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0 ORGANIZACION GENERAL DE LA TESIS
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de doctorado en la Universidad Complutense de Madrid.
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Arch Clin Exp Ophthalmol. 2021 Aug;259(8):2243-2249. doi: 10.1007/s00417-
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patients and elevated D-dimer levels during the acute phase of the infection. Med
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Atendiendo a la regulacion actual del Doctorado de la Universidad Complutense de
Madrid, la presente Tesis se ha estructurado en los siguientes apartados: Introduccion,
Hipotesis y Objetivos, Compendio de los articulos publicados que constituyen el trabajo,
Discusion, Conclusiones y Bibliografia. No contiene los apartados Material y Métodos y
Resultados, que han sido sustituidos por los cinco articulos publicados, de acuerdo con la
regulacion actual de las Tesis en formato de publicaciones.

En los anexos administrativos de la Tesis se aportan varios documentos obligatorios para
la presentacion de la Tesis, como los informes de los directores y las autorizaciones de

las editoriales, copyright para la inclusién de los articulos e iméagenes.
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1 RESUMEN

Introduccion: La infeccion por el coronavirus del sindrome respiratorio agudo severo 2
(SARS-CoV-2), responsable de la enfermedad por coronavirus 2019 (COVID-19), puede
afectar a practicamente todos los 6rganos, incluidos los o0jos. Se ha detectado la presencia
ARN de SARS-CoV-2 en lagrima y exudado conjuntival. También se han observado
manifestaciones oculares tanto en el segmento anterior como en el segmento posterior,
pudiendo aparecer tanto durante la fase aguda de la infeccién como tras la recuperacion
de la enfermedad. Ademas de estos cambios clinicos, se han observado cambios
subclinicos en el grosor de las capas de la retina detectables mediante tomografia de
coherencia optica (OCT), y alteraciones en la circulacién retiniana cuantificables
mediante angiografia por OCT (OCTA).

Objetivos: El objetivo principal de esta Tesis se centra en el estudio de la afectacion
oftalmologica de la COVID-19. Para ello, se ha estudiado la presencia de ARN de SARS-
CoV-2 en lagrima y exudado conjuntival, las caracteristicas clinicas y la frecuencia de la
conjuntivitis, y la afectacion del segmento posterior mediante exploracion del fondo de
0jo, OCT y OCTA en pacientes COVID-19.

Métodos y Resultados: En la presente Tesis se presentan cinco estudios de investigacion,
todos ellos realizados en pacientes con infeccion confirmada por SARS-CoV-2. En el
primer estudio, se ha investigado la presencia de ARN de SARS-CoV-2 en la superficie
ocular mediante la realizacién de prueba RT-PCR de lagrima y exudado conjuntival en
un grupo de pacientes COVID-19 con conjuntivitis y en un grupo COVID-19 sin
conjuntivitis. Se detecto6 ARN de SARS-CoV-2 en dos pacientes (2/36). En cada uno de
los grupos, se detectd el virus en un paciente respectivamente (1/18). Por tanto, se
encontr6 la misma tasa de resultados positivos en el grupo con conjuntivitis (5.5%) que

en el grupo sin conjuntivitis (5.5%).



En el segundo trabajo se incluyeron 301 sujetos ingresados por COVID-19. De ellos, 35
pacientes (11,6%) fueron diagnosticados de conjuntivitis aguda. No se encontrd ninguna
relacién entre la gravedad de la COVID-19 y la presencia de conjuntivitis (p = 0,17). Sin
embargo, la conjuntivitis fue mas frecuente en los varones con COVID-19 moderado y
en las mujeres con COVID-19 leve. La historia natural de la enfermedad parece ser de
una conjuntivitis virica, inespecifica y autolimitada que mejora sin espontaneamnete sin
afectar a la vision, ni asociar complicaciones a corto plazo.

En el tercer trabajo se incluyeron 160 pacientes, 90 pacientes recuperados de COVID-19
y 70 controles historicos. Los pacientes con COVID-19 presentaron un aumento del
grosor de la capa de fibras nerviosas retinianas (CFNR) peripapilar global (4,3; C195%
0,8 a 7,7), nasal superior (6,9; CI95% 0,4 a 13,4) y nasal inferior (10,2; CI95% 2,4 a
18,1). A nivel macular, el grosor de la CFNR estaba disminuido en pacientes COVID-19
en volumen (-0,05; CI195% -0,08 a -0,02), cuadrante superior interno (-1,4; CI95% -2,5 a
-0,4), nasal interno (-1,1; CI95% -1,8 a -0,3) y nasal externo (-4,7; C195% -7,0a-2,4); y
el grosor de la capa de células ganglionares (CCG) estaba aumentado en volumen (0,04;
IC95%: 0,01 a0,07), superior externo (2,1; 1C95%: 0,8 a 3,3), nasal externo (2,5; 1C95%:
1,1 a 4). Ademas, los pacientes de COVID-19 con anosmia y ageusia presentaron un
aumento del grosor de la CFNR peripapilar y de la CCG macular en comparacién con los
pacientes sin estos sintomas.

En otro trabajo, se realizd6 OCTA a 90 pacientes, 19 (20%) pacientes de COVID-19 que
sufrieron eventos tromboticos (ET) asociados a la enfermedad, 47 (49,5%) pacientes de
COVID-19 sin ET y 29 (30,5%) controles sanos. Los pacientes con COVID-19
presentaron una densidad vascular (DV) significativamente menor que los controles
sanos: central (p = 0,003), anillo interno (p = 0,026), anillo externo (p = 0,001). La

densidad de perfusidon (DP) también estaba disminuida: anillo externo (p = 0,003), area
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completa (p = 0,001). Sin embargo, no se encontraron diferencias en los parametros de
OCTA entre los pacientes de COVID-19 con y sin ET. Ademas, se correlaciond en otro
trabajo los datos de OCTA con parametros clinicos y laboratorio de pacientes COVID-
19. Los pacientes con Dimero-D>500ng/ml durante la infeccion por SARS-CoV-2
presentaron una disminucion de la DV central (2,2; 1C del 95%: 0,4-3,9) y DP (4,9; IC
del 95%: 0,9-8,9) tras la fase aguda de la enfermedad. Estas diferencias no se
documentaron en pacientes con LDH>500 U/L, PCR>10 mg/L e hipoxemia.

Discusién y Conclusiones: EI SARS-CoV-2 esta presente en la lagrima y exudado
conjuntival, lo que pone de manifiesto el papel del ojo como posible via de transmision
de la enfermedad. Sin embargo, la baja tasa de resultados positivos encontrados mediante
RT-PCR de lagrima, sugiere que la realizacion de esta prueba tiene un limitado valor
diagnostico en la deteccion de la infeccién. La conjuntivitis es una manifestacion ocular
de la COVID-19 que puede aparecer en aproximadamente, 1 de cada 10 pacientes
hospitalizados de COVID-19. Los pacientes recuperados de COVID-19 presentaron
cambios en las capas de la retina detectables mediante OCT, ademés de una DV y DP
disminuida comparado con controles sanos. Estos hallazgos subrayan el papel de la OCT
y OCTA como posibles biomarcadores no invasivos de la disfuncion inflamatoria y

vascular relacionada con la infeccion por el SARS-CoV-2.
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ABSTRACT

Introduction: Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2),
responsible for coronavirus disease 2019 (COVID-19), may affect virtually all organs,
including the eyes. SARS-CoV-2 RNA has been detected in tears and conjunctival swab.
Ocular manifestations have also been observed in both the anterior and posterior segments
and can appear both during the acute phase of infection and after recovery from the
disease. In addition to these clinical changes, subclinical changes in the thickness of
retinal layers detected by optical coherence tomography (OCT), and disturbances in
retinal circulation measurable by OCT angiography (OCTA) have been observed.
Objectives: The main objective of this Thesis focuses on the study of the ophthalmologic
involvement of COVID-19. For this purpose, the presence of SARS-CoV-2 RNA in tear
and conjunctival exudate, clinical features and frequency of conjunctivitis, and posterior
segment involvement by fundus examination, OCT and OCTA in COVID-19 patients
have been studied.

Methods and Results: In the present Thesis, five research studies are presented, all of
them performed in patients with confirmed SARS-CoV-2 infection. In the first study, the
presence of SARS-CoV-2 RNA on the ocular surface was investigated by performing
RT-PCR testing of tear and conjunctival exudate in a group of COVID-19 patients with
conjunctivitis and in a COVID-19 group without conjunctivitis. SARS-CoV-2 RNA was
detected in two patients (2/36). In each of the groups, virus was detected in one patient
respectively (1/18). Therefore, the same rate of positive results was found in the group
with conjunctivitis (5.5%) as in the group without conjunctivitis (5.5%).

The second study included 301 subjects admitted for COVID-19. Of these, 35 patients

(11.6%) were diagnosed with acute conjunctivitis. No relationship was found between
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the severity of COVID-19 and the presence of conjunctivitis (p = 0.17). However,
conjunctivitis was more frequent in males with moderate COVID-19 and in females with
mild COVID-19. The natural history of the disease appears to be a viral, nonspecific, self-
limited conjunctivitis that improves rapidly without treatment, affecting neither vision
nor short-term complications.

The third study included 160 patients, 90 patients recovered from COVID-19 and 70
historical controls. Patients with COVID-19 had increased global RNFL thickness
peripapillary (4.3; Cl195% 0.8 to 7.7), superior nasal (6.9; C195% 0.4 to 13.4) and inferior
nasal (10.2; C195% 2.4 to 18.1). Macular RNFL thickness was decreased in COVID-19
patients in volume (-0.05; C195% -0.08 to -0.02), upper inner quadrant (-1.4; C195% -2.5
to -0.4), inner nasal (-1.1; CI195% -1.8 to -0.3), and outer nasal (-4.7; C195% -7.0 to -2.4);
and CCG thickness was increased in volume (0.04; CI195%: 0.01 to 0.07), external
superior (2.1; CI195%: 0.8 to 3.3), external nasal (2.5; C195%: 1.1 to 4). Furthermore,
COVID-19 patients with anosmia and ageusia had increased peripapillary RNFL
thickness and macular GCC compared to patients without these symptoms.

In another paper, OCTA was performed on 90 patients, 19 (20%) COVID-19 patients
who experienced disease-associated thrombotic events (TE), 47 (49.5%) COVID-19
patients without TE and 29 (30.5%) healthy controls. COVID-19 patients had
significantly lower vessel density (VD) than healthy controls: central (p = 0.003), inner
ring (p = 0.026), outer ring (p = 0.001). Perfusion density (PD) was also decreased: outer
ring (p = 0.003), whole area (p = 0.001). However, no differences in OCTA parameters
were found between COVID-19 patients with and without TE. In addition, OCTA data
were correlated in another paper with clinical and laboratory parameters of COVID-19
patients. Patients with D-Dimer>500ng/ml during SARS-CoV-2 infection had decreased

central DV (2.2; 95% CI 0.4-3.9) and PD (4.9; 95% CI 0.9-8.9) after the acute phase of

13



the disease. These differences were not documented in patients with LDH>500 U/L,
CRP>10 mg/L and hypoxemia.

Discussion and Conclusions: SARS-CoV-2 is present in tears and conjunctival
secretions, highlighting the role of the eye as a possible route of spread of the infection.
However, the low rate of positive results found by tear RT-PCR suggests that this test has
limited diagnostic value in detecting infection. Conjunctivitis is an ocular manifestation
of COVID-19 that may occur in approximately 1 in 10 hospitalized COVID-19 patients.
Recovered COVID-19 patients had changes in retinal layers thickness detectable by OCT,
in addition to decreased DV and PD compared to healthy controls. These findings
emphasize the potential role of OCT and OCTA as possible noninvasive biomarkers of

inflammatory and vascular dysfunction related to SARS-CoV-2 infection.
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2 INTRODUCCION

El 31 de diciembre de 2019, la Comision Municipal de Salud y Sanidad de la ciudad de
Wuhan (provincia de Hubei, China) notificé a la Organizacion Mundial de la Salud
(OMYS) la existencia de un brote de neumonia de etiologia no filiada en la ciudad de
Wuhan. El agente responsable de este brote fue identificado y publicado por las
autoridades chinas el dia 7 de enero de 2020, encontrando como nexo comun entre los
casos afectados la exposicion a un mercado mayorista de marisco y animales vivos en la
citada ciudad de Wuhan. Este reporte notificaba el hallazgo de un nuevo virus de la
familia Coronaviridae, al que inicialmente se le denomin6 2019-nCoV vy, posteriormente,
fue rebautizado por el Comité Internacional de Taxonomia de Virus (ICTV) con el
nombre coronavirus del sindrome respiratorio agudo severo 2 (SARS-CoV-2).! EI 11 de
febrero de 2020, la OMS denominé oficialmente a esta enfermedad como Enfermedad
por Coronavirus-2019 (COVID-19),? y, posteriormente, el dia 11 de marzo de 2020, este
mismo organismo declard el status de pandemia mundial.’

La infeccion por SARS-CoV-2, en el momento de la redaccion de este documento, ha
sido responsable de méas 476 millones de casos confirmados de COVID-19, incluyendo
mas de 6 millones de victimas mortales a nivel mundial, ademas de tener un
extraordinario impacto socioeconémico en todo el mundo. Concretamente, en Espafia se
han reportado hasta la fecha més de 11 millones de casos confirmados de COVID-19 y
102.119 muertes.*

A pesar de que la COVID-19 afecta principalmente al sistema respiratorio, cada vez hay
mas evidencia de que puede afectar a practicamente todos los organos, incluidos los
0jos.>”” Esta Tesis en formato publicaciones ha estudiado la presencia de ARN de SARS-
CoV-2 en lagrima y exudado conjuntival, las caracteristicas clinicas y la frecuencia de la

conjuntivitis como principal manifestacion oftalmologica de la COVID-19, asi como la
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afectacion del segmento posterior mediante exploracion del fondo de ojo, tomografia de

coherencia optica (OCT) y angiografia por tomografia de coherencia optica (OCTA).

2.1 Caracteristicas del SARS-CoV-2

El virus SARS-CoV-2 pertenece a la subfamilia Coronaviridae (orden Nidovirales) que a
su vez contiene cuatro géneros: Alphacoronavirus, Betacoronavirus, Gammacoronavirus
y Deltacoronavirus.® El SARS-CoV-2 es un Betacoronavirus, al igual que sus
predecesores, el coronavirus del sindrome respiratorio agudo (SARS-CoV) y el
coronavirus del sindrome respiratorio de Oriente Medio (MERS-CoV). Por su parte, el
SARS-CoV fue responsable del brote epidémico identificado en China en el afio 2002,
y el MERS-CoV, identificado en el afio 2012, causé un brote que afecté mayoritariamente
a Arabia Saudi.!!

El SARS-CoV-2 es un virus ARN monocatenario de sentido positivo (conocido por sus
siglas en inglés como +ssRNA, single-stranded positive-sense RNA). Estructuralmente
los coronavirus son virus esféricos que constan de 4 proteinas estructurales: la proteina S
(spike protein), la proteina E (envelope), la proteina M (membrane) y la proteina N
(nucleocapsid), y de dieciséis proteinas no estructurales (nsp1-16). Figura 1. La proteina
S otorga al virus su caracteristica apariencia de corona y, ademas, contiene el dominio de
union al receptor celular, siendo por tanto la proteina determinante del tropismo del virus.
El tamafio del genoma del SARS-CoV-2 es de aproximadamente 29,9 kb, y fue
secuenciado por Lu y colaboradores en Enero de 2020,'? quienes encontraron que estaba
estrechamente relacionado (con un 88% de identidad) con dos coronavirus derivados de
murciélagos similares al SARS, el bat-SL-CoVZC45 y el bat-SL-CoVZXC21, recogidos
en 2018 en Zhoushan, China. Adema4s, este mismo estudio encontr6 que su homologia de

secuencia era menor con el virus SARS-CoV (79%) vy el virus MERS-CoV (50%). Sin
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embargo, el analisis filogenético reveld que el dominio de union al receptor del SARS-
CoV-2 era similar al SARS-CoV. De modo que ambos utilizan la enzima convertidora de

angiotensina 2 (ECA-2) como principal receptor celular.

Spike (S1 & S2)
Nucleocapsid (N)

Membrane (M)

Envelope (E)

ssRNA
(+ sense, ~30kb in length)

Figura 1: Estructura del SARS-CoV-2. De: Cascella M et al. Features, Evaluation, and
Treatment of Coronavirus (COVID-19). StatPearls Publishing.

2.2 Fuente de infeccidn: origen del SARS-CoV-2

El origen del SARS-CoV-2 continta siendo una incégnita en muchos aspectos. A pesar
de que la teoria de un probable origen zoon6tico a través de un huésped intermedio parece
ser la mas aceptada, la fuente concreta de la infeccion no se conoce con exactitud por el
momento. Con el fin de conocer el origen y transmision del SARS-CoV-2, la OMS envio
un grupo de expertos internacionales y chinos (17 cientificos internacionales y 17
cientificos chinos) a la ciudad de Wuhan entre el 14 de enero y el 10 de febrero de 2021.
El equipo de la mision examind cuatro posibles escenarios y emitio el siguiente informe
acerca de la probabilidad de cada uno de ellos!?:

1. La propagacion zoonotica directa se considera una via de posible a probable.
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2. La introduccion a través de un huésped intermedio se considera una via de
probable a muy probable.
3. Laintroduccion a través de productos de la cadena de frio/alimentos se considera
una via posible.
4. La introduccion a través de un incidente de laboratorio se considera una via
extremadamente improbable.
Segun este informe, la via mas probable seria la introduccion a traves de un anfitrion
intermedio. Esta hipotesis apoya que el SARS-CoV-2 se transmitiria desde un reservorio
animal a un anfitrién intermedio animal, y de éste se transmitiria al ser humano. El
analisis del genoma sugiere que los murciélagos pueden ser la fuente del SARS-CoV-2,
y que el pangolin podria ser uno de los hospedadores intermedios. Sin embargo, la
distancia genética tanto del murciélago como del pangolin, asi como el hecho de que
ambos animales entran en contacto con los seres humanos con poca frecuencia, sugiere
que otros anfitriones intermedios han intervenido en la cadena de transmision, aunque por
el momento se desconoce cuales.
Otra via de transmision que ha generado gran controversia ha sido la introduccién a través
de un accidente de laboratorio. Segln esta teoria, el SARS-CoV-2 se introduciria a través
de un incidente de laboratorio, como un escape de material infectivo al exterior o una
infeccidn accidental de alglin trabajador. No obstante, esta hipotesis parece ser la menos

probable segtin el informe de la OMS. "

2.3 Mecanismos de transmision de la infeccion humano-humano

2.3.1 TransmisiOn por secreciones respiratorias

La principal via de transmision del SARS-CoV-2 es la inhalacion de las gotas y aerosoles

respiratorios emitidos por un enfermo o el contacto directo de estas secreciones con las
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mucosas de las vias respiratorias y la conjuntiva del susceptible. El contacto indirecto a
través de las manos u objetos contaminados es otra posible via.!* En cuanto a la
transmision de la infeccion por SARS-CoV-2 mediante aerosoles, esta via continua
siendo objeto de controversia entre distintos autores.!>!® Un aerosol es un conjunto de
particulas s6lidas o liquidas suspendidas en un gas, como el aire.!” La evidencia actual
clasifica las particulas respiratorias segiin su tamafio en gotas y en aerosoles. El tamafio
de corte comunmente aceptado entre las gotas y los aerosoles es de 5 um, aunque varia
considerablemente entre los estudios.'®!* La OMS y los Centros de Control y Prevencién
de Enfermedades (CDC) establecieron que, las particulas de més de 5 pm se comportan
como gotas, y las de menos de 5 pm como aerosoles, en su guia de prevencion de la

20 aunque muchos autores

transmision de agentes infecciosos en el ambito sanitario,
consideran que estas guias deben ser revisadas.'>!®?! Las personas liberan fluidos
respiratorios durante la exhalacion (al respirar en silencio, hablar, cantar, hacer ejercicio,
toser o estornudar) en forma de gotas de distintos tamafos. El comportamiento
aerodinamico de estas particulas puede ser diferente dependiendo del tamafio. No
obstante, la capacidad de una particula para permanecer en suspension depende de
muchos otros factores ademas del tamafio, como la velocidad con la que son expulsadas,
las caracteristicas del flujo de aire circundante (velocidad, turbulencia, direccion,
temperatura y humedad relativa).?> De ahi que sea dificil especificar un punto de corte a
partir del cual una particula queda suspendida en el aire.?! Por este motivo, a efectos de
describir la transmision, el umbral de tamafio mas aceptado para distinguir las gotitas de
los aerosoles, en cuanto a su comportamiento fisico y la via de exposicion, es de 100

um. 2

Asi, las gotas con un tamafio mayor de 100 micras tienen un comportamiento
balistico. Estas particulas caen al suelo en cuestion de segundos o minutos y recorren una

distancia maxima de aproximadamente dos metros. Por otro lado, las emisiones
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respiratorias de tamaiio inferior a 100 micras pueden permanecer suspendidas en el aire
durante mas tiempo (minutos u horas) y viajar una distancia superior a dos metros del
emisor, pudiendo ser inhaladas por otra persona, incluso en ausencia de un emisor si aun
persisten suspendidas en el aire. Hay varios ejemplos bien documentados en los que el
SARS-CoV-2 parece haber sido transmitido mediante aerosoles.?>2 Entre ellos, destacan
un incidente de contagio descrito en un restaurante en China y otro durante un ensayo de
coro en Washington DC,?4?° donde se demostrd que las personas sentadas a una distancia
de mas de 2 metros de la persona infectada fueron contagiadas con la enfermedad. Segun
los criterios establecidos por Jones y Brosseau en 2015, la transmision por aerosol es
plausible cuando (1) los aerosoles que contienen virus son generados por 0 una persona
infectada, (2) el virus permanece viable en los aerosoles durante algun periodo de tiempo,
y (3) los tejidos diana donde el virus inicia la infeccidn son accesibles por el aerosol con
suficiente carga viral. Basandose en la evidencia disponible hasta el momento en estudios
empiricos y de laboratorio, la infeccion por SARS-CoV-2 parece cumplir estos
criterios.”>® Adicionalmente, la OMS y los CDC han reconocido en informes recientes

esta via como una posible via de transmision en determinadas circunstancias.'**

2.3.2 Transmision por superficies contaminadas (fomites)

El riesgo de transmision de la infeccion por fomites depende de multiples factores, entre
los que destacan la deposicion de las particulas de virus expulsadas en las superficies que
se ve afectada por el flujo de aire y la ventilacion, la interaccion con los factores
ambientales como el calor y la evaporacion, la carga viral, y el tiempo que transcurre
entre el momento en que una superficie se contamina y el momento en que una persona
toca la superficie.® Se han notificado algunos casos de COVID-19 atribuidos

potencialmente a la transmision por fomites.*32 Sin embargo, este tipo de transmision
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por fomites es dificil de probar con certeza, en parte porque no se puede descartar la
transmision respiratoria de personas asintomaticas. Por otro lado, a pesar de que se haya
detectado la presencia del SARS-CoV-2 en diferentes superficies, se pone en duda la
viabilidad y duracion del virus en la superficie en condiciones reales.®*3* Debido a los
multiples factores que entran en juego en esta ruta de transmision, se considera que el
riesgo relativo de transmision por fomites del SARS-CoV-2 es bajo en comparacion con

otras vias como la transmision por gotas o aire y el contacto directo.

2.3.3 Transmision vertical

La trasmision vertical a través de la placenta también se ha documentado,®® aunque se
considera que la transmision de la infeccion madre-hijo se produce fundamentalmente
tras el nacimiento del bebé por el contacto con las secreciones respiratorias de la madre.>®
Respecto a la lactancia materna, se ha detectado RNA de SARS-CoV-2 en muestras de
leche materna de algunas pacientes con COVID-19.37 Sin embargo, seglin una revision
sistematica reciente, no hay pruebas de la transmisiéon del SARS-CoV-2 a través de la

leche materna>®

2.3.4 Transmision fecal-oral

En cuanto a la trasmision fecal-oral, se ha detectado la presencia de SARS-CoV-2 en
heces,*” aunque todavia no se ha establecido la ruta exacta de transmision fecal-oral. Se
ha publicado una posible transmision fecal-aerosol como origen de un brote comunitario
de COVID-19 en un rascacielos en Guangzhou, China, donde tres familias que vivian en
pisos alineados verticalmente y conectados por tubos de desagiie de los bafios principales,

fueron infectadas, sin encontrar otra via de contacto alternativa que pudiera explicar este
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brote.*® A pesar de ello, no existe suficiente evidencia hasta la fecha para demostrar esta

via.

2.3.5 Superficie ocular v fluidos oculares como potencial via de transmision

Se ha detectado la presencia ARN de SARS-CoV-2 en lagrima y exudado conjuntival,*!#?
hecho que pone de manifiesto el papel de la superficie ocular como posible via de
transmision de la infeccion. Uno de los primeros casos reportados a este respecto fue el
de un médico que trabajaba en Wuhan.** Este médico atendié a pacientes con COVID-19
con mascarilla N95, pero sin proteccion ocular. A pesar de llevar mascarilla, contrajo la
infeccion y presentd una marcada hiperemia conjuntival asociada, lo que planted que la
exposicion al SARS-CoV-2 sin proteccion ocular adecuada podria ser una potencial via
de transmision de la enfermedad.** Un estudio multicéntrico evalu6 los factores de riesgo
para la transmision del SARS-CoV-2 de pacientes que requerian intubacion a pesar del
cumplimiento de los protocolos de control de infecciones.** Este trabajo encontr6 que el
contacto ocular sin proteccion con secreciones de pacientes infectados era la variable mas
predictora para la transmision de la infeccidn en los trabajadores sanitarios. Esta
observacion puso de relieve la importancia de utilizar gafas de proteccion como parte
integrante del equipo de proteccion individual.

El tropismo viral hacia el tejido ocular puede explicarse en parte por la presencia de
receptores para el SARS-CoV-2 a nivel de la superficie ocular. El principal receptor de
entrada celular del virus es la enzima convertidora de angiotensina-2 (ACE2).** La
proteasa transmembrana de serina 2 (TMPRSS 2) participa en la escision de la proteina
S del SARS CoV-2, lo que favorece la entrada del virus a la célula huésped. *¢ Estos
receptores han sido identificados en una amplia gama de tejidos humanos, incluyendo la

superficie ocular (cornea y conjuntiva)*’*® y retina y coroides*. Por otro lado, el CD147,
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también conocido como Basigin o inductor de metaloproteinas de la matriz extracelular,
es una glicoproteina transmembrana que esta asociada a la infeccion viral. Estudios
recientes han encontrado una posible interaccion entre el receptor de la célula huésped
CD147 y la proteina S del SARS-CoV-2.%° Mediante andlisis inmunohistoquimico se ha
detectado la presencia de CD147 en la cornea, la conjuntiva, la retina y el epitelio
pigmentario de la retina.’! Este mismo andlisis encontrd que la proteina CD147 también
existe en forma soluble en la lagrima, el humor acuoso y el vitreo. Estos resultados
proporcionan una base molecular para la propagacion del SARS-CoV-2 a través de la

superficie ocular.>?

2.3.6 Otras posibles vias de transmision

En cuanto a la transmision sexual de la infeccion, a pesar de que se ha detectado el virus
en el semen de algunos pacientes en la fase aguda o de convalecencia de la COVID-19,%
actualmente no hay pruebas de que el virus se transmita a través del semen o de los fluidos
vaginales, y por tanto, la mayoria de expertos coinciden en que esta via es poco
probable.’* La presencia del SARS-CoV-2 en otros fluidos corporales, como la sangre y
hemoderivados,>°® también gener6 controversia acerca de la posible transmision
sanguinea de la infeccion. Sin embargo, no hay ningln caso de transmision sanguinea de

la COVID-19 documentado hasta la fecha.

2.4 DINAMICA DE LA TRANSMISION DEL SARS-COV-2

2.4.1 Periodo de incubacion vy periodo infectivo

El periodo de incubacién se define como el tiempo que transcurre entre la exposicion
inicial al virus y la aparicion de los sintomas de la enfermedad. Este pardmetro tiene un

papel relevante en las medidas de control y prevencion de enfermedades infecciosas,
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incluyendo el calculo del tiempo de cuarentena adecuado. Segin un metaanalisis reciente,
el periodo de incubacion mediano de COVID-19 es de 5,1 dias (IC 95% 4,5 a 5,8). y el
97,5% de los que desarrollan sintomas lo haran en los 11,5 dias (IC, 8,2 a 15,6 dias)
siguientes a la infeccion.’” Otro pardmetro importante en el control de la infeccion es el
intervalo serial, el cual se define como el intervalo de tiempo entre la aparicion de los
sintomas en el caso primario y el secundario. El intervalo serial medio de COVID-19 en
numerosas observaciones epidemioldgicas resultd menor gque el periodo de incubacion,
lo que sugiere que una proporcion sustancial de transmision se produce en la fase
presintomatica.®® El periodo infectivo se define como el periodo durante el cual un sujeto
puede contagiar la infeccion. Puesto que el cultivo celular del SARS-CoV-2 para la
deteccidn de virus viable en muestras clinicas tiene una sensibilidad relativamente baja,
la técnica molecular de la reaccion en cadena de la polimerasa con transcripcion inversa
en tiempo real (RT-PCR) es habitualmente utilizada para el calculo de este periodo.>® Sin
embargo, la RT-PCR permite detectar la presencia de ARN viral, sin que ello implique la
deteccidn de virus con capacidad de replicacion. De hecho, se ha encontrado un nimero
no despreciable de sujetos que presentan pruebas RT-PCR persistentemente o
intermitentemente positivas durante semanas, sin que esto implique que estos individuos
sean una fuente significativa de transmision del SARS-CoV-2.% No obstante, la cantidad
de ARN viral detectado mediante RT-PCR o carga viral ha mostrado tener una relativa
correlacion con la positividad de los cultivos virales.®* De acuerdo con la evidencia
existente hasta la fecha, la transmisién de la infeccion por SARS-CoV-2 se produce
fundamentalmente desde los 2-3 dias previos al inicio de los sintomas hasta 7-8 dias
después. En los casos mas graves de COVID-19 parece que esta transmision es mas

intensa y duradera.®?

26



2.4.2 Numero basico v efectivo de reproduccion

El niimero bésico de reproduccion (R0) es un término epidemioldgico que describe el
numero esperado de infecciones secundarias generadas por un caso. Al principio de la
pandemia, las instituciones de salud publica y el publico en general hacian referencia al
RO con frecuencia. Sin embargo, esta métrica a menudo se utiliza o se interpreta de forma
incorrecta.%® Para evaluar la dindmica a tiempo real de la transmision de enfermedades
infecciosas se suele utilizar el nimero reproductivo efectivo (Re). Esta métrica se emplea
para evaluar la eficacia de las medidas preventivas de salud publica tomadas para una
evitar la transmision de una enfermedad y en su calculo intervienen el nimero de casos,

el intervalo serial y el momento de inicio de los sintomas.

2.5 DIAGNOSTICO DE LA INFECCION POR SARS-CoV-2

El diagndstico de la infeccion juega un papel clave en el control de la propagacion de la
enfermedad. En la actualidad, existen diferentes pruebas para el diagnéstico de la
infeccion por SARS-CoV-2, que incluyen: deteccién de RNA mediante RT-PCR o gRT-
PCR (si se cuantifica en tiempo real), deteccion antigenos virales (Ag), deteccion de
anticuerpos totales (Ac), deteccidn anticuerpos IgM/IgA o IgG. Las pruebas de deteccion
de Anticuerpos (Ac) rapidas (inmunocromatografia) o de alto rendimiento (ELISA) son
pruebas indirectas, en las que se detectan Ac producidos en respuesta a la exposicion al
virus. Estas técnicas permiten la deteccion de Ac totales o Ac especificos (IgM, IgA o

IgG) y, por lo tanto, no se emplean en el diagnéstico de la infeccion activa.

2.5.1 Pruebas diagnoésticas de infeccion activa

Las pruebas diagnoésticas de infeccion activa (PDIA) habitualmente empleadas son los

Test rapidos de Antigeno (Test Ag) y la RT-PCR. La RT-PCR es una técnica molecular
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de deteccidn de material genomico por amplificacion de acidos nucleicos, y que, en la
actualidad, se considera la técnica de referencia para el diagnostico del SARS-CoV-2.%
Esta prueba se puede llevar a cabo en diferentes tipos de muestras. No obstante, las
muestras que por el momento ofrecen mayor rentabilidad y son recomendadas por los
CDC son las nasofaringeas, seguidas por las orofaringeas.®® Los genes diana
habitualmente empleados con esta técnica son el gen E de la envoltura, el gen RpRd y el
gen N de la nucleocapside.

La positividad para un Gnico gen del SARS-CoV-2 se considera suficiente para confirmar
el diagnostico en lugares con circulacion viral comunitaria. EI momento mas rentable
para la obtencion de la muestra ha sido extensamente estudiado.?*%¢-%8 |_a mayoria de los
autores coinciden en que el periodo de maxima sensibilidad de la PCR para la deteccion
del ARN del SARSCoV-2 es los primeros 7 dias desde el inicio de los sintomas.®”% En
el caso de asintomaticos y contactos estrechos, se recomienda realizar el test entre los
dias 5-7 dias postexposicion.®% La sensibilidad de esta prueba varia, entre otros, en
funcion del momento de obtencion de la muestra, Asi, una revision sistematica reciente
encontrd que el porcentaje mas alto de deteccion del virus de una muestra nasofaringea
se produjo entre los dias 0 y 4 después de la aparicion de los sintomas, con un 89% de
sensibilidad (intervalo de confianza [IC] del 95%: 83 a 93), y que ésta descendio al 54%
(IC del 95%: 47 a 61) después de 10 a 14 dias.®® En cuanto a su especificidad, es cercana
al 100%. La cuantificacion de la carga viral se estima mediante el ciclo de umbral de
positividad — Cycle threshold (Ct). Este dato refleja el nmero de ciclos en una RT-PCR
que se necesita para amplificar el ARN para detectarlo. De ahi que, el valor del Ct sea
inversamente proporcional a la carga viral, es decir, un Ct bajo refleja una alta carga viral.
No obstante, es importante recalcar que no es posible traducir directamente un valor Ct

en grado o duracion de la contagiosidad, ya que su valor puede variar en funcion del test
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y el tipo y calidad de la muestra empleada entre otros factores.®®’ A pesar de ello, se ha
publicado que un valor umbral de Ct > 30-35 podria corresponder a un virus
potencialmente no infectivo, siempre que se correlacione con la clinica, la gravedad y el
estado de inmunodepresion del paciente.”

Los test de Ag se basan en la deteccidn directa de las proteinas virales del SARS-CoV-2
(antigenos) en hisopos nasofaringeos y otras secreciones respiratorias. Estas pruebas son
también conocidas como pruebas rapidas de Ag, y ofrecen un diagnostico menos costoso
y mas rapido que la PCR."* Este método es especialmente Gtil en cribados masivos, en la
deteccidn primaria de casos en individuos sintomaticos sospechosos de estar infectados,
en individuos asintomaticos con alto riesgo de contraer la infeccién y en el rastreo de
contactos entre otros. Su sensibilidad es variable’> "4, Un meta-analisis reciente que
incluyé 14 estudios con un total de 8624 participantes encontrd una sensibilidad del 79%
y una especificidad del 100%."2 El analisis de subgrupos de los estudios que informaron
de la recogida de muestras en los 7 dias siguientes al inicio de los sintomas mostrd una
sensibilidad superior (95%) y una especificidad del 100%. En general, se considera que
las pruebas de antigenos tienen una sensibilidad moderada y una especificidad alta para
la deteccion del SARS-CoV-2, y que esta sensibilidad aumenta cuando la prueba se
realiza en los 5-7 dias siguientes al comienzo de los sintomas. En pacientes asintomaticos
hay escasa evidencia, se ha reportado una sensibilidad del 44% en asintomaticos.” Los
falsos negativos son por tanto uno de los principales inconvenientes de esta prueba
diagnostica, por lo que un resultado negativo no descarta la infeccion, y es recomendable

realizar una prueba PCR en caso de alta sospecha diagndstica.’®
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2.5.2 Deteccion del SARS-CoV-2 en lagrima v exudado conjuntival

El ARN del SARS-CoV-2 se ha detectado en fluidos oculares de pacientes con COVID-
19 tanto con, como sin conjuntivitis.””””® Sin embargo, la recogida de lagrimas y
secreciones oculares para la deteccion del SARS-CoV-2 parece tener un valor diagndstico
limitado. Un estudio reciente evalu6 las lagrimas y las muestras conjuntivales de 30
pacientes con neumonia por COVID-19. De ellos, el unico paciente que presentd un
resultado positivo en la RT-PCR de exudado conjuntival, fue un paciente que manifesto
conjuntivitis como afectacion ocular asociada a la enfermedad.”” A la luz de estos
resultados, se sugiri6 inicialmente que el valor diagnostico de la prueba podria ser mayor
en los pacientes con conjuntivitis que en aquellos que no manifiestan signos ni sintomas
de conjuntivitis asociada a la infeccion por SARS-CoV-2. Sin embargo, un estudio
posterior, que incluyd a 121 pacientes afectados por la enfermedad, encontré resultados
positivos en la RT-PCR de exudado conjuntival de un paciente con conjuntivitis y dos
pacientes sin conjuntivitis. Por tanto, la proporcion encontrada de resultados positivos
para la deteccion del SARS-CoV-2 en la muestra de exudado conjuntiva fue del 2,5%
(3/121).” El empleo de muestras de secreciones oculares para la deteccion de ARN de
SARS-CoV-2, parece tener un valor diagndstico limitado debido a la baja tasa de
resultados positivos encontrados. En base a estos resultados, nuestro grupo de trabajo
realizé un estudio que incluyd a pacientes ingresados con COVID-19 en el Hospital
Clinico San Carlos de Madrid en abril de 2020. En este trabajo, que forma parte del cuerpo
de esta tesis,®® se estudio la presencia de ARN de SARS-CoV-2 en fluidos oculares en
pacientes con y sin conjuntivitis asociada a la COVID-19, con el objetivo de evaluar el
valor diagnostico de la realizacion de PCR de ldgrima y exudado conjuntival en ambos

grupo de pacientes.
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3 MANIFESTACIONES CLINICAS DE LA COVID-19

Las manifestaciones clinicas mas frecuentes de la COVID-19 son de tipo respiratorio. No
obstante, se ha reportado la afectacion de practicamente todos los drganos asociada a la
infeccion.®®1783 El registro de la Sociedad Espafiola de Medicina Interna (SEMI) ha
publicado las caracteristicas clinicas de 15.111 pacientes con COVID-19 atendidos en
150 hospitales en Espafia.*® Los sintomas maés frecuentes fueron ficbre (84,2%), tos
(73,5%), disnea (57,6%) y astenia (43,6%). Otros sintomas menos frecuentes fueron
diarrea (23.7%), anorexia (19.6%) y anosmia (7.1%). Estos resultados coinciden con
otros estudios similares publicados hasta la fecha.®84%>

En cuanto a la prevalencia de pacientes asintomaticos con infeccion por SARS-CoV-2,
desde el origen de la pandemia se han reportado cifras variables.***° No obstante, la
mayoria de los estudios recientes han encontrado una prevalencia entre el 40.5% y el 48%
de pacientes asintomaticos con la infeccion SARS-CoV-2.

A continuacion, se describen las manifestaciones clinicas de la COVID-19 agrupadas por
organos y sistemas:

3.1 Manifestaciones Pulmonares

La afectacion pulmonar es sin duda la més frecuentemente encontrada en pacientes con
COVID-19. Sintomas como tos, expectoracion, disnea e insuficiencia respiratoria son
habituales en pacientes atendidos con COVID-19. Las opacidades en vidrio esmerilado y

la neumonia bilateral en la tomografia axial computarizada (TAC) de torax son los

hallazgos mas relevantes en pacientes ingresados con la enfermedad.®
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3.2 Manifestaciones Gastrointestinales

Las manifestaciones gastrointestinales asociadas a la infeccion se han publicado en un
porcentaje variable de individuos con COVID-19 (11.4-61.1%), con una aparicion y
gravedad variables.”’*> La mayoria de los sintomas gastrointestinales asociados a la
COVID-19 son leves y autolimitados. Estos incluyen anorexia, diarrea, nauseas, vomitos
y dolor o malestar abdominal. También se ha reportado patologia gastrointestinal mas
grave en una minoria de pacientes, como pancreatitis aguda, apendicitis aguda,
obstruccion intestinal, isquemia intestinal, hemoperitoneo o sindrome compartimental

abdominal.”!

3.3 Manifestaciones Hematologicas

Es frecuente que los pacientes atendidos con COVID-19 presenten parametros de
laboratorio alterados. En el registro espafiol de la SEMI, los pardmetros de laboratorio
mas frecuentemente afectados fueron los niveles elevados de ferritina (73,5%), lactato
deshidrogenasa (73,9%) y dimero D (63,8%), asi como la linfopenia (52,8%).%*> Ademas,
algunos de estos parametros son considerados biomarcadores prondsticos asociados con
COVID-19 severo, como la leucocitosis, la neutrofilia, la elevacion de la proporcion entre
neutrdfilos y linfocitos, la trombocitopenia, el tiempo de tromboplastina parcial activada
(APTT), el dimero D, los niveles de lactato deshidrogenasa (LDH), ferritina sérica y
proteina C reactiva, entre otros.”** En lo referente a las complicaciones
tromboembdlicas, se han descrito casos de infarto cerebral, isquemia cardiaca, muerte
subita, embolismos y trombosis venosa profunda. También se ha observado una mayor

incidencia de sangrados a multiples niveles.”*
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3.4 Manifestaciones Neurologicas

La afectacion neurologica asociada al COVID-19 se ha descrito tanto a nivel del sistema
nervioso central como del sistema nervioso periférico. El dolor de cabeza es uno de los
sintomas mas frecuentemente observados dentro de la afectacion neurologica central.”
Otros sintomas incluyen mareo, confusidon, convulsiones y alteracion del nivel de
conciencia.”®”’ Ademas de estas manifestaciones neurologicas centrales, se han descrito
en la literatura hallazgos a nivel sistema nervioso periférico como alteraciones del gusto
y el olfato, neuralgia y polineuropatia relacionados con la COVID-19. La hipogeusia e
hiposmia se han considerado buenos predictores de diagndstico positivo de la infeccion
por SARS-CoV-2. *® Un meta-anélisis que incluy6 un total de 4149 pacientes, encontrd
una prevalencia de disfuncion gustativa del 57.33% y de alteracion olfativa del 59.69%.”
También se han descrito casos de sindrome de Guillain-Barré y paralisis faciales

asociadas a la infeccion. 00101

3.5 Manifestaciones Cardiovasculares

Las manifestaciones cardiacas de COVID-19 incluyen arritmias cardiacas, miocarditis,
pericarditis, sindrome coronario agudo, insuficiencia cardiaca, shock cardiogénico y paro
cardiaco.'” Un meta-anélisis encontré una tasa de mortalidad del 10.6% en los pacientes
con COVID-19 que presentaban manifestaciones cardiovasculares o hallazgos de
laboratorio relacionados.!®® También cabe destacar que los pacientes con enfermedad
cerebrovascular previa tienen un mayor riesgo de desarrollar COVID-19 grave. De hecho,
se ha descrito una incidencia de hipertension y enfermedades cardio y cerebrovasculares

2-3 veces mayor en los casos de COVID-19 grave.'%
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3.6 Manifestaciones Dermatoldgicas

Se ha observado afectacion cutanea diversa en pacientes con COVID-19.1%1% Segun
datos de un registro internacional que incluia 716 pacientes de 31 paises, las lesiones mas
comunes fueron la erupcidon exantematica morbiliforme (22%), el eritema pernio o
sabafiones (18%), las lesiones tipo urticaria (16%), el eritema macular (13%), las lesiones
vesiculares (11%), las papuloescamosas (9,9%) y el livedo reticularis (6,4%).!% Este
mismo estudio encontrd que las lesiones de tipo pernio fueron comunes en pacientes con
enfermedad leve, mientras que la livedo reticularis se presentd exclusivamente en
pacientes enfermos y hospitalizados. Las lesiones acrales tipo sabafiones o acro-
isquémicas, han sido denominadas "dedos COVID". Estas lesiones se presentan como
maculas eritemato-violaceas o purpuricas en los dedos de las manos, los codos, los dedos
de los pies y la cara lateral de los pies, y se han observado con mayor frecuencia en

pacientes jovenes y nifos.

3.7 Manifestaciones Oftalmoldgicas

Desde el origen de la pandemia, se han ido sumando progresivamente diversas
alteraciones oculares en probable asociacion con la infeccion por SARS-CoV-2. Las
manifestaciones oftalmoldgicas descritas hasta la fecha engloban tanto afectacion del
segmento anterior, como del segmento posterior. No obstante, la mayoria de los signos y
sintomas oftalmoldgicos observados durante la fase aguda de la infeccion afectan a la
superficie ocular. De hecho, la conjuntivitis fue uno de los primeros signos identificados
por los profesionales que atendian a los primeros pacientes afectados por la COVID-
19.197-1 Un meta-analisis que incluy6 19 estudios con un total de 7.300 sujetos encontrd
una prevalencia del 11,03% (IC del 95%: 5,71 a 17,72) de manifestaciones oculares entre

los pacientes con COVID-19.” Los sintomas oculares més prevalentes fueron la sequedad
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ocular o la sensacion de cuerpo extraio (n = 138, 16,0%), el enrojecimiento ocular (n =
114, 13,3%), el lagrimeo (n =111, 12,8%), el picor (n = 109, 12,6%), el dolor ocular (n
=83, 9,6%) y la secrecion (n = 76, 8,8%), siendo la manifestacion ocular mas prevalente
de todas las reportadas la conjuntivitis (n =79, 88,8%). Otro estudio que incluy6 un total
de 2.400 pacientes, 1.200 pacientes con RT-PCR positivo para SARS-CoV-2 (grupo 1)
y 1.200 con RT- PCR negativo (grupo 2), encontré que 144 (12%) pacientes del grupo 1
presentaron sintomas oculares, en comparacion con 24 (2%) pacientes del grupo 2
(p<0,001).''° Las manifestaciones oculares més frecuentemente observadas en el grupo 1
fueron la sensacion de quemazon (6,7%, p<0,001), la sensacion de cuerpo extrafio y la
irritacion (7,0%, p<0,001), y los signos conjuntivales (2,7%, p<0,001). Adema4s, la
proporcion de sujetos con afectacion ocular aument6 en proporcion a la gravedad de la
COVID-19: leve (5,3%), moderada (24,6%) y grave (58,8%) (p=0,0006).'"° Estos
sintomas también han sido reportados por los propios oftalmologos y otros sanitarios que
trabajaban en los servicios de Oftalmologia de 10 hospitales de Wuhan, China, durante la
primera ola.!"! La proximidad al paciente con la que los oftalmélogos realizan las
exploraciones y pruebas diagndsticas es una de las principales razones por las que los
oftalmologos constituyen una de las especialidades médicas con mayor riesgo de contraer
la infecciéon por SARS-CoV-2.'1? En este sentido, Breazzano y colaboradores informaron
de que el departamento de oftalmologia fue una de las especialidades con mayor
proporcion de residentes con infeccion SARS-CoV-2 confirmada del total de 340
programas de residencia y 2.306 residentes con los que contaba la ciudad de Nueva York,
EE.UU, entre el 2 de marzo y el 12 de abril de 2020.'"3

La mayoria de estudios coinciden en que la conjuntivitis es la manifestacion
oftalmolégica mas comin en pacientes con COVID-19.'1%1416 [ 5 frecuencia de esta

109,117-

manifestacion ha sido objeto de multiples estudios. 19 Sindhuja y colaboradores
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informaron que el 6,29% (8 de 127) de los pacientes con COVID-19 leve incluidos
presentaban congestion conjuntival,'?” cifras cercanas a las obtenidas en un estudio de

mayor tamafio que incluy6 535 pacientes, donde se encontrd una frecuencia del 5%.!%!

En el articulo incluido en esta tesis'®

se ha estudiado la frecuencia y caracteristicas
clinicas de la conjuntivitis en una cohorte de pacientes ingresados con COVID-19 en el
Hospital Clinico San Carlos, Madrid, durante la primera ola de la infeccion por SARS-
CoV-2 (Marzo-Abril 2020).

En cuanto a la afectacion retiniana, Marinho y colaboradores!'?? describieron por primera
vez la presencia de lesiones hiperreflectivas a nivel de la capa de las células ganglionares
y de la capa plexiformes interna en ambos ojos mediante tomografia de coherencia optica
(OCT) , asi como hemorragias retinianas y exudados algodonosos en algunos de estos
pacientes. Sin embargo, los hallazgos de esta publicacion han sido extensamente
discutidos por otros autores, quienes consideran que los cambios encontrados en la OCT
son compatibles con la configuracion de los vasos normales de la retina interna.!?*12°
La tomografia de coherencia Optica constituye una técnica diagnostica no invasiva que
obtiene imagenes detalladas de la retina utilizando luz de baja coherencia. Esta
herramienta constituye un método objetivo y reproducible para analizar las capas de la
retina y detectar cambios en su grosor con un alto nivel de resolucién.'?® Esta técnica se
ha utilizado con éxito para evaluar los cambios en las capas de la retina en varias
enfermedades oftalmologicas y neuroldgicas, como el glaucoma, la esclerosis multiple y
la enfermedad de Alzheimer.!*’"!? Aunque los sintomas méds comunes de la COVID-19
son de tipo respiratorio, como se ha mencionado previamente, las manifestaciones
neurolégicas como dolor de cabeza, mareos, hipogeusia e hiposmia durante el curso de la

enfermedad son también frecuentes, lo que plantea el neurotropismo del virus, y por tanto,

la capacidad de afectar las células de la retina y el nervio dptico, como integrantes del
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sistema nervioso central (SNC). El mecanismo mediante el cual el virus SARS-CoV-2
accederia al SNC no ha sido esclarecido por el momento. Puesto que el receptor ACE-2
estd presente en el tejido cerebral, se postula una posible invasion directa del virus.'3%!3!
Las dos posibles vias de acceso del virus al tejido nervioso son la via hematdgena, y la
via axonal retrégrada transinéptica, a través del bulbo olfatorio y de ahi al resto de SNC.
Se han observado diferencias en el grosor de la capa de células ganglionares (CCG) a
nivel macular y de la capa de fibras nerviosas de la retina (CFNR) en pacientes
recuperados de COVID-19 comparados con sujetos sanos, con resultados
contradictorios.'3?713* Abrishami y colaboradores encontraron que el grosor de la CFNR
peripapilar en todos los sectores fue mayor en los pacientes con antecedentes de COVID-
19 comparado con sujetos sanos; sin embargo, estos hallazgos no alcanzaron
significacion estadistica.!*® En el trabajo incluido en esta Tesis se analizo el grosor de las
capas retinianas a nivel peripapilar y macular en pacientes recuperados de COVID-19, y
se compar6 con controles sanos histoéricos.'*>

En referencia a la afectacion de la vascularizacion de la retina asociada a la infeccion por
SARS-CoV-2, se ha descrito una microangiopatia retiniana asociada a la COVID-19.13
Esta se puede presentar con hemorragias retinianas, exudados algodonosos, tortuosidad
vascular y dilatacion venosa.'’”"'3% Seglin los resultados del estudio SERPICO-19
(ScrEening the Retina in Patients with COVID-19), que incluia un total de 187 pacientes,
54 pacientes con COVID-19 y 133 controles sanos, los hallazgos retinianos encontrados
en pacientes con COVID-19 incluian: dilatacion venosa (27.7%), tortuosidad vascular
(12.9%), hemorragias retinianas (9.2%) y, exudados algodonosos (7.4%).'*” Ademas, este
mismo estudio evalud el didmetro medio de las arterias y venas retinianas, las cuales

resultaron mayores en los pacientes con COVID-19 en comparacion con los sujetos sanos.

Asimismo, se encontrd que el didmetro de las venas retinianas estaba directamente
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correlacionado con la gravedad de la enfermedad. Ademas de los hallazgos clinicos
identificados en probable relacion con la COVID-19, se han publicados hallazgos
subclinicos mediante angiografia por tomografia de coherencia optica (OCTA). La
OCTA es una técnica novedosa y no invasiva, que genera un angiograma tridimensional
de la retina, lo que permite una evaluacion cualitativa y cuantitativa de los vasos
sanguineos de la retina sin necesidad de utilizar un contraste intravenoso,'*’ lo que la
convierte en una técnica prometedora en el estudio de las microangiopatias y fendémenos
tromboticos relacionados con la COVID-19. En comparacion con las evaluaciones
cualitativas, las mediciones objetivas cuantitativas de la vascularizacion de la retina
ofrecen la posibilidad de detectar de forma precoz y precisa sutiles anomalias
microvasculares no detectables clinicamente. Dado que la vascularizacidon retiniana
comparte caracteristicas morfologicas y fisiopatoldgicas con la vasculatura de otros
organos, el estudio de la microvasculatura retiniana mediante OCTA se ha utilizado para
evaluar otras enfermedades sistémicas, incluidas las cardiovasculares y las
infecciosas.'*!™'** Por lo tanto, la evaluacion de la vascularizaciéon de la retina en
pacientes con COVID-19 tiene un valor considerable, especialmente en aquellos que han
sufrido complicaciones vasculares asociadas a la infeccion, como son los eventos
tromboticos.

Se ha observado una disminucion de la densidad vascular retiniana en pacientes COVID-
19 tanto a nivel macular como peripapilar.'** Ademéas, esta disminucién parece
correlacionarse con la gravedad de la COVID-19, encontrando una reduccion de la
densidad vascular mayor en aquellos pacientes que sufrieron COVID-19 mas severo.'®
Estos resultados subrayan el papel de la OCTA como posible biomarcador no invasivo
de la disfuncién vascular temprana tras la infeccion por el SARS-CoV-2, asi como su

asociacion con parametros clinicos y de laboratorio asociados a la enfermedad. Puesto
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que los eventos trombéticos son una importante complicacion de la COVID-19!46-148y,
dado que la retina es un o6rgano relativamente accesible, parece razonable estudiar la
repercusion de estos fendmenos tromboticos en la microvascularizacion retiniana

mediante OCTA.

39



40



HIPOTESIS Y OBJETIVOS

41



42



4 HIPOTESIS Y OBJETIVOS

El trabajo desarrollado en la presente Tesis se centra en el estudio de la afectacion

oftalmoldgica de la COVID-19, planteando las siguientes hipotesis:

HIPOTESIS
e EI ARN de SARS-CoV-2 esté presente en la lagrima y el exudado conjuntival de
pacientes con COVID-19.
e La conjuntivitis es una manifestacion oftalmolédgica de la COVID-19.
e La COVID-19 produce cambios en la retina y en la microcirculacion retiniana
detectables mediante tomografia de coherencia Optica y angiografia por

tomografia de coherencia dptica.

Para verificar estas hipdtesis, perseguimos los siguientes objetivos de investigacion:

OBJETIVOS

1. Deteccion de ARN de SARS-CoV-2 en lagrima y exudado conjuntival en
pacientes COVID-19 con y sin conjuntivitis mediante RT-PCR

2. Establecimiento de la rentabilidad diagnostica de la realizacion de RT-PCR de
exudado conjuntival para el diagnostico de COVID-19

3. Estudio de las caracteristicas clinicas de la conjuntivitis en pacientes COVID-19

4. Estudio de la frecuencia de la conjuntivitis asociada a la COVID-19

5. Analisis del grosor de la capa de fibras nerviosas de la retina y capa de células
ganglionares en pacientes recuperados de COVID-19 y compararlo con controles

historicos
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. Analisis de la densidad vascular en sujetos COVID-19 y compararla con controles
sanos mediante OCTA

Deteccion de diferencias en la densidad vascular retiniana entre sujetos COVID-
19 que hayan sufrido eventos trombdticos asociados y aquellos que no

Estudiar las diferencias en la densidad vascular retiniana entre sujetos COVID-19

en funcion de los parametros clinicos y de laboratorio
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5 COMPENDIO DE PUBLICACIONES

Los cinco articulos presentados en esta Tesis pueden consultarse en:

https://pubmed.ncbi.nlm.nih.gov/?term=guemes-villahoz+n

e (Giliemes-Villahoz N et al. Detecting SARS-CoV-2 RNA in conjunctival
secretions: Is it a valuable diagnostic method of COVID-19? J Med Virol. 2021
Jan;93(1):383-388. doi: 10.1002/jmv.26219.

e Giliemes-Villahoz N et al. Conjunctivitis in COVID-19 patients: frequency and
clinical presentation. Graefes Arch Clin Exp Ophthalmol. 2020
Nov;258(11):2501-2507. doi: 10.1007/s00417-020-04916-0.

e Burgos-Blasco B, Giiemes-Villahoz N et al. Optic nerve and macular optical
coherence tomography in recovered COVID-19 patients. Eur J Ophthalmol. 2021
Mar 15:11206721211001019. doi: 10.1177/11206721211001019.

e Giiemes-Villahoz N et al. Reduced macular vessel density in COVID-19 patients
with and without associated thrombotic events using optical coherence
tomography angiography. Graefes Arch Clin Exp Ophthalmol. 2021
Aug;259(8):2243-2249. doi: 10.1007/s00417-021-05186-0.

e QGiiemes-Villahoz N et al. Reduced retinal vessel density in COVID-19 patients
and elevated D-dimer levels during the acute phase of the infection. Med Clin

(Barc). 2021 Jan 28:S0025-7753(21)00014-2. doi: 10.1016/j.medcli.2020.12.006.
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1 | INTRODUCTION

Caoronavirus disease 2019 (COVID-19) is caused by a novel cor-
onavirus, the severe acute respiratory syndrome coronavirus-2
{SARS-CoV-2). The disease has rapidly become a global health issue
since it was first originated in China in December 2019."

Abstract

The main purpose of this study is to evaluate the presence of viral RNA of severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) in conjunctival swab specimen of
coronavirus disease 2019 (COVID-19) patients with and without conjunctivitis to es-
tablish the diagnostic value of reverse transcription-polymerase chain reaction (RT-
PCR) in each case and to describe its clinical characteristics. A cross-sectional study was
conducted at the Hospital Clinico San Carlos of Madrid, Spain. Thirty-six subjects from
the COVID admission unit with laboratory-confirmed SARS-CoV-2 infection were in-
cluded. Conjunctival swabs were collected from 18 patients with conjunctivitis and
18 patients without conjunctivitis and RT-PCR was performed. Conjunctival swab was
collected from both eyes of 36 patients (72 eyes), detecting SARS-CoV-2 RNA in
conjunctival swab of two patients (5.5%). Among the 18 patients with conjunctivitis,
only one of them (5.5%) showed positive results. Likewise, SARS-CoV-2 RNA was de-
tected in one patient without conjunctivitis (5.5%). The mean age of the 36 patients was
67.9 years (range, 28-92 years) and the male-to-female ratic was 044 (16:20). The
mean days since the onset of COVID-19 symptoms until conjunctivitis manifestation
was 8 (range, 1-24 days). The mean duration of the conjunctivitis was 3 days (range,
1-7 days). SARS-CoV-2 RNA may be detected in conjunctival swabs of both patients
with and without conjunctivitis. This study revealed the same rate of positive results
amongst the group with and without conjunctivitis, suggesting that detecting SARS-
CoV-2 in ocular fluids is not conditioned on the presence of conjunctivitis. The presence
of SARS-CoV-2 RNA in ocular samples highlights the role of the eye as a possible route
of transmission of the disease.

KEYWORDS

conjunctivitis, coronavirus, COVID, diagnosis, PCR

The main clinical features of COVID-19 are upper respiratory
tract symptoms, myalgias, and diarrhea, but conjunctivitis has also
been described as a clinical manifestation related to SARS-CoV-2
infection.> Evidence regarding the presence of SARS-CoV-2 RNA in
tears and conjunctival secretions has been reported in patients with
COVID-19.**

J Med Virol. 2020;1-6.
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The main purpose of this study is to assess the presence of viral
RNA of SAR5-CoV-2 in conjunctival swab specimens of COVID-1%
patients with and without conjunctivitis to establish the diagnostic
value of reverse transcription-polymerase chain reaction {RT-PCR) in
each case. Our secondary objective is to describe the clinical char-
acteristics of conjunctivitis in a group of patients with laboratory-
confirmed SARS-CoV-2 infection. The vast majority of studies pub-
lished to date have been carried out in China. To the best of our

knowledge, this is the first study of its kind in Europe.

2 | METHODS

This cross-sectional study was conducted at the Hospital Clinico San
Carlos {HCSC) of Madrid, Spain, a tertiary referral hospital located in
Madrid's metropolitan area. The study was approved by the Clinical
Research Ethics Committee of this institution and was carried out
in accordance with the tenets of the Declaration of Helsinki {Trial
Registration Number 20/336_E COVID). Informed consent was
obtained from all patients.

Hospitalized patients for COVID-19 with and without con-
junctivitis were consecutively recruited. The inclusion criteria were:
over 18 years of age, positive RT-PCR test from nasopharyngeal
swab for SARS-CoV-2, hospitalized due to COVID-19, and ability to
give verbal consent. Critically ill patients and those unwilling or un-
able to give verbal consent were excluded.

For this study, a natification system was implemented for all
health care personnel working at the COVID unit and evaluating the
patients daily. Through this system, the ophthalmology department
was notified daily of any new case of conjunctivitis amongst
COVID-19 hospitalized patients. Cases reported as possible con-
junctivitis were evaluated by two ophthalmologists during the first
24 hours after notification, and a conjunctival swab was collected
from confirmed cases that also had positive RT-PCR from a naso-
pharyngeal swab. Consecutively, the sample from the patient's
admitted to the following room number without conjunctivitis and
confirmed SARS-CoV-2 infection was collected applying the same
procedure. Both the examination and the sampling were carried out
by the same physicians {N.G. and B.B.), following appropriate infec-
tion control and prevention measures. Patients with conjunctivitis
were followed-up until resolution.

The conjunctival swab was collected from both eyes in every
patient with a sterile synthetic fiber swab {Flexikle Minitip Size Nylon
Flocked Swab) into the lower fornix without topical anesthesia.
We used the same swab to obtain a specimen from both eyes, first
collecting the sample from the healthy eye in case of unilateral
conjunctivitis. Caution was taken to avoid the possibility of sample
contamination. The swab was immersed into a viral transport med-
ium {Universal Transport Media; Copan, ltaly), and stored at 4°C
befare being tested for SARS-CoV-2. RT-PCR assays were processed
at the clinical microbiology laboratory of HCSC with quantitative
GeneXpert Xpert Xpress SARS-CoV-2 {Cepheid). The cycle threshold
{C,) was measured.

The patient's age, sex, chest X-ray, laboratory test results {C-reactive
protein), and days since onset of COVID-19 symptoms were obtained
through the review of the patients’ medical records. Also, clinical disease
was classified as mild, moderate, severe, or critical based on CURB-65
score, physical examination, respiratory assessment {respiratory rate,
dyspnea, blood oxygen saturation, and ventilation system requirements),
or organ failure. As for the ophthalmological examination, the following
variables were recorded: laterality, eye redness and discharge, duration of
conjunctivitis, and treatment.

The main outcome measure is the overall proportion of positive
RT-PCR test from conjunctival swab amongst COVID-19 in patients
with and without conjunctivitis.

Regarding statistics, the overall prevalence results from the pa-
tients who tested positive for SARS-CoV-2 in the RT-PCR test from
the conjunctival swab and it will be presented as a percentage of the
total number of patients. The prevalence of positive RT-PCR among
patients with conjunctivitis will be presented as a percentage of the
total number of patients with conjunctivitis. The prevalence of po-
sitive RT-PCR among patients without conjunctivitis will also be
presented as a percentage of the total number of patients without
conjunctivitis. The distribution of sex, acute pneumonia, clinical se-
verity, and the ophthalmological examination's findings will be pre-
sented as percentages. Likewise, the distribution of the quantitative
covariates {age, C-reactive protein, days since onset of COVID-1%
symptoms, and duration conjunctivitis) will be depicted through the
median, first and third quartiles.

3 | RESULTS

A total of 36 patients were included in the study, 18 patients {50%) with
conjunctivitis and 18 patients {50%) without conjunctivitis. Both groups
had laboratory-confirmed COVID-19. Of the 689 hospitalized patients,
35 patients were reported as possible conjunctivitis, though 26 of them
revealed a positive RT-PCR test from nasopharyngeal swab for SARS-
CoV-2. Of those, 18 patients were finally diagnosed with conjunctivitis,
three patients had a subconjunctival hemorrhage, two patients had a
pterygium, one patient had eye redness related to antiglaucoma eye
drops, one patient had a hordeolum, and one patient had pingueculi-
tis. The conjunctival swab was collected from both eyes of the 36 pa-
tients included {72 eyes), detecting SARS-CoV-2 RNA in a conjunctival
swab of two patients {5.5%). Among the 18 patients with conjunctivitis,
one of them {5.5%) showed positive results for SARS-CoV-2 in the
conjunctiva. Likewise, among the 18 COVID-19 patients without signs
or symptoms of conjunctivitis, SARS-CaV-2 RNA was detected in one of
them {5.5%).The mean age of the 36 patients was 67.9 years {range,
28-92 years) and the male-to-female ratio was 044 (16:20). Seventeen
patients (47%) had mild, 12 patients {33%) had moderate disease, and
seven patients {19%) had severe disease. Twenty-five of the patients
(69.4%) presented pneumonia {Table 1).

The main clinical characteristics found on the patients with
conjunctivitis are shown in Table 2. Half of them presented unilateral
conjunctivitis and the other half were bilateral. Overall, 13 patients
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TABLE 1 Clinical characteristics among patients with and without
conjunctivitis

With Without
conjunctivitis conjunctivitis
Sex
Male (%) 39 50
Female (%) 61 50
Age, y 703+ 216 654+18.9
Clinical severity
Mild {%) 50 44
Moderate (%) 33 33
Severe (%) 17 22
Pneumonia (%) 67 72

{72%) presented mild eye redness and in nine patients {50%), a
moderate amount of secretions was observed. The mean days since
onset of COVID-19 symptoms until conjunctivitis manifestation was
8 {range, 1-24 days). None of the patients showed conjunctival pe-
techiae, corneal infiltrates, nor membranes or pseudomembranes.
None of the patients experienced a decreased vision. The mean

duration of the conjunctivitis was 3 days (range, 1-7 days).

The one patient with conjunctivitis and positive SARS-CoV-2
conjunctival swab results was a 92-year-old male classified as a se-
vere case, but without pneumonia on chest X-ray. He presented
conjunctivitis symptoms 5 days after onset of COVID-19 manifes-
tations, which were fatigue, dizziness, and confusion. The C; value
measured in this patient was 25, which means an elevated viral load.
In general, C, levels are inversely proportional to the viral load.

Table 3 depicts the clinical characteristics of patients without
conjunctivitis. Conjunctival swab samples from one patient without
conjunctivitis yielded positive RT-PCR results. This patient was a
90-year-old male with multiple comorbidities, severe COVID-19, and
compatible bilateral pneumonia on chest X-ray. The sample was
collected é days after the onset of COVID-19 symptoms. Likewise,
the €, value found in this patient was 25.

4 | DISCUSSION

The novel coronavirus SARS-CoV-2 is an enveloped positive-sense
RNA virus that is highly transmissible and has caused a huge
global outbreak.® Despite the primary modes of transmission of
SARS-CoV-2 infection are through respiratory droplets and contact
with infected objects or surfaces, other modes of transmission,

TABLE 2 Clinical characteristics and findings in COVID-19 patients with conjunctivitis

Days since RT-PCR
Clinical Eye onset of COVID Duration of conjunctival
Patient Sex Age, y severity Pneumonia Laterality redness Discharge symptoms conjunctivitis swab
1 Female 84 2 + unilateral 1+ 1+ 17 2 -
2 Male 75 3 + bilateral 1+ 2+ 3 3 -
3 Male 82 2 + bilateral 1+ 2+ 1 7 -
4 Female 40 1 + bilateral 1+ 1+ 3 3 -
5 Female 33 3 + bilateral 3+ 1+ 10 5 -
6 Female 81 1 + unilateral 2+ 2+ 6 2 -
7 Female 87 2 + unilateral 1+ 1+ 13 3 -
8 Male 92 3 = bilateral 1+ 2+ 5 3 +
9 Male 91 2 + bilateral 1+ 2+ 6 3 -
10 Female 88 1 + unilateral 1+ 2+ 12 1 =
11 Female 92 1 - unilateral 1+ 2+ 1 3 -
12 Female 81 1 o unilateral 1+ 1+ 15 3 o
13 Female 38 1 + unilateral 1+ 2+ 18 1 -
14 Female 91 2 + unilateral 1+ 2+ 7 2 =
15 Male 43 1 - bilateral 1+ 1+ 24 3 -
16 Male 62 1 = bilateral 2+ 1+ 3 3 -
17 Male 43 2 + bilateral 3+ 1+ 7 4 -
18 Female 63 1 = unilateral 2+ 1+ 1 1 -

Note: 1—Mild; 2—moderate; and 3—severe.

Abbreviations: COVID-19, coronavirus disease 2019; RT-PCR, reverse transcription-pelymerase chain reaction.
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Clinical Days since onset of

Patient Sex Age, y severity Pneumonia COVID symptoms
1 Male 50 2 + 17

2 Female 63 1 + 19

3 Ferale 65 3 + 18

4 Female 79 1 = 8

5 Male 69 2 + 14

[ Male 20 3 + 6

7 Female 63 2 + 2

8 Male 78 3 + 16

9 Female 75 1 + 7

10 Male 35 3 + 20

11 Male 85 1 - 11

12 Ferale 78 2 + 6

13 Male 60 2 - 7

14 Female 28 1 + 12

15 Female 84 1 + 9

16 Male 63 1 = 3

17 Male 30 1 - 3

18 Female 82 2 + 5

Note: 1—Mild; 2—moderate; and 3—severe.

TABLE 3 Clinical characteristics in
COVID-19 patients without conjunctivitis

RT-PCR
conjunctival swab

Abbreviations: COVID-19, coronavirus disease 201%; RT-PCR, reverse transcription-polymerase

chain reaction.

such as the ocular route, should not be overlooked, as SARS-CoV-2
RNA has been detected in tears and conjunctival secretions of
patients with COVID-19.*°

Previous reports have demonstrated that conjunctivitis is a
clinical manifestation of COVID-19. Conjunctivitis may appear
along with other COVID-19 symptoms, or may be the only presenting
sign and symptom of the disease.” The reported prevalence of con-
junctivitis varies widely among the different studies published at
the time of writing this report. This prevalence ranges from 0.8%,
reported by Guan et al® ina study that included 1099 patients with
laboratory-confirmed COVID-19, to 31.6% in a case series that was
also carried out in China.’”

The natural history of the conjunctivitis in patients with COVID-19
seems to be a self-limiting conjunctivitis that improves in a few days
without specific treatment. We did not find in our sample short-term
complications associated to it, such as the presence of corneal in-
filtrates, membranes, or pseudomembranes. These characteristics differ
to conjunctivitis of other etiologies, which has not been previously
described.

Conjunctivitis has been associated with a more severe form of
COVID-19. A recent meta-analysis showed that patients with severe
COVID-19 infection had, at admission to the hospital, increased in-
cidence of conjunctivitisf" These findings might have relevant clinical
implications to recognize conjunctivitis as a possible sign related to a

severe form of the disease. Nevertheless, our study found that only
17% of the patients with conjunctivitis had severe disease and
33% mild disease.

SARS-CoV-2 RNA has been detected in ocular fluids of patients
with COVID-19 both with and without conjunctivitisw However,
collecting tears and ocular secretions for SARS-CoV-2 detection
seem to provide a limited diagnostic value."" A recent study eval-
uated tears and conjunctival samples of 30 patients with confirmed
novel coronavirus pneumonia. Of those, the only one patient with
conjunctivitis revealed positive RT-PCR results.” Another report
from Hubei providence, China, found positive results for SARS-CoV-2
on RT-PCR from both conjunctival and nasopharyngeal swabs of two
patients with conjunctivitis.” In light of these results, it was initially
suggested that the diagnostic value of the test might be greater in
patients with conjunctivitis than in those without it. However, a more
recent study that included 121 patients revealed that only one pa-
tient with conjunctivitis and two patients without conjunctivitis
yielded positive RT-PCR results on conjunctival swab.'® The pro-
portion with positive results for conjunctival SARS-CoV-2 detection
was 2.5% {3/121). Thus, the presence of SARS-CaoV-2 RNA appears to
be independent of the presence or absence of conjunctivitis asso-
ciated with COVID-19. Qur study included the same number of pa-
tients with and without conjunctivitis and laboratory-confirmed
SARS-CoV-2 infection. Overall, our study revealed a proportion of
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positive RT-PCR from conjunctival specimen of 5.5% (2/36), showing
the same proportion of positive results among the conjunctivitis
group and the group without conjunctivitis.

On the other hand, the two patients of our sample who tested
positive for SARS-CoV-2 in conjunctival specimen were elderly
people with severe forms of the disease. Likewise, the study
previously mentioned by Zhou et al’® found that two out of the
three patients, that showed positive results in conjunctival swab,
were classified as severe or critical cases. This brings out the possi-
bility of detection SARS-CoV-2 in ocular secretions may be more
likely in patients with severe disease. Because conjunctivitis has been
associated with a more severe form of the disease, we could hy-
pothesize that detecting SARS-CoV-2 in patients with conjunctivitis
may be dependent of the severity of the disease, since both para-
meters appear to be interrelated.

Moreover, several studies have now established that the hy-
perinflammatory response induced by SARS-CoV-2 is a major cause
of disease severity."” Thus, conjunctivitis in patients with COVID-19
could represent an inflammatory response of the disease, manifested
by inflammation of the conjunctiva. The extent of the contribution of
inflammation and the potential mechanisms responsible for this are
still poorly understood.

PCR of nasopharyngeal specimen has demonstrated to be an ef-
fective method with overall high sensitivity and specificity for diag-
nosing novel coronavirus SARS-CoV-2. However, PCR essay of tears
and conjunctival secretions appear to have a fairly low potential of
detecting the virus, although this low positive rate of SARS-CoV-2
does not exclude the possibility of transmission of the infection
through the ocular surface. Seah et al*® evaluated the possibility
of transmission through tears by assessing for the presence of
SARS-CoV- 2 with viral isolation and RT-PCR analysis. A total of
64 samples were obtained during a 3 weeks period since the onset
of symptoms. All samples showed negative results for SARS-CoV-2 an
viral isolation and RT-PCR, suggesting that the risk of SARS-CoV-2
transmission through tears is low.

The timing of sample collection has been proposed as a factor to
be considered when detecting the virus in ocular fluids. The mean
days since onset of COVID-19 symptoms until sample collection
were 10 days {range, 2-19). Standardized approaches for sample
collection may yield more robust data about the persistence of the
virus in the eye. Since most of the tears are drained into the inferior
meatus of the nasal cavity, it may be possible that the virus rapidly
passes from the eye surface to the respiratory system. Thus, SARS-
CoV-2 would be present in the ocular surface for a limited time
frame. Nevertheless, a case report by Chen et al”® detected viral RNA
in a patient with conjunctivitis for at least 5 days with the C, values
gradually increasing. Furthermore, a case report from Italy collected
ocular swabs almost daily from a 65-year-old woman with con-
Jjunctivitis, detecting SARS-CoV-2 RNA for 18 consecutive days {from
days 3 to 21 of the disease), and then 5 days after it became un-
detectable, the virus was detected again in the ocular swab sample
collected at day 27.% These findings suggested sustained virus re-
plication in the conjunctiva.

Liovevacor | s
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Hand-eye contact has been related with conjunctival congestion
in patients with COVID-19. A study in 535 cases with COVID-19
found that hand-eye contact was independently correlated with
conjunctival congestion.'® Among the 27 cases with conjunctival
congestion, 19 {70.4%) had a history of hand-eye contact, suggesting
that frequent hand-eye contact may be a relevant risk factor for
conjunctival congestion in patients with COVID-19, rather than the
virus itself. The patient from our series with positive RT-PCR did not
recall it, although most of the times inadvertently occurs.

This study had several limitations. First, this study includes a
relatively small sample. Second, the sample was collected at different
times of the disease in the different groups, which could affect the
homogeneity of the results. Moreover, RT-PCR is a diagnostic test
that does not possesses 100% sensitivity, so a negative test may
represent a false negative result and do not rule out the presence of
SARS-CoV-2. Both collecting different samples from each eye and
collecting different samples over time may improve the sensitivity of
the test. However, the saturation experienced by the health care
system during this critical pandemic situation associated restrictions
on access to patients, as well as limited resources for processing
samples. Therefore, we were only able to collect one sample for both
eyes from each patient. It would have been interesting to collect
consecutive conjunctival specimens from those two patients who
showed positive results to better understand the viral dynamics and
quantify the C; throughout the disease process.

In conclusion, SARS-CoV-2 RNA may be detected in tears and
conjunctival swabs of both patients with and without conjunctivitis. Qur
study revealed the same rate with positive results amongst the group
with and without conjunctivitis, suggesting that detecting SARS-CoV-2
in ocular fluids may not conditioned by the presence of conjunctivitis.
Further studies are required to assess the risk of SARS-CoV-2
transmission through ocular secretions and the diagnostic value of
RT-PCR in patients with and without conjunctivitis.
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Abstract

Purpose The purpose of this study was to evaluate the frequency and clinical presentation of conjunctivitis in hospitalized
patients with COVID-19.

Methods A cross-sectional study was conducted at the Hospital Clinico San Carlos of Madrid, Spain. A total of 301 subjects
from the COVID admission unit with laboratory-confirmed SARS-CoV-2 infection were included. The presence and clinical
characteristics of conjunctivitis were evaluated. Laboratory, radiological, and clinical results in patients with and without
conjunctivitis stratified by sex were analyzed.

Results Of the 301 subjects included, 180 patients (59.8%) were male and the median age was 72 years (IQ 59-82). Overall, 35
patients (11.6%) were diagnosed with acute conjunctivitis. We found no relationship between the COVID-19 severity score and
the presence of conjunctivitis (# = 0.17). However, conjunctivitis was more frequent in males with moderate clinical severity and
in women classified as clinically mild. The natural history of the disease seems to be a rapid self-limited conjunctivitis that
improves without treatment and does not affect visual acuity nor associate short-term complications.

Conclusions Approximately, 1 out of 10 hospitalized non-critical COVID-19 patients presents conjunctivitis during the disease.
Compared with other viral conjunctivitis, we found distinctive clinical findings that could guide defining and differentiating
conjunctivitis in COVID-19 patients.

Trial registration number 20/336 E COVID

Keywords Conjunctivitis - COVID-19 - SARS-CoV-2 - Ocular - Coronavirus

Introduction China in December 2019. This virus causes the coronavirus
disease 2019 (COVID-19), which is having an extraordinary
A novel coronavirus {CoV) named severe acute respiratory  impact worldwide [1, 2].
syndrome coronavirus—2 (SARS-CoV-2} emerged from The references in the medical literature regarding the ocular
manifestations of this emerging disease are scarce so far and,
despite the fact that ocular involvement is not well defined yet,
some case reports have highlighted the presence of conjuncti-
vitis [3].

Existing data suggests that conjunctivitis is not a com-
mon manifestation associated with COVID-19 [4].
Nonetheless, characterizing conjunctival inflammation in
this scenario could be of paramount importance in case it
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Key messages

® (COVID-19 has been shown to have ocular involvement, mainly conjunctivitis.

® Around 12% of patients affected by COVID-19 can present conjunctivitis symptoms associated with the disease and

usually occurs early in the disease.

first study of its kind in Europe. Given the current situation of
the SARS-CoV-2 pandemic, describing the clinical character-
istics of conjunctivitis associated with the novel coronavirus
has relevant implications in the future identification of
suspected COVID-19 patients and the differential diagnosis
from other forms viral conjunctivitis. The purpose of this
study was to evaluate the prevalence of conjunctivitis in hos-
pitalized patients with COVID-19 and to describe its clinical
presentation.

Methods

This cross-sectional study was conducted at the Hospital
Clinico San Carlos of Madrid, Spain, a tertiary hospital
which attends patients within the Madrid metropolitan ar-
ea. The study was approved by the Clinical Research
Ethics Committee of this institution and was conducted in
accordance with the tenets of the Declaration of Helsinki.
Informed consent was obtained from all patients.

Hospitalized patients with laboratory-confirmed SARS-
CoV-2 infection were included. Based on the hospital's pro-
tocol, the general admission criteria for patients were as fol-
lows: (1) <50 years of age without comorbidities with bilat-
eral pneumonia, or unilateral pneumonia with respiratory fail-
ure (saturation < 96% and respiratory rate >20); or (2) >
50 years of age or patient with comorbidity: with pneumonia,
respiratory failure (saturation <96% and respiratory rate >
20}, or laboratory/clinical severity (arterial blood gas,
hemogram, D-dimer, Creactive protein, procalcitonin, lactate
dehydrogenase—LDH, transaminases).

Patients were asked about symptoms of conjunctivitis
{current and previous) and they underwent a basic ophthal-
mological examination at their bedside by two experienced
ophthalmologists on a 72-h period. A total of 301 subjects
from the COVID admission unit, whose clinical situation
allowed us to conduct the aforementioned ophthalmological
examination and interview, were systematically explored.
To examine the patients, the investigators wore double
gloves, a fluid-resistant gown, a full face shield, and both
FFP2 and surgical masks.

4 Springer

The inclusion criteria were as follows: over 18 years of age,
patient with positive reverse transcriptase-polymerase chain
reaction (RT-PCR) test from nasopharyngeal swab for
SARS-CoV-2, hospitalized due to COVID-19, and ability to
give verbal consent. Those patients admitted to the intensive
care unit, unable or unwilling to give verbal consent, and
unable to adequately report previous eye symptoms due to
general health status were excluded.

The patient’s age, sex, the onset of COVID-19 symp-
toms, chest X-ray, and laboratory tests results were noted.
Laboratory work-up included the levels of leukocytes, neu-
trophils, lymphocytes, C-reactive protein, ferritin, D-dimer,
creatinine, and LDH, considering the blood test results that
represented the greater severity prior to the date of the oph-
thalmological examination. Chest X-ray results were ana-
lyzed separately, since it is not uncommon to find a discrep-
ancy between the radiological and clinical findings, espe-
cially in the early stages of the disease. Additionally, pa-
tients were classified according to their clinical severity as
mild, moderate, and severe, following the CURB-65 score,
physical examination, respiratory assessment {respiratory
rate, dyspnea, blood oxygen saturation, ventilation system
requirements), or organ failure. The main outcome measure
is the overall prevalence of conjunctivitis among inpatients
diagnosed with COVID-19.

The overall prevalence results from adding patients who
had conjunctivitis at the time of the evaluation and those
who reported having conjunctivitis prior to the examination.
Prevalence will be presented as a percentage of those with
conjunctivitis along with its 93% confidence interval (CI).
The distribution of gender, acute pneumonia, and bilateral
preumonia depending on the outcome status (conjunctivitis
or not) will be presented as percentages and the differences
addressed through the chi-squared test (of the Fisher’s exact
test in case the frequencies be low). Differences in prevalence
and clinical presentation of conjunctivitis were analyzed by
sex. Likewise, the distribution of the quantitative covariates
(leucocytes, neutrophils, lymphocytes, C-reactive protein, fer-
ritin, D-dimer, creatinine, and LDH) will be depicted through
the median, first, and third quartile, using the Mann-Whitney
U test to assess their differences depending on the presence of
conjunctivitis and sex.
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Results

The overall study population included 301 hospitalized pa-
tients (601 eyes). Of the 483 patients admitted to the
COVID unit at the time of the study, 301 patients met the
inclusion and exclusion criteria. A total of 41 patients were
admitted to the intensive care unit, 135 patients were unable to
adequately report previous eve events due to their clinical
situation, cognitive impairment, or confusional state, and 6
patients did not give consent.

Of the 301 subjects included in the study, 180 patients
(59.8%) were male and the median age was 72 years (1Q
59-82; 70 years in men and 75 years in women, £ =0.13).
Overall, 35 patients (11.6%; 95% CIL: 8.48-15.84) were
diagnosed with acute conjunctivitis; of those, 10 (3.3%;
95% CI: 1.8-6.1) showed ocular manifestations on the
day of the visit whereas 25 (8.3%; 95% CL: 5.6-12.1)
reported having conjunctivitis in the previous days, seen
by the primary care doctor. Upon ophthalmological exam-
ination of the 301 patients, other ocular disorders besides
conjunctivitis were observed. Specifically, 3 patients pre-
sented subconjunctival hemorrhage, 4 patients had a mod-
erate pterygion, and 2 patients had an hordeolum, which
were managed with conservative treatment. In addition, a
notification system was implemented for all healthcare
personnel working at the COVID unit and evaluating the
patients daily. Through this system, the on-call ophthal-
mologist was notified immediately with any new possible
case of conjunctivitis until the date of discharge, which
contacted the investigators.

Of the 35 cases that presented conjunctivitis, 13 cases
suffered it before admission to the hospital, 12 cases in
the time interval between admission and our evaluation,
and 10 cases presented conjunctivitis at the time of eval-
uation. The main clinical characteristics found on the

latter are shown in Table 1. None of the patients showed
conjunctival petechiae, corneal infiltrates nor membranes
or pseudomembranes.

The most common reported symptoms among all the 35
patients that presented conjunctivitis during the disease were
mucopurulent discharge (100%; 42.8% mild, 51.4% moder-
ate, 5.7% severe), tearing (62.8%), and foreign body sensation
(57.1%). None of the patients of our study reported blurry
vision associated.

The median time interval between the onset of COVID-19
symptoms and the appearance of conjunctivitis was 6 days
(p25-p75: 2-13). There is no statistically significant difference
in the time interval from the onset of COVID symptoms to the
appearance of conjunctivitis between women and men (U
Mann-Whitney; P =0.56). According to the patient’s self-re-
port, the median duration of ocular symptoms was 3 days
(p25-p75: 1-3.5) with a minimum of 1 day and a maximum
of 1 week.

Table 2 depicts the distribution of the covariates analyzed
depending on the conjunctivitis status, the association be-
tween the presence of conjunctivitis, and clinical, laboratory,
and radiological data.

11.6% of the men and 10% of the women presented
conjunctivitis. Twenty-one (60%) patients with conjuncti-
vitis were male and 160 (60.1%) patients without con-
junctivitis were male. The association between conjuncti-
vitis and sex did not reach statistical signification (=
0.98).

A total of 262 (87.0%) patients suffered from acute viral
pneumonia, which was bilateral in 218 cases (82.8% of the
preumonias were bilateral). Twenty-seven (10.3%) patients
with pneurmnonia and 6 (153%) patients without pneumonia
presented conjunctivitis. Notwithstanding, Fisher’s exact test
did not allow us to consider the association between pneumo-
nia and conjunctivitis to be causal (P=0.40). Likewise, the

Table 1 Clinical presentation of conjunctivitis
Overall (N=33) Male (N=21) Female (N=14) P value
No. % 95% CI No. % 95% C1 No. % 95% C1
Conjunctivitis Unilateral 19 542 371 705 10 477 267 693 9 642 357 853 049%
Bilateral 16 457 295 629 11 523 306 732 5 357 146 643
Conjunctival hyperemia ~ Mild 28 800 626 905 17 809 571 931 11 785 481 935 099+
Moderate/severe 7 20.0 94 374 4 19.0 68 428 3 214 64 518
Mucopurulent discharge ~ Mild 14 424 262 604 7 350 164 595 7 538 248 804 020%
Moderate 18 545 368 712 13 650 404 835 5 384 146 694
Severe 1 3.0 03 203 0 0.0 0.0 0.0 1 7.6 07 468
Tearing Yes 15 428 270 602 9 428 226 658 6 428 182 715 099+
No 20 571 397 729 12 571 341 773 8 571 284 817
Foreign body sensation Yes 12 342 200 520 8 38.1 190 616 4 285 96 601 072%
No 23 657 479 799 13 619 383 809 10 714 398 904
*Fisher’s exact test
4 springer
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Table 2 Clinical characteristics of patients with and without conjunctivitis

Measure All (r=301) Conjunctivitis No conjunctivitis P value

(n =35, 11.6%) (n =266, 38.4%)
Age, median (p25-p75) 72 (59-82) 75 (54-85) 71 (59-81) 0.38 i
Male, no. (%) 180 (59.8%) 21 (60%) 160 (60.1%) 0.98 *
Female, no. (%) 121 (40.2%) 14 (409 106 (39.8%) 0.98
Pneumonia, no. (%) 262 (87.0%) 29 (82.8%) 233 (87.5%) 042 ik
Bilateral pneumonia, no. (%) 218 (82.8%) 26 (39.6%) 192 (82.05%) 043 Hkk
Leucocytes, median (p25-p75) 7(5-9.5) 7.7 (49-10.4) T7(5-94) 0.56 L
Neautrophils, median (p25-p75) 57 (3.7-79) 64 (34-82) 3.7(55-79) 0.55 e
Lymphocytes, median (p25-p75) 0.6 (0.4-1) 0.5(03-0.9) 0.6 (04-1) 0.32 e
CRP, median (p25-p75) 722 (22-152) 6.75 (1.8-14.9) 7.25 (23-15.7) 0.68 i
Ferritin, median (p25-p75) 589.6 (287.3-1125.1) 548.3 (224.6-948.8) 591.8 (29.8-1150.8) 0.14 i
D-dimer, median (p25-p75) 1075 (606-2146) 1126 (577-2254) 1073.5 (622-2146) 0.89 i
Creatine, median (p25-p75) 0.81 (0.62-1.13) 0.88 (0.66-137) 0.805 (0.6-1.1) 0.29 L
LDH, median (p25-p75) 633 (482-8269 613 (463-886) 6355 (482-825) 0.94 e

*Chi squared
*#{] Mann-Whitney
*#*+Fisher’s exact test

LDH, lactate dehydrogenase; CRP, C-reactive protein

association between the laterality of the pneumonic process
was not significantly associated with the presence of conjunc-

tivitis (P=0.18).

SCX.

Table 3 illustrates the laboratory, radiological, and clinical
results in patients with and without conjunctivitis stratified by

Table 3 Laboratory, radiological, and clinical results in patients with and without conjunctivitis stratified by sex

Conjunctivitis No conjunctivitis

Male Female P Male Female P value
Variables p50 p25 p75 p50  p25 p75 p50 p25 p75 p50 p25 p75
Leucocytes 9 6.1 10.5 6 4 9 0.03* 7.1 5 9.45 6.6 4.9 9.1 0.58*%
Neutrophils 74 52 9.1 4 3 8 0.04% 5.9 37 8 53 34 79 0.20%
Lymphocytes 05 03 0.8 1 0 1 0.68* 0.6 04 0.8 07 04 1.1 0.01*
PCR 964 232 14.9 4 2 12 0.34* 9.1 34 1725 532 113 1.2 0.001*
Ferritin 6542 3139 10351 268 103 734  0.04* 8596 3835 13536 3745 2011 7244 <0.001*
D-dimer 1700 618 4513 675 380 1127 001* 10885 6635 21175 1008 512 2232 0.29*
Creatinine 1.07 082 2 1 1 1 0.03% 0.8 0.6 1.19 069 054 093 <0.001*
LDH 622 485 836 501 408 699 0.59% 6355 4915 7945 640 466 871 0.62*%
Variable No. (%) No. (%) No. (%) No. (%)
Pneumonia 17 (80.9%) 12 (85.7%) 0.99%*% 138 (86.2%) 95 (89.6%) 0.41%*
Pneumonia bilat 16 (94.1%) 10 (83.3%) 0.55%%% 114 (82.0%) 78 (82.1%) 0.98%*
Severity
Mild 14.7%) 9 (64.2%) 0.001%%% 68 (42.0%) 48 (45.2%) 0.17#%%
Moderate 12 (57.1%) 3(21.4%) 53(33.1%) 42 (39.6%)
Severe 8 (38.1%) 2 (14.2%) 39(243%) 16 (15.1%)
*UJ Mann-Whitney
¥+ Z-test

*#*+Fisher’s exact test
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Table 4  Differences in clinical severity by gender among all patients
and those with conjunctivitis

All patients (V =2301)

Variable Male Female P value
Severity:

1 69 (38.1%) 57 (47.5%) 0.06*

2 65 (35.9%) 45 (37.5%)

3 47 (25.9%) 18 (15%)
Conjunctivitis (N =35)

Male Female P

Severity:

1 1 (4.7%) 9 (64.2%) 0.001**

2 12 (57.1%) 3 (21.4%)

3 8 (38.1%) 2 (14.2%)

*Chi-squared test

**Fisher’s exact test

Among the 301 patients, 41.8% were classified as mild,
36.5% cases classified as moderate, and 21.5% classified as
severe disease. The biochemical profiles in men and women
also showed differences between them. According to the chi-
squared test, there is not a relationship between the COVID-
19 severity score and the presence of conjunctivitis (£ =0.17).
However, in the analysis of conjunctivitis patients by clinical
severity, there were statistically significant differences by sex
(Table 4). Conjunctivitis was more frequent in males with
moderate clinical severity and in women classitied as clinical-
ly mild.

Discussion

Coronavirus disease 2019 (COVID-19) has shown several
clinical manifestations at respiratory, gastrointestinal, and
neurological levels, among others [2, 4]. Although the most
frequent symptoms include respiratory symptoms, such as fe-
ver, cough, and dyspnea, the presence of conjunctivitis has
also been reported [3].

The frequency of conjunctivitis in patients with COVID-19
has not been fully quantified to date, reporting very different
data regarding its prevalence and incidence. A study analyzing
a sample of 1099 patients hospitalized for COVID-19 disease
in China found a prevalence of conjunctivitis symptoms of
only 0.8% and other small series have reported a prevalence
around 3% [4, 6, 7]. However, Wu P. et al. [8] found that as
high as 31.6% {95% Cl, 17.5-48.7) of hospitalized COVID-
19 patients presented ocular signs and symptoms compatible
with conjunctivitis. Our results show an 11.6% prevalence of
conjunctivitis among hospitalized patients with COVID-19,
differing from previous results.

Conjunctivitis as a presenting manifestation of coronavirus
and the relationship between conjunctivitis and the

development of serious pulmonary disease are important
questions for ophthalmologists worldwide. Wu et al. [8] de-
seribed in a series of 38 patients that patients with conjuncti-
vitis were more likely to have higher white blood cell and
neutrophil counts and higher levels of procalcitonin, C-
reactive protein, and lactate dehydrogenase than patients with-
out ocular symptoms, suggesting that ocular abnormalities
occurred more frequently in patients with more severe
COVID-19. However, this article did not compare the difter-
ences between women and men, and included critical patients,
who were not included in our sample. We were unable to
objectify any relationship between the presence of conjuncti-
vitis and clinical, radiological, or laboratory sevetity in our
sample of 301 cases. Furthermore, it is interesting to highlight
that out of a hospitalized married couple who slept in the same
room at home and had equal clinical severity, only the woman
presented with conjunctivitis. This suggests that perhaps the
appearance of conjunctivitis could depend on the host’s char-
actetistics or the inoculation mechanism.

Studies suggest that there are many differences between
men and women in the immune response to SARS-CoV-19,
affecting more men than women [9, 10]. Despite our study
showed no difference in the clinical presentation of conjunc-
tivitis in male and female, we found that conjunctivitis was
more frequent in males with moderate COVID-19 and women
with mild disease. We believe this is related to males having a
more severe biochemical COVID-19 profile than females.

The clinical characteristics found in conjunctivitis associ-
ated with SARS-CoV-2 infection showed common aspects
with other viral conjunctivitis, such as follicular reaction,
and conjunctival hyperemia and discharge. However, we
found distinctive clinical findings among our patients that
could guide defining conjunctivitis in COVID-19 patients.

The differential diagnosis of SARS-CoV-2 conjunctivitis
includes other viral conjunctivitis such as adenoviral conjunc-
tivitis, based on our findings (Table 5). 54.29% of conjuncti-
vitis were completely unilateral, unlike adenoviral conjuncti-
vitis where there is a greater tendency to bilateralization [11].
However, bilateral conjunctivitis in COVID-19 has also been
described [3].

The degree of conjunctival hyperemia was mild or very
mild and the presence of follicular reaction has also been
reported by other authors [3]. It was striking to find the ab-
sence of petechiae and subconjunctival hemorthages in our
sample, despite the fact that different articles reported the vas-
cular and thrombotic complications associated with the virus
[12, 13]. Also, we did not find any associated complications
such as corneal infiltrates and membranes or
pseudomembranes, which have not been reported in the liter-
ature so far.

The natural history of the disease seems to be a rapid selt-
limited conjunctivitis that improves without specific treat-
ment. On the other hand, adenoviral conjunctivitis tends to
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Table 5 Differential diagnosis between conjunctivitis in COVID-19 patients and adenoviral conjunctivitis
Conjunctivitis in COVID-19 Adeneoviral conjunctivitis
Onset Abrupt Abrupt
Unilateral/bilateral Unilateral ++ Unilateral or bilateral
Bilateral + (often sequentially bilateral
Conjunctival injection Mild or very mild Varies in severity
Follicular reaction + +
Chemosis + +
Eyelid swelling and erythema - +
Conjunctival petechice /subconjunctival hemorrhage - +
Discharge + ++
Epithelial punctate keratitis - +
Comeal infiltrates - +
Membrane/psendomembrane formation - +
Concurrent upper respiratory tract infection + +
Symptoms Very mild-mild Mild-severe
Natural history Self-limited within 2—4 days Self-limited within 5-14 days

Potential sequelae Not Known

(could get worse during the first days)

Severe cases: conjunctival scarring, symblepharon,
subepithelial corneal infiltrates, decreased vision

worsen during the first days and could last more than 14 days.
The onset of conjunctivitis signs and symptoms with respect
to the onset of respiratory symptoms was variable (median of
3 days). Previous reports suggest that SARS-CoV-2 can cause
conjunctivitis, either as an early sign of infection or during
hospitalization for severe COVID-19 [8, 14].

The fact that none of the patients reported associated
blurred vision nor shown relevant epithelial corneal keratifis
agrees with the case series of Wu et al. [8] However, there is a
recent case report that described keratoconjunctivitis as the
initial medical presentation of a patient with COVID-19 [15].

Limitations of this study include the absence of detailed
ocular examinations (dilated fundus exam) to exclude intraoc-
ular disease owing to the logistical challenges of managing
these patients at this critical healthcare resource situation.
Since this a cross-sectional study and as such, patients that
had conjunctivitis prior to admission were not evaluated by
the investigators, but they were evaluated by primary care
physicians.

The demonstration of the direct association between con-
junctivitis and SARS-CoV-2 infection in the absence of diag-
nostic confirmation with real-time polymerase chain reaction
(RT-PCR) of tears and conjunctival secretions is difficult to
prove. However, based on previous results, the extremely low
positive rate of SARS-CoV-2 RNA test by RT-PCR in tears
and conjunctival secretions from patients with laboratory-
confirmed SARS-CoV-2 implies that negative test results could
be false negative, not excluding the presence of the virus [8,
16]. For this reason and due to the limited resources and restric-
tive measures of access to patients with COVID-19, RT-PCR

4 Springer

from tears and conjunctival specimen was not tested. Based on
our findings, we estimate that the actual prevalence could be
underestimated, partly because many mild or very mild cases
may have gone unnoticed by both healthcare personnel and the
patients themselves. The exclusion of patients with cognitive
impairment or confusional syndrome suggests there could also
imply a shift in the actual prevalence. Since this is a tertiary
hospital in downtown Madrid that covers a health area with an
aging population, a high number of patients had to be excluded
due to cognitive impairment, confusional state, and critical con-
ditions, in order to obtain more reliable data. These excluded
patients showed no difference in clinical characteristics com-
pared with the included sample.

This is the first study that describes the clinical characteris-
tics of conjunctivitis in a large sample of patients with COVID-
19. A recent study carried out in China reported that the prev-
alence of conjunctival congestion in COVID-19 patients was
5% [17]. However, out of the 535 patients included, only 343
patients {64.1%) had laboratory-confirmed SARS-CoV-2 in-
tection from nasopharyngeal swabs. Our study includes a total
of 301 patients, all of them with the laboratory-confirmed di-
agnosis. Moreover, the above-mentioned article is a retrospec-
tive study where the patients were not evaluated by an ophthal-
mologist, and the patient’s data were obtained from patients’
electronic medical records and an electronic questionnaire
completed by patients on a smartphone. Furthermore, data
about ocular manifestations were obtained by ophthalmolo-
gists via telephone, so results are determined by patient sub-
jectivity and ophthalmologist’s interpretation. This makes our
study the most comprehensive and extensive of its category.
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COVID-19 has spread rapidly since it was first identified in
Wuhan and has been shown to have ocular involvement,
mainly conjunctivitis. We found a prevalence of conjunctivitis
in our sample of 11.6%, which allows us to infer that approx-
imately 1 in 10 patients affected by COVID-19 can present
conjunctivitis symptoms associated with the disease.

Our observations can help ophthalmologists and other phy-
sicians to identify possible COVID-19 patients presenting
with red eye or discharge as main complain for seeking care,
especially in women who could present conjunctivitis earlier
in the disease. However, at this point in the COVID-19 pan-
demic, if is reasonable that practically any patient seen by a
medical practitioner is considered suspected of SARS-CoV-2
infection, regardless of presenting signs or symptoms of
conjunctivitis.

A better understanding of the ocular manifestations of the
virus will assist in early identification of SARS-CoV-2-
infected cases, prioritizing diagnostic testing in patients with
clinical findings compatible with conjunctivitis associated
with COVID-19.
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Abstract

Purpose: To investigate the peripapillary retinal nerve fiber layer thickness (RNFLT), macular RNFLT, ganglion cell layer
(GCL), and inner plexiform layer (IPL) thickness in recovered COVID-19 patients compared to controls.

Methods: Patients previously diagnosed with COVID-19 were included, while healthy patients formed the historic
control group. All patients underwent an ophthalmological examination, including macular and optic nerve optical
coherence tomography. In the case group, socio-demographic data, medical history, and neurological symptoms were
collected.

Results: One hundred sixty patients were included; 90 recovered COVID-19 patients and 70 controls. COVID-19
patients presented increases in global RNFLT (mean difference 4.3; CI95% 0.8 to 7.7), nasal superior (mean difference
6.9; CI95% 0.4 to 13.4), and nasal inferior (mean difference 10.2; CI95% 2.4 to |8.1) sectors of peripapillary RNFLT.
Macular RNFL showed decreases in COVID-19 patients in volume (mean difference =0.05; CI95% —0.08 to -0.02),
superior inner (mean difference —1.4; CI95% —2.5 to —0.4), nasal inner (mean difference —1.1; CI95% —1.8 to —0.3),
and nasal outer (mean difference —4.7; CI195% —7.0 to —-2.4) quadrants. COVID-19 patients presented increased GCL
thickness in volume (mean difference 0.04; CI95% 0.01 to 0.07), superior outer {(mean difference 2.1; CI95% 0.8 to 3.3),
nasal outer (mean difference 2.5; CI95% 1.1 to 4.0), and inferior outer (mean difference |.2; CI95% 0.1 to 2.4) quadrants.
COVID- 19 patients with anosmia and ageusia presented an increase in peripapillary RNFLT and macular GCL compared
to patients without these symptoms.

Conclusions: SARS-CoV-2 may affect the optic nerve and cause changes in the retinal layers once the infection has
resolved.
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Introduction

The severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2), which causes the coronavirus disease
2019 (COVID-19) emerged in Wuhan, China in December
2019 and is having devastating consequences worldwide.!

COVID-19 has shown clinical manifestations at nearly
all levels, although its major clinical finding is pneumonia,
which may eventually lead to an immense respiratory dis-
tress. Ground glass opacities and consolidations are common
lung computed tomography abnormalities in COVID-19
pheumonia, which express acute lung njury.” Common
symptoms include fatigue, fever, cough, and diarrhea, as
well as characteristic laboratory findings such as elevated
serum levels of leucocytes, D-dimer, C-reactive protein, pro-
calcitonin, IL-6, urea, and creatinine, among others.**

Neurologic manifestations have also been reported in a
notable proportion of patients. Several studies hypothesize
that the virus may penetrate the central nervous system
(CNS) producing neurological complications, including
anosmia, ageusia, encephalopathy, headache, ataxia, epi-
leptic seizures, and cerebrovascular disease.>®

Regarding the ocular mvolvement, ocular surface disor-
ders have been described, mainly conjunctivitis which has
been reported in around 10% of patients.” However, little
is known about how it affects the retina and the optic nerve
as part of the CNS.2

Optical coherence tomography (OCT) is a non-invasive
imaging technique that obtains detailed images of the ret-
ina using low-coherence light. It is a reliable and repro-
ducible method for measuring retinal layers and detecting
changes in layer thickness with a high level of resolution.”
This technique has been successfully used to monitor
changes in the retinal layers in a number of ophthalmologi-
cal and neurological diseases, such as glaucoma, multiple
sclerosis, and Alzheimer disease.!®!!

Currently there are no studies that have investigated the
effect of COVID-19 on the optic nerve and the macula. The
primary objective was to evaluate the peripapillary retinal
nerve fiber layer thickness (RNFLT), macular RNFLT,
ganglion cell layer (GCL), and inner plexiform layer (IPL)
thickness in patients with COVID-19 compared to healthy
controls. The secondary objective was to study the relation
between macular and optic nerve findings and neurologi-
cal symptoms.

Methods

Subjects and setting

This case-control study was conducted at the Hospital
Clinico San Carlos, a tertiary hospital sited in Madrid
(Spain). The study was approved by the hospital’s Clinical
Research Ethics Committee and was conducted in accord-
ance with the Helsinki Declaration. All patients provided
written informed consent.

The case group was formed by patients with COVID-
19 who presented in the hospital’s Emergency Department
(ED) between 23 and 29 March, 2020 and successfully
recovered from the infection. The inclusion criteria were:
between 18 and 70years of age; SARS-CoV-2 infection
confirmed by positive reverse transcriptase—polymerase
chain reaction (RT-PCR) test from nasopharyngeal swab,
and written informed consent.

Patients were asked to come to the hospital for the
study if inclusion criteria were met. Those patients, still
presenting symptoms, on quarantine, unable to attend the
hospital due to general health status, as well as those with
concomitant psychiatric, neurological, or ophthalmologi-
cal diseases were excluded. The latter included optic nerve
head disease (including glaucoma and congenital optic
nerve head abnormalities), macular disease, retinal vas-
cular disorders, high myopia (refractive error greater than
six diopters), uveitis, and history of previous ophthalmic
procedures other than cataract surgery and capsulotomy.

The control group was formed by historic healthy con-
trols recruited for a normative database in 2018. Due to
the difficulty in obtaining controls and being certain of
no history of virus infection (specificity and sensitivity
of diagnostic tests is not 100% and a high prevalence of
asymptomatic patients has been reported), it was decided
to use historical controls within the same age group from
previous studies that had undergone the same tests (same
device and same software). Controls were between 18 and
70vears of age and without ophthalmological pathology
(the same criteria that were applied to the study group).
The control group was matched by age, sex, and refraction.

Patients unable or unwilling to give consent as well as
those with media opacity and poor-quality images were
excluded from both groups.

Ophthalmologic exam and optic nerve imaging

All patients underwent an ophthalmological examination,
including slit-lamp biomicroscopy, funduscopy, and OCT.
These exams were performed 4weeks after COVID-19
diagnosis in order to fully comply mandatory isolation in
the case group and from January 2018 to June 2018 in the
historic controls.

The Spectralis-OCT (Heidelberg Engineering,
Heidelberg, Germany) was used to obtain the structural
measurements of the retina.

Macular OCT was performed using a dense macular
cube protocol, where a 6 X 6mm area on the retina was
scanned. With the ETDRS macular scan, nine ETDRS
macular areas are scanned (including a central 1 mm cir-
cle, and inner and outer rings measuring 3 and 6mm in
diameter), central, and average layer thickness are ana-
lyzed (Figure 1). In the macular area, RNFLT (between
the inner limiting membrane and the GCL), GCL thickness
(between RNFL and the IPL), and IPL thickness (between
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Figure 1. Macular sectors of the optical coherence
tomography map.

T: temporal; §: superior; |: inferior; N: nasal; |: inner sector; 2: outer
sector.

GCL and the inner nuclear layer) were obtained using the
device’s software.

The optic nerve head was scanned and peripapillary
RNFL thickness measurements were made using a circular
scan pattern which was centered on the optic nerve. The
Spectralis OCT software calculates RNFLT as a result of
automated segmentation. RNFL measurements were noted
globally and in the six quadrants (superior temporal, tempo-
ral, inferior temporal, superior nasal, nasal, inferior nasal).

A single experienced physician camied out all OCT
examinations. Only OCT images with a signal strength
level above the recommended signal strength level (>>7/10)
were obtained. One eye per patient, which was randomly
selected, was included.

Comparison between neurological symptoms
and ophthalmologic parameters in COVID-19

Socio-demographic data (age, sex, and race), medical his-
tory (hypertension, diabetes mellitus, dyslipidemia), and
clinical severity at ED presentation were collected.

Clinical data was obtained from the electronic medi-
cal records, and two physicians (NGV and BBB) checked
the data on the neurological symptoms (dizziness, head-
ache, ageusia, anosmia). Electronic medical records were
checked for COVID-19 symptoms and questioning on the
examination day was used to confirm this.

Statistical methods

Data analysis was performed using SPSS software, version
24.00 (IBM, New Castle, NY, USA), and STATA version

15.1 (Stata Corp, College Station, TX, USA). Continuous
variables are presented as mean and standard deviation
(SD), while numbers and percentages are used for categor-
ical variables. Differences in age and sex between groups
were compared using the Chi® test and #student test.
Variables normality was evaluated using Kolmogorov-
Smirnov test.

For the primary objective, investigation of the differ-
ences in the OCT variables between the control group
and the patients with COVID-19, a f-student test was per-
formed. For the secondary objective, comparison between
the group of patients with and without neurological symp-
toms, a t-student test was performed. Statistical signifi-
cance was established in 0.05.

Results

The study comprised a total of 160 patients; 90 of them
recovered from SARS-CoV-2 infection and 70 healthy his-
torical controls.

Of the 584 patients diagnosed with COVID-19 in the
ED, 234 patients met the inclusion criteria. Of those,
7 patients died, 19 patients were still admitted to the
COVID-19 unit; 13 patients were unable to return to the
hospital due to their clinical situation; 12 patients still pre-
sented respiratory symptoms after discharge; 29 patients
had concomitant ocular disorders, 11 patients did not give
consent and 49 patients were lost to follow-up after emer-
gency department discharge. Four patients were excluded
because the OCT image did not meet the quality criteria
(signal strength, segmentation error, loss of fixation, and
motion artifacts).

Among the 70 control subjects included, 30 patients
(43%) were male and 40 patients were female (57%),
being the mean age 55.5years (SD 14.9years), and the
mean refractive error —0.36Dp (SD 1.53Dp). The main
clinical characteristics of the patients with resolved SARS-
CoV-2 infection are shown in Table 1. Mean age of the case
group was 55.5 years (SD 8.9 years), 49% of patients being
male and mean refractive error —0.49 Dp (SD 1.78 Dp).
Fifty-three patients (59%) presented anosmia or ageusia as
COVID-19 symptoms and 55 (61%) presented headache
or dizziness. No statistically significant differences in the
sex, age, and refractive error between both groups were
noted (p > 0.05).

Funduscopic examination of recovered COVID-19
patients included was unremarkable, not showing visible
optic disc oedema/swelling, nor related clinical features.
None of the patients included in our study reported vis-
ual loss.

Tables 2 and 3 depict the distribution and univariable
analysis of the OCT parameters in the control and case
group. Post-COVID-19 patients showed statistically sig-
nificant increases in the global RNFLT (mean difference
4.3; C195% 0.8 to 7.7), as well as superior nasal (mean
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difference 6.9; CI95% 0.4 to 13.4) and inferior nasal
(mean difference 10.2; C195% 2.4 to 18.1) sectors of the
peripapillary RNFLT (Figure 2). Macular RNFL parame-
ters showed decreases in recovered COVID-19 patients in
volume (mean difference —0.05; C195% —0.08 to —0.02),
as well as the superior inner (mean difference —1.4; C195%
—2.5 to —0.4), nasal inner (mean difference —1.1; CI195%
—1.8 to —0.3), and nasal outer (mean difference —4.7;
CI95% —7.0 to —2.4) quadrants (Figure 3(a)). Comparison
of GCL thickness between recovered COVID-19 patients
and controls showed increased thickness in the former in
volume (mean difference 0.04; C195% 0.01 to 0.07), supe-
1ior outer (mean difference 2.1; CI95% 0.8 to 3.3), nasal
outer (mean difference 2.5; C195% 1.1 to 4.0) and inferior
outer (mean difference 1.2; CI95% 0.1 to 2.4) quadrants
(Figure 3(b)). IPL thickness did not reveal significant dif-
ferences (global and sectors, all p >0.05).

Table I. Demographic and clinical characteristics of
COVID-19 patients.

N=90
Sociodemographic data
Age, years. Mean (SD) 55.5(8.9)
Sex, male. No (%) 44 (48.9)
Race
Caucasic. No (%) 60 (66.7)
Hispanic. No (%) 30 (33.3)
Medical history
Hypertension No (%) 26 (28.9)
Diabetes mellitus No (%) 8(8.9)
Dyslipidemia No (%) 25 (27.8)
Neurological symptoms
Anosmiafageusia. No (%) 53 (58.9)
Headache/dizziness. No (%) 55 (61.1)
Clinical severity
Mild. N (%) 31 (344
Moderate. No (%) 23 (25.6)
Severe. No (%) 36 (40.0)

SDx standard deviation.

Post-COVID-19 patients with anosmia and ageusia
during the infection presented a significant increase in
some regions of peripapillary RNFLT and macular GCL
compared to COVID-19 patients who had not referred
these symptoms (Table 4). There were no differences in
peripapillary RNFL between controls and patients without
anosmia or ageusia (global and sectors, all p > 0.05). The
association between having headache or dizziness and the
OCT layers did not reach statistical signification (global
and sectors, all p >0.05).

Discussion

Neurological involvement in COVID-19 has already been
described and highlights the relevance of considering
the neurological impact of SARS-CoV-2. In this study,
the peripapillary RNFLT and the inner retina in patients
with SARS-CoV-2 infection were analyzed, presenting
recovered COVID-19 patients an increase in peripapillary
RNFLT and macular GCC compared to controls. Patients
with anosmia and ageusia also showed increased peripap-
illary RNFLT and macular GCL thickness compared to
COVID-19 patients without these symptoms during the
infection.

Neurological manifestations are described in 30-40%
of COVID-19 patients, being CNS manifestations such as
dizziness and headache more frequent, followed by periph-
eral nervous system (PNS) and skeletal muscle injury.’
Ageusia and anosmia have also been reported as common
clinical features, with a frequency ranging from 20% to
90% of patients and are considered highly specific for
COVID-19.5124 [n our series, prevalence of neurological
manifestations (anosmia/ageusia 59%, headache/dizziness
61%) was slightly higher than in other series, perhaps due
to our thoroughness on questioning about these symptoms.

Reports on ocular involvement in SARS-CoV-2 infec-
tion are scarce. Invernizzi et al.!> assessed the presence of
retinal alterations in patients with COVID-19 using fun-
dus photographs, detecting hemorrhages (9.25%), cotton
wools spots (7.4%), dilated veins (27.7%), and tortuous

Table 2. Peripapillary optical coherence tomography (OCT) results in healthy controls and COVID-19 patients.

Optic nerve COVID+ (n=88) COVID - (n=70) p Mean Cl95%
OCT differences

Mean sD Mean sD
RNFL G () 101.4 10.2 97.1 1.7 0.015 43 08to 7.7
RNFL T (um) 70.0 1.3 68.6 13.0 0.467 1.4 —24t05.2
RNFL TS (um) 136.1 22.7 132.5 17.8 0.281 36 -30to 10.2
RNFL TI (am) 141.2 22.0 137.5 20.1 0.276 37 -30to 10.4
RNFL N (am) 79.2 13.5 76.0 16.5 0.179 32 -1.5t0 7.9
RNFL NS (um) 112.0 20.4 105.1 21.2 0.039 6.9 04to 13.4
RNFL NI (pm) 123.9 249 113.6 248 0.011 10.2 24 to 18.1

SDx standard deviation; Cl: confidence interval; RNFL: retinal nerve fiber layer; G: global; T: temporal; TS: temporal-superior; Tl: temporal-inferior;

N: nasal; NS: nasal-superior; NI: nasal inferior.
Significant differences are shown in bold.
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Table 3. Macular optical coherence tomography (OCT) in healthy controls and COVID-19 patients.

Macular OCT COVID+ (n=90) COVID - (n=70) P Mean differences Cl 95%

Mean sD Mean sD
RNFL volume (pm?  0.90 0.11 0.95 0.09 0.002 -0.05 -0.08 to -0.02
RNFL SI (um) 238 3.5 25.3 3.3 0.009 -1.4 -25to -0.4
RNFL S2 (um) 36.8 6.1 38.6 58 0.059 -1.8 -3.7tc 0.1
RNFL NI (um) 207 25 217 22 0.006 -LI -1.8tc -0.3
RNFL N2 (um) 46.5 78 512 6.5 0.000 -47 -7.0to -2.4
RNFL I (um) 252 3.7 26.0 34 0.166 -0.8 -1.9tc 0.3
RNFL 12 (um) 39.5 58 41.1 5.3 0.071 -leé -34to 0.1
RNFLTI (um) 177 1.8 178 1.2 0.900 -0.1 -0.5tc 0.5
RNFL T2 (um) 192 1.5 19.5 1.5 0298 -0.3 -0.7tc 02
GCL volume (um?) 109 0.10 1.05 0.1l 0.028 0.04 0.01 to 0.07
GCL SI (pm) 513 5.9 504 6.1 0.371 0.9 -1.0tc 27
GCL 52 (um) 354 4.0 334 4.0 0.001 2.1 08tc 3.3
GCL NI (pm) 503 6.5 495 58 0410 08 -l.1tc28
GCL N2 (pm) 39.0 4.0 36.5 49 0.001 2.5 1.1 to 4.0
GCL 1 (pm) 51.3 5.3 498 6.3 0.098 Lé -0.3to 34
GCL 12 (pm) 33.6 3.3 324 38 0.028 1.2 0.1 to 24
GCL TI (pm) 46.3 5.6 458 52 0622 04 -1.3tc 2.1
GCL T2 (pm) 359 4.4 35.0 3.9 0.16l 0.9 -0.4to 2.3

SD- standard deviation; Cl: confidence interval; RNFL: retinal nerve fiber layer; T: temporal; S: superior; |: inferior; N: nasal; |: inner sector; 2: outer

sector; GCL: ganglion cell layer; IPL: inner plexiform layer.
Significant differences are shown in bold.
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Figure 2. Differences in retinal nerve fiber layer (RNFL) thickness between COVID-19 patients and healthy controls.

RNFL thickness is measured in pm. *p <<0.05.

vessels (12.9%). Mean arteries diameter and mean veins
diameter were higher in COVID-19 patients compared to
unexposed subjects using computer-based analysis, retinal
vessels dilation not always being detectable by clinical
funduscopic examination. These changes could be due to
nflammation, hypoxia or an increase in CO,.

Savastano et al'® evaluated peripapillary RNFL and
vascularization of 80 COVID-19 patients compared to

30 healthy controls. Radial peripapillary capillary plexus
(RPCP) perfusion density was lower in COVID-19
patients, correlating with age, as well as treatment with
lopinavir/ritonavir or antiplatelet therapy. RNFL average
thickness was linearly correlated to RPCP flow index and
perfusion density within post-COVID-19 group. However,
no differences in RNFL average thickness were observed
between COVID-19 patients and healthy controls.
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Figure 3. Macular optical coherence tomography analysis showing differences in (a) macular retinal nerve fiber layer (RNFL)

thickness and (b) ganglion cell layer (GCL) thickness between COVID-19 patients and healthy controls.

Sectors are measured in pm, volumes are measured in |_|mJ. *p </0.05. % < 0.01.

Despite its immune-privileged status, the CNS can
respond quickly and intensely to virus.'” Neurotropic viral
infections can cause brain parenchyma inflammation,
reports of encephalitis caused by SARS-CoV-2 proving
this mechanism.'®'* Our results note increases in peri-
papillary RNFLT and macular GCL compared to patients
without COVID-19, which could suggest an effect of the
virus on the optic nerve.® This increase is supported by
other results from our group that observed an increase in
peripapillary RNFLT in recovered COVID-19 patients in

comparison to examinations prior to the infection.® Our
results contrast with those reported by Savastano et al.,'®
but, as they acknowledge, they present a low sample of
healthy controls and an asymmetry between groups. In
addition, only 6.25% of the subjects required admission
to the intensive care unit and 8.8% required non-inva-
sive ventilation, while 40% of the patients in our group
presented a severe form of the disease. All of this could
explain why differences were detected in the present
study.
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Table 4. Optic nerve and macular optical coherence tomography (OCT) in COVID-19 patients with anosmia or ageusia.

Without With symptoms b Mean Cl 95%

symptoms (n=237) (n=53) differences

Mean SD Mean sD
RNFL G (pm) 98.5 10.5 103.4 9.7 0.026 -4.9 -9.2 to =0.6
RNFL T (um) 69.1 9.7 70.6 12.3 0.557 -1.4 -6.3 to 3.4
RNFL TS (pm) 130.4 224 140.1 22.3 0.047 -9.7 =192 to -0.1
RNFL TI {am) 133.2 19.6 146.7 22.1 0.004 -13.5 -22.6 to -4.4
RNFL N (um) 78.0 14.3 80.0 13.0 0.495 -2 -78to038
RNFL NS (pm) 108.2 224 114.6 18.6 0.145 -6.4 =151 to 2.3
RNFL NI (um) 122.1 283 125.0 22.5 0.594 =29 -13.7t0 7.9
M RNFL volume (um?) 0.91 011 0.89 0.10 0448 0.02 -0.03 to 0.06
M RNFL SI {pm) 24.5 4.0 23.4 3.0 0.132 11 -03to 2.6
M RNFL 2 (pm) 36.8 6.7 36.8 5.7 0.979 0.1 -2.6to27
M RNFL NI (pm) 21.4 2.9 20.2 20 0.03 1.2 0.1 to 2.3
M RNFL N2 (m) 47.9 84 454 72 0.136 2.5 -08to58
M RNFL 1 (um) 26.2 4.0 24.5 3.3 0.023 1.8 03to33
M RNFL 12 (um) 38.5 54 40.2 6.0 0.174 -7 -4.1t0 08
MRNFLTI (pm) 18.1 2.3 17.5 1.2 o110 0.7 -0.1to 04
M RNFL T2 (pm) 19.4 1.4 19.1 1.5 0.309 0.3 -03to 1.0
GCL volume (um?) 1.07 0.10 1.09 0.10 0.400 -0.02 -0.06 to 0.02
GCL SI (pm) 511 6.7 51.4 5.3 0.798 -0.3 -2.9to22
GCL S2 (pm) 35.3 3.9 35.5 4.1 0772 -0.2 -20to 1.5
GCL NI (pm) 50.9 5.9 49.8 6.8 0424 L1 -l.é6to39
GCL N2 (pm) 38.0 3.9 39.7 3.9 0.045 -7 -3.4to -0.1
GCL I (pm) 51.5 4.7 51.2 5.6 0.796 0.3 -20to 26
GCL 12 (pm) 32.5 31 345 3.2 0.004 =20 -3.3to-0.6
GCLTI (pm) 45.8 5.8 46.6 54 0.529 -08 -3.1to 16
GCL T2 (um) 35.5 4.9 36.2 4.1 0.455 -0.7 -26to 12

SDx standard deviation; Cl: confidence interval; RNFL: retinal nerve fiber layer; M: macular; T: temporal; 8: superior; I: inferior; N: nasal; I: inner sector;

2: outer sector; GCL: ganglion cell layer; IPL: inner plexiform layer.
Significant differences are shown in bold.

In multiple neurodegenerative diseases involvement of
the nner retinal layers using OCT has been reported. In
Parkinson, the Braak hypothesis for its etiology is based
on a neurotropic virus that invades the nervous system.
Interestingly, the preclinical phase of Parkinson may pre-
sent olfactory and gastrointestinal symptoms, similarly
to COVID-192! In OCT of Parkinson patients, peripapil-
lary RNFLT, GCL, IPL, and retinal thickness are thinner
as a result of nervous damage??2% Hence, the increases
observed in our series could be due to acute damage,
which could turn into atrophy in the long-term. Moreover,
multiple sclerosis might be triggered by an infectious
agent, a virus being the most likely cause. Animal models
describe that the best method to induce neurointflammation
is intracranial inoculation, leading to optic nerve inflam-
mation.”® Optic neuritis secondary to multiple sclerosis are
commonly posterior, but anterior optic neuritis in other
diseases typically cause increases in peripapillary RNFLT
and clinically significant oedema.

As with other neurotropic viruses, SARS-COV-2 may
invade the CNS through various routes, including the
hematogenous or retrograde neuronal route. Neurological

manifestations may be due to the CNS invasion of the
virus, similar to other CoV.27?% On the other hand, smell
impairment is a typical feature of SARS-CoV-2 and a pos-
sible neural pathway given by the olfactory nerve has been
found in models.?® Recent reports have demonstrated virus
RNA in the human retina, the optic nerve could thus be
affected through a transynaptic retrograde pathway from
the olfactory bulb.?®3! Through its binding to angiotensin-
converting enzyme 2 (ACE2) receptors, the virus may
access the PNS and travel transneuronally to the CNS,
similar to other neurotropic viruses.'” In this sense, anos-
mia due to virus damage to the olfactory pathways could
be justified by this mechanism. The brain also has a high
expression of ACE2 receptors, which supports the high
penetration of the virus into the CNS.3

The changes observed when post-COVID-19 patients
are stratified by anosmia or ageusia presentation support
the idea that these symptoms are very characteristic in
COVID-19 patients and a key in viral neurotropism. Hence,
headache and dizziness might not be due to CNS viral inva-
sion, and instead anosmia and ageusia are. Nevertheless,
it must be kept in mind that neurological manifestations
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observed in COVID-19 do not always imply CNS viral
invasion and these are just possible hypothesis to justify
our results.

In the current study, the differences observed could
be the sequelae of much larger changes during the acute
period of the disease, similarly to what occurs in neu-
rologic symptoms in COVID-19. In this regard, recent
reports have noted a high recovery rate of olfactory
function 1-2weeks after the onset of the symptoms.>
However, on objective tests in a study, 80% of the patients
who reported spontancous regression of anosmia and
ageusia still presented a certain degree of residual dys-
function.’? This suggests that although neural damage
may improve substantially after COVID-19 symptoms
have ceased, subtle changes may still remain.

Several limitations of our study must be addressed.
Firstly, this is a cross-sectional study and there is no
ophthalmological evaluation at earlier stages of the
disease due to the emergency situation, risk of conta-
gion, poor general health condition in some cases, and
exploration of contagious patients in the Ophthalmology
clinic was avoided to reduce the risk of cross-infection.
Theretfore, the ophthalmological examination was per-
formed 4 weeks after COVID-19 diagnosis because the
patients had to comply with the 14-day period of manda-
tory isolation. A within-patient-comparison during and
after COVID infection would be of great value, but great
limitations apply. In addition, only refractive error was
considered to exclude those with refractive error greater
than 6 diopters, but axial length was not measured. The
patient group was heterogeneous regarding the patients’
general history and disease severity, which could explain
the difficulties in identifying associations with the clini-
cal variables.

Consequences of SARS-CoV-2 neurologic invasion
and the effect of this neurotropic virus on the optic nerve
and the retina are still unknown. This is the most complete
study to date assessing structural changes in the retina and
optic nerve of recovered COVID-19 patients using OCT
technology. In the current study we prove optic nerve
involvement in SARS-CoV-2 infection, although we can-
not prove the exact mechanism of these changes. Hence,
the inflammation caused by the virus would account for
the thickening of some layers and the atrophy of other lay-
ers could be a result of transinaptic damage.

In conclusion, we found features related to optic nerve
involvement in recovered COVID-19 patients. SARS-
CoV-2 may be a neurotropic virus and affect the optic
nerve, the olfatory bulb being the main entry pathway of
the virus to the CNS. These alterations in the retinal layers
may represent residual inflammation of the acute illness,
transient changes, or long-term sequelae and the clini-
cal significance of these findings is unknown. Therefore,
larger and long-ferm follow-up studies including sub-
groups would make valuable contributions.
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Abstract

Purpose Thrombotic events (TE) represent one of the major complications of SARS-CoV-2 infection. The objective is to
evaluate vessel density (VD) and perfusion density (PD) by optical coherence tomography angiography (OCTA) in COVID-
19 patients, and compare the findings with healthy controls. The secondary objective is to evaluate if there are differences
in OCTA parameters between COVID-19 patients with and without associated TE.

Methods Cross-sectional case—control study that included patients with laboratory-confirmed diagnosis of COVID-19 with
and without TE related to the infection and age-matched healthy controls. Ophthalmological examination and OCTA were
performed 12 weeks after diagnosis. Demographic data and medical history were collected. Macular OCTA parameters in
the superficial retinal plexus were analyzed according to ETDRS sectors.

Results Ninety patients were included, 19 (20%) COVID-19 patients with associated TE, 47 (49.5%) COVID-19 patients
without TE, and 29 (30.5%) healthy controls. Fifty-three (55.7%) were male, mean age 54.4 (SD 10.2) years. COVID-
19 patients presented significantly lower VD than healthy controls: central (p=0.003), inner ring (p =0.026), outer ring
(p=0.001). PD was also significantly decreased: outer ring (p=0.003), full area (p=0.001). No differences in OCTA
parameters were found between COVID-19 patients with and without TE.

Conclusions OCTA represents a promising tool for the in vivo assessment of microvascular changes in COVID-19. Patients
with SARS-CoV-2 infection show lower VD and PD compared to healthy controls. However, no differences were found
between COVID-19 when considering TE. Prospective studies are required to further evaluate the retinal microvascular
involvement of SARS-CoV-2 and its impact on the vasculature of other organs.
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Key messages

® Optical coherence angiography (OCTA) represents a promising tool in the in vive study of microvascular

involvement in COVID-19 patients.

® Patients with SARS-CoV-2 infection show reduced vessel density and perfusion density compared to healthy

controls.

® OCTA parameters showed no difference between COVID-19 patients when considering the history of

COVID-related thrombotic events.

® Retinal vasculature imaging with OCTA may provide a potential biomarker of vascular changes related to

SARS-CoV-2 in other organs.

Keywords COVID-19 - SARS-CoV-2 - OCTA - Retina - Thrombotic events

Introduction

Coronavirus disease (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 {SARS-CoV-2) has
reached pandemic proportions in an unprecedented time
frame. Since its emergence, a number of associated com-
plications have been described that may occur during both
the acute and late phases of the disease. Among these com-
plications, the development of thrombotic events (TE), such
as pulmonary embolism (PE) and deep vein thrombosis
(DVT), has been described |1, 2]. The actual mechanisms
of COVID-19-induced thrombosis have not been elucidated,
although it is speculated that a causal and bidirectional rela-
tionship between inflammation and thrombosis may be the
origin of these phenomena |3].

Optical coherence tomography angiography (OCTA)
is a novel and non-invasive technique that generates a
three-dimensional angiogram of the retina, allowing a
quantitative evaluation of retinal blood vessels without
the need for intravenous contrast |4], which makes it a
promising technique in the study of microangiopathies
and thrombotic phenomena related to COVID-19. Com-
pared to qualitative evaluations, quantitative objective
measurements of retinal vascularization offer the pos-
sibility of early and accurate detection of subtle micro-
vascular abnormalities not clinically detectable.

Since retinal vascularization shares morphological and
pathophysiological characteristics with the vasculature of
other organs, the study of retinal microvasculature by OCTA
has been used to evaluate other systemic diseases, including
cardiovascular and infectious diseases |5-7]. Therefore, the
assessment of retinal vascularization in COVID-19 patients
is of considerable value, especially in those who have suf-
fered vascular complications associated with the infection.
To the best of our knowledge, no studies evaluating retinal
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circulation by OCTA in COVID-19 patients whe developed
TE related to the disease have been published to date.

The aim of this study is to evaluate the vessel density and
perfusion density by OCTA in COVID-19 patients, and to
compare the findings with healthy controls. The secondary
objective is to evaluate if there are differences in OCTA
parameters between COVID-19 patients when considering
the history of TE.

Methods
Subjects

Cross-sectional case—control study was conducted at the
Hospital Clinico San Carlos (HCSC) in Madrid, Spain. The
study was approved by the HCSC’s Clinical Research Ethics
Committee and was conducted in accordance with the Dec-
laration of Helsinki. Written informed consent was obtained
from all patients.

The study selected 3 groups of patients: patients with
confirmed diagnosis of COVID-19 who presented TE asso-
ciated to the infection (group 1), patients with confirmed
diagnosis of COVID-19 without TE (group 2), and healthy
controls (group 3). The groups were matched by age, sex,
and refraction.

For group 1, patients with laboratory-confirmed diag-
nosis of COVID-19 who presented TE associated with the
disease were selected from a cohort of patients attended at
HCSC from March 23 to May 31, 2020. The inclusion crite-
ria for group 1 were as follows: age 18 to 70 years, positive
reverse transcriptase polymerase chain reaction (RT-PCR)
test from nasopharyngeal swab for SARS-CoV-2, TE pre-
sented during the illness in the absence of any disease, or
coagulation disorder that might justify it. The TE considered
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were pulmonary embolism (PE) in a patient with COVID-19
pneumonia confirmed by computed tomography angiogra-
phy and/or deep vein thrombosis confirmed by ultrasound.
The criteria also included blood tests performed during
hospital admissien and written informed consent for study
participation. Critically ill patients requiring admission to
the intensive care unit (ICU), those with concomitant eye
diseases, quarantined patients, those unable to attend to the
hospital, or lacking consent to participate in the study were
excluded.

Group 2 included patients who attended the emergency
department (ED) of HCSC from March 23 to 26, 2020, and
presented a laboratory-confirmed diagnosis of SARS-CoV-2
infection. The inclusion and exclusion criteria for this group
were the same as for group 1, except for the presence of TE
related to COVID-19.

The control group (group 3) included a cohort of
healthy patients who attended the ophthalmelogy depart-
ment for routine eye examinations. Inclusion criteria for
this group were as follows: age 18 to 70 years, negative
laboratory tests for SARS-CoV-2 infection (IgG and IgM-
ELISA serology and PCR from nasopharyngeal swab, both
negative), absence of symptoms compatible with COVID-
19 or close contact with COVID-19 patient in the 14 days
prior to the evaluation, absence of concomitant eye dis-
eases, and written informed consent for participation in
the study.

Eye diseases excluded for all three groups were high myo-
pia (> 6 diopters), retinal vascular disease, macular and optic
nerve disease, previous ocular surgery other than uncompli-
cated cataract surgery performed at least 6 months prior to
the evaluation, and media opacity affecting OCTA’s scan or
image quality.

Demographic data, medical history (arterial hyperten-
sion, diabetes mellitus, dyslipidemia, obesity, chronic
respiratory disease and cardiac disease, smoking), clini-
cal evaluation data (onset of symptoms, oxygen saturation
upon arrival, consolidation on chest X-ray, and clinical
severity according to the WHO ordinal scale) |8], and
laboratory test results (complete hemogram, lipid profile,
C-reactive protein (PCR), troponins, ferritin, fibrinogen,
lactate dehydrogenase levels (LDH), and D-dimer (DD})
during the hospital stay were collected. As for the labora-
tory tests, the highest levels documented during the hospi-
tal stay were considered.

Ophthalmic examination

Eye exam included a slit lamp examination of the anterior
segment, a fundus examination and OCTA 12 weeks after
the diagnosis of the infection. All procedures performed fol-
lowed infection prevention and control measures according
to hospital’s protocol.

AngioPlex Superficial: ILM+0, CPI+0

Fig.1 OCTA of the macular region in the superficial capillary
plexus, depicting the 9 sectors of the ETDRS grid. Central circle and
inner and outer rings, which are further subdivided into superior,
nasal, inferior and temporal regions

OCTA images were obtained using the Zeiss Cirrus 5000
spectral domain OCTA with AngioPlex (Carl Zeiss Meditec,
Inc., Dublin, CA, USA). Macular angiography images were
performed using the 6 X6 mm macular cube protocel in both
eyes for each subject. The inclusion criteria for acceptable
signal strength (SS) was 7 or more. The complex optical
microangiography (cOMAG) algorithm analyzed changes in
the complex signals. The results were analyzed using Cirrus
OCTA software (AngioPlex ™, version 11.0).

Eye exam was performed by two ophthalmologists (NG
and BB). OCTA was performed by the same examiner, and
reviewed individually by the same two ophthalmologists
for quality assessment, excluding those images with lower
quality. OCTA data of the superficial capillary plexus (SCP)
were collected, including vessel density (VD), perfusion
density (PD), and the area, perimeter, and morphology (cir-
cularity) of the foveal avascular zone (FAZ). VD was defined
as the total length of perfused vasculature per unit area in the
region of measurement and PD was defined as the total area
of perfused vasculature per unit area in the same region. The
built-in analytic algorithm automatically outlined the FAZ
boundary along the innermost capillaries, quantifying the
area and perimeter of this zone. FAZ circularity was defined
as 4wA/P, where A was the area and P was the perimeter.

The macular region was segmented according to the
nine sectors of the Study of Early Treatment of Diabetic
Retinopathy (ETDRS). The fovea was represented by a
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GROUP 1

Non-critical patients diagnosed with COVID-19 and TE
from March 23 to May 31, 2020

Inclusion criteria
18-70years
PCR+
Confirmed TE
Clinical data

N=30

Eligible participants

Excluded N=7
Dead N=4
No informed consent
N=1
Others N=2

Eye-related exclusion criteria

Eye disease N=3
Insufficient OCTA image
quality N=1

N=19

Patients included in group 1

Non-critical patients diagnosed with COVID-19 and TE
from March 23 to March 26, 2020

GROUP 2

Inclusion criteria
18-70 years

PCR +
Clinical data

Eligible participants

N=60

Excluided N=4
Dead N=1

Eye-related exclusién
criteria N=9

No informed consent
N=2
Others N=1

Eye diseases N=7
Insufficient OCTA image

quality N=2

Patients included group 2

N=47

N= 66

Total of COVID-19 patients included

Fig.2 Flowchart of COVID-19 patients included in the stady

central circle of 1 mm in diameter. The inner ring had an

inner diameter of 1 mm and an outer diameter of 3 mm, and

the outer circle had an inner diameter of 3 mm and an outer
diameter of 6 mm (Fig. 1). Both inner and outer rings were
further subdivided into upper, nasal, lower, and temporal

regions. The subjects’ right eye was included, unless it did
not meet the criteria for inclusion and exclusion, in which

case the left eye was included.

Table 1 Clinical characteristics
of COVID-19 patients
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Statistics

All statistical tests were performed using the software
package 1BM SPSS (version 25.0; IBM Corp., Somers,
NY, USA). Demographic and clinical data of the COVID-
19 patients is presented as mean and standard deviation for
quantitative variables, while prevalence of categorical vari-

ables will be presented as percentage. Differences in age and

Group 1 Group 2 r
COVID-19 with TE COVID-19 without TE
(n=19) (n=47)
Demographic data
Age (mean [SD]) 57.1 (6.0 573 (8.2)
Male (n[%]) 13 (68.4) 27 (574 0.260
Female (n[%]) 6(31.6) 20 (42.6) 0.260
Medical history
Arterial hypertension (n[%]) 4(25.0) 15(31.9) 0.603
Diabetes mellitus (r[%]) 5(31.2) 8§(17.0) 0.224
Dyslipidemia (n[%]) 4(25.0) 15(31.9) 0.271
Cardiac disease (n[%]) 1(6.2) 4(8.5) 0.773
Renal disease (n[%]) 0(0) 121D 0.556
Liver disease (n[%]) 2(12.5) 121D 0.092
Cancer (n[%]) 2(12.5) 3(6.4) 0.434
Chronic respiratory disease (n[%]) 1{6.2) 3(64) 0.985
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sex between COVID-19 patients and the control group were
compared using the Mann—Whitney U test and the chi? test.

The OCT data of both groups are represented as means
and standard deviation. The normality of the variables was
confirmed with the Kelmogorov—Smirnov test. To analyze
the differences in the OCT parameters between COVID-19
patients and healthy controls, a f-student test was performed.
Likewise, to compare the group of patients with and without
TE, a ¢-student test was performed. Statistical significance
was set at p<0.05.

Results

The total study population included 95 patients, 66 (69.4%)
COVID-19 patients, and 29 (30.5%) healthy controls. Among
the 66 COVID-19 patients, 19 (28.8%) belonged to group 1
and 47 (71.2%) to group 2. Of the non-critically ill patients
diagnosed with COVID-19 and TE from March 23 to May 31,
2020, 30 patients met the inclusion criteria. Among these, 19
patients were finally included in group 1. All of them (19/19)
presented PE, and 2 (2/19) presented both PE and DVT
related to COVID-19. Likewise, of the non-ctitical COVID-19
patients that attended ED on the dates indicated, 47 patients
met the inclusion and exclusion criteria (group 2). Figure 2
shows the flow chart of the cases included in the study.
Demographic and clinical characteristics of COVID-19
patients are summarized in Table 1. The mean age of healthy
controls was 51.0 (SD 11.9). There were no statistically sig-
nificant differences between groups in terms of age and sex.
Eye exam was performed 88 days (86-90) after COVID-
19 diagnosis and revealed the ocular diseases previously

Table2 OCTA data in COVID-19 patients and healthy controls

Variable COVID-19 (N=66) Healthy controls r
(N=29)
Mean SD Mean SD

VD central 771 3.26 10.10 341 0.003
VD inner 1649 247 27.52 182 0.026
VD outer 1728 2.15 18.48 121 0.001
VD complete 16.89 2.02 1772 249 0.118
PD central 20.05 25.35 2241 7.84 0.494
PD inner 39.18 6.76 56.17 75.30 0.235
PD outer 42.94 5.65 45.79 322 0.003
PD complete 4146 4.99 44.35 3.30 0.001
FAZ a 0.50 1.87 0.12 044 0.152
FAZp 2.10 0.62 2.28 0.68 0.262
FAZ c 0.68 0.11 1.96 381 0.106

The significance of the p values is in bold (p < 0.05)

8D, standard deviation; VD, vessel density; £, perfusion density;
FAZ, foveal avascular zone; ¢, area; p, perimeter; ¢, circularity

defined as exclusion criteria in a total of 10 patients, who
were excluded from the study. Fundus examination of the
66 patients with a history of SARS-CoV-2 infection was
unremarkable. No retinal vascular changes, macular or optic
nerve involvement, were evident in any of the groups. Nei-
ther did any patient report decreased vision or other notice-
able ocular symptoms during the disease, nor until the time
of the evaluation.

Significant differences in VD and PD were detected by
OCTA between COVID-19 patients and healthy controls.
COVID-19 patients presented significantly lower VD than
healthy controls: central (p =0.003), inner ring (p =0.026),
outer ring (p=0.001). PD was also decreased in COVID-
19 patients: outer ring (p=0.003), full area (p=0.001).
Table 2 shows macular OCTA data of COVID-19 patients
and healthy controls. (Additional information is provided
in a supplementary table). However, within the COVID-19
group, no differences in OCTA parameters were found when
considering history of TE.

Laboratory parameters evidenced significant differences
in D-dimer levels between the group with and without TE
(p=0.015). Group 1 revealed mean D-dimer values of
5528.5 (SD 6204.3) and group 2 of 648.2 (SD 401.5).

Discussion

Thrombotic events are emerging as one of the most relevant
sequelae of SARS-CoV-2 infection |9, 10]. A high incidence
of TE has been described in COVID-19 patients, more so
in critically ill patients, reporting variable incidences rang-
ing from 11.5 to 27% |1, 10-14]. Although PE represents
the most frequent thrombotic manifestation associated with
the infection [1], TE, venous and arterials, have been also
described in other organs such as the eye |15]. Our study
reveals quantitative differences in retinal microcirculation
between COVID-19 patients and healthy controls. Patients
with history of SARS-CoV-2 infection had significantly
lower vessel density and perfusion density than healthy con-
trols 3 months after the acute phase of the infection. These
findings provide relevant information about the microvascu-
lar involvement of SARS-CoV-2 infection and the possible
vascular sequelae of COVID-19. Nevertheless, no differ-
ences in these parameters have been detected in COVID-
19 patients when considering the history of TE, which may
indicate that the microvascular involvement of SARS-CoV-2
at the retinal level is not conditioned by the presence of TE
at other levels. Similarly, no increased incidence of retinal
vascular events has been found in COVID-19 patients who
had TE, compared to those who did not.

OCTA is a novel technique that allows the study and
objective quantification of retinal vasculature, assessing the
retinal microvascular impact of the disease. The fact that the
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VD and PD are significantly reduced in COVID-19 patients
even 3 months after the acute phase of the infection exhibits
important questions about the mechanism of microvascular
damage of SARS-CoV-2 and its possible mid- and long-
term sequels, both in the eve and other organs. To date, the
mechanism by which SARS-CoV-2 may affect the retina
vasculature is unknown. Recently, SARS-CoV-2 RNA has
been detected in retinal biopsies performed postmortem in
patients with COVID-19 |16]. The detection of the virus
in intraccular tissue could be explained by the presence of
angiotensin-converting enzyme 2 (ACE2), the main recep-
tor of SARS-CoV-2 cellular entry, in the retina | 17]. In this
sense, the presence of ACE2 has also been detected in arte-
rial and venous endothelial cells [ 18]. It then seems feasible
that vascular changes may occur at this level.

Furthermore, thrombosis and extrapulmonary manifesta-
tions have been reported without confirmed virus presence
at these sites |19], suggesting that SARS-CoV-2 may cause
both direct cytopathic damage and indirect damage related
to the intense inflammatory response and hypercoagulable
state it induces. These findings have yielded to the concept
of thrombo-inflammation as key phenomena in the patho-
physiclogy of COVID-19, whereby inflammation activates
coagulation, and coagulation heightens inflammatory activ-
ity 120, 21]. This rationale is consistent with the findings
reported in autopsies of COVID-19 patients who have died
from the disease, which have revealed microvasculature
thrombi as prominent feature in multiple organs [22]. All
these COVID-19-related vascular phenomena might partly
explain the findings encountered in our study.

The post-mortem examination for further evaluation
of the vascular damage in the lungs and other organs is
supported. However, retinal circulation has the unique
advantage of being easily studied in vivo. Hence, OCTA
may provide a valuable tool in the study of microvascular
involvement in COVID-19 patients, since it may represent
a potential biomarker of vascular damage in other organs
15,23, 24].

Current evidence about the presence of retinal venous
thrombosis in COVID-19 patients is scarce. In this sense, it
has been reported a case of a 52-year-old male without car-
diovascular risk factors, and normal coagulation study who
presented a branch retinal vein occlusion 10 days after the
onset of fever and malaise with subsequent laboratory con-
firmation of SARS-CoV-2 infection [15]. Another case of a
54-year-old woman with COVID-19-associated pneumonia
and impending retinal vein occlusion has also been recently
described. She presented decreased visual acuity and reti-
nal changes compatible with impending central retinal vein
occlusion, which resolved after treatment and resolution of
the pneumenia |25]. All this suggests that the hypercoagu-
lability state associated with COVID-19 may also clinically
affect retinal vasculature.
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Our study has several limitations. First, this study did
not include critically ill patients requiring ICU admission.
Since the incidence of TE in critical COVID-19 patients is
much higher, clinical and subclinical findings might appear
more evident in this group of patients. In addition, criti-
cally ill patients present progressive and sustained hypoxia
that has been associated with an exaggerated release of
proinflammatory and prothrombotic factors [26, 27], which
could aggravate the changes found in retinal microcircu-
lation. On the other hand, the eye exam was performed
12 weeks after COVID-19 diagnosis, so certain retinal
vascular changes that might occur during the acute phase
of the infection could not be clinically present in the sub-
sequent examination. Although it would have been interest-
ing to evaluate patients during the acute phase of infection,
the extremely critical scenario and hospital logistics pre-
vented such evaluation during the peak of the pandemic.
Finally, the number of patients recruited in the study is
limited. Prospective studies with larger numbers of patients
may yield more data about the microvascular impact of
SARS-CoV-2 infection.

In conclusion, the evaluation of retinal circulation repre-
sents a promising tool in the in vivo study of microvascular
involvement in COVID-19 patients. Patients with SARS-
CoV-2 infection show decreased retinal vessel density and
perfusion density compared to healthy controls as late as
12 weeks after the acute phase of infection. However, no
differences in OCTA parameters have been found between
COVID-19 patients when considering the history of TE.
These findings provide relevant information about the
microvascular damage of SARS-CoV-2, even in the absence
of TE, and its possible impact on the vasculature of other
organs.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00417-021-05186-0.
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Purpose: To describe macular vessel density and perfusion in COVID-19 patients using coherence tomog-
raphy angiography (OCTA) and to investigate whether there is a correlation between retinal vascular
abnormalities and clinical and laboratory parameters.
Methods: Cross-sectional analysis conducted at the Hospital Clinico San Carlos in Madrid, Spain. Patients
with laboratory-confirmed COVID-19 that were attended in the Emergency Department (ED) frorn March
23 to March 29, 2020 were included. Fundus examination and OCTA were performed 4 weeks after
being attended in ED. Macular OCTA parameters were analyzed and correlated with clinical (severity
and hypoxemia- oxygen saturation < 92%) and laboratory parameters during hospital stay (D-Dimer-DD,
lactate dehydrogenase-LDH and C-reactive protein-CRP).
Results: 80 patients were included, mean age 55(SD9) years old; 46.3% male. We reported macular vessel
density and perfusion measurements in COVID-19 patients. Those patients with D-Dimer > 500 ng/ml
during SARS-CoV-2 infection had a decrease of central vessel density (mean difference 2.2; 95%C[0.4-3.9)
and perfusion density (mean difference 4.9; 95%Cl 0.9-8.9) after the acute phase of COVID-19. These
variations of vessel density and perfusion density were not documented in patients with LDH > 500 U/L,
CRP = 10 mgfL and hypoxemia.
Conclusions: COVID-19 patients showed short-term retinal vasculature abnormalities which may be
related to a prothrombotic state associated with SARS-CoV-2 infection. Since the retinal microvascula-
ture shares many morphological and physiological properties with the vasculature of other vital organs,
further research is needed to establish whether patients with increased D-Dimer levels require more
careful assessment and follow-up after COVID-19.

© 2021 Elsevier Espafia, S.L.U. All rights reserved.

* Corresponding author.

E-mail address: ncemiguemes@gmail.com (N. Guemes-Villahoz).

2387-0206/© 2021 Elsevier Espafia, S.L.U. All rights reserved.

91



542 N. Guemes-Villahoz et al. / Med Clin (Barc). (2021 );156{11):541-546

Palabras clave: Disminucion de la densidad vascular retiniana en pacientes con COVID-19 y

SARS-CoV-2 niveles elevados de dimero D durante la fase aguda de la infeccién

COVID-19

Densidad vascular retiniana RESUMEN

Perfusién

Reti{ma Objetivo: Evaluar la densidad vascular (DV) y la perfusién vascular {PV) retiniana en pacientes con

Angmg"ﬁa de tomografia de COVID-19 mediante una angiografia por tomografia de coherencia éptica (OCTA), e investigar si existe

coherencia 4

Dimero D una correlacién entre las anomalfas vasculares de la retina y los pardmetros clinicos y de laboratorio.
Meétodos: Analisis transversal realizadoen el Hospital Clinico San Carlos, Madrid. Se incluyeron pacientes
con diagndstico confirmado de COVID-19 atendidos en el Servicio de Urgencias (SU) del 23 al 29 de marzo
del 2020. Se realizé una exploracién oftalmolégica y OCTA cuatro semanas después de acudir al SU. Se
analizaron los parametros maculares de OCTA y se correlacionaron con parametros clinicos (gravedad e
hipoxermia-saturacion de oxigeno < 92%) v de laboratorio durante la estancia hospitalaria (dimero D [DD],
lactato deshidrogenasa [LDH] y proteina C reactiva [CRP].
Resultados: Se incluyeron 80 pacientes, edad media 55 {(DE nueve) afios; 46,3% hombres. Las personas
con DD > 500 ngfmL durante la infeccién por SARS-CoV-2 tuvieron una disminucién de la DV central
(diferencia de medias 2,2; IC 95% 0,4 a 3,9) y PV central {diferencia de medias 4,9; IC 95% 0,9 a 8,9)
después de la fase aguda de COVID-19. Estas variaciones no se documentaron en los pacientes con LDH >
=500 UJL, CRP > = 10 mg/L y con hipoxermia.
Corniclusiones: Los pacientes con COVID-19 mostraron anomalias de la vasculatura retiniana a corto plazo
que pueden estar relacionadas con un estado protrombdético asociade con la infeccién por SARS-CoV-2.
Dado que la microvasculatura de la retina comparte muchas propiedades morfolégicas y fisioldgicas con
la vasculatura de otros érganos vitales, es necesario seguir investigando para determinar si los pacientes
con niveles elevados de DD requieren una evaluacién y un seguimiento mas cuidadoso.

© 2021 Elsevier Espaiia, S.L.U. Todos los derechos reservados.
Introduction Methods
An outbreak of a novel coronavirus named severe acute res- Study design

piratory syndrome coronavirus — 2 (SARS-CoV-2} was reported
in Wuhan, Hubei Province (China) in December 2019. This virus
causes the coronavirus disease 2019 (COVID-19), that is making an
extraordinary impact worldwide.!

COVID-19 has shown several clinical manifestations at res-
piratory, gastrointestinal and neurological levels, among others.
SARS-CoV-2 infection has also been related to inflammatory and
coagulation abnormalities.?> The pathophysiology of these com-
plications is not fully understood, as well, as is the extent of these
after the acute phase of the infection.

To the best of our knowledge, there are no previous reports in
the medical literature that depict and quantify the short-term small
vessel alterations in COVID-19 patients. Given the current situation
of SARS-CoV-2 pandemic, identifying retinal vascular changes that
are associated with clinical and laboratory parameters that carry
an increased risk of systemic complications secondary to infection
has relevant implications in the follow-up of these patients and
identification of possible short- and long-term sequels of COVID-19.

To this end, the retina is a relatively accessible organ to evaluate
and quantify these microvascular changes via direct examination of
blood vessels. Optical coherence tomography angiography (OCTA)
is a novel, rapid, and non-invasive technique that generates a
three-dimensional angiogram of the retina, without the need for
a contrast agent.? Several studies have evaluated by OCTA the
clinical and subclinical retinal microvascular changes associated
with systemic diseases, such as diabetes mellitus, systemic arterial
hypertension and infectious diseases.”®

The main purpose of this study is to describe retinal vessel den-
sity and perfusion in patients with COVID-19 using OCTA and to
investigate whether there is a correlation between retinal vascular
abnormalities and clinical and laboratory parameters.

This is a case series study with cross-sectional analysis that was
carried out in Hospital Clinico San Carlos (HCSC), a tertiary, mul-
tispecialty metropolitan teaching hospital located in Madrid, Spain.
The study was approved by the Clinical Research Ethics Committee
and was conducted in accordance with the Helsinki Declaration.
Written informed consent was obtained from all patients.

Patient selection

We selected COVID-19 patients attended in Emergency
Department (ED)} from March 23 to March 29, 2020. The
inclusion criteria were: age 18-65 years old, positive reverse
transcriptase-polymerase chain reaction {RT-PCR)} test from
nasopharyngeal swab for SARS-CoV-2, sample blood for a labora-
tory test required during the clinical evaluation in acute phase of
infection and written informed consent for the participation in the
study. Those patients with previous history of stroke or throm-
boembolic events, concomitant ophthalmic diseases, antithrom-
botic therapy, the requirement for longer quarantine ( patients still
admitted to COVID-19 unit or intensive care unit, persistence of
respiratory symptoms, persistently positive PCR test, close con-
tact of laboratory-confirmed or probable COVID-19 patients after
discharge), unable to attend the hospital, or did not consent to
participate in the study were excluded. The concomitant oph-
thalmic diseases excluded were high myopia (>6 diopters), macular
disorders, optic nerve head disease, retinal vascular disorders, pre-
vious ocular surgery other than uncomplicated cataract extraction
and intraccular lens implantation performed more than 6 months
before enrollment and media opacity that affected examination.
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Ophthalmologic examination

Every patient underwent an ophthalmologic examination that
included slit-lamp exam, fundus examination and optical coher-
ence tomography angiography (OCTA) at least 4 weeks after being
attended in the ED in order to fully comply mandatory isolation.
The isolation criteria according to the World Health Organization
(WHO) is 10 days after symptom onset, plus at least 3 additional
days without symptoms.? All patients underwent the examination
at least 28 days after COVID-19 diagnosis, thus ensuring sufficient
time. Moreover, those patients who required a longer quarantine
period according to different criteria established by the public
health department were excluded. All procedures followed infec-
tion contrel and prevention measures according to the hospital’'s
protocol.

OCTA images were obtained using spectral-domain OCTA Zeiss
Cirrus 5000 with AngioPlex (Carl Zeiss Meditec, Inc., Dublin, CA,
USA). Macular angiography imaging with 6 x 6mm scans was
performed in both eyes for each subject. Inclusion criteria for
the acceptable signal strength (5S} was 6 or higher. The opti-
cal microangiography-complex (OMAG¢) algorithm analyzed the
changes in complex signals. Scans were analyzed using the Cirrus
OCTA software (AngioPlex™, version 11.0).

All OCTA scans were performed by the same trained exam-
iner, and were reviewed individually by two ophthalmologists (NG
and BB} for quality evaluation, excluding substandard scans. Quan-
tification of the vessel density (VD}, perfusion density (PD), and
foveal avascular zone (FAZ} area, perimeter, and morphology in the
superficial capillary plexus (SCP) were noted. The macular region
was segmented according to the nine Early Treatment of Diabetic
Retinopathy Study (ETDRS) sectors. The fovea was represented by
the central circle of 1 mm in diameter. The inner ring had an inner
diameter of 1mm and an outer diameter of 3 mm, and the outer
ring had an inner diameter of 3 mm and outer diameter of 6 mm.
Both inner and outer rings were further subdivided into superior,
nasal, inferior and temporal region (Figs. 1A and 2B}. The right eye
was included, unless it did not meet the inclusion and exclusion
criteria, in which case the left eye was included.

Variables

Socio-demographic data (age, gender and birthplace), medi-
cal history (arterial hypertension, diabetes mellitus, dyslipidemia,
obesity, chronic respiratory and heart disease, smoking), clinical
findings at ED presentation (symptomsonset, baseline oxygen satu-
ration, consolidation on chest X-ray, and clinical severity according
to WHO ordinal scale!'%} and laboratory tests (lymphocytes count,
D-Dimer - DD-, C-reactive protein — CRP- and lactate dehydro-
genase — LDH-levels) during the hospital stay were collected.
Regarding laboratory test, we considered the highest levels doc-
umented during the hospital stay.

Statistical analysis

Continuous variables are presented as mean (standard devia-
tion [SD]} or median (interquartile range [IQR]}, as appropriate;
categorical variables as numbers and percentages. A normality test
was carried out for all variables based on their randomness, vari-
ance and Kolmogorov-Smirnov test. In the case of not having the
possibility of parametric analysis, these were carried out with non-
parametric tests to relate the variables under study. Macular OCTA
parameters were analyzed according to hypoxemia at ED presen-
tation and the highest values of DD, LDH and CRP. Laboratory data
were dichotomized according to cut-off values established in refer-
ence COVID-19 studies. Thus, the cutoffs values were 500 ng/ml for
DD levels, 10 mg/L for CRP levels and 500 U/L for LDH.!! Hypoxemia

Fig. 1. (A) OCTA of the macular region, showing an angiogram of the retinal circu-
lation in the superficial capillary plexus. The image depicts the retinal arteries and
veins within the macular region in a binarized OCTA image, which represents the
blood vessels in white color. The central area devoid of vessels represents the foveal
avascular zone (*). (B) Color image with ETDRS sectors, depicting the 9 sectors of
the ETDRS grid in the macular region. The fovea is represented by the central circle
(C). Bothinner (I) and outer (O) rings are further subdivided into superior (S), nasal
(N), inferior (1) and temporal (T) region.

was defined as oxygen saturation<92%.!> Comparisons among
groups were made using t-Student for continuous variables. Pvalue
for linear trend was estimated. Subgroup analysis for clinical and
laboratory variables was performed. Statistically significant differ-
ences were considered two-side p-value less than 0.05. The sample
size was not calculated as this was an expleratory study. Data anal-
ysis was performed using SPSS software, version 24.00 (IBM, New
Castle, NY, USA} and STATA version 15.1 (Stata Corp., College Sta-
tion, TX, USA).

Results

The overall study population included 80 patients. Of the 584
patients diagnosed with COVID-19 in the Emergency Department
from March 23rd to 29th 2020, 235 patients met the inclusion
criteria. Of those, 8 patients died, 49 patients were lost to follow-
up after emergency department discharge, 22 patients were still
admitted to the COVID-19 unit, 15 patients were unable to return
to the hospital due to their clinical situation, 12 patients still pre-
sented respiratory symptoms after discharge and 11 patients did
not give consent. 29 patients had concomitant ocular disorders,
which included: high myopia(5)}, age related macular degeneration
(3), glaucoma (3}, previous history of central serous choroidopathy
(1), history of bilateral pars plana vitrectomy (1), history of reti-
nal vascular disorders {4}, moderate-severe media opacities {12).
9 patients were excluded because the OCTA image did not meet
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N= 584 patients
diagnosed with COVID-19 from
March 23th ta 29'" 2020

Inclusion criteria
18-65 years old

Exclusion criteria
History of thromboembolic events,

Positive PCR test from
nasopharyngeal swab

stroke, antithrombaotic therapy

N=235

patients eligible for study

Excluded N=117
Deceased: N=§

Excluded according to Ophthalmic
criteria N=38

Lost to follow-up N=49
Refusal N=11
Other reason N=49

Insutficient OCTA image quality N=9

Concomitant ophthalmic disease N=29

N= 80

Total patients included in the study

Fig. 2. Flowchart of patient selection.

the quality criteria (signal strength, loss of fixation, segmentation
error, and motion artifacts). Fig. 2 depicts the flowchart of patient
selection.

Of the 80 patients included, 37 (46.3%) were male, mean age
was 54.8 + 9.2 years. Table 1 depicts the demographical and clinical
characteristics of the patients and the laboratory results. Patients
were evaluated in the emergency department 7 days (6-10) after
the onset of COVID-19 symptoms. Ophthalmic examination was
performed 30 days (28-32} after COVID-19 diagnosis. Slit-lamp
examination of the anterior segment and the fundus revealed
the above-described ophthalmic disorders in 29 patients, who
were excluded from the study. Funduscopic examination of the
80 patients included was otherwise unremarkable. None of the
patients reported decrease in vision or other remarkable ocular
symptoms during the illness, nor until the time of the evaluation.

Vessel density and perfusion density measurements at the SCP
of the macular region were analyzed. Table 2 depicts macular OCTA
results in COVID-19 patients after the acute phase of the infec-
tion. A marked difference was observed for the variable D-dimer.
Patients with levels of DD > 500 ng/ml during SARS-CoV-2 infec-
tion had a decreased of central vessel density (8.8 (SD 4.0} vs 6.6
(SD 3.6), p=0.013; mean difference 2.2; 95%CI 0.4-3.9) and perfu-
sion 19.6 (SD 9.3} vs. 14.7 (SD 8.0}, p=0.018; mean difference 4.9;
95%C10.9-8.9) after the acute phase of COVID-19. They also showed
a significant decrease of perfusion in the temporal inner sector of
the macula (40.3 (SD 5.5) vs. 36.7 (SD 9.5}, p=0.033; mean differ-
ence 3.6;95%C10.3-6.9}and a tendency in the vessel density in that
sector (17.0 (SD 2.0} vs. 15.7 (SD 3.8}, p=0.053; mean difference
1.3; 95%CI 0.0-2.6). Fig. 3 represents OCTA parameters according
to DD levels. Other OCTA parameters, including FAZ, showed no
differences. Blood oxygen saturation levels did not reveal signif-
icant differences. The subgroups analysis according to the rest of
laboratory parameters (CRP and LDH) did not show a significant
difference in OCTA values. Furthermore, no differences were found
in patients regarding clinical severity, presence of consolidation on
chest x-ray nor comorbidities.

Table 1
Clinical characteristics of COVID-19 patients included in the study.
N=80
Demographic date
Age, years (mean [SD]) 54.8 (9.2)
Gender, male (n[%]) 37 (46.3)
Birthplace, Spain (n[%]) 46 (57.5)
Medical history
Current smoker (n[%]) 4(5.0)
Arterial hypertension (1[%]) 20 (25.0)
Diabetes mellitus (n[%]) 6(75)
Dyslipidemia (n[%]) 21(26.3)
Obesity (n[%]) 8(10.0)
Chronic respiratory disease (n[%]) 10(12.5)
Heart disease (n[%]) 2(25)
Clinical data
Time from symptoms onset, days (median [IQR]) .0 (6.0-10.0)
Oxygen saturation, % (median [IQR]) 96 (4)
Oxygen saturation <92% (n[%]) 6 (8)
Chest X-ray. consolidation (nf%]) 52 (65.0)
Severity by WHO (n[x})
Score 1-2 41(51.3)
Score 3 15 (18.8)
Scorez4 24 (30.0)
Laboraroty data
Lymphocytes < 103/p.L (median [IQR]) 1.1 (0.8-1.4)
Lymphocytes <0.1 x 103/ L (n[%]) 29 (36.3)
C-reactive protein, mg/dl (median [IQR]) 6.5 (2.1,12.0)
C-reactive protein>10mg/fdl (n[%]) 25 (31.3)
D-Dimer, ng/ml (median [IQR]) 613.0 (364.0, 1036.0)
D-Dimer >500 ng/ml (n[%]) 48 (60.0)
LDH, U/L (median [IQR]) 615.0 (472.0, 823.0)
LDH> 500 U/L (n[%]) 51 (63.8)

*sD: standard deviation; IQR: interquartil range; WHO: World Health Organization;

LDH: lactate dehydrogenase.

Discussion

Although the main clinical manifestations of COVID-19 involve
respiratory and gastrointestinal symptoms, there is also evidence of
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Table 2
Macular optical coherence tomography angiography results in COVID-19 PATIENTS,
N=80
Central V, mean (SD) 7.9(4.0)
Inner V, mean (SD) 16.1(3.4)
Quter V, mean (SD) 17.5(1.8)
Full V, mean (SD) 17.0(2.0)
Central P, mean (SD) 17.7(9.1)
Inner P, mean (SD) 39.1(6.8)
Quter P, mean (SD) 43.2(4.5)
Full P, mean (SD) 415(5.0)
FAZ area, mean (SD) 03(0.1)
FAZ perimeter, mean (SD) 2.2(08)
FAZ circumference, mean (SD) 0.7(0.1)
SIV, mean (SD) 184(18.1)
NIV, mean (SD) 18.0(15.1)
IV, mean (SD) 16.4(2.9)
TIV, mean (SD) 16.5(2.9)
SOV, mean (SD) 17.4(2.0)
NOV, mean (SD) 19.0(1.8)
10V, mean (SD) 17.4(2.1)
TOV, mean (SD) 16.1(2.4)
SIP, mean (SD) 39.6(75)
NIP, mean (SD) 38.0(8.7)
IIP, mean (SD) 39.3(7.5)
TIP, mean (SD) 38.8(7.5)
SOP, mean (SD) 43.2(53)
NOP, mean (SD) 46.4 (4.7)
IOP, mean (SD) 46.9(38.0)
TOP, mean (SD) 394(65)

V:vascular density: P: perfusion; FAZ: Foveal avascular zone: SIV: vessel density of
superior inner sector; NIV vessel density of nasal inner sector: IIV vessel density of
inferior inner sector; TIV: vessel density of inner temporal sector; SOV: vessel den-
sity of superior outer sector; NOV: vessel density of nasal outer sector; IOV: vessel
density of inferior outer sector: TOV: vessel density of temporal cuter sector: SIP:
perfusion of superior inner sector; NIP: perfusion of nasalinner sector; IIP: perfusion
of inferior inner sector; TIP: perfusion of temporal inner sector; SOP: perfusion of
superior outer sector; NOP: perfusion of nasal outer sector; IOP: perfusion of inferior
outer sector; TOP: temporal outer perfusion: SD: standard deviation.

20 } i
10 } i
0

Central V Central P TIvV TIP

Fig. 3. Macular OCTA parameters according to D-dimer levels. The figure depicts
the mean and standard deviation of the OCTA parameters that showed significant
differences between COVID-19 patients with Dimer D levels > 500 ng/ml (red) and
those with levels <500 ng/ml (blue). The OCTA parameters represented are central
vascular density (Central V), central perfusion (Central P), vascular density in the
temporal inner sector (TIV) and vascular perfusion in the temporal inner sector
(TIP). *p value <0.05.

thromboembolic complications and blood coagulation disorders.”
D-Dimer elevation, a marker of thrombus formation, has been
reported to be one of the most frequent laboratory findings noted in
hospitalized COVID-19 patients, representing an independent pre-
dictor of hospital mortality.’>!? Our results revealed that patients
with an increased DD, and therefore, a prothrombotic state during
the acute phase of the infection, showed lower macular vessel den-
sity and perfusion in certain OCTA parameters after the infection
has resolved.

Retinal vasculature may be affected by SARS-CoV-2 infection
through different mechanisms. The fact that the retina is one of
the highest energy-consuming tissues in the body, turns it into
a particularly vulnerable tissue to ischemia.!® Retinal vascular

disorders has been demonstrated to be associated with systemic
coagulopathies and prothrombotic states.!®17 In addition, the
retinal vasculature endothelium may be also susceptible to the
direct damage by SARS-CoV-2.1% Since there is evidence of the
presence of angiotensin-converting enzyme 2 (ACE2), a functional
receptor of SARS-CoV-2, in arterial and venous endothelial cells,
vascular damage at this level seems feasible.!? Therefore, the
retinal vasculature might be altered by a conjunction of events
that include thrombeembeolisms, a hypercoagulable state, hypoxia
and endothelial cell dysfunction.

Since the eye offers a readily accessible window to evalu-
ate subclinical and clinical retinal vasculature changes, it seems
meaningful to evaluate and quantify through OCTA the retinal
involvement related to COVID-19. OCTA has demonstrated to be
very useful in the study of other systemic diseases that associate
retinal vascular disorders, such as diabetes mellitus and arterial
hypertension.???! Donati et al. found that the retinal vascular den-
sity showed pathological modifications between healthy subjects
and hypertensive patients.® These findings suggested that OCTA
may identify pathological markers of an early vascular damage,
providing a rationale for retinal vasculature evaluation by OCTA
in patients with recently resolved COVID-19.

Our results showa decrease in macular vessel density in patients
with higher D-dimer values. This suggests that SARS-CoV-2 may
produce subclinical changes at the level of the retinal vasculature,
probably related to the potential prothrombotic action and the
hypercoagulable state induced by SARS-CoV-2 infection. Since the
retinal microvasculature shares many morphological and physio-
logical properties with the vasculature of other organs such as the
brain, the kidney and the coronary arteries, we could hypothesize
that these results could be reflected in other vital organs.?23

COVID-19 patients have shown laboratory abnormalities in
other parameters despite D-Dimer, such as a decrease in lympho-
cytes and platelet count, increased CRP and elevated fibrinogen
and ferritin concentrations.?* However, we have not found a cor-
relation between OCTA parameters and these abnormalities. The
fact that inflammatory laboratory parameters such as CRP had
not shown differences in retinal vessel density and perfusion,
and one coagulation parameter, D-dimer, had, raises the hypothe-
sis that the underlying physiopathology of these retinal findings
may have a thrombotic origin. Moreover, our study found no
relationship between the clinical severity of the disease and the
retinal vascular changes. Therefore, the microvascular involve-
ment related to COVID-19 might depend on the procoagulant
state of the patient rather than on the severity of the illness. This
would support the fact that subclinical thromboembolic events
may occur in patients with increased D-dimer despite having a mild
COVID-19.

The present study has several limitations. Critically ill patients
are not fully represented in our sample, because some have died and
others remained admitted in the hospital. Since severe COVID-19
is more prone to thromboembolic events and coagulopathies, eval-
uating these patients could yield more significant data on changes
at the retinal vasculature level. Furthermore, patients over 65 years
old were excluded from this study. Firstly, because these patients
present a higher incidence of ophthalmic disease that could condi-
tion the results, and secondly, because they represent population at
risk that should avoid going to hospitals unless they require emer-
gency care during this critical situation. Thus, the differences found
in a sample with younger patients may be less evident and there-
fore require a larger group to find differences. On the other hand,
our study only evaluated OCTA parameters in the superficial capil-
lary plexus due to the fact that the available device only provides
quantitative data of the superficial plexus. Consequently, quanti-
tative analyses of the intermediate and deep plexus could yield
additional information in this regard. Finally, the assessment was
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performed 4 weeks after being attended in the ED, in order to fol-
low mandatory isolation. It would have been interesting to have
evaluated the patients in an earlier stage of the disease. However,
the extraordinary pandemic situation, the limited reseources and
the restrictive access of infected patients to common areas did not
allow it.

In conclusion, a growing body of evidence exhibits that reti-
nal vascular changes may represent a novel biomarker, reflecting
the sequels of an underlying microvascular disease. Our results
show that OCTA can detect microvascular changes not otherwise
noted on dilated clinical examination in COVID-19 patients. The
fact that elevated D-Dimer values during SARS-CoV-2 infection are
associated with a decrease of retinal vascular density and perfu-
sion raises the possibility of further vascular involvement in other
organs besides the eye. More robust studies are warranted to fully
elucidate the significance of these findings.
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6 DISCUSION

La infeccion por el SARS-CoV-2, causante de la COVID-19, ha mostrado
manifestaciones clinicas en practicamente todos los 6rganos, incluido el ojo. A pesar de
que la principal via de transmision de la infeccion son las gotas respiratorias y aerosoles,
la presencia de ARN del SARS-CoV-2 en lagrima y exudado conjuntival, pone de
relevancia el papel de la superficie ocular como posible via de transmision de la infeccion.
En nuestro trabajo se detect6 ARN de SARS-CoV-2 mediante PCR de lagrima y exudado
conjuntival en dos pacientes ingresados con COVID-19 (2/36). Trabajos previos habian
sugerido que la presencia de ARN de SARS-CoV-2 en lagrima estaba condicionada por
la presencia de conjuntivitis asociada a la enfermedad.'””'* Xia y colaboradores
analizaron las muestras de lagrima y secrecion conjuntival de 30 pacientes con neumonia
COVID-19. De ellos, el unico paciente que reveld resultados positivos en la RT-PCR
presentaba conjuntivitis.!*” Otro informe de la provincia de Hubei, China, encontr6
resultados positivos para el SARS-CoV-2 en la RT-PCR de hisopos conjuntivales y
nasofaringeos de dos pacientes con conjuntivitis.!®” A la luz de estos resultados, se sugirid
inicialmente que el valor diagnostico de la prueba podria ser mayor en los pacientes
COVID-19 que presentaban conjuntivitis que en los que no la presentaban. De acuerdo
con estos hallazgos, en nuestro trabajo se analizaron dos grupos de pacientes, 18 pacientes
COVID-19 que manifestaron conjuntivitis durante el ingreso hospitalario y 18 pacientes
COVID-19 que no asociaron conjuntivitis. Se encontré la misma tasa de resultados
positivos en el grupo con conjuntivitis (5.5%) que en el grupo sin conjuntivitis (5.5%).
Estos resultados sugieren que la deteccion del SARS-CoV-2 en fluidos oculares no esta
condicionada por la presencia de conjuntivitis asociada a COVID-19. Todos los pacientes
incluidos en nuestro trabajo presentaron resultados positivos en la PCR de exudado

nasofaringeo. Sin embargo, s6lo se detectd el virus en la muestra ocular de dos de ellos.
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Por tanto, el empleo de muestras de secreciones oculares para la deteccion de ARN de
SARS-CoV-2, parece tener un valor diagnostico limitado debido a la baja tasa de
resultados positivos encontrados. Nuestro trabajo encontré una tasa de positivos en la
PCR de muestra ocular similar a la obtenida por otros autores.”®!>%!3! Por el momento,
no se conoce con exactitud el motivo de la baja tasa de deteccion del virus en fluidos
oculares. La sensibilidad de la RT-PCR para este tipo de muestras y el momento de la
recogida de la muestra se han propuesto como posibles factores responsables. La media
de dias transcurridos desde el inicio de los sintomas de COVID-19 hasta la recogida de
las muestras en nuestro estudio fueron de 10 dias (rango, 2-19). Estos datos son similares
a los encontrados por Sonmez y colaboradores, quienes encontraron una tasa de
positividad de SARS-CoV-2 en lagrima del 2.5% durante la fase inicial de la infeccion
(primeros 7 dias).!>! Dado que la mayor parte de las lagrimas son drenadas a través del
sistema nasolagrimal a la cavidad nasal, es posible que el virus pase rapidamente de la
superficie ocular al sistema respiratorio, y por tanto su presencia en la superficie ocular
seria por un tiempo limitado. Aunque también se ha publicado el caso de una mujer de
65 afios con conjuntivitis, en la que se detectd ARN del SARS-CoV-2 en exudado
conjuntival durante 18 dias consecutivos (de los dias 3 a 21 de la enfermedad), y
posteriormente, 5 dias después de que se volviera indetectable, el virus se detectd de
nuevo en la muestra del dia 27.'%% Estos hallazgos sugieren que algunos pacientes podrian
mostrar una replicacion sostenida del virus en la conjuntiva. La presencia del ARN del
SARS-CoV-2 en las secreciones oculares podria explicarse por la inoculacion del virus
en el ojo. Esta transmision podria producirse, bien por inoculacion accidental de
particulas viricas de las manos del paciente, o bien por contacto ocular directo con gotas
respiratorias o fomites contaminados, como ocurre en otros tipos de conjuntivitis viricas

como la conjuntivitis por Adenovirus. El método de recogida y la cantidad de muestra
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obtenida con cada uno de ellos son otros de los factores que podrian explicar la baja
deteccion del virus en muestras de la superficie ocular. Un estudio obtuvo las muestras
empleando tanto un test de Schirmer como un hisopo conjuntival.'** Los resultados de
este estudio revelaron una capacidad de deteccion de ARN viral en las muestras de hisopo
conjuntival (14.7%) mayor que con tira de papel de Schirmer (9.3%). En base a estos
resultados, los autores sugieren el empleo de hisopo conjuntival como la técnica de
eleccion para la recogida de la muestra. No obstante, se precisa estandarizacion en el
protocolo de recogida de las muestras, lo que podria aportar datos mas sélidos sobre la
persistencia del virus en el ojo. La prevalencia notificada de deteccion de ARN viral en
lagrima y exudado conjuntival varia entre diferentes estudios entre el 0% y el 7%,1°21
con tasas de positividad mas elevadas en los pacientes con COVID-19 grave (24%).153
Arora y colaboradores obtuvieron muestras de exudado conjuntival de 75 pacientes con
COVID-19 moderado-grave, y obtuvieron resultados positivos en 18 pacientes (24%).!>?
Lo que sugiere que la posibilidad de transmision del virus a través de la superficie ocular
es significativamente mayor en los pacientes con COVID-19 de moderada a grave.
Curiosamente, los dos pacientes que arrojaron resultado positivo en la PCR de ldgrima
fueron varones de avanzada edad (90 y 92 afos) con COVID-19 grave. Ademas, el Ct fue
relativamente elevado (Ct 25 en ambos pacientes), lo que apoyaria dicha hipdtesis.
Hubiera sido interesante recoger muestras conjuntivales consecutivas de los dos pacientes
con PCR positiva para comprender mejor la dindmica viral y cuantificar el Ct a lo largo
del proceso de la enfermedad. Sin embargo, debido a los limitados reactivos y kits de RT-
PCR durante la situacion de pandemia en la que se realizo este trabajo, s6lo se pudo
recoger una unica muestra por paciente. Finalmente, puesto que la prueba diagnostica
RT-PCR no ofrece una sensibilidad del 100%, en algunos casos, los resultados negativos

de la prueba podrian suponer falsos negativos y, por tanto, no excluir la presencia del
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virus. Un método para aumentar esta sensibilidad hubiera sido recoger varias muestras
por paciente en diferentes fases de la enfermedad. Aunque, como hemos comentado
anteriormente, en el momento algido de la crisis sanitaria, debido a los reactivos limitados
y a la priorizacidn de recursos, s6lo se pudo obtener una tnica muestra por paciente. De
hecho, las muestras de los pacientes incluidos en nuestro trabajo fueron recogidas en
marzo y abril de 2020, almacenadas en el laboratorio de microbiologia del HCSC, y
posteriormente, analizadas en mayo de 2020, cuando hubo mayor disponibilidad de
recursos.

El segundo estudio incluido en el compendio de publicaciones de esta Tesis estudio la
frecuencia y caracteristicas clinicas de la conjuntivitis asociada a la COVID-19. Nuestro
trabajo reveld una frecuencia de conjuntivitis del 11.6% en un grupo de 301 pacientes
hospitalizados con COVID-19.'% Algunas publicaciones han observado mayor
prevalencia de conjuntivitis a mayor gravedad de la enfermedad, llegando a encontrar
conjuntivitis en un 28% de los pacientes con COVID-19 grave, en comparacion con un
9.3% en los de presentacion clinica leve a moderada.'*® En este sentido, aunque nuestro
trabajo no encontrd relacion con la gravedad, el andlisis de subgrupos reveld que la
conjuntivitis fue mas frecuente en los varones clasificados clinicamente con COVID-19
moderada y en las mujeres con COVID-19 leve. Estos resultados podrian estar en
relacionados con las diferencias encontradas en cuanto a género en la gravedad del
COVID-19.13%157 Diferentes estudios han encontrado diferencias en la respuesta
inmunitaria al SARS-CoV-2 entre hombres y mujeres, asi como mayor gravedad y
mortalidad en hombres que en mujeres.’®!> Un estudio multicéntrico que incluyé a
308.010 adultos con COVID-19 revelé que los varones tienen una mayor tasa de
intubacion respiratoria, una mayor duracion de la estancia hospitalaria y una mayor tasa

de mortalidad que las mujeres.'®® A pesar de estas diferencias en la clinica y el pronéstico
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de la COVID-19, nuestro estudio no mostr6 diferencias en la presentacion clinica de la
conjuntivitis entre hombres y mujeres. Ademas, es interesante destacar que de un
matrimonio hospitalizado con COVID-19 que dormia en la misma habitacion en casa y
presentaba la misma gravedad clinica, solo la mujer presentd conjuntivitis. Esto sugiere
que quizas la aparicion de la conjuntivitis podria depender de las caracteristicas del
huésped o del mecanismo de inoculacion. La mediana del intervalo de tiempo entre la
aparicion de los sintomas de COVID-19 y la aparicion de la conjuntivitis fue de 6 dias
(p25-p75: 2-13), cifras similares a las encontradas en las revisiones de otros estudios.'!”
Esta conjuntivitis se presenta habitualmente como una conjuntivitis folicular inespecifica
que puede afectar a uno o ambos 0jos. Sus caracteristicas clinicas incluyen hiperemia
conjuntival, quemosis, epifora y secrecion.!?”!% La evolucién natural de la conjuntivitis
se ha descrito como el de una conjuntivitis habitualmente leve, de curso autolimitado, que
se resuelve sin complicaciones a corto plazo en un intervalo de tiempo medio de 3
dias.!®1% Es llamativa la ausencia de petequias y hemorragias subconjuntivales en
nuestra muestra, a pesar de que diferentes articulos informan de las complicaciones

vasculares y tromboéticas en diferentes oOrganos asociadas al virus.'®!

Tampoco
encontramos ninguna complicacion asociada, como infiltrados y membranas o
pseudomembranas, al igual que la mayoria de los estudios publicados hasta la
fecha.!07:10%121.155 No obstante, Navel y colaboradores publicaron un caso clinico de
conjuntivitis hemorragica con pseudomembranas en un paciente de 63 afios ingresado en
la unidad de cuidados intensivos (UCI) por COVID-19. El andlisis de las muestras de este
paciente no identific6 ninguna etiologia bacteriana ni viral (incluido SARS-CoV-2) que
pudiera explicar esta conjuntivitis y los signos clinicos comenzaron 17 dias después del

inicio de sintomas COVID-19, tras 11 dias de ingreso en el entorno de la UCI. Esto hace

pensar que posiblemente el SARS-CoV-2 no fuera el unico organismo en probable
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relacion con esta conjuntivitis, de la que, hasta la fecha, ha sido el tinico caso publicado.!?
El diagnostico diferencial de la conjuntivitis por SARS-CoV-2 incluye otras conjuntivitis
viricas, como la conjuntivitis por Adenovirus, la cual comparte mecanismos de
transmision e incluso, presenta una clinica en muchos aspectos similar a la de la COVID-
19. Segun datos publicados por un estudio realizado en Espaia, la frecuencia de la
conjuntivitis viral experimentd una reduccion relativa importante (48,5%) durante la
segunda mitad del afio 2020, lo que se relaciona con las medidas higiénico-sociales
impuestas debido a la pandemia.'®® Otro estudio similar encontré que, entre el 19 de
marzo y 30 de abril de 2019, se atendieron un total de 1.139 pacientes en Urgencias
oftalmologicas, de las cuales 162 (14,2%) tuvieron un diagnostico clinico de
conjuntivitis. En 2020, en ese mismo Hospital y periodo de tiempo, se atendieron 280
pacientes, 19 de ellos (6,8%) diagnosticados de conjuntivitis. De modo que no sdlo se
observo una importante reduccion en las Urgencias oftalmologicas atendidas, sino
ademas una disminucion significativa en la incidencia de casos de conjuntivitis por
adenovirus en 2020 en comparacién con 2019 (p = 0,001).!%* De lo que se concluye que,
en periodos de alta incidencia COVID-19, ante un paciente con conjuntivitis, se debe
tener en cuenta a la conjuntivitis COVID-19 dentro del diagndstico diferencial. En
nuestro trabajo, el 54,29% de las conjuntivitis estudiadas fueron unilaterales. Por otro
lado, la conjuntivitis adenovirica presenta una mayor tendencia a la bilateralidad.'*> A
pesar de esto, la conjuntivitis asociada a la COVID-19 también se puede presentar de
manera bilateral, lo que complica en muchos casos el diagnostico diferencial. La
evolucion natural de las conjuntivitis de la muestra estudiada fue una resolucion
espontanea que no preciso tratamiento especifico mas alla de las medidas de aislamiento
de contacto, limpieza de las secreciones con suero salino fisioldgico y lubricacion con

lagrima artificial. Los pacientes presentaron mejoria progresiva desde el comienzo de los
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sintomas, a diferencia de la conjuntivitis de origen por Adenovirus, en la que solemos
encontrar un empeoramiento durante los primeros dias y pueden durar més de 14 dias. La
demostracion de la asociacion directa entre la conjuntivitis y la infeccion por el SARS-
CoV-2 en ausencia de la confirmacion diagnéstica con PCR de lagrima y secrecion
conjuntival es dificil de demostrar. Sin embargo, a la luz de los resultados obtenidos por
nuestro grupo de trabajo y expuestos previamente, dada la baja tasa de positivos
encontrados mediante RT-PCR de lagrima y secreciones conjuntivales, un resultado
negativo tampoco descartaria por completo la presencia del virus. Por este motivo, y
debido a las medidas restrictivas de acceso a los pacientes con COVID-19 y recursos
limitados, no se realizo RT-PCR de muestras oculares en estos pacientes. Si bien es cierto,
ante un paciente con conjuntivitis, especialmente en periodo de alta incidencia de la
infeccion, se debe valorar la realizacion de una PCR de exudado nasofaringeo en caso de
signos o sintomas sospechosos de la infeccion. Basdndonos en nuestros hallazgos,
estimamos que la prevalencia real de conjuntivitis podria estar infraestimada, en parte
porque muchos casos leves o muy leves pueden haber pasado desapercibidos tanto por el
personal sanitario como por los propios pacientes, ya que en aquel momento se priorizod
los cuadros clinicos mas graves. Ademas, dado que se trata de un estudio transversal, los
pacientes que presentaron conjuntivitis antes del ingreso no fueron evaluados por los
investigadores, sino que fueron evaluados por los médicos de atencidon primaria. La
exclusion de los pacientes con deterioro cognitivo o sindrome confusional sugiere que
también podria haber un cambio en la prevalencia real. Al tratarse de un hospital terciario
en el centro de Madrid que cubre un area sanitaria con una poblacidén envejecida, fue
necesario excluir a un elevado niimero de pacientes por deterioro cognitivo, estado
confusional y condiciones criticas, con el objeto obtener datos mas fiables. Este trabajo

fue el primer estudio que describi6 las caracteristicas clinicas de la conjuntivitis en una
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amplia muestra de pacientes con COVID-19. La frecuencia de conjuntivitis encontrada
en nuestra muestra (11,6%), nos permite inferir que aproximadamente 1 de cada 10
pacientes afectados por la COVID-19 pueden presentar sintomas de conjuntivitis
asociados a la enfermedad. Nuestras observaciones pueden ayudar a los oftalmélogos y a
otros médicos a identificar a posibles pacientes con COVID-19 que presenten
sintomatologia compatible con conjuntivitis. En cualquier caso, se precisan estudios
prospectivos y ensayos clinicos que analicen la posibilidad de un manejo terapéutico
especifico en el caso de la conjuntivitis asociada a la COVID-19, asi como la posibilidad
del empleo de antisépticos topicos que, empleados a nivel ocular, pudieran disminuir la
transmisibilidad de la infeccion. En este sentido se ha valorado el empleo de la povidona
yodada a nivel ocular como método preventivo adyuvante en las exploraciones
oftalmolégicas en la era COVID-19.'® La povidona yodada es un antiséptico
ampliamente utilizado en oftalmologia previo a procedimientos quirirgicos e inyecciones
intravitreas. 1671°® Diversos estudios han confirmado que la povidona yodada inactiva
numerosos virus respiratorios comunes, incluido el SARS-CoV-2.'"170 De hecho, por
esta actividad virucida, diversos autores han recomendado el empleo de enjuagues
bucales con actividad antimicrobiana previos a procedimientos dentales con el fin de
reducir la carga viral durante los procedimientos orales.!®!”! En cuanto a la conjuntivitis,
la povidona yodada también ha sido empleada a diferentes dosis y con resultados
variables en el tratamiento de conjuntivitis virales, como la conjuntivitis adnovirica.!”*
174 Un estudio realizado in vitro, evalué la actividad del empleo de 2 gotas diarias de
aceite ozonizado en gel liposomado en las células Vero E6 infectadas con una cepa
primaria de SARS-CoV-2.17 Los autores encontraron una reduccion en la replicacion
viral de 70 veces a las 72 horas, en comparacion con las no tratadas. Otro estudio in vitro

realizado en Italia, evalu6 la actividad antiviral de cuatro colirios disponibles
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comercialmente en el pais: Lipozoneye (Ozodrop, FBVision, Ascoli Piceno, Italia),
Vitamina E TPGS (Dropsept, IROMED group s.r.l., Roma, Italia), hipoclorito de sodio
(Septavis, MEDIVIS, Catania, Italia), yodo (Iodim, MEDIVIS, Catania, Italia), contra el
SARS-CoV-2.!7¢ En conjunto, los hallazgos mostraron que estos colirios pueden actuar
sobre la adhesion del virus a la célula huésped. Sin embargo, la evidencia in vivo
disponible hasta el momento es insuficiente para recomendar el empleo generalizado de
estos tratamientos para la conjuntivitis asociada a la COVID-19.

En la presente Tesis también se estudi6 la afectacion retiniana de la COVID-19, mediante
la realizacion de fondo de ojo, OCT y OCTA.!*>!"178 [a microangiopatia retiniana
asociada a la COVID-19 se puede presentar con hemorragias retinianas, exudados
algodonosos, tortuosidad vascular y dilatacion venosa.'’” 13 Estos hallazgos han sido
publicados tanto en pacientes hospitalizados con COVID-19 grave, como en pacientes
asintomaticos.'*®* Por lo que su posible asociacion con comorbilidades o el
empeoramiento y desestabilizacion de enfermedades previas durante la COVID-19
también ha sido discutida por distintos autores.!**!37:13 Nuestro grupo realizé fondo de
ojo a un total de 90 pacientes COVID-19 con diagnoéstico confirmado de la infeccion
mediante PCR de exudado nasofaringeo. No se detectd la presencia de hemorragias
retinianas, exudados, ni otros signos compatibles con una posible microangiopatia
retiniana asociada a la COVID-19 en estos pacientes. Tampoco ninguno de los pacientes
refirid6 disminucion de la vision u otros sintomas oculares relevantes durante la
enfermedad, ni hasta el momento de la evaluacion. El trabajo publicado por Zapata y
colaboradores tampoco detectd lesiones funduscopicas en la exploracion realizada a 69
pacientes recuperados COVID-19, incluido pacientes con COVID-19 severo, lo que
cuestiona si realmente existe una relacion directa entre los hallazgos clinicos encontrados

en la retina por otros autores y la infeccién por SARS-CoV-2.!” No obstante, el nimero

107



de pacientes reclutados en nuestro trabajo es limitado. Ademas, se excluyeron de este
estudio los sujetos mayores de 65 afnos. En primer lugar, porque estos pacientes presentan
una mayor incidencia de enfermedades oftalmologicas que pudieran condicionar los
resultados, y, en segundo lugar, porque representan una poblacion de riesgo que debia
evitar acudir a los hospitales por motivos distintos a requerir una atencion de urgencia
durante el periodo critico de la pandemia. Asi, las diferencias encontradas en una muestra
con pacientes mas jovenes pueden ser menos evidentes y, por tanto, podria requerir un
grupo mds numeroso para encontrar diferencias. Por otra parte, la exploracion
oftalmolégica se realizo de media a las 4 semanas'”® y 12 semanas'”’ tras ser atendidos
en el servicio de Urgencias del HCSC, por lo que la posible afectacion retiniana durante
la fase aguda de la infeccion, podria no estar presente clinicamente en una exploracion
posterior: Riotto y colaboradores realizaron un estudio prospectivo y observacional en
172 pacientes hospitalizados consecutivamente con COVID-19, en el que los pacientes
se sometieron a una retinografia de campo amplio en el mismo momento del ingreso
hospitalario.!®® Se detectd la presencia de exudados algodonosos y/o hemorragias
retinianas en 19/172 pacientes (11%). Todos estos hallazgos habian desaparecido en la
revision realizada a los 3 meses. Hubiera sido interesante evaluar a los pacientes incluidos
en nuestro trabajo durante la fase aguda de la infeccion, aunque el escenario y la logistica
hospitalaria impidieron dicha evaluacion durante el pico de la pandemia. Este trabajo
también realiz6 exploracion OCT en pacientes COVID-19, y lo compar6 con controles
sanos.'* El grupo de control se formo con controles histricos sanos reclutados para una
base de datos normativa en 2018. Se decidi6 el empleo de controles historicos, tanto por
la dificultad de obtener controles sanos en el momento del estudio, como por la
imposibilidad de descartar con certeza antecedentes de infeccion previa. Recordemos que

la especificidad y sensibilidad de las pruebas diagnodsticas no es del 100% y se ha
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reportado una alta prevalencia de pacientes asintomaticos.®” Los pacientes recuperados
de COVID-19 mostraron un aumento del grosor global de la CFNR peripapilar, asi como
en multiples sectores, comparado con los controles sanos. Ademas, el grosor del CCG
estaba aumentado en el grupo COVID-19 comparado con el grupo control. Por el
contrario, el grosor de la CFNR estaba disminuido a nivel macular en pacientes
recuperados de la COVID-19. En multiples enfermedades neurodegenerativas se ha
descrito la afectacion de las capas internas de la retina mediante OCT. En el caso de la
etiologia de la enfermedad de Parkinson, la hipdtesis de Braak propone la posibilidad de
una enfermedad infecciosa que se extiende desde el sistema nervioso entérico hacia el
cerebro, a través del nervio vago.!'®! Curiosamente, la fase preclinica del Parkinson puede
presentar sintomas olfativos y gastrointestinales, de forma similar a la COVID-19. En la
OCT de los pacientes con Parkinson, el grosor global de la retina, asi como el grosor de
la CFNR peripapilar, la CCG y la capa plexiforme interna estd disminuido como resultado
del dafio nervioso.'®%!83 También en este sentido, se ha publicado que otra enfermedad
de origen nervioso, la esclerosis multiple, podria ser desencadenada por un agente
infeccioso, siendo un virus la causa mas probable.!®* Se proponen dos vias tedricas a
través de las cuales el SARS-COV-2 podria invadir el SNC, la via hematogena y la via
neuronal retrograda.'®> Por lo tanto, los cambios observados en nuestra serie podrian
deberse a un dafo agudo, y estos, podrian o bien volver a su grosor basal, o desarrollar
atrofia a largo plazo.

Nuestro grupo de trabajo, realiz6 un andlisis independiente de una serie de casos que
incluyo soélo cinco pacientes COVID-19, de los cudles se disponia de pruebas de OCT
basales (previas a la pandemia), debido a que se trataban de pacientes en seguimiento en
nuestro servicio de oftalmologia.'®® En este trabajo comparamos los datos de los

parametros de OCT peripapilar obtenidos mediante OCT antes y después de la COVID-
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19. Los resultados de este analisis mostraron también un aumento del grosor de la CFNR
global (media: 4,3 um) en la exploracion realizada 4 semanas tras la COVID-19 con
respecto a los examenes anteriores. Estos resultados apoyan la teoria de una posible
inflamacion a nivel nervioso detectable de manera no invasiva mediante OCT. En un
trabajo publicado por Singh y colaboradores, donde se inocularon cepas neurotropicas
del virus de la hepatitis de raton en ratones (MHYV), se observo que el mejor método para
inducir la neuroinflamacion que conduce a la inflamacién del nervio Optico, es la
inoculacion intracraneal, siendo superior a la inoculacion del virus via intranasal.'®” Estos
resultados sugieren que los efectos neurotropicos del SARS-CoV-2 en el nervio optico,
podrian ser el resultado de una infeccion directa neuronal con transporte axonal del virus
desde el cerebro hacia el nervio optico. De hecho, se han observado cambios en el grosor
de la CFNR peripapilar en las neuritis Opticas secundarias a otras enfermedades
infecciosas.!®®!% Por lo que nuestros resultados parecen congruentes con la respuesta
neuroinflamatoria asociada al SARS-CoV-2.

Otro hallazgo interesante extraido de nuestro trabajo es que los pacientes que habian
presentado anosmia y ageusia durante la fase aguda de la infeccion presentaban un
aumento significativo del grosor de la CFNR peripapilar y del grosor de la CCG macular,
en comparacion con los pacientes COVID-19 que no habian referido estos sintomas. Sin
embargo, no se encontraron diferencias en los pardmetros de OCT en cuanto a otra
sintomatologia neurologica como la cefalea y los mareos. La alteracion del olfato y el
gusto es una sintomatologia fuertemente asociada con la COVID-19.!" Se han observado
cambios en el bulbo olfatorio mediante resonancia magnética cerebral en pacientes
COVID-19 con anosmia.'”"!'> Algunos autores consideran la posibilidad de que el
SARS-CoV-2 acceda al SNC a través de un invasion transmucosa olfativa del virus de

forma similar a otros virus neurotrépicos.!®® Por tanto, los cambios observados cuando se
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estratifica a los pacientes COVID-19 por la presentacion de anosmia o ageusia, apoyan
la idea de que estos sintomas son clave en el neurotropismo viral por la retina y nervio
optico.

Finalmente, en nuestro trabajo no encontramos los cambios hiperreflectivos en las
imagenes de OCT descritos en otros trabajos.!?*!*! La vinculacion de estos hallazgos con
la COVID-19 ha sido cuestionada por otros autores, quienes sostienen que estos cambios
representan secciones oblicuas y transversales de los vasos sanguineos de la retina.'**
Estas placas hiperreflectivas en la OCT son similares a las encontradas en la maculopatia
media paracentral aguda (PAMM).!® De hecho, se han publicado casos de
neurorretinopatia macular aguda (NMA) y de su variante PAMM en posible relacion con
la COVID-19."%197 Ambas entidades se han vinculado con una isquemia del plexo capilar
de la retina, fisiopatologia que podria ser congruente con la afectacién vascular que
produce la infeccion por SARS-CoV-2. Llama la atencion el aumento de casos de NMA
que se ha observado durante la pandemia de COVID-19, tanto asociados a la propia
infeccion SARS-CoV-2, como a la vacunacién del COVID-19.'"® Se ha notificado la
presencia de sintomatologia respiratoria tipo gripal o fiebre en casi el 50% de los
pacientes sin COVID-19 con AMN, lo que también apunta a una infeccion virica como
factor potencial que desempefia un papel en estas patologias. Por tanto, es posible que
estas alteraciones microvasculares afecten a la circulacién retiniana en sus plexos
superficiales y profundos, generando areas de sefiales hiperreflectantes en las capas
internas de la retina.

En los trabajos de esta Tesis también se evalu6 la afectacion de la vascularizacion de la
retina en pacientes COVID-19 mediante OCTA.!"7!7® Nuestro estudio revel6 diferencias
cuantitativas en la microcirculacion de la retina entre los pacientes con COVID-19 y los

controles sanos. Los pacientes con antecedentes de infeccion por SARS-CoV-2
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presentaban una densidad vascular (DV) y una densidad de perfusion (PD) reducida
comparada con controles sanos 12 semanas después de la fase aguda de la infeccion. Estos
resultados aportan informacion relevante sobre la afectacion microvascular de la
infeccion por SARS-CoV-2 y las posibles secuelas vasculares de la COVID-19. Ademas,
en este mismo trabajo se compard los resultados de los parametros de OCTA de pacientes
COVID-19 que sufrieron eventos tromboticos asociados a la enfermedad, con aquellos
de pacientes COVID-19 que no presentaron complicaciones tromboticas asociadas. Los
resultados no mostraron diferencias en los pardmetros de OCTA al considerar los eventos
tromboticos, lo que puede indicar que la afectacion microvascular del SARS-CoV-2 a
nivel de la retina no esta condicionada por la presencia de eventos tromboticos a otros
niveles. Los episodios tromboéticos constituyen una de las complicaciones mas
importantes de la infeccion por SARS-CoV-2."*81%? Se ha descrito una alta incidencia de
complicaciones tromboembolicas en pacientes con COVID-19, mas aun en pacientes
criticos, reportando incidencias variables que van del 11,5 al 27%.'472%° A pesar de que
la trombosis pulmonar representa la manifestacion trombdtica mas frecuente asociada a
la infeccion,?” también se han descrito complicaciones tromboticas en otros drganos,
incluido el 0jo.?°! El mecanismo a través del cual el SARS-CoV-2 puede afectar a la
circulacion sanguinea retiniana se desconoce por el momento. La retina podria verse
afectada tanto por el dafio tisular directo del SARS-CoV-2 y su inmunogenicidad como
por el estado de hipercoagulabilidad asociado a la enfermedad.’”® Estudios recientes
sugieren que la COVID-19 es en realidad una enfermedad vascular que afecta al endotelio
a través del receptor ACE2, el cual se expresa en diversos 6rganos del cuerpo, incluyendo
las células endoteliales de la vascularizacion retiniana.'*® Recordemos que ACE-2 y
TMPRSS son las principales moléculas que intervienen en la entrada celular del SARS-

CoV-2, y ambas han sido detectadas en la retina de estudios post mortem.’”> Se ha
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observado que la ECA-2 se expresa en multiples células neurorretinianas no vasculares,
incluyendo la capa de células ganglionares de la retina, la capa plexiforme interna, la capa
nuclear interna y los segmentos externos de los fotorreceptores, asi como en las células
endoteliales de la retina. También se ha observado la expresion de TMPRSS2 en multiples
células neuronales de la retina, en células vasculares y perivasculares, y en la glia de
Miiller.?®* En contraste con estos hallazgos, un estudio reciente no detectd la expresion
genética de ACE2 y TMPRSS2 en la retina, aunque si detectd otros posibles genes
intervinientes en la entrada celular del SARS-CoV-2 como FURIN, CTSB y CTSL.?%
Este mismo trabajo detecto la expresion de ACE2 y TMPRSS2 en las células vasculares
de la coroides, a pesar de no haberlo encontrado en la retina. Teniendo en cuenta el
conocimiento actual sobre la entrada del virus en la célula huésped, los autores de este
estudio sugieren una baja susceptibilidad del segmento posterior al SARS-CoV-2 con un
posible punto débil en los vasos sanguineos de la retina, los cuales podrian desempefiar
un papel causal putativo en los hallazgos retinianos encontrados en pacientes COVID-19.
Casagrande y colaboradores detectaron ARN de SARS-CoV-2 en las biopsias de la retina
realizadas a 3 pacientes fallecidos por COVID-19, hecho que algunos autores atribuyen
a una posible contaminacion de las muestras.?***%> También se han detectado posibles
particulas virales mediante inmunofluorescencia y microscopia electronica de
transmision,?®® por lo que el mecanismo de entrada del SARS-CoV-2 en la retina esta atin
por determinar. Ademas de la microangiopatia retiniana asociada a la COVID-19, se han
observado oclusiones vasculares retinianas, tanto arteriales como venosas, en pacientes
con COVID-19.202206209 Egtos hallazgos parecen estar relacionados con el estado de
hipercoagulabilidad e inflamacién inducida por el SARS-CoV-2.22 Asimismo, estas
anomalias no so6lo se producen en pacientes con COVID-19 grave o con factores de

riesgo, también se dan en pacientes jovenes, sin factores de riesgo conocidos y/o

113



enfermedad COVID-19 leve. Ninguno de los pacientes incluidos en nuestro trabajo
present6 signos compatibles con una obstruccion arterial o venosa retiniana asociada a la
COVID-19.

Un estudio reciente evalu6 la incidencia de las oclusiones arteriales y venosas retinianas
durante el periodo comprendido entre el 1 de marzo y el 31 de diciembre de 2020.'"”
Como se esperaba, el numero total de nuevos pacientes que fueron atendidos en las
clinicas de retina disminuy6 drasticamente durante los primeros meses de la pandemia.
Sin embargo, la reduccion en el numero de nuevos pacientes diagnosticados con
obstruccion de la arteria central de la retina (OACR), obstruccion de la vena central de la
retina (OVCR) y rama venosa retiniana no fue tan drastica como la reducciéon en el
nimero de nuevos pacientes totales. Segiin los autores, esto parece indicar que los
pacientes con patologias mas urgentes y visualmente significativas seguian acudiendo a
las urgencias oftalmoldgicas con mas frecuencia que aquellos con patologias no urgentes
durante los primeros meses de la pandemia. De ahi que este estudio concluye que el
aumento en el porcentaje de nuevos pacientes diagnosticados con CRAO, CRVO y
BRAO, en comparacion con todos los pacientes, puede haber llevado a algunos
oftalmologos a tener la impresion de que la incidencia de estas patologias ha aumentado
durante la pandemia de COVID-19. En realidad, si se tiene en cuenta todo el periodo
estudiado (marzo-diciembre de 2020), el porcentaje de nuevos casos de obstruccion
arterial y venosa retiniana se mantuvo estable durante la mayor parte del periodo COVID-
19.2% Puesto que el examen oftalmoldgico en este trabajo se realizo 12 semanas después
del diagnéstico de COVID-19, los posibles cambios vasculares en la retina durante la fase
aguda de la infeccion podrian no estar presentes clinicamente en el examen posterior. La
mejoria de la situacion epidemiologica y los cambios en los protocolos de actuacion,

probablemente permitan en el futuro mayor accesibilidad a una exploracion
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oftalmologica detallada de los pacientes COVID-19 durante la fase aguda de infeccion.
También se han correlacionado los datos obtenidos mediante OCTA con los pardmetros
clinicos y de laboratorio. El Dimero D (DD) es un producto de degradacion de fibrina que
constituye un marcador de formacion de trombos. La elevacion del DD es uno de los
hallazgos de laboratorio mas frecuentes que se observan en los pacientes hospitalizados
por COVID-19 y representa un predictor independiente de la mortalidad
hospitalaria.?!®!! Por ello, su asociacién con cambios vasculares de la retina pueden
representar un nuevo biomarcador que refleje la afectacion de una enfermedad
microvascular subyacente en otros Organos. Nuestros resultados muestran una
disminuciéon de la DV a nivel macular en los pacientes con valores de dimero D
>500ng/ml. Los pacientes con COVID-19 han mostrado anomalias de laboratorio en otros
pardmetros ademds del Dimero-D, como una disminucién de los linfocitos y del recuento
de plaquetas, un aumento de la proteina C reactiva (CRP) y concentraciones elevadas de
fibrindgeno y ferritina. Sin embargo, en nuestro trabajo no se observo una correlacion
entre los parametros de OCTA y estas anomalias. El hecho de que los parametros
inflamatorios de laboratorio, como la CRP, no hayan mostrado diferencias en los datos
de OCTA, y un parametro de coagulacion, el dimero D, si lo haya hecho, plantea la
hipotesis de que la fisiopatologia subyacente de estos hallazgos retinianos pueda tener un
origen trombotico. Esto sugiere que el SARS-CoV-2 puede producir cambios subclinicos
anivel de la vasculatura de la retina, probablemente relacionados con la potencial accion
protrombdtica y el estado de hipercoagulabilidad inducido por la infeccion del SARS-
CoV-2.146161.210 hado que la microvasculatura de la retina comparte muchas propiedades
morfolégicas y fisioldgicas con la vasculatura de otros 6rganos, como el cerebro, el rifion
y las arterias coronarias, podriamos plantear la hipdtesis de que estos resultados podrian

reflejarse en otros 6rganos vitales. Ademas, nuestro estudio no encontr6 relacion entre la
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gravedad clinica de la enfermedad y los cambios vasculares retinianos. Por tanto, la
afectacion microvascular relacionada con la COVID-19 podria depender del estado
procoagulante del paciente mas que de la gravedad de la enfermedad. Esto apoyaria el
hecho de que los eventos tromboembdlicos subclinicos pueden ocurrir en pacientes con
aumento del DD a pesar de tener una COVID-19 leve.

No obstante, los pacientes criticos no estan totalmente representados en nuestra muestra,
bien porque algunos fallecieron, o porque permanecian ingresados en el hospital. Dado
que los pacientes con COVID-19 grave tienen mayor riesgo de sufrir eventos
tromboembolicos y coagulopatias, la evaluacion de estos pacientes podria arrojar datos
mas significativos sobre los cambios a nivel de la vasculatura retiniana. Por otro lado,
nuestro estudio s6lo evalu6 los pardmetros de la OCTA en el plexo capilar superficial
(PCS) debido a que el dispositivo disponible sélo proporciona datos cuantitativos de
dicho plexo. En consecuencia, los andlisis cuantitativos del plexo capilar profundo (PCP)
podrian aportar informacion adicional al respecto. Otras patologias vasculares como la
retinopatia diabética o las oclusiones vasculares retinianas han mostrado una mayor
afectacion vascular en el PCP mediante OCTA.?'?>2?!* Cennamo y colaboradores
encontraron una mayor alteracion de los parametros de OCTA en el PCP que en el PCS
en pacientes COVID-19.2!* La estructura vascular del PCP se caracteriza por una fina red
capilar, lo que lo convierte en un plexo mas vulnerable a eventos tromboticos que el
mayor calibre vascular del PCS. No obstante, estudios prospectivos con un mayor numero
de pacientes podrian aportar mas datos sobre el impacto a largo plazo de la infeccion por
SARS-CoV-2, asi como responder a los todavia numerosos interrogantes acerca de la
repercusion ocular de la COVID-19. Dado que el ojo ofrece una ventana facilmente

accesible para evaluar los cambios subclinicos y clinicos de la vasculatura de la retina,
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parece razonable evaluar y cuantificar mediante OCTA la afectacion de la retina

relacionada con la COVID-19.
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CONCLUSIONES
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7 CONCLUSIONES

Las conclusiones por objetivos de este trabajo son:

1. El ARN del SARS-CoV-2 puede detectarse mediante RT-PCR en muestra de

lagrima y exudado conjuntival de pacientes COVID-19 con y sin conjuntivitis.

2. Laprueba RT-PCR de muestra de lagrima y exudado conjuntival no es un método
diagnostico util para el diagnodstico de infeccion por SARS-CoV-2 debido a la

baja tasa de resultados positivos obtenidos.

3. La conjuntivitis es una manifestacion oftalmolédgica frecuente de la COVID-19
que se presenta como una conjuntivitis virica, inespecifica y autolimitada, que se

resuelve sin complicaciones en la muestra estudiada.

4. Se detectd conjuntivitis en aproximadamente 1 de cada 10 pacientes

hospitalizados con COVID-19.

5. Los pacientes recuperados de COVID-19 presentan alteraciones en el grosor de la
capa de fibras nerviosas de la retina y de células ganglionares detectables

mediante Tomografia de coherencia optica.

6. La densidad vascular y de la densidad de perfusion estd disminuida en los

pacientes recuperados de COVID-19 en comparacidon con los controles sanos

mediante angiografia tomografia de coherencia optica (OCTA).
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7. No se encontraron diferencias significativas en los parametros vasculares
retinianos detectables mediante de OCTA entre los pacientes COVID-19 que

sufrieron eventos tromboticos asociados a la enfermedad y aquellos que no.

8. Existe una disminucion de la densidad vascular en los pacientes COVID-19 que

presentaron valores de dimero D elevados durante la enfermedad.
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9 ANEXOS

9.1 DIVULGACION CIENTIFICA /PUBLICACIONES

Ademas de los cinco articulos que constituyen el cuerpo de la Tesis, se incluyen a
continuacion otras publicaciones en revistas cientificas relacionadas con la afectacion
oftalmoldgica de la COVID-19 publicadas por la doctoranda:

e Giiemes-Villahoz N, Burgos-Blasco B, Perez-Garcia P, Fernandez-Vigo JI,
Morales-Fernandez L, Donate-Lopez J, Ramos-Amador JT, Garcia-Feijoo J.
Retinal and peripapillary vessel density increase in recovered COVID-19 children
by optical coherence tomography angiography. J AAPOS. 2021 Oct 20:S1091-
8531(21)00552-8. doi: 10.1016/j.jaapos.2021.06.004.

e Burgos-Blasco B, Giiemes-Villahoz N, Morales-Fernandez L, Callejas-Caballero
I, Perez-Garcia P, Donate-Lopez J, Ramos-Amador JT, Garcia-Feijoo J. Retinal
nerve fibre layer and ganglion cell layer changes in children who recovered from
COVID-19: a cohort study. Arch Dis Child. 2021 Aug 2:archdischild-2021-
321803. doi: 10.1136/archdischild-2021-321803.

e COVIDSurg Collaborative, GlobalSurg Collaborative. SARS-CoV-2 vaccination
modelling for safe surgery to save lives: data from an international prospective
cohort study. Br J Surg. 2021 Mar 24:znab101. doi: 10.1093/bjs/znab101.

e Giiemes-Villahoz N, Burgos-Blasco B, Martin-Sanchez FJ, Garcia-Feijoo J.
Conjuntivitis en atencion primaria: posible manifestacion clinica de COVID-19
[Conjunctivitis in primary care: Possible clinical presentation of COVID-19].
Aten Primaria. 2021 Mar 17;53(5):102012. doi: 10.1016/j.aprim.2021.102012.

e Burgos-Blasco B, Giiemes-Villahoz N, Vidal-Villegas B, Garcia-Feijoo J,
Donate-Lopez J, Martin-Sanchez FJ, Gonzalez-Armengol JJ, Mendez-Hernandez

CD. Optic Nerve Head Vessel Density Assessment in Recovered COVID-19
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Patients: A Prospective Study Using Optical Coherence Tomography
Angiography. J Glaucoma. 2021 Apr 28. doi: 10.1097/1JG.0000000000001858.
Giiemes-Villahoz N, Burgos-Blasco B, Martin-Sanchez FJ. Proteccion ocular de
la transmision de SARS-CoV-2 a través de la superficie ocular en urgencias.
Emergencias. 2021 Jun;33(3):248.

Burgos-Blasco B, Giiemes-Villahoz N, Vidal-Villegas B, Donate-Lopez J,
Garcia-Feijoo J. Evaluation of retinotoxicity of COVID-19 treatment:
Hydroxychloroquine and lopinavir/ritonavir. J] Med Virol. 2021 Feb;93(2):644-
646. doi: 10.1002/jmv.26420.

Burgos-Blasco B, Giiemes-Villahoz N, Donate-Lopez J, Vidal-Villegas B,
Garcia-Feijoo J. Optic nerve analysis in COVID-19 patients. J] Med Virol. 2021
Jan;93(1):190-191. doi: 10.1002/jmv.26290.

Burgos-Blasco B, Giiemes-Villahoz N, Santiago JL, Fernandez-Vigo JI, Espino-
Paisan L, Sarrid B, Garcia-Feijoo J, Martinez-de-la-Casa JM. Hypercytokinemia
in COVID-19: Tear cytokine profile in hospitalized COVID-19 patients. Exp Eye
Res. 2020 Nov;200:108253. doi: 10.1016/j.exer.2020.108253.
Giiemes-Villahoz N, Burgos-Blasco B, Donate-Lopez J, Garcia-Feijoo J. Retinal
findings in COVID-19 patients with diabetes mellitus. Diabetes Res Clin Pract.
2020 Oct;168:108395. doi: 10.1016/j.diabres.2020.108395.

Giiemes-Villahoz N, Burgos-Blasco B, Vidal-Villegas B, Garcia-Feijoo J,
Arriola-Villalobos P, Martinez-de-la-Casa JM, Diaz-Valle D, Konstas AG. Novel
Insights into the Transmission of SARS-CoV-2 Through the Ocular Surface and
its Detection in Tears and Conjunctival Secretions: A Review. Adv Ther. 2020

Oct;37(10):4086-4095. doi: 10.1007/s12325-020-01442-7.
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Giiemes-Villahoz N, Burgos-Blasco B, Arribi-Vilela A, Arriola-Villalobos P,
Vidal-Villegas B, Mendez-Fernandez R, Delgado-Iribarren A, Garcia-Feijoo J.
SARS-CoV-2 RNA detection in tears and conjunctival secretions of COVID-19
patients with conjunctivitis. J Infect. 2020 Sep;81(3):452-482. doi:
10.1016/;.jinf.2020.05.070.

Burgos-Blasco B, Giiemes-Villahoz N, Vidal-Villegas B, Martinez-de-laCasa
JM, Garcia-Feijoo J, Donate-Lopez J, Martin-Sanchez FJ, Gonzalez-Armengol JJ,
Mendez-Hernandez CD. One-year changes in optic nerve head parameters in

recovered COVID-10 patientes. Journal of Neuro-Ophthalmology. 2022. Articulo
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9.2 COMUNICACIONES A CONGRESOS Y REUNIONES

TITULO: Deteccion del ARN del SARS-CoV-2 en lagrima y exudado conjuntival: ;es
un método de diagnostico valioso del COVID-19?

TIPO DE PARTICIPACION: Comunicacion oral

PUBLICACION: J Med Virol. 2021 Jan;93(1):383-388. doi: 10.1002/jmv.26219.
CONGRESO: 2° Congreso Nacional Multidisciplinar COVID-19 de las Sociedades
Cientificas de Espafia

LUGAR, FECHA: Virtual, 12 al 16 de Abril 2021

AUTORES: Noemi Giiemes Villahoz, Barbara Burgos-Blasco, Ana Arribi-Vilela, Pedro
Arriola-Villalobos, CM Rico-Luna, Ricardo Cuifia-Sardina, Alberto Delgado-Iribarren,

Julian Garcia-Feijoo.

TITULO: Manifestaciones oftalmoldgicas del COVID-19 en el segmento anterior.
Sesiéon COVID-19 Y OFTALMOLOGIA: Cémo hemos cambiado...!

TIPO DE PARTICIPACION: Ponencia

PUBLICACION: Graefes Arch Clin Exp Ophthalmol. 2020 Nov;258(11):2501-2507.
doi: 10.1007/s00417-020-04916-0; J Med Virol. 2021 Jan;93(1):383-388. doi:
10.1002/jmv.26219

CONGRESQO: 2° Congreso Nacional Multidisciplinar COVID-19 de las Sociedades
Cientificas de Espafia

LUGAR, FECHA: Virtual, 12 al 16 de Abril 2021

AUTORES: Noemi Guemes Villahoz.
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TITULO: Hipercitoquinemia En COVID-19: Citoquinas En Lagrima de Pacientes
COVID-19

TIPO DE PARTICIPACION: Poster

PUBLICACION: Exp Eye Res. Published online September 2020:108253.
doi:10.1016/j.exer.2020.108253

CONGRESO: 2° Congreso Nacional Multidisciplinar COVID-19 de las Sociedades
Cientificas de Espafia

LUGAR, FECHA: Virtual, 12 al 16 de Abril 2021

AUTORES: Barbara Burgos-Blasco, Noemi Giiemes-Villahoz, Jose Luis Santiago, José
Ignacio Fernandez-Vigo, Laura Espino-Paisan, Beatriz Sarrid, Julian Garcia-Feijoo J,

José Maria Martinez-de-la-Casa.

TITULO: Reduccidn de la densidad vascular retiniana en pacientes COVID-19 con y
sin eventos tromb0ticos asociados mediante angiografia de tomografia de coherencia
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PUBLICACION: Graefes Arch Clin Exp Ophthalmol. 2021 Aug;259(8):2243-2249.
doi: 10.1007/s00417-021-05186-0.

CONGRESO: 97 Congreso de la Sociedad Espafiola de Oftalmologia

LUGAR, FECHA: Virtual, 2 de Octubre de 2021

AUTORES: Giiemes-Villahoz N, Burgos-Blasco B, Vidal-Villegas B, Donate-Lopez J,

de la Muela MH, Loépez-Guajardo L, Martin-Sanchez FJ, Garcia-Feijod J.
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PUBLICACION: Exp Eye Res. Published online September 2020:108253.
doi:10.1016/j.exer.2020.108253
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TITULO: Deteccion del ARN del SARS-CoV-2 en lagrima y exudado conjuntival: jes
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PUBLICACION: J Med Virol. 2021 Jan;93(1):383-388. doi: 10.1002/jmv.26219.
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Arriola-Villalobos, CM Rico-Luna, Ricardo Cuifia-Sardina, Alberto Delgado-Iribarren,

Julian Garcia-Feijoo.

TITULO: Aumento de la densidad vascular en nifios recuperados de COVID-19

mediante angiografia por tomografia de coherencia optica

TIPO DE PARTICIPACION: Comunicacién oral
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PUBLICACION: J AAPOS Off Publ Am Assoc Pediatr Ophthalmol Strabismus.
2021;25(6):325.e1-325.e6. doi:10.1016/j.jaapos.2021.06.004

CONGRESO: XXIV Congreso Sociedad Espafiola de Retina y Vitreo (SERV)
LUGAR, FECHA: Burgos, 22 y 23 de Octubre de 2021

AUTORES: Guemes-Villahoz N, Burgos-Blasco B, Perez-Garcia P, Fernandez-Vigo JI,

Morales-Fernandez L, Donate-Lopez J, Ramos-Amador JT, Garcia-Feijoo J

TITULO: Patologia retiniana por COVID-19

TIPO DE PARTICIPACION: Ponencia

PUBLICACION:Med Clin  (Barc). Published online January 28, 2021.
doi:10.1016/j.medcli.2020.12.006; Graefes Arch Clin Exp Ophthalmol. 2021
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doi:10.1016/j.jaapos.2021.06.004.
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AUTORES: Noemi Giiemes Villahoz
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AUTORES: Noemi Giiemes Villahoz, Barbara Burgos-Blasco, Ana Arribi-Vilela, Pedro
Arriola-Villalobos, CM Rico-Luna, Ricardo Cuifia-Sardiia, Alberto Delgado-Iribarren,

Julian Garcia-Feijoo.
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PUBLICACION: J Glaucoma. 2021 Aug 1;30(8):711-717. doi:
10.1097/1JG.0000000000001858. PMID: 33927148; PMCID: PMC8366516.
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Julian Garcia-Feijoo, Juan Donate-Lopez, Francisco Javier Martin-Sanchez FJ, Juan
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TIPO DE PARTICIPACION: Poster

PUBLICACION: Exp Eye Res. Published online September 2020:108253.
doi:10.1016/j.exer.2020.108253
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Ignacio Fernandez-Vigo, Laura Espino-Paisan, Beatriz Sarria, Julidn Garcia-Feijoo J,

José Maria Martinez-de-la-Casa.
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TITULO: Cambios en los parametros del nervio dptico en pacientes recuperados de
COVID-19 a los doce meses de seguimiento

TIPO DE PARTICIPACION: Comunicacion oral

PUBLICACION: J Glaucoma. 2021 Aug 1;30(8):711-717. doi:
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LUGAR, FECHA: Palma de Mallorca, 10-12 de marzo de 2022
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9.3 PREMIOS
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doi: 10.1007/s00417-020-04916-0.

Premio FACO ELCHE 2021:

Deteccion del ARN del SARS-CoV-2 en las secreciones conjuntivales: ;Es un
método de diagnostico valioso de COVID-19? (Giiemes-Villahoz N, Burgos-
Blasco B, Arribi-Vilela A, Arriola-Villalobos P, Rico-Luna CM, Cuina-Sardina
R, Delgado-Iribarren A, Garcia-Feijoo J. Detecting SARS-CoV-2 RNA in
conjunctival secretions: Is it a valuable diagnostic method of COVID-19? J Med
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