encefalitis de tronc I'any 2016, s’havia observat la circulacié6 d’'EV-A71 C2, si

bé la intensitat era baixa i la simptomatologia associada era exclusivament lleu.

L’analisi filogenética va mostrar que la soca dEV-A71 C1 no s’havia
identificat mai abans a Espanya, siné que formava una subclasse de la soca
variant alemanya detectada I'any 20151372169 Aquests resultats també s’han
replicat en altres estudis'’®17®, Durant 'any 2015 a Alemanya, el sistema de
vigilancia d’'EV va detectar la soca variant d’EV-A71 C1 en 19 pacients’. La
informacio clinica relativa a aquests pacients és escassa, pero se sap que la
majoria eren menors de 5 anys, tots van ser hospitalitzats i van presentar febre,
vomits, rigidesa meningia, mioclonies, ataxia, petequies i enantemes, en
diferents combinacions’?. El cas més ben descrit a la literatura és el d’'una pacient
de 2 anys amb MBMP en I'estadi de fallada cardiopulmonar®®. S’hipotetitza que
aquesta nova variant es va originar per recombinacid, que tal i com s’ha exposat
al llarg de la introduccié és un fenomen clau en l'aparicié de nous subgenotips
d’EV-A713L169 Sospitem que aquesta nova variant es va estendre des del Nord
al Sud d’Europa, doncs també es va observar de forma concomitant Francal’®,
A Franga I'any 2016 es van reportar 21 pacients amb EV-A71 (18 pacients amb
la soca variant Cl1), que van presentar encefalitis, encefalitis de tronc i

encefalomielitis; un d’ells va ser éxitus per fallada cardiopulmonar’.

6.1.2 Caracteristiques cliniques i radiologiques

El brot va tenir lloc durant la primavera, seguint un patré estacional similar
a altres EV a Espanya'®®. Tot i que els primers casos es van descriure a
Catalunya, durant els mesos successius es van reportar casos a la resta

d’Espanya'’®. A més, un brot menys nombrés es va descriure de forma
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concomitant a Franga'’8. L’Agéncia de Salut Publica de Catalunya va dur a terme
una recerca epidemiologica i no va trobar cap associacio entre els primers casos
que suggeris un origen comd o una connexié propera entre els casos!®.
Tanmateix, a partir d’estudis realitzats en altres ambits se sap que alguns factors
de risc per a la infeccio per EV-A71 son el contacte amb altres nens del veinat,
les visites a centres sanitaris, el contacte amb aglomeracions de gent i la manca
d’higiene de mans, i que 'EV-A71 presenta una alta taxa de transmissio en

convivents en el domicilil82.183,

Els pacients tenien edat de lactant o preescolar, al igual que brots previs
en altres regions®. En la nostra série, 41/57 (72%) pacients van presentar
encefalitis de tronc i 3/57 (5%) encefalomielitis, dels quals 2/57 (3,5%) van
presentar disfuncié autondmica (considerant a part altres diagnostics). Es
interessant contrastar aquests resultats amb brots a altres regions. Per exemple,
en el brot d’Australia I'any 2013, es van reportar 20/57 (35%) amb encefalitis de
tronc, 23/57 (40%) amb encefalomielitis i 4/57 (7%) amb disfuncié autonomica*®;
en el brot de Taiwan I'any 1998, es van reportar 39/96 (40%) pacients amb
encefalitis/encefalitis de tronc, 2/96 (2%) amb encefalomielitis i 37/96 (39%) amb
disfuncié autonomica'®*. Probablement part de les diferéncies es puguin explicar
per les diferéncies sociosanitaries i la introduccié del tractament amb IGIV.
Tanmateix, en la comparacio entre el brot d’Australia 'any 2013 i el de Catalunya
I'any 2016 no van haver-hi aquestes diferéncies, aixi que la menor freqiéncia de
casos d’encefalomielitis probablement pugui explicar-se per una menor

neuroviruléncia de la soca causal.

Vam trobar una taxa molt baixa de pacients amb manifestacions
mucocutanies, fet que va dificultar el diagnostic inicial. Tot i que és I'excepcid a
la norma, hi ha antecedents de brots d’infeccié per EV-A71 amb escassos
simptomes mucocutanis. Per exemple, al brot d’Hongria 'any 1978 només es
van descriure 4 pacients amb MBMP d’un total de 323 pacients®. En pacients
amb meningitis per EV durant el periode del brot, la duracio de la febre va ser
meés breu, la pleocitosi va ser més significativa, i la deteccié d’'EV en LCR va
resultar positiva amb major frequéncia. Tanmateix, les manifestacions

neurologiques durant les primeres 24 hores eren indestriables amb les dels
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pacients amb encefalitis de tronc o encefalomielitis. En consequéncia, els
pacients amb sospita de meningitis aseptica i febre persistent sén candidats a
observacio clinica estreta. La majoria de pacients amb encefalitis de tronc es van
classificar com estadi 2b grup 2 de la classificacié de Vietham!!?, En un estudi
que descriu el brot de MBMP per EV-A71 de Vietnam 'any 2011, es va reportar
gue la majoria de pacients (2750/3791, 73%) es van classificar com a estadi 2a.
Aquesta diferéncia s’explica per una modificacio en la classificacio de Vietnam
que s’introdueix I'any 2015, en que l'ataxia passa a considerar-se un criteri de
classificacié 2b grup 2. Durant I'ingrés, cap pacient va progressar a disfuncio
autonomica. Tanmateix, en el brot de Vietham I'any 2011 es va reportar que fins
al 22% dels pacients inicialment classificats com estadi 2b van progressar a
estadi 3 o 4!, La major accessibilitat dels serveis d’'Urgéncies i la major
precocitat en iniciar el tractament amb IGIV en el nostre ambit podrien explicar

aquestes diferencies.

En la nostra serie, vam descriure 25/47 (53%) pacients amb alteracions a
la RM cerebral, 18/47 (38%) amb alteracions a la RM medul-lar. En el brot
d’Australia 'any 2013, es descriu una frequéncia similar de pacients amb
alteracions a la RM cerebral (24/38, 63%), perd una major freqiéncia
d’alteracions a la RM medul-lar (27/34, 79%), probablement en relacio amb la
major freqliéncia de pacients amb encefalomielitis'*®. Les troballes radiologiques
més freqients van ser la presencia de lesions hiperintenses en sequencies
ponderades en T2, localitzades a regié dorsal del pont, bulb, mesencéfal i
dentats, de forma similar al que s’ha descrit en altres estudis!!®. Vam trobar una
frequencia inesperada de pacients amb simptomes lleus i alteracié radiologica
bulbar. En contraposicié, en un estudi recent que va incloure 46 pacients amb
encefalitis de tronc per EV-A71 en que es va realitzar RM, es va identificar
I'alteracié radioldgica bulbar com la variable més associada amb gravetat
clinical?’. En el nostre medi, tot i que la principal eina per a guiar el tractament
va ser la valoracio clinica, també es va recomanar considerar els resultats de la
RM, seguint experiéncies previes'®. Tanmateix, en alguns pacients la RM es va
realitzar de forma demorada, quan es trobaven en fase de milloria clinica, i tot i

presentar alteracié radiologica no es va considerar indicat el tractament. Aixo
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limita les conclusions que es puguin establir respecte al paper de la RM per a

guiar el tractament.

Pel que fa a 'administracié d'IGIV, no es poden establir conclusions sobre
'empitjorament de les manifestacions neuroldgiques en cas de no rebre el
tractament, ja que tots els pacients amb malaltia greu en van rebre i cap d’ells no
va empitjorar significativament. L'us d’'IGIV és estés a la practica clinica i esta
inclos en la guia clinica de 'OMS, perd les evidéncies que suporten el seu
benefici sén febles!®l. Estudis retrospectius suggereixen que I'administracié
precoc d’IGIV suposa un benefici clinic'. A part, I'analisi de citoquines abans i
després de l'administracio d’'IGIV també mostra una reduccié de diverses

citoquines proinflamatories en pacients amb disfuncié autonomica!?*.

Respecte a I'administracio de corticoides, en el nostre estudi la majoria de
pacients van rebre el tractament després de diversos dies de simptomes i cap
dells no va empitjorar significativament. S’hipotetitza que podrien ser
beneficiosos per analogia amb les mielitis agudes virals, i de fet se n’ha reportat
I'Gs en diferents brots, com per exemple el d’Australia 'any 20139, Tanmateix,
els corticoides no estan recomanats per 'OMS i estudis tant en models de ratoli
com en humans indiquen que I'administracio precog¢ (primeres 72 hores) podria
ser perjudicial*?>126, Es requereixen més estudis per investigar sobre I'efectivitat

I seguretat de les IGIV i els corticoides.

6.1.3 Variables associades amb malaltia greu

En la cohort descrita en el primer article, vuit pacients (14%) van requerir
ingrés a UCIP per disminucio del nivell de consciéncia o xoc que va precisar
ventilacid mecanica i inotrops. En aquesta serie no es va reportar cap exitus,
perd durant 'any 2016 a Catalunya va haver-hi algun cas d’éxitus en que I'EV-
A71 va considerar-se I'agent causal*®. La taxa de fatalitat per cas pot considerar-
se baixa en comparacié amb altres regions, on s’ha estimat una taxa de fatalitat
per cas de 1,7% en la MBMP associada amb EV-A71'8. Aquests bons resultats
podrien ser consequéncia de 'us estés d’IGIV en el nostre medi, perd no pot

descartar-se que siguin atribuibles a una menor viruléncia de la soca viral.
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L’edat menor de 12 mesos es va associar amb fallada cardiopulmonar.
Chang et al. ja havien reportat una forta correlacioé inversa entre I'edat d’inici i la
gravetat, situant la mitjana d’edat dels pacients amb fallada cardiopulmonar
entorn a 8 mesos!®®. Els pacients amb fallada cardiopulmonar van presentar
valors més elevats de leucocits en plasma. Aquesta associacié també havia estat
reportada previament per Chang et al.*'>, En la nostra seérie, valors més elevats
de procalcitonina en plasma també es van associar amb fallada cardiopulmonar,

tot i no confirmar cap altra coinfeccio.

El diagnostic d’encefalomielitis (independentment de la presencia de
fallada cardiopulmonar) es va associar amb la preséncia de sequeles amb
discapacitat significativa als 30 dies. Aquest estudi déna suport a la utilitzacié de
les definicions cliniques de la guia de 'OMS per establir el risc de sequeles,
seguint I'experiéncia del brot d’Australia 'any 2013%°, aixi com d’'una meta-
analisi recent que ha correlacionat la gravetat segons aquesta classificacio amb

el pronostictts,

6.2 Neopterina en LCR en I’encefalitis de tronc per EV-A71

Els resultats presentats en el tercer article representen la primera
descripcié en la literatura de l'elevacié de nivells de neopterina en LCR en
pacients amb encefalitis de tronc per EV, essent 'EV-A71 I'Gnic genotip identificat
en aquesta serie de pacients. Préeviament s’havien reportat nivells més baixos de
neopterina en el LCR de pacients amb meningitis per EV (mitjana < 40 nmol/L)*64.
Es descriu una aproximacio a la cinética de la neopterina en I'encefalitis de tronc
per EV, que augmenta de forma progressiva fins al quart-cinque dia per baixar

posteriorment, cosa que s’ha de tenir en compte per interpretar els resultats.

La neopterina és un marcador d'immunitat cel-lular, i la seva elevacio en
LCR s’ha correlacionat amb la gravetat de diverses infeccions del SNC. En
'encefalitis herpética, la seva elevaci6 s’ha associat amb sequeles
neurologiques i mortalitat'®®, Els nivells de neopterina en LCR es troben
invariablement elevats en pacients amb infecciéo per VIH sense tractament, i
augmenten a mesura que disminueixen els nivells de CD4188, Els pacients amb

demencia per VIH presenten nivells particularment elevats, tot i que els pacients
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amb infeccions oportunistes del SNC també poden presentar nivells elevatsi®,
Disminueixen després de l'inici de la terapia antiretroviral combinada!®. S’han
correlacionat amb la carrega viral en LCR en pacients amb infeccio per VIH, pero
en el cas de I'encefalitis de tronc per EV-A71 no esperavem trobar aquesta
associacio, ja que el virus rarament es detecta en LCR'%, En el cas de la
neuroborreliosi, també s’ha observat un descens dels nivells de neopterina en

LCR després d’administrar el tractament antibiotic164.

Tal i com s’ha descrit al llarg de la introduccid, multiples evidéncies donen
suport al paper etiologic de 'EV-A71 en I'encefalitis de tronc/encefalomielitis,
com per exemple I'observacié de degeneracié neuronal, necrosi i neuronofagia,
juntament amb la identificacié d’antigens i RNA virals en neurones de pacients
éxitus amb encefalomielitis’®. A més 'EV-A71 activa multiples vies inflamatories
que juguen un paper en limitar la replicacié viral, perd també tenen un efecte
deleteri en el cervell®3. Hipotetitzem que la infeccié viral indueix immunitat
cel-lular, activacid de la microglia i sintesi de neopterina, que és una via

relacionada amb la neuroviruléncia.

En aquest article es reporta per primera vegada I'associacio entre els
nivells de neopterina en LCR i la preséncia de lesions i lesions extenses a la RM
cerebral i medul-lar, aixi com els respectius valors llindar. En un cas, els valors
de neopterina en LCR es van trobar francament elevats en un moment en que la
RM, realitzada de forma precog, havia resultat normal; una segona RM realitzada
dies després va resultar extensament alterada. Considerant que la neopterina
augmenta de forma progressiva durant els primers dies, futurs estudis podrien
tractar d’establir un nomograma per predir les lesions radiologiques i la seva
gravetat. Aquestes troballes tenen un interés destacat, ja que s’estan sumant
evidencies en favor del paper de la RM no només per al diagnostic siné també
per a establir el pronostic de I'encefalitis de tronc per EV-A71. La normalitat de
la RM s’ha correlacionat amb bon prondstic, i la preséncia de lesions en multiples

arees del SNC s’ha correlacionat amb mal pronostic!16-118,

Tot i les limitacions que s’exposaran més endavant, aquest estudi

suggereix una associacio entre els nivells de neopterina en LCR i la preséncia
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de lesions radiologiques. SOn necessaris futurs estudis en mostres més grans
per a avaluar el paper de la neopterina en LCR com a biomarcadors de gravetat.
En cas de demostrar-se util, podria ajudar a guiar les exploracions

complementaries o el tractament.

6.3 Infeccidé per HPeV-3 i hiperferritinémia extrema

El quart article s'emmarca dins de l'objectiu general de descriure les
caracteristiques dels pacients pediatrics ingressats per infeccions per HPeV amb
manifestacions neurologiques i sistémiques en el nostre medi. Es presenta en
altim terme per considerar-se separat de la unitat tematica que representa el brot
d’encefalitis de tronc per EV-A71 de I'any 2016. Tanmateix, és el primer article
des del punt de vista cronologic i el punt de partida real d’aquesta Memoria de
Tesi, ja que representa la introduccié de l'autor en el moén de la vigilancia
epidemiologica d’'EV i HPeV. Tal i com s’exposa a la introduccio, la vigilancia de
HPeV sempre ha estat lligada a la vigilancia d’'EV, tant per motius historics, doncs
no va ser fins a principis dels anys 1990 que els HPeV van considerar-se un
genere independent dels EV, com per motius clinics, doncs sén causa de

patologies que se solapen amb les produides per EV.

Durant el periode 2015-2018, en el nostre centre només es van identificar
guatre pacients amb infeccié per HPeV. En la practica clinica en el nostre medi,
la deteccié d’'un cas d’infeccid per HPeV depén exclusivament de la sospita
clinica, i no es disposa de técniques moleculars rapides per a la detecci6é de
HPeV, per la qual cosa se sospita que la incidencia real és superior a la

observada.

En aquest article es descriuen dos lactants bessons dizigotics amb febre
persistent i hiperferritinemia, que no es va associar amb limfohistiocitosi
hemofagocitica, sind amb infeccié per HPeV-3. A més de la febre i la irritabilitat,
I'aparicié d’'un exantema palmo-plantar a partir del tercer-cinqué dia de febre, la
distensio abdominal i la protrusié umbilical son claus per a la sospita de la
infecci6®. Aquestes troballes cliniques, junt amb la presencia

d’hiperferritinémia, van ser els signes guia que ens van portar al diagnostic.
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Si bé la hiperferritinemia és una troballa frequent en la infeccié per HPeV-
319, els valors de ferritina descrits en el present article sén els més elevats
reportats en la literatura. Tot i la important activacié immune que tradueixen
aguests resultats, es va mantenir una conducta conservadora perque els
pacients no van presentar mal estat general i no van complir criteris de
limfohistiocitosi hemofagocitica'’®. Aquest article també representa la primera
descripcié de la disfuncid NK transitoria associada a la infecci6 de HPeV-3,

excloent I'tinic cas descrit de limfohistiocitosi hemofagocitical®?.

6.4 Limitacions

Una de les principals limitacions dels estudis inclosos en aquest dossier
és la reduida mida mostral en general, aixi com el baix nombre de pacients amb
malaltia greu en particular (encefalomielitis i disfuncié autonomica). En la mateixa
linia, no es disposa de RM cerebral i medul-lar en aquells pacients que van
presentar milloria rapida. Tampoc no es disposa de LCR per a realitzar tots els
estudis desitjats (tecniques de biologia molecular, determinacié de neopterina)
en aquells pacients que van consultar per primera vegada en un altre centre, o
en aquells pacients amb mostra insuficient. A part, és una limitacié per a la
descripcié de la cinetica dels nivells de neopterina en LCR el fet que només es

disposa d’'una mostra de cada individu, i no pas mostres en dies successius.

Aquests estudis representen I'experiéncia d’'un sol centre, perd es
confirmen en un estudi multicéntric realitzat a Espanya i Andorral’®. Aquest fet,
si bé limita la generalitzacié dels resultats, augmenta la probabilitat que tots els
pacients hagin sigut avaluats de forma similar des del punt de vista clinic,
radioldgic i microbiologic. Es tracta d’estudis observacionals, la qual cosa limita
de forma significativa el control de la influéncia dels factors de confusio sobre els
resultats. Per exemple, no es poden establir conclusions sobre I'efecte de
I'administracio d’'IGIV o GC, ja que tots els pacients amb malaltia greu en van
rebre. En Ultim terme, convé tenir present que moltes de les técniques
diagnostiques de les que disposem en el nostre medi sOn poc accessibles en els
paisos d’Asia i Regi6 del Pacific, on la MBMP presenta una major incidéncia, el

que limita la replicacié d’alguns resultats.
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Algunes de les limitacions exposades son implicites en el maneig d’'un brot
amb gran exigéncia tecnica i professional. Podriem comparar-lo amb la
pandemia pel virus de la grip A(HLN1)pdm9, amb la diferencia que en aquest cas

la caracteritzacié microbiologica s’havia fet mesos abans al continent americal®?,
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7 CONCLUSIONS

1. Durant 'any 2016, el genotip d’'EV més frequentment identificat va ser 'EV-
A71. La circulaci6 d’aquest genotip va condicionar I'aparicié d’'un brot
d’encefalitis de tronc en pacients pediatrics, en alguns casos amb afectacio

de medul-la espinal.

2. Tot i que 'EV-A71 havia circulat anteriorment en el nostre medi sense
condicionar malaltia greu, la soca d’EV-A71 predominant durant el brot
epidémic de 2016 corresponia a una nova soca recombinant C1 detectada

per primer cop a Alemanya I'any 2015.

3. L’Unic genotip d’EV aillat en els pacients amb encefalitis de tronc o
encefalomielitis, seguint les classificacions cliniques de 'OMS, va ser 'EV-
AT71.

4. Les mostres de femtes i d’aspirat nasofaringi van ser les més rentables per
a la deteccio d’EV mitjancant tecniques convencionals. En cap pacient amb
encefalitis de tronc es va detectar EV en LCR mitjancant tecniques

convencionals.

5. La PCR niada multiple va permetre demostrar la preséncia d’'EV en el LCR
d’alguns pacients amb encefalitis de tronc, reforgcant la hipotesi de la
neuroinfeccié. En un d’aquests pacients es va poder identificar 'EV-A71 en
LCR.

6. No es va trobar cap coinfeccio bacteriana ni viral en aquests pacients,
excepte el VHH-6, que donades les caracteristiques cliniques i I'abséncia de

replicacio viral en altres mostres, es considera com a laténcia viral al SNC.

7. El perfil del pacient afecte d’encefalitis de tronc per EV-A71 corresponia a un
lactant o pre-escolar. Destaca la baixa proporci6 de manifestacions

mucocutanies. Les manifestacions neurologiques caracteristiques van
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10.

11.

12.

13.

apareixer després de les primeres 24 hores de febre. La majoria van
presentar encefalitis de tronc i només una minoria encefalomielitis amb

fallada cardiopulmonar.

Durant el periode del brot, els pacients amb diagnostic de meningitis per EV
van presentar febre de menor duracio i deteccié d’'EV en LCR amb major

frequiéncia, en comparacio amb els pacients amb encefalitis de tronc per EV.

L’edat menor de 12 mesos i els valors més elevats de leucocits i
procalcitonina en plasma es van associar amb fallada cardiopulmonar. La
preséncia d’encefalomielitis es va associar amb la persisténcia de sequeles

als 30 dies.

Donat que tots els pacients greus van rebre tractament, no podem inferir
'evolucié d’aquests sense tractament ni, per tant, la seva utilitat clinica.

Alguns pacients van ingressar a UCIP, pero no va haver-hi cap exitus.

Els nivells de neopterina en LCR estan elevats en la majoria de pacients amb
encefalitis de tronc per EV, en un rang més elevat que el que s’havia descrit
préviament en pacients amb meningitis per EV. En pacients amb encefalitis
de tronc, els nivells de neopterina en LCR augmenten progressivament fins

al quart-cinqué dia de febre, per descendir posteriorment.

Nivells de neopterina en LCR més elevats es van correlacionar amb la
presencia de lesions i lesions extenses a la RM. No vam observar una
correlacié entre els nivells de neopterina en LCR i el diagnostic

d’encefalomielitis o la persisténcia de simptomes neurologics als 30 dies.

Durant el periode 2015-2018, es van identificar 4 pacients amb infeccié per
HPeV-3. En dos lactants amb infecci6 per HPeV-3 es va detectar
hiperferritinemia extrema, que no es va donar en el context de
limfohistiocitosi hemofagocitica, sind en el context d’'una infeccié de curs

benigne i autolimitat.
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En el transcurs de la realitzacié dels estudis que composen aquesta
Memoria de Tesi, el doctorand ha participat en altres projectes, vinculats amb la
linia d’investigaci6 de les infeccions per Enterovirus i Parechovirus que

produeixen patologies neurologiques i sistemiques en el pacient pediatric.

El primer treball que es presenta en I'annex d’aquest dossier pretenia
analitzar les caracteristiqgues microbiologiques del brot de patologia neurologica
associat amb EV-A71 que es va iniciar a Catalunya i posteriorment es va
estendre a la resta d’Espanya I'any 2016. Es tracta d’un estudi multicéntric
observacional prospectiu coordinat per la Unitat d’EV del Centre Nacional de

Microbiologia, que es va dur a terme entre gener i desembre de I'any 2016.

El segon treball pretenia analitzar el LCR de 20 pacients afectes pel brot
(10 pacients amb encefalitis de tronc o encefalomielitis i 10 pacients amb
meningitis o encefalitis) mitjancant mMNGS clinica amb plataforma lllumina®, i
comparar els resultats amb les tecniques convencionals. Es tracta d’'un estudi
observacional retrospectiu que vam realitzar en col-laboracié amb la Universitat

de California, San Francisco.

Cinque article:

Molecular epidemiology of an enterovirus A71 outbreak associated with
severe neurological disease, Spain, 2016.

Gonzalez-Sanz R, Casas-Alba D, Launes C, Mufioz-Almagro C, Ruiz-
Garcia MM, Alonso M, Gonzalez-Abad MJ, Megias G, Rabella N, del
Cuerpo M, Gozalo-Marguello M, Gonzalez-Praetorius A, Martinez-Sapifia
A, Goyanes-Galan MJ, Pilar Romero MP, Calvo C, Antén A, Imaz M,
Aranzamendi M, Hernandez A, Moreno-Docon A, Rey-Cao S,
Navascuences A, Otero A, Cabrerizo M.

Euro Surveill. 2019 Feb; 24 (7): pii=1800089.

ISI Journal Citation Reports Ranking ® 2017: Decil 1.

Impact factor 2017: 7,127.

146 DOCTORAND: Didac CASAS ALBA



Sisé article:

Pediatric  Brainstem Encephalitis Outbreak Investigation  with
Metagenomic Next-Generation Sequencing.

Leon KE, Casas-Alba D, Ramesh A, Khan LM, Launes C, Sample HA,
Zorn CK, Valero-Rello A, Langelier C, Mufioz-Almagro C, DeRisi JL,
Wilson MR.

Manuscrit en preparacio: bioRxiv 414979 [Preprint]. 2018 Set. Disponible
a: https://doi.org/10.1101/414979

147 DOCTORAND: Didac CASAS ALBA






9.1 Cinque article

Molecular epidemiology of an enterovirus A71 outbreak associated with

severe neurological disease, Spain, 2016.

Gonzalez-Sanz R, Casas-Alba D, Launes C, Mufioz-Almagro C, Ruiz-Garcia M,
Gonzalez-Abad MJ, Alonso M, Megias G, Rabella N, del Cuerpo M, Gozalo-
Marguello M, Gonzéalez-Praetorius A, Martinez-Sapifia A, Goyanes-Galan MJ,
Pilar Romero MP, Calvo C, Antén A, Imaz M, Aranzamendi M, Hernandez A,
Moreno-Docén A, Cao SR, Navascuences A, Otero A, Cabrerizo M.

Article publicat a:
Euro Surveill. 2019 Feb; 24 (7): pii=1800089.

149 DOCTORAND: Didac CASAS ALBA



RESEARCH

Molecular epidemiology of an enterovirus A71 outbreak

associated with severe neurological disease, Spain, 2016

Rubén Gonzélez-Sanz!, Didac Casas-Alba?, Cristian Launes*2°, Carmen Mufioz-Almagro**9*°, Maria Montserrat Ruiz-Garcia3,

Mercedes Alonso®, Maria José Gonzalez-Abad*, Gregoria Megiass, Nuria Rabella®, Margarita del Cuerpo‘ Modnica Gozalo-

Margiiello?, Alejandro Gonzalez-Praetorius®, Ana Martinez-Sapifia®, Maria José Goyanes -Galan*, Maria Pilar Romero**, Cristina

Calvo**, Andrés Anton'?, Manuel Imaz, Maitane Aranzamendi‘4, Kgueda Hernandez-Rodriguez*s, Antonio Moreno-| Docon“

Sonia Rey-Cao", Ana Navascués“‘, Almudena Otero**, Maria Cabrerizo*2°*

. Centro Nacional de Microbiologia, Instituto de Salud Carlos Ill, Madrid, Spain

. Institut de Recerca Sant Joan de Déu, Barcelona, Spain

. Hospital General de Elche, Alicante, Spain

. Hospital Infantil Universitario Nifio Jests, Madrid, Spain

. Complejo Hospitalario de Burgos, Burgos, Spain

. Hospital Santa Creu i Sant Pau, Barcelona, Spain

Hospital Universitario Marqués de Valdecilla, Santander, Spain

Hospital Universitario de Guadalajara, Guadalajara, Spain

Hospital Miguel Servet, Zaragoza, Spain

10. Hospital Gregorio Maraiion, Madrid, Spain

11. Hospital Universitario La Paz, Fundacion IdiPaz, Madrid, Spain

12. Hospital Universitari Vall d"Hebron, Barcelona, Spain

13. Hospital de Basurto, Bilbao, Spain

14. Hospital de Cruces, Bilbao, Spain

15. Microbiology Service, University Hospital “Germans Trias i Pujol”, Department of Genetics and Microbiology, Autonomous
University of Barcelona, Badalona, Spain

16. Hospital Universitario Virgen de la Arrixaca, Murcia, Spain

17. Hospital General de Vigo, Vigo, Spain

18. Complejo Hospitalario de Navarra, Pamplona, Spain

19. Universitat Internacional de Catalunya, Barcelona, Spain

20. CIBER de epidemiologiay Salud Piblica, CIBERESP, Madrid, Spain

21. Translational Research Network in Paediatric Infectious Diseases (RITIP), IdiPaz, Madrid, Spain

WV ON WV EWN S

Correspondence: Rubén Gonzélez-Sanz (ruben.gs@isciii.es)

Citation style for this article:
Gonzalez-Sanz Rubén, Casas-Alba Didac, Launes Cristian, Mufioz-Almagro Carmen, Ruiz-Garcia Maria Montserrat, Alonso Mercedes, Gonzélez-Abad Maria José
, Megias Gregoria, Rabella Nuria, del Cuerpo Margarita, Gozalo-Margiiello Ménica, Gonzélez-Praetorius Alejandro, Martinez-Sapiiia Ana, Goyanes-Galdn Maria
Jnse Romero Maria Pilar, Calvo(nstma Antén Andrés, Imaz Manuel, Aranzamendx Maitane, Hernandez-Rodriguez Agueda, Moreno- Docon Antonio, Rey-Cao Sonia
, Navascués Ana, Otero Almudena, Cabrenzo Maria. Molecular epldemlology of an enterovirus A71 outbreak associated with severe neurological dlsease Spain,
2016. Euro Surve:ll. 2019;2&(7):pn=1800089. https://doi.org/10.2807/1560-7917.ES.2019.24.7.18 00089

Article submitted on 27 Feb 2018 / accepted on 09 Jul 2018 / published on 14 Feb 2019

Introduction: Enterovirus A71 (EV-A71) is an emerging and July 2016 (83%). Most isolates (218/233) were
pathogen that causes a wide range of disorders classified as subgenogroup C1 and 217 of them were
including severe neurological manifestations. In the grouped in one cluster phylogenetically related to a
past 20 years, this virus has been associated with new recombinant variant strain associated with severe
large outbreaks of hand, foot and mouth disease neurological diseases in Germany and France in 2015
with neurological complications in the Asia-Pacific and 2016. Moreover, we found a clear association of
region, while in Europe mainly sporadic cases have EV-A71-C1infection with severe neurological disorders,
been reported. In spring 2016, however, an EV-A71 brainstem encephalitis being the most commonly
outbreak associated with severe neurological cases reported. Conclusion: An emerging recombinant
was reported in Catalonia and spread further to other variant of EV-A71-C1 was responsible for the large
Spanish regions. Aim: Our objective was to investigate outbreak in 2016 in Spain that was associated with
the epidemiology and clinical characteristics of the many severe neurological cases.

outbreak. Methods:We carried outaretrospective study

which included 233 EV-A71-positive samples collected Introduction

during 2016 from hospitalised patients. We analysed Enterovirus 71 (EV-A71) is a small, non-enveloped,
the clinical manifestations associated with EV-A71 single-stranded RNA virus that belongs to the species
infections and performed phylogenetic analyses of the Enterovirus A along with 24 other serotypes within
3’-VP1 and 3Dpol regions from all Spanish strains and the Enterovirus genus [1]. According to the VP1 protein
a set of EV-A71 from other countries. Results: Most sequence, EV-A71 is classified into six genogroups
EV-A71 infections were reported in children (mean age: (A-F) and a number of subgenogroups (Bo-Bs5, C1-Cs)
2.6 years) and the highest incidence was between May [2]. Although EV-A71 infection is often asymptomatic,
www.eurosurveillance.org 1

150 DOCTORAND: Didac CASAS ALBA




FIGURE 1

Phylogenetic analysis of 3'-VP1 sequences of
enterovirus-A71, Spain, 2016 (n = 233) and representatives
of different genogroups worldwide

C1-variant

c1

A; Alicante; AV: Avila; B: Barcelona; CC: Caceres; EV: enterovirus; M: Madrid; MU:
Murcia; Z: Zaragoza,

MEGA 7.0 software was used to construct the neighbour-joining and maximum
composite likelihood tree. Bootstrap values)70% are indicated in the branch nodes.
CV-A16 prototype strain G-10 was used as the outgroup. Sequences are labelled with
their GenBank accession number, country and year of isolation. Spanish sequences
from 2016 are represented by black circles and labelled with identification number,
country abbreviation, month and year of isolation and province.

it can cause disorders with a wide range of clinical
manifestations from non-specific febrile illness,
aseptic meningitis and mild mucocutaneous symptoms
to severe neurological diseases such as brainstem
encephalitis and acute flaccid paralysis (AFP) [3,4].

EV-A71 is distributed worldwide. However, the largest
outbreaks associated with hand, foot and mouth
disease (HFMD) with subsequent neurological and
cardiopulmonary complications have been described in
the Asia-Pacific region, especially in the past 20 years
[2,5-7]. These outbreaks have been connected to the
circulation of different subgenogroups (B3, B4, C1, C2
and C4) [8-14]. In Europe, although outbreaks of polio-
like disease occurred in Hungary and Bulgaria in the
1970s [15,16], only sporadic cases have been reported
from several countries in recent years, mainly caused
by the C1 and C2 subgenogroups [2,17].

In2015,anew recombinant EV-A71variantwas identified
that affected at least 19 young children in different
areas of Germany [18]. This infection was associated
with neurological manifestations (cerebral seizures,
myoclonia and ataxia) that required hospitalisation.
There were no reports of fatal cases orclinical sequelae
after hospital discharge. Moreover, a well-documented
case, a 2-year-old girl, required hospitalisation and
was diagnosed with brainstem encephalitis and
cardiopulmonary complications with an outcome of
a probable persistent neurological impairment [19].
In addition, 18 cases of severe neurological disease
associated with EV-A71 infection, and phylogenetically
closely related to the strains described in Germany,
were reported in France between May and October
2016. Patients presented with rhombencephalitis,
encephalitis orencephalomyelitis, and one fatal case of
acute cardiac failure was reported [20]. The same strain
was also involved in a sporadic case of encephalitis in
Poland during summer 2016 [21].

In Spain, EV-A71 was circulating at a very low rate until
2015 [22,23]. In the spring of 2016, however, a large
outbreak associated with severe neurological diseases
was reported in the region of Catalonia [24-26] and
further disseminated to the rest of the country.

In the present study, we investigated the clinical
manifestations of EV-A71 infections and the molecular
epidemiology and geographical spread of the strains
detected in Spain in 2016, comparing them to strains
circulating in Spain and other countries in recent years.

Methods

Enterovirus surveillance system

The Spanish National Reference Laboratory for
Enterovirus (SNRLE) conducts the EV surveillance
system at a national level. The system is voluntary
and EV-positive clinical samples are received for
characterisation from patients of all ages admitted
to hospitals throughout the country. Each specimen
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FIGURE 2

Phylogenetic analysis of 3Dpol sequences of enterovirus-A71, Spain, 2016 (n = 187) and representatives of different members
of Enterovirus A species
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is sent with information on patient demographics,
clinical diagnosis and date of sample collection. For
the purposes of this study, more detailed information
about the severity of the symptoms, final diagnosis and
outcome was subsequently collected from hospitals
for patients with neurological disease. EV-positive
samples from paediatric patients who were enrolled in
a prospective and multicentre project (Pli5CllI-0020)
were also included in the study after informed consent
from parents or legal guardians. This project includes
13 representative hospitals in Spain that perform
active surveillance of children with neurological and
systemic diseases associated with EV and parechovirus
infections. In addition, they provide us with extended
clinical information about the patients. The procedure
to collect and send samples to the SNRLE does not
differ from the routine EV surveillance system.

Clinicians defined the severity of the neurological
disorders according to their hospital’s protocols.
For this study, a consensus was reached to define
severe neurological diseases according to clinical
manifestations; it included encephalitis (encephalitis,
meningoencephalitis and brainstem encephalitis), AFP/
myelitis, and other motor disorders (ataxia, instability,
cerebellitis). Mild neurological disease included
patients with aseptic meningitis with a good evolution
on their own.

Enterovirus characterisation and phylogenetic
analysis

RNA was extracted from clinical samples using the
QIlAamp Viral RNA Mini Kit (QIAGEN, Germany). EV
genotyping was performed using four specific nested
RT-PCRs for the species EV-A, B, C and D and further
sequencing of the 3°-VP1 region as previously described
[27]. In EV-A71-positive samples, the 3Dpol region was
amplified and sequenced by specific nested RT-PCR as
previously described [28].

We carried out phylogenetic analysis based on 3’-VP1
(359 bp) sequences of EV-71-positive samples. In
addition, we performed 3Dpol (738 bp) analysis to
confirm possible recombination events [28,29]. Multiple
sequence alignments were done in the ClustalW
programme. Genetic distances were calculated using
the maximum composite likelihood nucleotide distance
model, and statistical significance of phylogenies was
estimated by bootstrap analysis with 1,000 replicates.
Phylogenetic trees were constructed following the
neighbour-joining method using MEGA 7.0 software.
In the case of 3°VP1, EV-A71 sequences from 2016
were compared with EV-A71 sequences available in
GenBank belonging to the C1 and C2 subgenogroups
circulating in Spain and other European countries in
recent years, along with representative members of
the genogroups A, B, C, D, E and F. The coxsackievirus
(CV) A16 G-10 prototype strain (CAU05876), a member
of Enterovirus A species, was included as an outgroup.
For the phylogenetic analysis of 3Dpol, we compared
EV-A71 sequences from 2016 with EV-A71 sequences

belonging to subgenogroups C1 and C2 as well as
sequences of members of the Enterovirus A species
with which recombination events normally occur. The
EV-D68 Fermon prototype strain (AY426531), a member
of Enterovirus D species, was included as an outgroup.

The sequences obtained in this study have been

deposited in GenBank under accession numbers
MH394906-MH395138 (VP1  sequences) and
MH394719-MH394905 (3Dpol sequences).

Statistical analysis

Significant  variations  between  groups were

evaluated using the chi-squared test. A difference
with p value<o.o5 was considered to be statistically
significant.

Results

Virological findings

During 2016, the SNRLE received 1,113 EV-positive
samples (mainly CSF, serum, stools and respiratory
samples) from 1,029 patients admitted to different
Spanish hospitals with clinical pictures of fever without
source (FWS) (n=174; 16.9%), HFMD/exanthema
(n = 52; 5.1%), respiratory illnesses (n = 270; 26.2%),
the neurological diseases described above (n = 470;
45.7%), and others (n = 63; 6.1%). In the case of 84
patients from whom two different positive clinical
samples were received, only the specimen with the
oldest collection date was included in the study.

After discarding duplicates, 777 EV were typed, EV-A71
being the most common serotype (n=233; 30.0%). The
following five most frequent serotypes were EV-D68
(n=148; 19.0%), echovirus (E)-30 (n=113; 14.5%), E-5
(n=67; 8.6%), CV-A6 (n=30; 3.8%) and E-7 (n=23;
3.0%). Three EV-A71-positive patients were co-infected
with EV-D68, one with E-7 and one with E-11.

Epidemiological data of patients with
enterovirus A71

Specimens of EV-A71 were isolated mainly from
respiratory (n=150, 64.4%) and stool samples (n=71,
30.5%) but were also detected in cerebrospinal fluid
(n=8, 3.4%) and serum (n=4, 1.7%). Both a respiratory
and a stool sample were available in 34 EV-A71 cases.
EV-A71 was only successfully genotyped from both
samples in 15 of these cases. Patients’ ages ranged
from 1 day to 63 years, with a mean of 2.6 years (n=231
with available information on age; standard deviation
(SD)=5.35; median=1.86; 95th percentile = 5.9). The
male/female sex ratio was 1.5/1. The period from
symptom onset to collection date was only provided in
36 cases with a mean of 3.3 days (SD=1.9; median=3).

Phylogenetic analysis of enterovirus-A71

The VP1 phylogenetic analysis revealed that most
of the Spanish sequences from 2016 (218/233)
belonged to subgenogroup Ci. Of these, 217 formed
a separate group within the C1 cluster together with
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FIGURE 3

Geographical distribution of enterovirus-A71 cases, Spain, 2016 (n = 233)
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sequences from a new recombinant variant described
in Germany in 2015 (bootstrap value»>95%) (Figure 1,
Supplementary Figure S1) [18], while one C1 isolate
grouped with EV-A71-C1 sequences from previous
years. The remaining 15 sequences were grouped
within the subgenogroup C2 cluster.

Because of insufficient sample volume or unsuccessful
sequencing, only 187 sequences were available for
the 3Dpol phylogenetic analysis. Similarly to the VP1
analysis, mostsequences appeared in one differentiated
cluster which again included the sequences from
Germany in 2015 (bootstrap value»>76%) (Figure 2,
Supplementary Figure S2). Interestingly, the same
sequences that were grouped in the C2 subgenogroup
cluster according to the VP1 sequence, were also
grouped separately in an interspersed cluster together
with C1 and C2 subgenogroups sequences.

Temporal and geographical distribution of
enterovirus-A71

The total of 233 EV-A71-positive samples were collected
from 45 different hospitals in 26 of the 50 Spanish
provinces and from Andorra. Barcelona and Madrid,
the most populated provinces in Spain, were the two
with the highest number of cases (Figure 3). The first

www.eurosurveillance.org

cases of the outbreak (subgenogroup Ci-variant)
were described in Catalonia in April 2016. From May
onwards, the number of cases increased, most of them
concentrated between May and July (Figure 4), and
spread throughout the country. The last two cases
were reported in December. A sporadic case associated
to subgenogroup C1 but unrelated to the outbreak was
reported in February 2016. The cases associated with
the subgenogroup C2 were distributed from April to
July (Figure 4).

Clinical presentations of enterovirus-A71
infections

Patients involved in the outbreak (EV-A71-Ci-variant;
n=217) were diagnosed with HFMD or herpangina
(n=8; 3.7%), FWS (n=14; 6.5%), lower respiratory
tract infection (n=17; 7.8%), neurological symptoms
(n=167; 77.0%) and other symptoms (n=11; 5.1%)
(Table). There was a significantly higher proportion
of neurological manifestations with EV-A71-Ca-variant
infection with severe symptomatology (n=140; 64.5%)
compared with those with mild symptomatology
(n=27; 12.4%) (p<0.0001) (Table). Among the patients
infected with EV-A71-C2, five had mild neurological
disease, five had severe neurological disease, three
had lower respiratory tract infection and two had FWS.

154

DOCTORAND: Didac CASAS ALBA




FIGURE 4

Temporal distribution of enterovirus-A71 cases, by epidemiological week, Spain, 2016 (n = 233)
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The remaining non-outbreak-related EV-A71-C1 case
was reported as having FWS (Table).

According to the data provided by hospitals, 22.9%
(33/144) of the children with severe neurological
diseases required admission to a paediatric intensive
care unit and 65.3% of them (94/144) received some
treatment (intravenous gamma globulin or/and
corticoids). After 9o days of follow-up, 88.2% (n = 127)
of them had no significant sequelae.

To confirm the association of EV-A71-Ca-variant
infection with severity, we analysed the total of severe
neurological infections positive for EV during 2016
(n=190). Meningoencephalitis was the most common
clinical manifestation (n=79; 41.6%) followed by
brainstem encephalitis (n=58; 30.5%), encephalitis
(n=26; 13.7%), AFP/myelitis (n=17; 8.9%) and other
motor disorders (n=10; 5.3%). EV-A71-C1i-variant was
responsible for most cases (n=140; 73.7%) compared
with EV-A71-C2 (n=5, 2.6%) and other EV types that
included EV-D68, E-30, CV-B3, E-5, E-7, CV-A6, E-18,
CV-A10, CV-A4, CV-B1, E-20, E-6 and E-9 (n=45, 23.7%)
(p¢0.001).

Discussion

This study presents the clinical and virological
characterisation of the EV-A71 strains reported in
Spain in 2016. We identified EV-A71 subgenogroup
C1 as responsible for a large outbreak that affected
young children throughout Spain in 2016 and the clear
association of this infection with severe neurological
diseases.

Since the outbreaks of polio-like disease in Bulgaria
and Hungary in 1975 and 1978 [15,16], the number of
EV-A71-associated neurological diseases has been low

in Europe compared with the Asia-Pacific region, and
most documented EV-A71 infections included sporadic
cases of febrile illness, HFMD and meningitis [5,6].
However, several cases of EV-A71 infections associated
with severe neurological disorders in children were
reported in Germany and France during 2015 and 2016
[18-20]. In Spain, an increasing number of EV-A71
infections was noticed in 2016 compared with previous
years. From 2000 to 2015, the SNLRE had identified
an average of two isolates of EV-A71 per year with a
maximum of seven cases in 2012 [22,23,30].

Regarding specimen types, EV-A71 was mainly detected
in either respiratory samples or stools (or both). This is
in agreement with several studies that claim that EVs
are isolated from CSF only in a minority of patients,
whereas recovery from peripheral sites such as throat,
stool/rectum and vesicle fluid is more common [3,29].
This finding suggests that in severe neurological
disease, respiratory and stool specimens, in addition
to the CSF and serum samples, should be submitted
for EV testing.

According to the 3-VP1 sequence, most EV-A71
sequences in Spain during 2016 (217/233) showed
a high similarity with the German strains reported
in 2015 and were classified as subgenogroup Ci.
The fact that according to the 3Dpol sequence our
strains also grouped together with the German strains
indicates that it is very probably the same recombinant
variant, although whole genome sequencing would be
necessary to confirm this hypothesis.

We found an association between infection with this

recombinant variant and the severity of the neurological
manifestations, consistent with the German and
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TABLE

Clinical manifestations among enterovirus-A71 patients, Spain, 2016 (n =233)

Number of cases p value HFMD-associated
Patients infected with EV-A71-Ca variant (n = 217)
Brain stem encephalitis 53 4
Meningoencephalitis 47
Severe Encephalitis 18 64.5 | Not applicable 1
Neurological disorders AFP/myelitis 12
Other motor disorders 10 3
Mild Aseptic meningitis 25 oy (eieei 4
Other 2
Lower respiratory tract infection 17 7.8 €0.001
Mucocutaneous symptoms 8 37 <0.001
Fever without source 14 6.5 <0.001
Other 11 5.0 <0.001
Patients infected with EV-A71-C1 or C2 (n = 16)
Brain stem encephalitis 2 .
. Severe = 31.2 | Notapplicable
Neurological disorders Meningoencephalitis 3
Mild Aseptic meningitis 5 31.2 0.069 1
Lower respiratory tract infection 3 18.8 0.195
Fever without source 3 18.8 0.195

AFP: acute flaccid paralysis; EV: enterovirus; HFMD: hand, foot and mouth disease.
Significant variations between groups were evaluated by chi-squared test; p values comparing the number of cases with severe neurological

disorders with the remaining clinical manifestations are shown.

French reports [18-20]. In addition, most patients did
not present HFMD before developing neurological
manifestations (Table), also in agreement with the
German and French reports but not with the numerous
publications from outbreaks in Asia-Pacific in recent
years [31-34]. Several clinicalfeatures such asyoungage
or fever have been associated with severe neurological
EV-A71 disease [3]. On the other hand, the absence
of mucocutaneous ulcers that we saw in patients in
our study has not been related to the development
of complicated or fatal cases by other studies [3].
Interestingly, most of the 15 EV-A71-C2 cases and the
one EV-A71-C1 case unrelated to the outbreak were not
associated with severe neurological disease. Since no
particular genogroup has been conclusively associated
with greater virulence or certain clinical manifestations
[5,35] and taking into account that in most cases, host
factors play a determining role in the development of
the disease, further experiments would need to be
performed in order to describe the viral determinants
responsible for this new recombinant strain being
associated with severe neurological pathology.

The reason why the same recombinant variant caused
such a large outbreak in Spain, while only a limited
number of cases were reported in Germany and
France, remains unknown. Large epidemics have been
associated with genogroup replacement [5,36,37].
This would be in agreement with the low circulation
of subgenogroup C1 in Spain before 2016 [22,23,30]
in contrast to the situation in Germany and France
[2,17,38,39]. Low seroprevalence against EV-A71 in a
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specific area may facilitate the emergence of a strain
that causes an outbreak, especially in young children
[40]. However, as non-polio EV infection is not a
notifiable disease in Spain and asymptomatic strains
may have been circulating during recent years, the real
number of EV-A71 infections could be underestimated.
Unfortunately, no seroprevalence studies are available
in Spain to confirm this hypothesis. It is important
to highlight that we have identified sporadic cases
associated with this EV-A71-C1 variant in 2017 and
2018 (data not shown), indicating that this variant is
still circulating in Spain, but with lower incidence. The
seasonality of the cases during 2016, including C1 and
C2 subgenogroups, was similar to previously described
epidemics of EV in Spain [22,23,30]. Moreover, the
geographical distribution of the outbreak indicates
that it was not restricted to the region of Catalonia, but
distributed throughout Spain.

As more severe neurological cases occurred during this
outbreak, there was concern among the population,
the media and health professionals. Because of
this concern, there was constant communication
among microbiologists, epidemiologists and clinical
paediatricians at national level, in which the National
Centre for Microbiology was involved. For this reason,
we strongly believe that we studied a large and
representative number of cases although we have the
limitation of not being able to know with certainty the
final number of cases of the outbreak. In addition, it
should be noted that we were informed that most severe
cases were diagnosed virologically, and only some
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mild cases were missed [41]. On the other hand, since
the Spanish surveillance system is voluntary, there is a
risk of having a bias because hospitals are more likely
to send samples of severe patients. As mentioned
above, 777 EV-positive samples were genotyped at the
SNLRE during 2016. Of those, only 190 (25%) belonged
to patients with severe neurological disorders. The fact
that most samples received in the laboratory during
2016 were from patients with mild symptoms, as well
as in previous years, minimises this risk.

Another limitation of our study could be that hospitals
may have a bias towards reporting cases in children.
Since EV infections are clearly associated with chil-
dren, it seems that this is a bias than cannot be pre-
vented; however, samples from patients of all ages
were received in 2016. Our laboratory has previously
described the association of some serotypes with dif-
ferent age groups [23]. Our results suggest an asso-
ciation of infection with EV-A71-C1 variant in young
children.

Finally, more Spanish regions could have been affected
for which we may not have had data, either because
some hospitals did not send samples or because some
samples received from reference hospitals, mostly in
Barcelona and Madrid, belonged to patients admitted
from the surrounding regions. For the purposes of this
study, we selected the affected regions according to
the hospitals that sent the clinical samples. This is
the reason why, for instance, Barcelona is the only
province of the region of Catalonia in which the cases
were reported.

Conclusion

In summary, our results show that an emerging
EV-A71-C1 strain was responsible for the outbreak in
Spain during 2016 and was associated with many severe
neurological cases, the largest outbreak in Europe in
recent years. This is the first time that this EV-A71-C1
variant has been detected in Spain and it could have
its origin in strains from other European countries such
as Germany or France. Since poliovirus eradication is
a reasonable goal in the short term, surveillance of
non-polio EV associated with neurological implications
becomes crucial, especially in cases such as EV-A71
infection where no treatments or vaccines are available.
In this sense, the recently established European
Non-Polio-Enterovirus Network [29] can contribute to
standardising methods for EV detection and typing,
clarifying the most adequate specimens for testing
according to the clinical presentation and, ultimately,
monitoring the global circulation of EV types. Our
findings highlight the importance of EV surveillance
in order to identify new recombinant forms of known
EV types and monitor their associated disease burden,
their molecular epidemiology and geographical
distribution.
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9.1.1 Resum del cinque article

Es tracta d’'un estudi observacional prospectiu multicéntric (70 hospitals
de 35 provincies d’Espanya i Andorra) coordinat per la Unitat d’'EV del Centre
Nacional de Microbiologia, en el que es van incloure els pacients ingressats amb
patologies neurologiques i sistémiques amb deteccié d’EV en alguna mostra i
abséncia d’altra etiologia plausible, entre gener i desembre de 2016. La inclusid
dels pacients des de cadascun dels hospitals participants va ser voluntaria. Es
van recollir dades epidemiologiques i cliniques. Es van classificar les patologies
neurologiques en greus (encefalitis, meningoencefalitis, encefalitis de tronc, PFA
i altres alteracions motores) i lleus (meningitis aseptica). Es van analitzar les
manifestacions cliniques associades amb EV-A71. Es va realitzar [I'analisi
filogenética de la regi6é 3’-VP1 i 3Dpol d’EV-A71 de les soques espanyoles i d’'un

nombre representatiu de soques d’altres paisos.

El Laboratori Nacional Espanyol de Referéncia per EV (Centre Nacional
de Microbiologia, Institut de Salut Carles IllI) coordina la vigilancia d’'EV a nivell
nacional.

Els resultats d’aquest cinquée estudi sén:

1. Troballes microbiologiques:

1.1. EIl Laboratori Nacional Espanyol de Referéncia per a EV va rebre
1113 mostres positives per a EV de 1029 pacients amb febre sense focus,

MBMP, patologies respiratories i neurologiques.

1.2. Es van poder tipificar 777 EV. L’'EV-A71 va ser el genotip més
frequent (n=233, 30%), seguit per EV-D68 (n=148, 19%), E-30 (n=113, 15%), E-
5 (n=67, 9%), CV-A6 (n=30, 4%) i E-7 (n=23, 3%).

1.3. Tres pacients amb EV-A71 estaven coinfectats per EV-D68, E-7 i

E-11, respectivament.
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1.4. L’EV-A71 esvaaillar de mostres respiratories (n=150, 64%) i fecals
(n=71, 31%), pero també de LCR (n=8, 3,4%) i plasma (1,7%).

1.5. Entre els pacients amb infeccio per EV-A71, 'edat mitja va ser de

2,6 anys (desviaci6 estandard 5,4) i la taxa home/dona va ser de 1,5/1.

2. Tipificacio i analisi filogenética de 'EV-A71:

2.1. L’analisi de la regi6 3’-VP1 va mostrar que la majoria de soques
d’EV-A71 (218/233) pertanyien al subgenotip C1. A més, I'analisi flogenética va
permetre identificar que la majoria de soques d’EV-A71 C1 (217/218) formaven
una subclasse de la soca variant alemanya detectada I'any 20157216°, |La resta

de soques pertanyien al subgenotip C2 (15/233).
2.2. L’analisi filogenética de la regié 3Dpol va mostrar resultats similars,
excepte pel que fa a les sequiéncies agrupades en el subgenotip C2 mitjancant

analisi de 3’-VP1, que van quedar agrupades en un punt mig entre C1 i C2.

3. Distribuci6 geografica i temporal de 'EV-A71:

3.1. Durant'any 2016, es van analitzar 233 mostres positives per a EV-
AT71, provinents de 45 hospitals de 26 provincies d’Espanya i Andorra. Barcelona

i Madrid van aportar la majoria de casos.

3.2. Els primers casos del brot (subgenotip C1l) es van descriure a
Catalunya a l'abril. Entre maig i juliol van tenir lloc la majoria de casos i el brot es

va estendre a la resta del pais.

4. Manifestacions cliniques de 'EV-A71:

4.1. Els pacients afectes pel brot d’'infeccié per EV-A71 van presentar
patologia neurologica (n=167, 77%), infecci6 respiratoria de vies baixes (n=17,
8%), febre sense focus (n=14, 7%) i MBMP o herpangina (n=8, 4%).
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4.2. L’EV-A71 C1 va ser responsable de la majoria de casos de
patologies neurologiques greus, comparat amb 'EV-A71 C2 i la resta de genotips
d’EV (p < 0,001).

4.3. Entre els pacients amb patologia neurologica greu per EV-A71 C1,
el 23% va precisar ingrés a UCI-P i el 65% va rebre tractament amb IGIV i/o
corticoides. Després de 90 dies de seguiment, el 88% no presentava seqleles

neurologiques.

4.4. Entre els pacients amb infeccié per EV-A71 C2 (n=15), cinc (33%)
van presentar patologies neurologiques lleus, cinc (33%) patologies
neurologiques greus, tres infeccio respiratoria de vies baixes (20%) i dos (13%)

febre sense focus.
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Abstract

In 2016, Catalonia experienced a pediatric brainstem encephalitis outbreak caused by
enterovirus A71 (EV-A71). Conventional testing identified EV in peripheral body sites, but EV
was rarely identified in cerebrospinal fluid (CSF). RNA was extracted from CSF (n=20), plasma
(n=9), stool (n=15) and nasopharyngeal samples (n=16) from 10 children with brainstem
encephalitis or encephalomyelitis and 10 contemporaneous pediatric controls with presumed
viral meningitis or encephalitis. Unbiased complementary DNA libraries were sequenced, and
microbial pathogens were identified using a custom bioinformatics pipeline. Full-length virus
genomes were assembled for phylogenetic analyses. Metagenomic next-generation sequencing
(mNGS) was concordant with gRT-PCR for all samples positive by PCR (n=25). In virus-negative
samples (n=35), mNGS detected virus in 28.6% (n=10), including 5 CSF samples. mNGS co-
detected EV-A71 and another EV in 5 patients. Overall, mNGS increased the proportion of EV-
positive samples from 42% (25/60) to 57% (34/60) (McNemar’s test; p-value = 0.0077). For CSF,
mNGS doubled the number of pathogen-positive samples (McNemar’s test; p-value = 0.074).
Using phylogenetic analysis, the outbreak EV-A71 clustered with a neuroinvasive German EV-
A71 isolate. Brainstem encephalitis specific, non-synonymous EV-A71 single nucleotide variants
were not identified. mMNGS demonstrated 100% concordance with clinical qRT-PCR of EV-
related brainstem encephalitis and significantly increased the detection of enteroviruses. Our
findings increase the probability that neurologic complications observed were virus-induced
rather than para-infectious. A comprehensive genomic analysis confirmed that the EV-A71

outbreak strain was closely related to a neuroinvasive German EV-A71 isolate. There were no
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clear-cut viral genomic differences that discriminated between patients with differing
neurologic phenotypes.
Introduction

In early 2016, an outbreak of enterovirus A71 (EV-A71) in Catalonia caused more than 100
pediatric cases of neurological disease, ranging from aseptic meningitis to brainstem
encephalitis with or without myelitis (1). Virological studies of peripheral body fluids (excluding
cerebrospinal fluid [CSF]) identified EV-A71 in almost all patients, but other EVs were also found
by EV quantitative reverse transcription polymerase chain reaction (qRT-PCR) during the
outbreak, including echovirus-30 (E-30), coxsackievirus (CV)-B1, and CV-A10. The EV-A71 strain
was subtyped as subgenogroup C1, and phylogenetic analyses showed it was closely related to
an EV-A71 strain associated with a 2015 case of brainstem encephalitis (2, 3). Similar outbreaks
occurred in France and Denmark around the same time period (4, 5). EV-A71 was identified
from the CSF of 0.02% of patients in the German study, 3% in the Danish study, and 14% in the
French study.

Despite this information, questions remained about the Catalonia outbreak. In particular,
the EV-A71 subgenotype was only identified by standard testing in the CSF of 11% of patients,
all of whom had aseptic meningitis (1, 6), raising the possibility that although almost all the
children had a documented systemic EV-A71 infection, their neurological sequelae may have
been caused by a para-infectious mechanism or by an unidentified co-infection. In addition,
standard qRT-PCR assays only recovered a small segment of the EV-A71 genome, limiting the
ability to assess for mutations in the virus genome that may have conferred increased

neurovirulence.
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Metagenomic next-generation sequencing (mNGS) of CSF is an assay that can
simultaneously identify a broad range of infectious agents — viruses, fungi, bacteria and
parasites — in patients with neurological symptoms. As opposed to traditional pathogen-specific
PCR assays which amplify only limited regions of a microbe’s genome, the entire genome of a
pathogen can often be rapidly surveyed with mNGS, making it possible to identify genomic
changes in the virus that may correlate with increased neurovirulence or reveal strain
divergence (7). Here, we deployed unbiased mNGS of CSF, nasopharyngeal (NP) samples,
plasma and stool obtained from affected children during the Catalonia brainstem encephalitis
outbreak to screen for additional pathogens (including co-infections) and to compare EV
genomes in patients with brainstem encephalitis to patients with more benign neurologic
disease (i.e. meningitis with or without encephalitis with self-limited and short-lasting

symptoms).

Methods
Cohort

The first 10 cases diagnosed with brainstem encephalitis or encephalomyelitis with
available residual specimen were included as cases, and the first 10 patients with aseptic
meningitis or uncomplicated encephalitis diagnosed during the same period were selected as
controls. All of these children were admitted to a tertiary pediatric hospital (Hospital Sant Joan
de Deu, University of Barcelona) from April to June 2016. Hospital Sant Joan de Deu is a 300-

bed tertiary care hospital for high-complexity patients across a catchment area with a pediatric
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108 population of ~¥300,000 and has participated in a Spanish EV molecular surveillance network
109  since 2010.

110 EV-related neurological disease was defined as the detection of EV in any sample in the
111  absence of other causes. The clinical diagnostic approach during the outbreak was previously
112 described (1). The World Health Organization’s Guide to Clinical Management and Public Health
113  Response for Hand-Foot-and-Mouth Disease case definitions were used to assign cases and

114  controls, with case definitions defined in Table 1 (8).

115 Patient demographics and clinical syndromes are described in Table 2. De-identified

116  samples from brainstem encephalitis cases (n=10) were obtained including CSF (n=10), plasma
117  (n=7), NP samples (n=9) and stool (n=9). In addition, de-identified samples from controls (n=10)
118  including CSF (n=10), plasma (n=2), NP samples (n=7), and stool (n=6) were transferred to the
119  University of California, San Francisco for research-based mNGS testing (Supplementary Figure
120 1). Among these 60 samples, 35 were EV-negative by clinical Pan-EV qRT-PCR. The Pan-EV qRT-
121  PCRis a one-step RT-PCR amplification with EV primers and probes targeted at a conserved

122 region of the 5" untranslated region, with a limit of detection of 592 genomic equivalents/mL of
123 CSF (9, 10). Patients 1, 3-7 and 9-10, defined as cases, were also negative by the BioFire

124  FilmArray Meningitis/Encephalitis panel (11). All EV-positive patients (by clinical PCR assay)

125  were genotyped at the Enterovirus Unit of the Spanish National Centre for Microbiology using a
126  RT-nested PCR in the 3’-VP1 region specific for species EV-A, B and C, and Sanger sequenced
127  according to a previously described procedure (results reported in Supplemental Figure 1) (12).
128

129  Metagenomic Sequencing Library Preparation
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130 Samples were received frozen and stored at -80°C. RNA isolation from CSF, serum and NP
131 samples was performed using the RNeasy Micro kit (Qiagen, Germantown, MD). Serum, stool
132 and NP samples were first homogenized with OMNI-International’s 2.8mm ceramic bead kit and
133 the Tissuelyzer Il (Qiagen) for 5 min at 15Hz. Stool was extracted using the RNeasy

134  PowerMicrobiome Kit (Qiagen) on a Qiacube (Qiagen). Sequencing libraries were prepared with
135 New England Biolabs’ (NEB; Ipswich, MA) NEBNext RNA First Strand Synthesis Module (E7525)
136  and NEBNext Ultra Directional RNA Second Strand Synthesis Module (E7550) to generate

137  complementary DNA (cDNA). The cDNA was converted to Illumina (San Diego, CA) libraries

138  using the NEBNext Ultra || DNA library preparation kit (E7645) and amplified with 11 PCR cycles.
139  Pre-amplification steps were automated on a Beckman-Coulter Biomek liquid handling robot.
140  The libraries were subjected to Depletion of Abundant Sequences by Hybridization (DASH),

141  described previously, to remove human mitochondrial cDNA (13). The pooled library was size-
142  selected using Ampure beads, and concentration and quality was determined using a Fragment
143  Analyzer (Advanced Analytical Technologies, Inc, Ankeny, IA). Samples were sequenced on an
144  lllumina HiSeq 4000 instrument using 140/140 base pair (bp) paired-end sequencing.

145

146  Bioinformatics

147  Sequences were analyzed using a rapid pathogen identification computational pipeline

148 developed by the DeRisi Laboratory, described previously in detail (14). Sequences that mapped
149  tothe EV genus were collected and de novo assembled using the Geneious and/or St.

150 Petersburg genome Assembler (SPAdes) algorithms (15). Phylogenetic trees were created in

151  Geneious v10.2.3 using a MUltiple Sequence Comparison by Log-Expectation (MUSCLE) or
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Multiple Alignment using Fast Fourier Transform (MAFFT) alignment algorithm followed by the
Geneious Tree Builder tool, using the Neighbor-Joining build method (16, 17). Bootstrap
analysis for each tree was performed with 100 replicates. For single nucleotide variant (SNV)
analysis, Bowtie2 v2.3.3 was used to map reads to a reference and then analyzed using VarScan
v2.3.4 (18, 19). Statistics on the degree of concordance between research-based mNGS results
and standard clinical diagnostic testing results were performed using McNemar’s statistical test.
Results

Clinical Testing vs mNGS
We obtained an average of 21.8 million (4.53-61.1 million) 140 bp paired-end reads per sample
(Supplemental Figure 1). The non-human sequence reads from each sample have been
deposited at the National Center for Biotechnology Information (NCBI) Sequence Read Archive,
BioProject (pending). The water controls for CSF and NP samples contained no EV reads. The
water control for the stool samples had 0.7 EV rpm when it was pooled and sequenced
together with many high EV titer stool samples. To differentiate whether the EV reads present
in the stool water control stemmed from physical cross contamination or from bioinformatic
contamination due to barcode misassignment (that still occurs at very low levels despite a dual
index barcoding strategy) (20), we re-sequenced the same stool water control library separate
from high EV titer samples. When sequenced separately, we found no EV reads in this water
control. This suggested that the small number of EV reads in the first dataset stemmed from
barcode misassignment from the high EV titer samples and not from physical cross
contamination. In addition, we re-sequenced the patient samples (NP samples from patients 1,

9, 16 and 18) whose EV read abundance fell below the abundance level of the stool water
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control on the first sequencing run to similarly determine whether the EV reads were present
due to barcode misassignment. Unlike the stool water control, when these patient samples
were re-sequenced, they retained EV reads, providing evidence that EV was indeed present in
these samples.

Of the 10 cases and 10 controls investigated, EVs were detected in CSF, NP and stool
samples via mNGS (Figure 1). Overall, mNGS was concordant with the positive qRT-PCR results
for EVs (25 of 25). In the samples found to be EV-negative by clinical Pan-EV qRT-PCR (n=35),
pathogens were detected in 28.6% (n=10) of the samples. This included the detection of
additional pathogens in 5 CSF samples, including 4 cases of EV-A71 and 1 case of human
herpesvirus 7 (HHV-7). Overall, EV-A71 was found in 80% of patients (n=16), E-30 in 25% (n=5),
CV-B in 15% (n=3) and HHV-7 in the CSF of 1 patient. Furthermore, 5 patients with EV-A71
infection had another EV detected by mNGS that could not be distinguished by the Pan-EV qRT-
PCR assay. Three of these patients had 2 different EVs detected in a single sample (Patients 6,
13 and 20). Overall, mNGS increased the proportion of EV-positive samples from 42% (25/60) to
57% (34/60) (McNemar’s test; p-value = 0.0077). For CSF in particular, mNGS doubled the
number of pathogen-positive samples from 5 (25%) to 10 (50%) (McNemar’s test; p-value =

0.074).

Phylogenetics
Six full-length EV-A71, 4 E30 and 1 CV-B virus genomes (22-2,296x average coverage depth,
Genbank MH484066-MH484076) were assembled as described in Methods. All 6 EV-A71

genomes were nearly identical to the German neuroinvasive EV-A71 strain (Genbank
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196  KX139462.1, 99.3—99.4% nucleotide similarity and 99.7-99.8% amino acid similarity) (Figure
197  2b). In addition, we corroborated the previously published phylogenetic analysis that used a
198  Sanger sequence of 360 bases in the 3’ end of the VP1 region, by comparing the entire VP1
199  gene from our full-length EV-A71 genomes to the VP1 sequences from 11 German

200 neuroinvasive EV-A71 strains, 17 neurovirulent Chinese EV-A71 strains, 6 contemporary,

201  neurovirulent African strains and 26 EV-A71 strains associated with hand foot and mouth

202  disease in Spain (21-24).

203 Next, 8,841 full length EV genomes were clustered at 95% similarity to create a list of 535
204  sequences. The EV-A71, E-30 and CV-B strains were aligned to the clustered list using a MAFFT
205  alignment algorithm, followed by phylogenetic analysis. All 3 viruses appropriately clustered
206  within their own species (Figure 2C).

207 Lastly, SNV analysis was performed on the full-length EV-A71 genomes (3 from patients with
208  brainstem encephalitis, 2 from patients with meningitis and 1 from a patient with encephalitis)
209 toidentify SNVs unique to brainstem encephalitis patients. We identified 55 inter-host SNVs
210 that were unique to the EV-A71s associated with brainstem encephalitis. Only 2 of those SNVs
211 were common to all 3 viruses (Supplemental Figure 2). However, both of these SNVs were

212 synonymous mutations located in the 3A and 3D genes, and thus the biological significance of
213 these mutations, if any, is uncertain (25).

214  Discussion

215 The original description of the 2016 pediatric brainstem encephalitis outbreak in Catalonia
216 identified EV-A71 as the likely etiologic agent. However, this conclusion was tempered because

217 1) there were multiple other co-circulating EVs present during the outbreak, and 2) EV-A71 was

10
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not identified in the CSF of the vast majority of patients with brainstem encephalitis. Identifying
EVs in peripheral body sites of patients with severe neurologic disease but failing to find it in
the CNS mirrors both the recent North American outbreak of acute flaccid myelitis associated
with EV-D68 (26) and in an EV-A71 outbreak in the early 2000s (27) . As a result, others have
hypothesized that the severe neurologic sequelae experienced by children in both outbreaks
may have been due to a para-infectious mechanism (or a co-infection) rather than as a direct
effect of the virus. Here, we utilized mNGS to further investigate patient samples from the
Catalonia outbreak to address these hypotheses.

In contrast to EV-specific qRT-PCR, mNGS identified EV-A71 in the CSF of 4 patients (20%), 1
with brainstem encephalitis, 1 with simple encephalitis, and 2 with meningitis alone. EV-A71
abundance levels in the CSF were very low (0.03-0.55 rpm), and only 3.6% (2/56) of reads
mapped to the 5’UTR (the area of the EV genome targeted by the clinical gRT-PCR assay). This
may explain the lower sensitivity of the clinical gRT-PCR assay and the BioFire FilmArray panel
(1, 6).

With regard to co-infections, we identified HHV-7 in the CSF of 1 patient with brainstem
encephalitis who also had EV-A71 identified in the NP sample and stool. There is controversy
about the neuro-pathogenicity of HHV-7, although there are a number of reported cases of
HHV-7 encephalitis both in immunocompromised and immunocompetent children, including
children with brainstem encephalitis (28). In addition, mNGS also identified 5 patients co-
infected by 2 different EVs, and 2 of these patients had severe clinical phenotypes, raising the
possibility that co-infection may have contributed to disease severity. These findings highlight

that in the midst of an outbreak, mNGS can identify patients with alternate or co-infections that

11
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produce clinical phenotypes mimicking or contributing to the phenotype associated with the
outbreak pathogen.

A limitation of this paper is that, due to sample availability, we did not perform orthogonal
confirmation of the mNGS-only virus identifications. As a result, our evaluation of the
performance of the mNGS assay is vulnerable to incorporation bias because the gold standard
by which we are evaluating its performance includes the mNGS results (29). However, for
reasons described above in Results, we are confident that even the low levels of virus detected
by mNGS were not due to physical contamination and/or barcode misassignment.

Through mNGS, we were able to recover significantly more genetic information about the
EV-A71 outbreak strain, including 6 full-length genomes. This additional information
corroborated that the EV-A71 strain was nearly identical to the 2015 neuroinvasive German
strain as opposed to the much more common outbreaks of EV-A71-associated brainstem
encephalitis seen throughout Asia (Figure 2b-c). Indeed, we found that the strain circulating in
Catalonia was more closely related to recently reported contemporary West African strains
than Chinese strains (21) (Figure 2b). Despite having full-length genomes, we were unable to
identify the presence of any novel or previously known SNVs that might be associated with
increased neurovirulence in this limited cohort. Of note, mutations in the 3A (membrane
binding protein important in replication) and 3D (the RNA-dependent RNA polymerase) genes
have been identified as important regions for adaption to a neuroblastoma cell line (25). In
these 2 genes, we identified 1 synonymous SNV in each, common to 3 EV-A71 genomes from
brainstem encephalitis patients but not found in meningitis/encephalitis patients. We also

searched for a VP1-31G SNV recently reported to be associated with EV-A71 strains with

12
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262  neuroinvasive potential (30). This SNV was not identified in any of the 6 EV-A71 genomes.

263  Despite this, we believe these data will serve as a valuable resource for future studies that seek
264  toidentify the genetic determinants of neuroinvasive EV-A71 infections.

265 While there have been many case reports and small case series documenting the ability of
266  mNGS to detect a variety of pathogens in the CSF (14, 31-33), there have been very few reports
267  on the actual diagnostic yield of mNGS of CSF compared to traditional assays, including

268  pathogen-specific PCR and the BioFire FilmArray. This study demonstrates that in a cohort of
269  patients with a variety of viral CNS infections, a single mNGS assay was concordant with positive
270  pathogen-specific PCR results and indeed, more sensitive for the detection of EV across all

271  sample types, especially in the CSF. Furthermore, identifying EV-A71 in the CSF of 4 additional
272  patients provides circumstantial evidence that this strain was may be neuroinvasive and that a
273  para-infectious etiology is a less likely explanation for the neurological phenotypes observed
274  during the outbreak. Lastly, the rich viral genomic datasets generated by mNGS enabled more
275  sophisticated analyses about the origins of the outbreak strain and the search for possible

276  neurovirulence factors. While the experiments described herein utilized a research-based CSF
277  mNGS assay, a clinically validated CSF mNGS assay with a 3-7 day turnaround time was recently
278  evaluated in a multi-center prospective study and is now clinically available (34). Thus, this type
279  of unbiased diagnostic approach is no longer relegated only to research settings, and its role in
280 individual patient care and public health outbreak investigations will likely expand.

281
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Table 1. Description of WHO case definitions. Reproduced from [8].

Disease WHO Case Definition

Meningitis Febrile iliness with headache, vomiting and
meningism

associated with presence of more than 5 - 10
white cells per

cubic millimeter in cerebrospinal (CSF) fluid,
and negative

results on CSF bacterial culture.

Encephalitis Impaired consciousness, including lethargy,
drowsiness or coma, or seizures or
myoclonus.

Brainstem Encephalitis Myoclonus, ataxia, nystagmus, oculomotor

palsies, and bulbar palsy in various
combinations, with or without MRI. In
resource-limited settings, the diagnosis of
brainstem encephalitis can be made in
children with frequent myoclonic jerks and
CSF pleocytosis.

Encephalomyelitis Acute onset of hyporeflexic flaccid muscle

21

184 DOCTORAND: Didac CASAS ALBA




bioRxiv preprint first posted online Sep. 12, 2018; doi: http://dx.doi.org/10.1101/414979. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity
It is made available under a CC-BY-NC-ND 4.0 International license.

weakness with

myoclonus, ataxia, nystagmus, oculomotor
palsies and bulbar

palsy in various combinations.

Acute Flaccid Paralysis Acute onset of flaccid muscle weakness and
lack of reflexes.
435
436

437  Table 2. Summary of patient group demographics and clinical data.

Cases Controls
Total=10 Total=10
Mean age (months)® 22.7 (18.1-31.2) 10.8 (0.9-37.5)
Sex (male) 4 6
Systemic symptoms
Fever 10 10
Vomiting 6 4
Diarrhea 2 1
Exanthema 5 3
Enanthema 8 2
Neurologic symptoms
Meningismus 2 3
Irritability 2 2
Lethargy 8 4
Headache 1 2
Myoclonic jerks 6 0
Tremor 5 0
Ataxia 9 0
Paresis 3 0
Nystagmus and/or 1 0
strabismus
Bulbar palsy 2 0
Medullary symptoms 3 0
WHO clinical classification
Meningitis 0 7
Encephalitis 0 3
Brainstem encephalitis 8 0
Encephalomyelitis 2 0
EV results by Clinical Pan-EV qRT-PCR (positive/total)
CSF 0/10 5/10
Plasma 0/7 0/2
Nasopharyngeal sample 8/9 3/7
Stool 5/9 4/6

? Median (interquartile range).
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438  Figure 1: Summary of mNGS diagnostics: concordance and improvement over traditional clinical
439  testing. Unless outlined by a thick, black border, results are concordant. In Patients 3 and 13,
440  EV-A71 was detected by both mNGS and gqRT-PCR in the NP samples, however mNGS also

441  detected E30 and CVB respectively. CSF = Cerebrospinal Fluid, NP = Nasopharyngeal, EV-A71 =
442 Enterovirus A71, E30 = Echovirus E30, CVB = Coxsackievirus B, HHV7 = Human Herpes Virus 7
443

444  Figure 2: (A) Phylogenetic tree of full length viral genomes for Enterovirus A71, Echovirus E30,
445  Coxsackievirus B and Rhinovirus isolated from CSF, Stool and NP compared to the German

446  neuroinvasive strain. Rhinovirus obtained from patients acts as the root. (B) Confirmation of
447  clinical VP1 testing that the Catalonian EV-A71 Viral Protein 1 (VP1) gene is most closely related
448  to a neuroinfectious German strain. (C) Phylogenetic tree of 545 enterovirus genomes from

449  every species highlighting the relatedness between the enterovirus strains discovered in this
450  outbreak.

451

452  Supplemental Figure 1: Sequencing results including RPM for each pathogen detected for each
453  patient in each body site.

454

455  Supplemental Figure 2: Single nucleotide variant map. The red boxes highlight the two common
456  SNVs unique to the brainstem encephalitis patients found in proteins 3A and 3D. The

457  highlighted mutations are 5008T>C and 5938A>G.
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Figure 1: Summary of MNGS diagnostics: concordance and improvement over traditional clinical testing. Unless outlined by a thick, black
border, results are concordant. In Patients 3 and 13, EV-A71 was detected by both mNGS and gRT-PCR in the NP samples, however
mNGS also detected E30 and CVB respectively. CSF = Cerebrospinal Fluid, NP = Nasopharyngeal, EV-A71 = Enterovirus A71, E30 =
Echovirus E30, CVB = Coxsackievirus B, HHV7 = Human Herpes Virus 7
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Figure 2: (A) Phylogenetic tree of full length viral genomes for Enterovirus A71, Echovirus E30, Coxsackievirus B and Rhinovirus isolated from CSF,
Stool and NP compared to the German neuroinvasive strain. Rhinovirus obtained from patients acts as the root. (B) Confirmation of clinical VP1 testing
that the Catalonian EV-A71 Viral Protein 1 (VP 1) gene is most closely related to a neuroinfectious German strain. (C) Phylogenetic tree of 545 entero-
virus genomes from every species highlighting the relatedness between the enterovirus strains discovered in this outbreak.
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9.2.1 Resum del sisé article

Es tracta d’'un estudi observacional retrospectiu en el que es van incloure
com a casos els primers 10 pacients ingressats amb diagnostic d’encefalitis de
tronc o encefalomielitis i com a controls els primers 10 pacients ingressats amb
diagnostic de meningitis o encefalitis, amb deteccié6 d’EV en alguna mostra i
abséncia d’altra etiologia plausible, amb mostra de LCR suficient, a partir de
I'abril de 2016. Es van recollir dades cliniques i microbiologiques. Les mostres
de LCR, plasma, aspirat nasofaringi i femtes es van analitzar mitjancant la real-
time RT-PCR PAN EV d’elaboracié propia (les mostres positives per a EV es van
tipificar a la Unitat d’EV del Centre Nacional de Microbiologia). Posteriorment, es
van enviar per a sequenciar mitjancant mNGS amb plataforma Illumina® a la

Universitat de Californa, San Francisco (sense identificar casos i controls).

El Dr. Wilson, neurdleg, i el Dr. DeRisi, bioquimic, desenvolupen part de
la seva activitat de recerca a la Universitat de California (San Francisco). Son
pioners en l'aplicaci6 de técniques de mNGS clinica en el camp de la
neuroinfectologia.

Els resultats d’aquest sisé estudi son:

1. Resultats de la deteccié dI’EV:

1.1. En les mostres positives mitjancant real-time RT-PCR PAN EV

(n=25), la mNGS va detectar virus en totes.

1.2. En les mostres negatives mitjancant PAN EV real-time RT-PCR
(n=35), la MNGS va detectar virus en deu (29%).
- Els virus identificats van ser nou EV-A71 i un VHH-7.
- Cinc mostres eren de LCR, de les quals dues eren de pacients
amb encefalitis de tronc (un EV-A71 i un VHH-7).
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1.3. Elsnivells dEV-A71 en LCR van ser molt baixos (0,03-0,55 lectures

per milig).

1.4. En general, la mMNGS va augmentar la proporci6 de mostres
positives per EV del 42% (25/60) al 57% (34/60), de forma estadisticament
significativa (p<0,01). En mostres de LCR, la mNGS va doblar la proporcié de

mostres positives.

2. Resultats de la deteccid d’altres gérmens:

2.1. La mNGS va detectar EV-A71 en el 80% dels pacients (n=16), E-
30 en el 25% (n=5), CV-B en el 15% (n=3) i VHH-7 en un pacient.

2.2. En el grup de controls (encefalitissrmeningitis), la mMNGS va co-
detectar EV-A71 i altres EV en tres casos (dos E-30 i un CV-B).

2.3. En el grup de casos (encefalitis de tronc/encefalomielitis), la mMNGS
va co-detectar EV-A71 i altres EV en dos casos (un E-30 i un CV-B). També va

co-detectar EV-A71 i VHH-7 en un altre cas.

3. Tipificaci6 i analisi filogenética de 'EV-A71:

3.1. L’analisi de les dades de WGS de la mNGS va mostrar que totes
les soques d’EV-A71 pertanyien al subgenotip C1. A més, I'analisi filogenética
va permetre identificar que les soques d’EV-A71 C1 formaven una subclasse de

la soca variant alemanya detectada el 201572169,

4. Factors genetics de neuroviruléncia:

4.1. No es van identificar diferéncies de polimorfismes d’un sol nucleotid

no sindnimes entre les sequéencies d’EV-A71 de casos i controls.
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